





Surface-Water-Quality Assessment
of the Yakima River Basin, Washington

Distribution of Pesticides and Other Organic Compounds
in Water, Sediment, and Aquatic Biota, 198791

By JOSEPH F. RINELLA, STUART W. MCKENZIE, J. KENT CRAWFORD,
WILLIAM T. FOREMAN, GREGORY J. FUHRER, and JENNIFER L. MORACE

with a section on
Dissolved Organic Carbon in the Yakima River Basin
By GEORGE R. AIKEN

U.S. GEOLOGICAL SURVEY WATER-SUPPLY PAPER 2354-B



U.S. DEPARTMENT OF THE INTERIOR
BRUCE BABBITT, Secretary

U.S. GEOLOGICAL SURVEY
Charles G. Groat, Director

Any use of trade, product, or firm names in this publication is for
descriptive purposes only and does not imply endorsement by the
U.S. Government.

UNITED STATES GOVERNMENT PRINTING OFFICE: 1999

For sale by the

U.S. Geological Survey
Information Services
Box 25286

Federal Center
Denver, CO 80225

Library of Congress Cataloging in Publication Data

Surface-water-quality assessment of the Yakima River Basin, Washington
. distribution of pesticides and other organic compounds in water,
sediment, and aquatic biota, 1987-91 / by Joseph F. Rinella ... [et
al] : with a section on dissolved organic carbon in the Yakima
River Basin by George R. Aiken.
p- cm. -- (U.S. Geological Survey water-supply paper ;
2354-B)
Includes bibliographical references.
Supt. of Docs. no.: | 19.13:2354-B
ISBN 0-607-89533-0 (alk. paper)
1. Water chemistry. 2. Water quality--Washington (State)--Yakima
River Watershed. 3. Trace elements in water--Washington (State)--
Yakima River Watershed. |. Rinella, Joseph F. 1l. Geological
Survey (U.S.) . Series.
GB857.2.W2S86 1999 99-31199
363.739'42'0979755--dc21 CIP



FOREWORD

The mission of the U.S. Geological Survey
(USGS) is to assess the quantity and quality of the
earth resources of the Nation and to provide informa-
tion that will assist resource managers and policymak-
ers at Federal, Tribal, State, and local levels in making
sound decisions. Assessment of water-quality condi-
tions and trends is an important part of this overall
mission.

One of the greatest challenges faced by water-
resources scientists is acquiring reliable information
that will guide the use and protection of the Nation’s
water resources. That challenge is being addressed by
Federal, Tribal, State, interstate, and local water-
resource agencies and by many academic institutions.
These organizations are collecting water-quality data
for a host of purposes that include: compliance with
permits and water-supply standards; development of
remediation plans for a specific contamination prob-
lem; operational decisions on industrial, wastewater, or
water-supply facilities; and research on factors that
affect water quality. An additional need for water-qual-
ity information is to provide a basis on which regional
and national-level policy decisions can be based. Wise
decisions must be based on sound information. As a
society we need to know whether certain types of
water-quality problems are isolated or ubiquitous,
whether there are significant differences in conditions
among regions, whether the conditions are changing
over time, and why these conditions change from place
to place and over time. The information can be used to
help determine the efficacy of existing water-quality
policies and to help analysts determine the need for and
likely consequences of new policies.

To address these needs, the Congress appropri-
ated funds in 1986 for the USGS to begin a pilot pro-
gram in seven project areas to develop and refine the
National Water-Quality Assessment NAWQA) Pro-
gram. In 1991, the USGS began full implementation of
the program. The NAWQA Program builds upon an
existing base of water-quality studies of the USGS, as
well as those of other Federal, Tribal, State, and local
agencies. The objectives of the NAWQA Program are
to:

*Describe current water-quality conditions for a
large part of the Nation’s freshwater streams,
rivers, and aquifers.

*Describe how water quality is changing over time.

*Improve understanding of the primary natural and
human factors that affect water-quality conditions.

This information will help support the development
and evaluation of management, regulatory, and moni-
toring decisions by other Federal, Tribal, State, and
local agencies to protect, use, and enhance water
resources.

The goals of the NAWQA Program are being
achieved through ongoing and proposed investigations
of about 50 of the Nation’s most important river basins
and aquifer systems, which are referred to as study
units. These study units are distributed throughout the
Nation and cover a diversity of hydrogeologic settings.
About two-thirds of the Nation’s freshwater use occurs
within the study units and more than one-half of the
people served by public water-supply systems live
within their boundaries.

National synthesis of data analysis, based on
aggregation of comparable information obtained from
the study units, is a major component of the program.
This effort focuses on selected water-quality topics
using nationally consistent information. Comparative
studies will explain differences and similarities in
observed water-quality conditions among study areas
and will identify changes and trends and their causes.
The first topics addressed by the national synthesis are
pesticides, nutrients, volatile organic compounds, and
aquatic biology. Discussions on these and other water-
quality topics will be published in periodic summaries
of the quality of the Nation’s ground and surface water
as the information becomes available.

This report is an element of the comprehensive
body of information developed as part of the NAWQA
Program. The program depends heavily on the advice,
cooperation, and information from many Federal,
State, interstate, Tribal, and local agencies and the pub-
lic. The assistance and suggestions of all are greatly

appreciated.
flobet M. Herac

Robert M. Hirsch
Chief Hydrologist
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CONVERSION FACTORS

[SI = International System of units, a modernized metric system of measurement]

Multiply By To obtain
A. Factors for converting SI metric units to inch/pound units

Length
micrometer (um) 0.00003937 inch (in)
millimeter (mm) 0.03937 inch
meter (m) 3.281 foot (ft)

Volume
milliliter (mL) 0.001057 quart (qt)
liter (L) 1.057 quart
liter 0.2642 gallon (gal)

Mass
gram (g) 0.03527 ounce (oz avoirdupois)
kilogram (kg) 2.205 pound (Ib avoirdupois)
Temperature

degree Celsius (°C) Temp degree F = 1.8 (Temp degree C) + 32 degree Fahrenheit (°F)

B. Factors for converting inch/pound units to SI metric units.

Volume per unit time (flow)

cubic feet per second (ﬂ3/s) 0.02832
Distance
mile (mi) 1.609
Area
acre 4,047
acre 4047
square miles (mi?) 2.590
Volume
acre-feet 1,233

C. Factors for converting SI metric units to other miscellaneous units

Concentration, in water .

milligrams per liter (mg/L) 1
nanograms per liter (ng/L) 1

Concentration, in bed sediment and soil

micrograms per kilogram (ng/kg) 1
Concentration, in aguatic biota
micrograms per gram (ug/g) 1
nanograms per gram (ng/g) 1
micrograms per kilogram (ug/kg) 1

cubic meters per second (m>/s)
kilometer (km)

square meters (m2)
hectare (ha)
square kilometers (kmz)

cubic meters (m?)

parts per million (ppm)
parts per trillion (ppt)

parts per billion (ppb)

parts per million
parts per billion
parts per billion

Electrical conductivity is measured as specific electrical conductance, in units of microsiemens per centimeter (uS/cm) at

25 degrees Celsius.
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Surface-Water-Quality Assessment
of the Yakima River Basin, Washington

Distribution of Pesticides and Other Organic Compounds
in Water, Sediment, and Aquatic Biota, 1987—91

By Joseph F. Rinella, Stuart W. McKenzie, J. Kent Crawford, William T. Foreman,

Gregory J. Fuhrer, and Jennifer L. Morace

With a section on Dissolved Organic Carbon in the Yakima River Basin

By George R. Aiken
Abstract

This report presents an interpretation of chem-
ical data from an assessment of pesticides and
other organic compounds in samples of surface
water, suspended sediment, streambed sediment,
agricultural soil, and aquatic biota (fish, crayfish,
mollusk, and plant) from the Yakima River Basin
in south-central Washington. During 1987-91,
data were collected from about 100 stations to
determine the occurrence, distribution, transport,
and fate of organic compounds in the basin. The
assessment is a component of the U.S. Geological
Survey's National Water-Quality Assessment
(NAWQA) Program, which was designed to
describe the status and trends in the quality of
the Nation's ground- and surface-water resources,
and to determine factors that affect water quality.
In 1986, the Yakima River Basin was selected
for one of the Nation’s four surface-water pilot
studies.

In 1989, about 180 pesticides were applied
in the Yakima River Basin. Fifty-four of the com-
pounds were analyzed in this study, and 43 of
the 54 compounds (80 percent) were detected
in water, sediment, soil, and (or) aquatic biota.
Including other organic compounds associated
with industrial and urban activities, as well as
persistent pesticides that were used historically,
more than 110 organic compounds were detected
in the basin from 1987-91.

In 1988, concentrations of hydrophilic and
hydrophobic pesticides generally began to
increase in agricultural runoff in June in response
to increased irrigation following springtime pesti-
cide applications. Irrigation at or near peak water
use in the basin flushed relatively high pesticide
loads to streams in June and July 1988. In March
1989, high pesticide loads also were flushed to the
streams from agricultural fields during a period of
storm runoff.

In late June 1989, when pesticide concen-
trations were expected to be high, water-quality
data were collected synoptically from 29 stations
in the Yakima River Basin. The most frequently
detected compounds in the water column were
organochlorine compounds (chlordane, DDT+
DDE+DDD, dieldrin, and endosulfan I), organo-
phosphorus compounds (chlorpyrifos, diazinon,
dimethoate, malathion, parathion, phorate, phos-
phamidon), thiocarbamate and sulfite compounds
(EPTC and propargite), acetamide compounds
(alachlor and metolachlor), triazine compounds
(atrazine, prometon, and simazine), and chloro-
phenoxy-acetic acid and benzoic compounds
(2,4-D and dicamba). Quantifiable concentrations
of these compounds generally ranged from 1 to
100 nanograms per liter; however, maximum
concentrations of dicamba, atrazine, phorate,
simazine, parathion, propargite, 2,4-D, dimeto-
ate, and diazinon were higher, ranging from 100
to 410 nanograms per liter. With the exception of
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DDT+DDE+DDD, dieldrin, chlordane, and prome-
ton, these compounds were among the most abun-
dantly used compounds in the basin in 1989. The
abundance probably accounts for their frequent
detections. Although the use or sale of DDT, dield-
rin, and chlordane were banned or restricted in
1973, 1974, and 1987, respectively, these persistent
compounds were detected frequently. The wide-
spread occurrence of these persistent pesticides
suggests broad historical usage throughout the
basin. Although prometon use was minimal, its
long half-life (up to 500 days) in soils probably
accounts for its increased number of detections.

The pesticides that most frequently exceeded
chronic-toxicity water-quality criteria or guidelines
for the protection of freshwater aquatic life in June
1989 include DDT+DDE+DDD, dieldrin, diazi-
non, and parathion. Most of the exceedances
occurred in agricultural return flows and Yakima
River stations downstream from the city of
Yakima. Reductions in pesticide concentrations
that would be needed to meet criteria or guidelines
for DDT+DDE+DDD, dieldrin, diazinon, and par-
athion ranged from 29 to 99 percent at 19 of 29
stations, 47 to 95 percent at 7 stations, 31 to 98
percent at 14 stations, and 19 to 93 percent at 4
stations, respectively. Assuming that instream pes-
ticide concentrations could be reduced to the
concentrations that occurred in November 1988
during a period of minimal overland runoff, par-
athion and diazinon would meet guidelines. Dield-
rin would meet the criteria in the main stem and
Moxee Drain, and DDT+DDE+DDD would meet
the criteria in the main stem. In the other agricul-
tural return flows, however, the criteria would be
exceeded by as much as 3 ng/L for dieldrin and
18 ng/L for DDT+DDE+DDD.

In 198990, samples of fish, mollusks, and
aquatic plants were collected from 33 stations for
analyses of organic compounds. One DDT metabo-
lite, 4,4’-DDE, was the most widely occurring
organic compound detected in aquatic biota. This
organochlorine compound was detected in fish
samples at all stations sampled in 1989 and 68 per-
cent of the stations in 1990. Other organochlorine
compounds, including DDT, DDD, cis-chlordane,
trans-nonachlor, and dieldrin, were detected fre-

quently, with each compound being detected at 32
percent or more of the stations. Dicofol, PCBs,
toxaphene, and other chlordane-related com-
pounds were detected less frequently. Similar to
water-column and bed-sediment results, the high-
est organochlorine-compound concentrations gen-
erally were detected at main-stem and tributary
stations downstream from the city of Yakima,
where agriculture is the primary land use.

In the Yakima River Basin, most samples of
whole resident fish collected downstream from
the city of Yakima had concentrations of
DDT+DDE+DDD, PCBs, chlordane-related com-
pounds, dieldrin, toxaphene, and to a lessor
extent, dicofol that were higher than those
concentrations expected to result in an increased
lifetime cancer risk of 1:1,000,000. The highest
increased cancer risk for an individual compound
was computed to be 640:1,000,000 and was based
on the detection of a high PCB concentration
(0.90 micrograms per gram, wet weight) in a com-
posited sample of largescale suckers from the
Yakima River at Kiona, Washington. The
increased cancer risk associated with ingestion of
whole resident fish from the lower Yakima River
Basin generally averaged less than 50:1,000,000
for each of these individual compounds. In the
lower Yakima River Basin, concentrations of
DDT+DDE+DDD, toxaphene, and dieldrin in
whole fish exceeded guidelines recommended by
the National Academy of Sciences-National
Academy of Engineering Committee on Water
Quality for the protection of fish-eating predators.
Seventeen, 12, and 1 whole-fish samples had
concentrations of DDT+DDE+DDD, toxaphene,
and dieldrin, respectively, that exceeded their
guidelines of 1.0, 0.1, and 0.1 micrograms per
gram, wet weight, respectively.

Major pathways for pesticide transport from
agricultural fields to surface water include (1) the
erosion of soil and sorbed contaminants from the
fields, (2) flushing of pesticides from soil-pore
water, and (3) dissolution of pesticides from soils
and sediment. This transport may be reduced by
controlling excessive applications of irrigation
water, which will help to reduce overland runoff.
To further minimize the likelihood of transport,
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pesticide characteristics should include (1) soil
half-lives less than 3 weeks, so compounds are
more likely to degrade, (2) water solubilities less
than 30 milligrams per liter, to reduce the flushing
effect of pesticides from soils, and (3) sediment-
water partition coefficients higher than 300 to 500
milliliters per gram, to increase the propensity of
the pesticide to remain sorbed to the soils in the
fields.

INTRODUCTION

Thousands of man-made organic compounds are
used annually in industry, agriculture, and forestry, and
an unknown additional number of impurities and degra-
dation products result from the production and use of
these compounds. Some of these compounds are hydro-
phobic and tend to sorb onto particles of soil and stream
sediment, whereas other compounds are hydrophilic
and tend to readily dissolve in water.

Erosion runoff and effluent discharges from agri-
cultural, urban, and industrial sources can result in
direct transport of these compounds into surface water.
Hydrophilic compounds also can percolate down to
ground-water supplies and seep into surface water. The
ease of transport of a great number of these toxic com-
pounds into surface and ground water makes knowl-
edge of their occurrence and behavior essential for
management of the Nation's water resources. Even in
small concentrations in surface water, many of these
compounds are harmful to aquatic organisms. Some
organisms bioaccumulate these compounds and can
attain concentrations in tissues that are several orders
of magnitude greater than their concentrations in water.
Bioaccumulation of contaminants, as well as acute
exposure to nonbioaccumulating contaminants, poses a
threat to both aquatic biota and their predators, includ-
ing humans.

Beginning in 1986, Congress appropriated funds
for the U.S. Geological Survey (USGS) to test and
refine concepts and protocols for the National Water-
Quality Assessment (NAWQA) program. Long-term
goals of the NAWQA program are to:

(1) provide a nationally consistent description of
current water-quality conditions for a large
part of the Nation's water resources;

(2) define long-term trends (or lack of trends) in
water quality;

(3) identity, describe, and explain, as possible,
the major factors that affect observed water-
quality conditions and trends; and

(4) explain the implications of major findings
from the assessment as they relate to water-
resource monitoring, management, and
regulation.

This information, which will be obtained on a continu-
ing basis, will be made available to water managers,
policy makers, and the public to provide an improved
scientific basis for evaluating the effectiveness of
water-quality management programs (Hirsch and
others, 1988).

In 1992, the NAWQA program completed a pilot
phase that lasted about 6 years. The Yakima River
Basin in Washington was one of four areas in the
Nation selected for testing and developing assessment
concepts for the surface-water component of the pro-
gram. The other surface-water, pilot-project areas
were the Lower Kansas River Basin in Kansas and
Nebraska; the Upper Illinois River Basin in Illinois,
Indiana, and Wisconsin; and the Kentucky River Basin
in Kentucky (Hirsch and others, 1988; Leahy and oth-
ers, 1990).

Even though pesticide use has been extensive in
the Yakima River Basin, relatively few historical sam-
ples have been collected to determine the magnitude,
spatial distribution, and seasonal variability of com-
pound concentrations in the aquatic environment. The
limited amount of historical data that are available,
however, show that some pesticide concentrations in
water have exceeded U.S. Environmental Protection
Agency (EPA) chronic-toxicity water-quality criteria
for the protection of freshwater aquatic life (Rinella,
McKenzie, and Fuhrer, 1992). Currently, minimum
reporting levels for organic compounds are 10 or more
times lower than those concentrations reported in the
historical data prior to 1986. Accordingly, these low-
level analyses provide water managers with better
information for determining the occurrence and trans-
port of these compounds in surface water.

Purpose and Scope

This report contains an assessment of pesticides
and other organic compounds in the surface water of
the Yakima River Basin during 1987-91. Objectives of
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this assessment are to describe for pesticides and other
organic compounds:

(1) the spatial distribution of concentrations in
water, sediment, and aquatic biota;

(2) temporal variability (short-term and long-
term trends) in concentrations;

(3) the suitability of surface water for designated
beneficial uses, including aquatic-life and
domestic uses; and

(4) major natural and human factors that affect
the spatial and temporal distribution of
concentrations.

Because of intense agricultural activities in the basin,

the main focus of this study is on the occurrence of agri-
cultural pesticides. Water, suspended sediment, bed sed-

iment, aquatic biota, and a few soil samples were
collected and analyzed for a variety of pesticides and
other organic compounds that have been, and (or) con-
tinue to be used, in the basin. Sampling stations were
located throughout the basin to examine the effects of
human activity on the distribution of organic com-
pounds. Stations also were located along the main
stem and at the mouths of major tributaries to better
understand the sources, transport, and fate of these
compounds. The study was performed in several
phases, with each phase involving a specific combina-
tion of data-collection activities for different sampling
stations, times, and media (water, sediment, aquatic
biota, and soils).
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ter, Frank A. Rinella, and Paul M. Gates (USGS) for
developmental work using the Goulden large-sample
extractor to reduce minimum analytical reporting lev-
els for selected organic compounds, (5) Washington
State Department of Wildlife for providing refrigera-
tion and freezer space at the Naches Fish Hatchery,
(6) Mary Janet (USGS) for technical and editorial
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assistance, and (7) Shen Xianchen (Institute of Water
Conservancy and Hydroelectric Power Research, Chi-
nese Academy of Sciences, Ministry of Water
Resources and Electric Power, Beijing, China) for
assistance in sampling and developing quality-assur-
ance procedures for spiking bed-sediment samples.

THE YAKIMA RIVER BASIN

The Yakima River is 214 miles long and drains
6,155 square miles in south-central Washington (fig. 1);
it flows southeastward from the eastern slopes of the
Cascades to the Columbia River (Columbia Basin Inter-
Agency Committee, 1964). A schematic of selected
inflows and outflows to the Yakima River is shown in
figure 2. Many of the tributaries shown in figure 2 are
used to convey agricultural return flow to the Yakima
River.

Rinella, McKenzie, and Fuhrer (1992) provide a
detailed description of the characteristics of the Yakima
River Basin, including topography, geology, climate,
and hydrology. The basin contains a variety of land-
forms, including high peaks and deep valleys of the
Cascade Range, broad river valleys, and lowlands of
the Columbia River. Altitude in the basin ranges from
8,184 feet in the Cascade Range to about 340 feet at the
Columbia River. Present-day geomorphic changes in
the basin are controlled by precipitation, snowmelt,
wind (erosion of top soil), steep gradients, and the slow
but continuing erosion of the high-mountain terrain by
streams and small glaciers. Mean-annual precipitation
ranges from 140 inches in the higher mountains to less
than 10 inches in the agricultural areas and in the Ken-
newick area near the mouth of the basin. In the moun-
tains, winters are cold and summers are warm and dry.
The lower valleys are arid throughout most of the sum-
mer, requiring extensive irrigation to support agricul-
ture.

The Yakima River Basin is one of the most inten-
sively irrigated areas in the United States. The Yakima
River and its major tributary, the Naches River, have
perennial streamflow. Peak runoff occurs during peak
snowmelt, usually in May and (or) June. For irrigation,
the basin has five large reservoirs (total storage capacity
of 1,065,400 acre-feet) used to augment summer flows
from June through October (fig. 1). The Yakima irriga-
tion system consists of more than 1,900 miles of canals
and laterals, three hydroelectric power plants, six major
irrigation projects, and numerous smaller irrigation sys-
tems to support about 450,000 acres of irrigated agri-

culture. Surface-water drains and wasteways, most of
which are natural streams, convey agricultural return
flow, livestock wastes, and sewage-treatment-plant
effluent to the Yakima River. Annual surface-water
diversions from the Yakima River system for irrigation
are equivalent to about 60 percent of the mean annual
streamflow leaving the basin. During the summer, the
quality of the agricultural return flow determines water
quality in the lower Yakima River downstream from
the city of Yakima, because return flows contribute as
much as 80 to 90 percent of the flow in the lower main
stem during the irrigation season.

Prior to 1880, anadromous fish runs were esti-
mated to be more than one-half million fish annually
in the Yakima River Basin. By 1905, construction of
large storage reservoirs and other water-resource
developments for irrigation (for example, small dams
without fish ladders and irrigation diversions without
screens) had seriously affected fish habitat and fish
migrations. By 1920, anadromous fish runs had
declined almost 98 percent to 12,000 per year and
have remained at approximately this level for 70 years
(Rinella, McKenzie, and Fuhrer, 1992). Major factors
that are suspected of affecting fish in the basin are
degraded habitat and loss of smolts as they migrate
downstream in the Yakima and Columbia Rivers,
excessive fishing pressure in the Columbia River and
Pacific Ocean, low streamflows, degraded water qual-
ity, and predation by fish species that thrive in warmer
water (Perry Harvester, Washington Department of
Fisheries, written commun., January 1993).

Water-quality issues related to fisheries in the
Yakima River Basin include (1) erosion of fine-
grained soils that deposit in low- to moderate-gradient
spawning beds, (2) high stream temperatures in slow-
flowing, pooled reaches (low flows caused by large
irrigation diversions), and (3) extensive pesticide
usage that has resulted in concentrations above safe
chronic-exposure levels for fish and fish predators in
the main stem and agricultural return flows (Johnson
and others, 1986; Confederated Tribes and Bands of
the Yakama Indian Nation and others, 1990; Rinella,
McKenzie, and Fuhrer, 1992).

Land Use and Sources of Organic
Compounds

Major land uses in the basin include growing
and harvesting timber, grazing on nonirrigated land,

The Yakima River Basin 5
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Figure 1. Drainage and topographic features in the Yakima River Basin in south-central Washington.
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intense agriculture that requires irrigation, and urbaniza-
tion (fig. 3).Even though the area covered by irrigated
land (700 square miles) is smaller than the areas covered
by forest (2,200 square miles) or pasture land (2,900
square miles), intense water and pesticide use for farming
greatly influences water-quality conditions and beneficial
uses.

The forested northern and western areas of the basin
lie within the Wenatchee and Snoqualamie National For-
ests along the eastern slopes of the Cascade Range. Forest
lands are used for wildlife habitat, timber harvesting, and
recreation. About one-fourth of this area is designated as
wilderness land where only nonmotorized recreation is
permitted. Prior to 1985, pesticides were applied to only
several hundred acres of National Forest in the Yakima
River Basin. Since 1985, however, pesticides have not
been applied to the federally owned land (Bill Garrigues,
U.S. Forest Service, Naches, Washington, oral commun.,
October 1992). Some of the forested area, however, is
owned by private timber companies and is receiving pesti
cide applications. For example, (2,4-dichlorophenoxy)
acetic acid [2,4-D], carbaryl, and Bacillus thuringiensis
commonly are used (Perry Harvester, Washington Depart-
ment of Fisheries, written commun., January 1993).
Rangeland is used for cattle grazing, wildlife habitat, and
military training.

Urbanization/industrial and agricultural activities are
sources of nonpesticide semivolatile organic compounds
(including polycyclic aromatic hydrocarbons [PAHs] and
phthalate esters) in the Yakima River Basin. PAHs are
formed during the combustion of hydrocarbons (for exam-
ple, burning of fossil fuels, forest fires—both lightning-
ignited and controlled burning, burning of weeds and
brush in irrigation ditches, and use of smudge pots for
heating orchards) and also may be released from oil spills.
Phthalate esters are plasticizers, which can occur in urban
runoff, as well as in municipal- and industrial-waste dis-
charges (table 1). Some of these esters also are used as
solvents in pesticide sprays. Major population areas in the
Yakima River Basin, which are potential sources of
organic compounds, including semivolatile compounds,
are shown in figure 3. The Yakima River Basin has a pop-
ulation of about 250,000 (1990); the area with the largest
population is Wide Hollow Creek Subbasin with more
than 80,000 people (Elaine Taylor, Yakima Valley Confer-
ence of Governments, written commun., October 1992).
Virtually all of the city of Yakima is located in the Wide
Hollow Creek Subbasin (fig. 3).

Crop types and acreages for agricultural areas are
listed in table 2, and large areas of irrigation are shown in

figure 4. In general, irrigated pasture and alfalfa-timo-
thy hay dominate irrigated areas in Kittitas Valley,
whereas orchards, pasture, corn, hops, grapes, and
mint dominate the downstream areas.

Crop acreage for most of the Yakima River Basin
(table 2) was determined using 1990 data compiled by
irrigation districts on 41 crops (Shirley Mangold,
Bureau of Reclamation’s [BOR’s] Crop Production
Report for 1990, written commun., June 23, 1992).
Data for small and older irrigation systems and for
dryland agricultural activities were not included in
BOR’s data compilation.

Crop acreages, listed in table 2, were calculated as
follows:

(1) Kittitas area—Tom Hoffmann, Kittitas County
Extension Agent, provided a 1991 summary for
Kittitas County (written commun., September 4,
1992);

(2) Tieton area—sum of crop acreage in the Yakima
Valley Canal District and Yakima-Tieton Irrigation
District for 1990 (BOR’s Crop Production Report
for 1990), the crop acreage in the Ahtanum Irriga-
tion District for 1990 (Mike Tobin, North Yakima
Conservation District, Yakima, Washington, writ-
ten commun., April 1993), and the crop acreage in
the Ahtanum unit of the Wapato Irrigation Project
for 1990 (Linda Wahsise, Wapato Irrigation
Project, Wapato, Washington, written commun.,
April 1993);

(3) East side—sum of crop acreage in the Moxee
Ditch, Selah-Moxee, Terrace Heights, Union Gap,
Grandview, Granger, Outlook, Snipes Mountain,
Roza, and Sunnyside Valley Irrigation Districts
(BOR’s Crop Production Report for 1990);

(4)West side—sum of crop acreage in the Wapato
Irrigation Division (BOR's Crop Production
Report for 1990) and 10,000 acres of pasture in
Toppenish Creek and Satus Creek Subbasins;

(5) Other areas—sum of crop acreage in the Naches-
Selah Irrigation District and 1.05 times the acreage
established under the “Special and Warren Act
Contracts” (BOR's Crop Production Report for
1990);

(6) Total basin—sum of crop acreage in the Kittitas,
Tieton, East side, West side, and other areas; and
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Subbasin P°(':‘;g‘;;°" Subbasin P"(':';';g')m City P°g';§’3')°"
Ahtanum 5,585 Moxee 9,630 Yakima 54,827
Canyon 2,180 Reecer 952 Kennewick 42,152
Cle Elum 197 Richland 14,759 Richland 32,315
Easton 670 Satus 865 Ellensburg 12,361
Elk Heights-Taneum 4,249 Sunnyside 32,350 Sunnyside 11,238
Granger 11,602 Swauk 181 Toppenish 7,419
Hanford 8,382 Teanaway 500 Grandview 7,169
Kittitas 18,390 Tieton 300 Selah 5,113
Wilson-Naneum (Total) Toppenish 24,848 Prosser 4,476
Lower Naches 10,157 Upper Naches 885 West Richland 3,962
Mabton-Prosser 7,290 Wenas 11,654 Wapato 3,795
Manastash-Thorp 1,430 Wide Hollow 80,593 Union Gap 3,120

Granger 2,053
Zillah 1,911
Benton City 1,806
Cle Elum 1,778
Mabton 1,482

Figure 3. Land use and land cover for subbasins in the Yakima River Basin, Washington, 1981. (Source:
U.S. Geological Survey, 1986; population data from Elaine Taylor, Yakima Valley Conference of Governments,
written commun., October 1992.)—Continued

Table 1. Major municipal point-source dischargers,
Yakima River Basin, Washington, 1987
[Effluent discharges are 1987 mean daily discharges, in million gallons per
day, from files of Washington State Department of Ecology in Olympia,
Washington; listing excludes several small dischargers; RM, river mile]

Municipal waste effluent

Effiuent
Yakima river mile location Name discharge

RM 179.6 Cle Elum 0.609
RM 151.5 Ellensburg 3.26

RM 117 Selah 976
Naches River (RM 116.3) Naches .074
RM 111 Yakima! 12.48

Moxee Drain (RM 107.4) Moxee .066
RM 89.2 Zillah .819
East Toppenish Drain (RM 86.0) Toppenish 956
Granger Drain (RM 82.8) Granger 172
Marion Drain (RM 82.6) Wapato .496
RM 82.6 Harrah .039
RM 60.5 Mabton .090
RM 59.5 Sunnyside 1.46

RM 46.5 Prosser .62

RM 28.6 Benton City 325

IContains industrial wastes.

(7) Moxee Subbasin—in addition to being included in
the East side, crop acreage for the Moxee Sub-basin
was compiled separately to determine relations
between pesticide application and pesticide runoff
in an additional subbasin. Crop acreage was deter-
mined by using 1992 aerial photography from the
former U.S. Soil Conservation Service (now the
Natural Resource Conservation Service), driving
the subbasin by ground vehicle to identify crops in
the photographs, and using planimetry to determine
the area of each field.

The largest source of synthetic organic compounds
in the Yakima River Basin is the application of pesti-
cides on agricultural crops. Accordingly, pesticide use
was estimated to help evaluate the spatial distribution
of pesticide concentrations in streams in the Yakima
River Basin. Estimates for pesticide use in 1989 in the
basin and in major agricultural areas are listed in tables
3 and 59 (at back of report), respectively. In 1989,
about 180 pesticides were applied in the Yakima River
Basin, of which 54 were analyzed for in this study; 43
of the 54 compounds (80 percent) were detected at trace
or quantifiable concentrations.
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Table 2. Estimated acreage for agricultural crops, Yakima River Basin, Washington, 1989-92

[East side, the area cast of the Yakima River from Moxee Valley downstream to Benton City near Kiona including the Moxee, Granger, Sunnyside,
and Whitstran areas; West side, the area west of the Yakima River downstream from Ahtanum Ridge to the city of Mabton including the Wapato,
Toppenish, and Mabton areas; Other areas, small areas throughout the basin, for example, crops in the Wenas Creek Subbasin; Total basin, all of the
Yakima River Basin downstream to Benton City near Kiona excluding the Kennewick Irrigation District; -, none recorded; see figure 4 for a map

delineating agricultural areas; see text for source of information]

Acres of crop
Kittitas Tieton ‘Total Moxee
Crop area area Eastside Westside Other areas basin Subbasin!

Alfalfa hay 3478 2,540 14,891 11,193 5,175 37,277 1,238
Alfalfa—timothy 28,026 - 2,968 2,387 4,510 37,891 -

and other hay
Apples 1,015 19,162 24,286 10,771 14,274 69,508 5,617
Asparagus - - 7,298 5,164 - 12,462 -
Barley 232 590 804 553 315 2,494 .
Cherries - 406 5,602 410 1,716 8,134 223
Field corn 480 - 16,850 7.422 509 25,261 140
Sweet corn 1,732 - 625 9,496 1,307 13,160 -
Juice grapes - - 16,426 3,000 235 19,661 -
Wine grapes - - 3.000 474 - 3474 R
Hops - - 18,846 8,998 2,715 30,559 7515
Mint - - 6,068 13,596 - 19,664 -
Oats 520 - - 158 678 -
Pasture 47.200 5,894 22,772 20,947 10,714 107,527 6,600
Peaches, apricots, - - 1,754 827 819 3,400 45

and nectarines
Pears 345 1,947 5,367 914 2,168 10,741 250
Plums and prunes - - 1,257 201 131 1,589 -
Potatoes 838 - 463 - 987 2,288 -
Other vegetables 250 285 4019 3,987 704 9,245 100

and gardens
Wheat 11,876 267 16,593 3,864 39,851 3,600

Total 454,364

! Acreage included in tabulation of East side, listed in this table.

Pesticide use for each major crop was estimated by
compiling the following information:

(1) active ingredients used;

(2) function of the pesticide (for example, insecticide,
herbicide, or fungicide);

(3) application rate (in mass per acre per application);
(4) number of applications per year; and

(5) percentage of crop acreage to which the pesticide
was applied.

This information was used to estimate an annual rate of
pesticide application (mass per acre) for each active
ingredient used on a specific crop (multiplication of
items 3, 4, and 5 listed above). Annual pesticide use for
each of the major agricultural areas was calculated by
multiplying the annual rate of application (mass per

acre) by the number of acres of a specific crop, and
then summing the use for each pesticide applied in the
area.

Information for items 1-3, listed above, was
obtained from the Pacific Northwest 1992 Insect Con-
trol Handbook, Weed Control Handbook, and Plant
Disease Control Handbook, prepared by the Oregon
State University, Washington State University, and the
University of Idaho Extension Services (1992a, 1992b,
and 1992c). Compiled data from items 1-3 were sent
to County extension agents in the Yakima River Basin;
scientists at the Irrigated Agricultural Research and
Extension Center at Prosser, Washington; and agencies
involved with pesticide use, including personnel with
the U.S. Army at the Yakima Firing Range, County and
State transportation agencies, U.S. Forest Service, the
former U.S. Soil Conservation Service, and others
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Table 3. Estimate of annual pesticide use, Yakima River Basin, Washington, 1989

[Annual use, in kilograms, is for the entire basin downstream to Benton City near Kiona, excluding Kennewick Irrigation District;
--, not analyzed; A, analyzed; D, detected in streams at one or more sampling stations in the basin at trace concentrations less than
the minimum reporting level or at quantifiable concentrations greater than or equal to the minimum reporting level; N, not detected;
2,4-D, (2,4-dichlorophenoxy) acetic acid; EPTC, S-ethyl dipropylthiocarbamate; MCPA, (4-chloro-2-methyl-phenoxy) acetic acid;
HCH, hexachlorocyclohexane; MSMA, sodium hydrogen methylarsonate; see text for source of information)

Compound Annual use Major applications Comments

Oil 910,000 Apples, cherries, pears, peaches -
24-D 260,000 Pasture, roads, apples A,D
Malathion 160,000 Pasture, apples, grapes, cherries A,D
Glyphosate 150,000 Apples, corn, grapes --
Azinphos-methy! 130,000 Apples, pears, cherries A, D
Copper 77,000 Hops, cherries, pears -
Chlorpyrifos 73,000 Potatoes, urban A,D
Diazinon 73.000 Hops, alfalfa, urban A,D
Diuron 58,000 Roads, apples, asparagus -
Carbaryl 55,000 Asparagus, apples, grapes A,D
Norflurazon 55,000 Hops, grapes, asparagus, pears -
Parathion 55,000 Apples, cherries, grapes A, D
Sulfur 55,000 Cherries, peaches, hops, apples --
Propargite 47,000 Hops, mint, apples, grapes A, D
Metam 42,000 Potatoes --
Monocarbamide dihydrogensulfate 42,000 Potatoes --
Phosphamidon 36,000 Apples A, D
Endosulfan 36,000 Apples, pears, peaches A,D
Dicamba 36,000 Pasture, hay, asparagus A,D
Disulfoton 30,000 Asparagus, wheat, hops A,D
Oryzalin 29,000 Grapes, apples, roads --
Simazine 29,000 Apples, grapes, asparagus, prunes A,D
Captan 26,000 Com, apples, grapes --
4,6-Dinitro-o-cresol (DNOC) 26,000 Apples, pears --
Methidathion 26,000 Hay, apples A, D
Calcium polysulfide 24,000 Apples, pears --
Metalaxyl 22,000 Hops --
Ziram 22,000 Apples, pears -
Dimethoate 20,000 Grapes, wheat, apples A,D
Clopyralid 18,000 Pasture, hay --
Mancozeb 18,000 Asparagus, wheat --
Alachlor 16,000 Com A, D
Butylate 16,000 Com A, N
EPTC 16,000 Alfalfa, corn, potatoes A,D
Terbacil 16,000 Mint, apples, alfalfa AN
Paraquat 15,000 Hops, grapes, apples --
Methomyl 15,000 Grapes, asparagus A,D
Trifluralin 15,000 Hops, asparagus A,D
Dodine 13,000 Apples, pears -
Dichloropropene 11,000 Potatoes A, N
MCPA 11,000 Pasture, hay -
Methylbromide 11,000 Urban AN
Zinc 11,000 Pears, cherries, grapes -
Atrazine 9,100 Com A, D
Dicofol 9,100 Hops, mint A,D
Metribuzin 9,100 Asparagus, alfalfa A, D
Oxamyl 9,100 Apples, pears AN
Phorate 9,100 Hops, potatoes, corn A,D
Phosmet 9,100 Apples, pears --
Thiram 9,100 Com, wheat -
Metiram 8,800 Asparagus -
Endothal 7,300 Hops --
Lindane (y-HCH) 7,300 Wheat, barley A, D
Napropamide 7,300 Grapes, mint, asparagus -
Carboxin 5,800 Wheat, corn AN
Dalapon 5,800 Field corn --
Chlorsulfuron 5,500 Roads, wheat -
Cyanazine 5,500 Field corn, wheat A, D
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Table 3. Estimate of annual pesticide use, Yakima River Basin, Washington, 1989—Continued

Compound Annual use Major applications Comments
Fonofos 5,500 Asparagus, corn A D
Hexazinone 5,500 Alfalfa, hay, oats A, D
Pronamide 5,500 Alfalfa, grapes, apples --
Sulfury! fluoride 5,500 Roads, urban -
Methoxychlor 4,400 Alfalfa, asparagus A, D
Xylene 4,000 Aquatic application A,D
Benefluran 3,600 Alfalfa, urban --
Boron 3,600 Cherries, urban --
Dichlobenil 3,600 Apples, aquatics, roads, urban --
Ethephon 3,600 Apples --
Pendimethalin 3,600 Corn, grapes, apples --
Triclopyr 3,600 Roads, pasture --
Amitraz 3,300 Pears --
Carbofuran 3,300 Corn, grapes A,D
Iron (micronutrient) 3,300 Grapes, hops --
Metolachlor 3,300 Corn A D
Naled 3,300 Hops, grapes, alfalfa, seed -
Chinomethionat 2,900 Pears, apples -
Oxyfluorfen 2,900 Grapes, mint, apples, cherries --
Propachlor 2,900 Corn AN
Methylparathion 2,200 Apples, pears AN
Iprodione 1,900 Hops, potatoes -
Benomyl 1,800 Grapes, apples --
Bromoxynil 1,800 Wheat, alfalfa -
Dinocap i,800 Pears, apples -
Rotenone 1,800 Apples, cherries -
Permethrin 1,800 Corn, alfalfa, asparagus A, D
BEE (bee attractant) 1,600 Pears --
Bentazone 1,600 Corn, mint --
Bromacil 1,600 Roads A, D
Linuron 1,600 Asparagus A, D
Oxytetracycline 1,600 Pears, apples -
Acrolein 1,500 Aquatic application, urban --
Gibberellic acid (GA) 1,500 Apples, cherries --
Myclobutanil 1,500 Apples, grapes -
1-Naphthylacetic acid (NAA) 1,500 Apples, pears -
Picloram 1,500 Firing range, wheat, pasture A, D
Triadimenol 1,300 Corn, wheat -
Acephate 1,100 Urban, mint -
Ethion 1,100 Apples A, D
Ethoprop 1,100 Potatoes -
Fenarimol . 1,100 Apples, cherries -
Methamidophos 1,100 Potatoes A, N
Sulfometuron methyl 1,100 Roads --
Terbufos 1,100 Comn AN
Fenbutatin oxide 910 Pears, apples --
Thiophanate-methy! 910 Potatoes --
Tebuthiuron 910 Pasture --
Chlorothalonil 730 Mint, potatoes A,D
Formetanate 730 Apples, pears --
Triadimefon 730 Apples, grapes A, D
Chloropicrin 550 Potatoes, urban --
Maleic hydrazide 550 Potatoes --
Maneb 550 Potatoes --
Oxydemeton-methyl 550 Apples, mint -
Sethoxydim 550 Asparagus, grapes --
Thifensulfuron 550 Wheat -
Trichlorfon 550 Com --
Mevinphos 470 Apples, alfalfa, corn A, D
Streptomycin 470 Grapes, apples, prunes --
Byclobutanil 400 Grapes -
Amitrole 360 Urban --
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Table 3. Estimate of annual pesticide use, Yakima River Basin, Washington, 1989—Continued

Compound Annual use Major applications Comments

Cytokinins 360 Apples --
Fluazifop-s 360 Asparagus, grapes --
Mecoprop (MCPP) 360 Urban -
Metsulfuron 360 Oats, wheat -
Propyzamide 360 Apples --
Pyrethrins 360 Apples, urban --
Ryania 360 Cherries --
Strychnine 360 Apples, cherries --
Chlorophacinone 330 Apples --
Cryolite 330 Apples --
Diclofop 330 Wheat -
Difenzoquat 330 Wheat -
Diphacinone 330 Apples -
Lactic acid 330 Apples --
Phosalone 330 Apples -
Vinclozolin 330 Apples --
Diatomaceous earth (DE) 290 Pears -
Imazapyr 260 Firing range, roads -
1-Naphthylacetamide (NAD) 260 Apples -
Propoxur 260 Urban AN
Triallate 260 Wheat, barley --
Cyfluthrin 250 Pears --
Esfenvalerate 220 Corn, pears -
Prometon 220 Urban, aquatic application A,D
Fenvalerate 150 Pears --
Abamectin 130 Pears -
Avermectin 130 Pears -~
Imazamethabenz 130 Wheat, barley --
Dichlorvos 110 Urban --
Dinoseb' 110 Urban -
Trithion (carbophenothion) 110 Apples A,D
Piperonyl butoxide 100 Urban, prunes --
Bacillus thuringiensis 90 Apples --
Ethylan 90 Pears -
Manganese 90 Oats -~
Propetamphos 90 Urban --
Primisulfuron 90 Corn --
MSMA 70 Urban --
Tribenuron 70 Wheat --
Triforine 70 Apples, pears --
Bendiocarb 60 Urban -
Cacodylic acid 40 Urban -
Fluridone 40 Aquatic application --
Oxadiazon 40 Urban -
Thiabendazole (TBZ) 40 Wheat --
Dacthal (DCPA) 30 Roads, onions A, D
Chiorflurenol 30 Urban -
Fosamine 30 Aquatic application --
Quintozene (PCNB) 30 Barley, oats --
Fenoxaprop 20 Wheat -
Sodium trichloroacetate(TCA) 15 Roads --
Nicosulfuron 15 Comn --
Formulated hydrochloride 15 Peaches --
Demeton 3 Barley A, D?
Imazalil 2 Bariey -

'Dinoseb was not sold in 1989.

2Demeton-S was detected. Demeton-S and demeton-O were not soid in 1989.

The Yakima River Basin
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familiar with use in rangelands. These agencies were
asked to (1) review and correct, as needed, the com-
piled data on active ingredients and application rates,
(2) provide an estimate for number of applications per
year, and (3) provide an estimate of the percentage of
crop acreage to which the pesticide was applied in
1989. Ms. Elizabeth H. Beers (Tree Fruit Research and
Extension Center, Wenatchee, Washington) provided
results of a survey of apple and pear growers for the
Yakima River Basin (Elizabeth H. Beers, written
commun., February 20, 1992; Beers and Brunner,
1991). Information also was obtained from the
Washington Agricultural Statistics Service on chemi-
cal usage for apples, sweet cherries, grapes, peaches,
pears, prunes, and plums. When pesticide-use infor-
mation for a crop was available from more than one
source, an average value was used for these estimates.
An example calculation for pesticide-use estimates
for hops is shown in table 4.

Scientists from the Irrigated Agriculture Research
and Extension Center provided information on the use
of pesticides in ponds and canals. Pesticide use in
urban areas was estimated from data collected in the
Puget Sound Basin for the EPA in 1988 (Tetra Tech
Inc., 1988).

Soils and Erosion Potential

The movement of suspended sediment, including
eroded soils, in streams is an important factor in the
transport and fate of chemicals in the environment.
Many chemicals, especially hydrophobic (low-water

solubility) organic compounds, are predominantly
associated with soils, suspended sediment, and bed
sediment. A major source of these compounds in the
Yakima River Basin is the present or historical appli-
cation of pesticides to agricultural crops. Sediment
and associated pesticides erode from the land and may
be transported in the water column for long distances
or may settle out as streambed sediment for a period of
time. Contaminated sediment in the water column or
streambed may affect aquatic biota, including benthic
fauna (U.S. Environmental Protection Agency,
1988b).

Erosion is caused by flowing water and involves
(1) suspension of loose sediment, (2) disaggregation
of resistant soil surfaces by suspended-sediment and
water impaction, and (3) mutual wear of colliding
sediment particles in transport (Guy, 1978). As water
falls on the soils, either from irrigation or precipita-
tion, infiltration is reduced, creating a sheet of flowing
water. The water then begins to flow in rills (rivulets)
and larger channels. In the case of rill irrigation, water
is channelled directly into rills between the rows of
crop. When compared to sheet flow, rill or channel
flow is confined to a small area of resistance and
results in increased flow velocities and erosion (Guy,
1978). Rill irrigation is used extensively on row crops
throughout the Yakima River Basin.

Factors that affect erosion in the Yakima River
Basin are listed in table 5. Soil groups in selected irri-
gated areas are shown in figure 5, and data on soil
characteristics for these areas are listed in table 6.
Soils with large erodibility factors on steep slopes
have a high probability for water erosion. Soils with a

Table 4. Estimate of pesticide use for hops, Yakima River Basin, Washington, 1989

Appilication, Portion of crop  Pesticide use,
in kilograms Number of receiving in kilograms
Active Biological per hectare applications application, per hectare
ingredient activity per application per year in percent per year

Copper Fungicide 2.2 2 95 4.2
Diazinon Insecticide 22 3 65 43
Dicofol Insecticide 1.1 2 15 33
Disulfoton Insecticide 35 1 5 .18
Endothal Herbicide .74 1 80 59
Malathion Insecticide 1.4 1 20 28
Metalaxyl Fungicide 22 1 80 1.8
Naled Insecticide 1.1 1 10 11
Norflurazon Herbicide 34 1 90 3.1
Oxythioquinox  Insecticide 57 1 <] <.006
Paraquat Herbicide .52 2 40 42
Parathion Insecticide 1.1 2 50 1.1
Phorate Insecticide 27 1 20 54
Propargite Insecticide 1.4 23 70 2.2
Trifluralin Herbicide .89 1 50 .44
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Table 5. Factors affecting water erosion and transport of sediment, Yakima River Basin, Washington

[Modified from Guy, 1978]

Major factors

Influences of factors on soil erosion

Precipitation and
irrigation water

Temperature

Topography

Soil character

Land and water use

Nature, amount, and intensity of precipitation or irrigation water affects the rate of runoff (erosive
energy) after the infiltration capacity is reached. For example, hops and orchards receive about
the same amount of water in the Yakima River Basin; however, hops are irrigated from May
through August, and orchards are irrigated from March through October. Consequently, hops
receive a higher intensity of irrigation, which increases runoff rate and enhances erosion (Ray
Wondercheck, Soil Conservation Service, Yakima, Washington, oral commun., September 1992).

Alternate freezing and thawing of soils decreases cohesion and facilitates transport (mean-
monthly temperatures at Kennewick, Washington, near the mouth of the Yakima River range
from 31 to 77 degrees Fahrenheit).

Degree and length of slope affect erosion. Increased slope increases the energy of flow as
determined by gravity; increased length of slope increases stream velocity, turbulence, and
transport capacity of the water (see table 6 for slopes of selected irrigated areas in the Yakima
River Basin). A small increase in gradient can greatly affect a stream's ability to transport
sediment.

Easily erodible soils include unprotected silts, sands, and other Ioosely consolidated material. The
following soil properties affect erosion: permeability rate (infiltration); porosity (water-holding
capacity—affects infiltration and runoff rates); moisture content (reduces cohesion); soil
swelling; and grain size, shape, and specific gravity (determines force needed for dislodgment of
sediment particles). Soil erodibility factors for selected soils in irrigated areas in the Yakima
River Basin are listed in table 6.

Crop types affect soil cultivation and irrigation practices. For example, hops and other row crops

and soil cover

often require frequent tillage, which loosens the soil aggregates, removes the vegetative cover

crop (creating barren soils), and makes the soil vulnerable to erosion, especially if rill irrigation is
employed. Conversely, many orchards in the Yakima River Basin have a cover crop and are
sprinkler irrigated—practices which minimize erosion.

Hydrologic connection
between eroding
land and streams

The hydrologic connection between the eroding areas and the receiving stream can greatly affect
sediment transport. The distance, type of channel conveyance, density of channel system, slope
of channel, roughness of channel bottom, channel velocity, and channel turbulence are important

factors that affect sediment transport to receiving streams. Channeling agricultural-return flow
through a sedimentation pond or wetland can greatly reduce concentrations of suspended

sediment in the water column.

large erodibility factor on a relatively flat slope have a
slight to moderate probability for erosion.

Concentrations of suspended sediment in surface
water throughout the basin during a synoptic sampling
conducted June 25-30, 1989 (irrigation season), are
shown in figure 6 and listed in table 60 (at back of
report). Increased concentrations in agricultural return
flows generally reflect steeper subbasin slopes and a
higher soil-erodibility factor (table 6). The following
characterizations describe soil and stream-sediment
conditions in selected irrigated areas (fig. 5) in the
Yakima River Basin:

(1) East-side tributaries of the Yakima River down-
stream from the Naches River (includes Moxee
Subbasin and Roza and Sunnyside Irrigation Divi-
sions): Owing to the erosive soil characteristics
of the Warden-Esquatzel Association, steeper

subbasin slopes (mostly 2—15 percent), rill irriga-
tion practices, and close proximity of the irrigated
fields to the Yakima River (mostly less than 5
miles), suspended-sediment loads from the East-
side tributaries in June 1989 were the largest in

the basin. The instantaneous load was 317,000 kg/d
(kilograms per day), and the yield was 490 kg/d/
km? (kilograms per day per square kilometer) of
irrigated crop.

(2) West-side tributaries of the Yakima River (Yakima
Indian Reservation): Owing to small subbasin
slopes (mostly 0-2 percent, except 0—8 in Warden-
Shano Association), the suspended-sediment load
and yield from West-side tributaries in June 1989
were smaller than those for the East-side tributaries.
The instantaneous load was 59,500 kg/d, and the

The Yakima River Basin 17
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SUSPENDED SEDIMENT, IN MILLIGRAMS PER LITER
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KITTITAS TIETON  EAST WEST MAIN STEM
SIDE SIDE AND
NACHES RIVER

EXPLANATION

Interquartile range equals the value  Kittitas area includes:

of the 75th percentile minus the
value of the 25th percentile.
More than 3 times the

o

Less than 1.5 times the

75-percentile value

Median value

25-percentile value

Wilson Creek above Cherry Creek
Cherry Creek at Thrall

Tieton area includes:
Wide Hollow Creek near mouth
Ahtanum Creek at Union Gap

interquartile range from
the 75-percentile value

interquartile range from

the 75-percentile value East side area includes:
Moxee Drain at Thorp Road
Granger Drain at mouth
Sulphur Creek Wasteway
Spring Creek at mouth
Snipes Creek at mouth

West side area includes:
East Toppenish Drain at Wilson Road
Sub 35 Drain at Parton Road
Marion Drain at Indian Church Road
Toppenish Creek at Indian Church Road
Satus Creek at Satus
South Drain near Satus

Main stem and Naches River includes:
Yakima River at Cle Elum
Yakima River at Umtanum
Yakima River at Union Gap
Yakima River at river miles 72 and 55
Yakima River at Kiona
Naches River near North Yakima

Figure 6. Suspended-sediment concentrations at selected stations, Yakima River Basin, Washington, June 25-30, 1989.

yield was 130 kg/d/km2 of irrigated crop. Agricul-
tural runoff from the Warden-Shano Association
flows 5 or more miles through the irrigation system
over relatively flat land (02 percent slope) to the
Yakima River. These channel-conveyance charac-
teristics tend to increase sediment deposition in the
channels and reduce sediment transport to the
Yakima River. Furthermore, agricultural return
flow in Toppenish Creek flows through wetlands
along the western and eastern borders of the Top-
penish National Wildlife Refuge and then through
a wider slow-moving river reach just southeast of
Toppenish near Highway 22. The wetlands and
slow-moving reach act as sediment-detention
ponds, further reducing sediment loads to the river.
In June 1989, the largest instantaneous load of sus-
pended sediment from the West-side tributaries
was measured in South Drain at 29,000 kg/d (table
60, at back of report). This load was more than
twice the load measured in the other West-side
tributaries and can be attributed to rill irrigation

and frequent tillage of hop fields located along the
lower reaches of South Drain (Dave Myra,

U.S. Soil Conservation Service, Toppenish,
Washington, oral commun., September 1992).

(3) Moxee Subbasin: In addition to highly erosive

soils on steep slopes in the basin, rill irrigation

and frequent tillage of about 7,500 acres of hops
accounted for much of the sediment load in June
1989. The instantaneous load was 69,000 kg/d, and
the yield was 670 kg/d/km? of irrigated crop (Ray
Wondercheck, U.S. Soil Conservation Service,
Yakima, Washington, oral commun., September
1992). Erosion from orchards in the subbasin is
minimal because about 95 percent of the orchards
are sprinkler irrigated and have cover crops.

(4) Tieton Area (includes Naches-Selah Irrigation

District and Tieton Irrigation Division): The
suspended-sediment load and yield were small
because agricultural crops primarily consist of
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sprinkler-irrigated orchards with cover crops. In
June 1989, the instantaneous load was 1,150 kg/d,
and the yield was 9 kg/d/km? of irrigated crop.

(5) Kittitas Area (includes Cherry Creek and Wilson
Creek upstream from Cherry Creek): Irrigated agri-
culture primarily consists of pasture and hay, which
are not conducive to increased erosion. In June
1989, however, the instantaneous suspended-sedi-
ment load in Cherry Creek was 37,000 kg/d com-
pared with 4,600 kg/d in Wilson Creek. Increased
erosion in Cherry Creek can be attributed to the irri-
gation of row crops (potatoes and corn) on rela-
tively steep slopes in Badger Pocket, located in the
southeast corner of Kittitas Valley. Most of the row
crops in Kittitas Valley are located in or near Bad-
ger Pocket. The soil in Badger Pocket consists of
the Selah-Terlan-Benwy Association, a highly erod-
ible soil (Bain, 1990) on slopes of 815 percent.
Badger Creek Wasteway flows into Wipple Creek
Wasteway and then into Cherry Creek. Wipple
Creek Wasteway is located several hundred feet
upstream from the water-quality sampling station
on Cherry Creek. When samples were collected
from Cherry Creek during irrigation season during
198790, Wipple Creek Wasteway generally was
more turbid than Cherry Creek. In addition, tribu-
taries to Cherry Creek flow through feedlots and
corrals that are conducive to erosion (Perry Har-
vester, Washington Department of Fisheries, writ-
ten commun., January 1993).

Previous Studies of Pesticides

Prior to 1985, most water-quality data on organic
compounds in the Yakima River Basin were collected
from the Yakima River at Kiona near the downstream
terminus of the basin (fig. 1). More than 80 percent
of all determinations for pesticides, PAHs, and volatile
organic compounds were reported as being below the
minimum reporting levels. For several compounds,
however, historical minimum reporting levels were
10 or more times larger than water-quality criteria for
freshwater aquatic life (U.S. Environmental Protection
Agency, 1986) and more recent reporting levels
(Rinella, McKenzie, Crawford, and others, 1992;
Johnson and others, 1986; Hopkins and others, 1985).
There also is a lack in the historical record of data on
pesticides that are commonly used today.

Compounds that consistently were detected in the
water column, bed sediment, and (or) tissues of resi-
dent fish during 196885 were aldrin, 2,4-D, DDT
(4,4’-dichlorodiphenyltrichloroethane), DDE (4,4°-
dichlorodiphenyldichloroethylene), DDD (4,4’-dichlo-
rodiphenyl-dichloroethane), diazinon, dieldrin, endrin,
heptachlor, heptachlor epoxide, lindane, PCB (poly-
chlorinated biphenyls), and (2,4,5-trichlorophenoxy)
acetic acid [2,4,5-T] (Rinella, McKenzie, and Fuhrer,
1992; Johnson and others, 1986). The highest concen-
trations of organic compounds were detected in the
lower Yakima River Basin downstream from the city
of Yakima, where stream quality is controlled by agri-
cultural return flow during irrigation season. Concen-
trations of several compounds (aldrin, dieldrin,
endosulfan I, DDT+DDE+DDD, endrin, parathion,
and PCB) in water exceeded chronic-toxicity water-
quality criteria for freshwater aquatic life; however,
concentrations of all compounds were below acute-
toxicity criteria (U.S. Environmental Protection
Agency, 1986).

Data collected in 1979 and 1984 revealed that fish
from the lower Yakima River Basin downstream from
the city of Yakima had high concentrations of PCBs
and DDT+DDE+DDD (Hopkins and others, 1985).

A liver sample from a northern squawfish from the
Yakima River at Kiona had a PCB concentration of

2 ug/g (micrograms per gram), wet weight; another
liver sample from a northern squawfish from the
Yakima River at Birchfield Drain (also called Moxee
Drain) had a concentration of 26 pg/g, wet weight
(Hopkins and others, 1985). In 1985, concentrations of
DDT+DDE+DDD in resident whole fish (Johnson and
others, 1986) exceeded the guideline of 1 pg/g, wet
weight, for the protection of fish predators recom-
mended by the National Academy of Science-National
Academy of Engineering (NAS-NAE) Committee on
Water Quality Criteria (1973). In whole fish collected
from the Yakima River Basin from 1980 to 1983,
concentrations of DDT+DDE+DDD ranged from 0.58
to 5.1 png/g, wet weight. Comparison of these concen-
trations in fish from the Yakima River Basin to data
collected by U.S. Fish and Wildlife Service (USFWS)
in their National Contaminant Biomonitoring Program
(NCBP) indicates that resident fish from the lower
Yakima River Basin have among the highest concen-
trations of DDT+DDE+DDD in the Nation (Schmitt
and others, 1990).
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ASSESSMENT METHODS

The focus of the NAWQA study in the Yakima
River Basin was to assess surface-water-quality condi-
tions at a regional scale, which generally entailed char-
acterizing persistent water-quality conditions in stream
reaches that extend 25 or more river miles (RM). In
contrast, a local-scale study, which was beyond the
scope of this study, would attempt to describe water-
quality patterns within shorter reaches of perhaps sev-
eral hundreds of yards or less. Although the local scale
was not the focus of this assessment, data from this
study may reveal several, previously unknown, local-
scale concerns about human health and ecosystems.

The occurrence, magnitude, and spatial distribution
of concentrations of hydrophobic and hydrophilic pesti-
cides and other organic compounds in water and sus-
pended sediment were examined initially by collecting
data from eight stations during different seasons and
hydrologic periods. Results from this temporal sam-
pling were used to select a time period when pesticide
concentrations and loads were large for collecting syn-
optic data from a larger number of stations throughout
the basin. Synoptic data were used to determine the
occurrence, magnitude, spatial distribution, and major
sources of pesticides along the main stem of the Yakima
River, upstream and downstream from agricultural
activities. Also sampled were large tributaries (includ-
ing the Naches River), background stations in forested
areas, and the mouths of major agricultural return flows
(tributaries that receive agricultural return drainage).

In bed sediment and aquatic biota, concentrations
of organic compounds were determined by collecting
data in a variety of areas associated with different land-
and water-use activities throughout the basin (for exam-
ple, subbasins influenced by forest activities, urbaniza-
tion, and several types or combinations of irrigated
crops). Bed-sediment samples were collected during
relatively uniform streamflow conditions during late
irrigation season and (or) fall months to represent influ-
ences from recently transported pesticides (sorbed and
dissolved phases). Aquatic-biota samples generally
were collected in the fall about 2 weeks after irrigation
season during a period of low streamflows. Low flows
facilitated fish collection because the fish congregated
and were easier to collect in the smaller stream-channel
areas. In addition, streams were accessible for wading
with electrofishing gear during the low flows. In this
study, the seasonal variability of concentrations of pes-

ticides and other organic compounds in bed sediment
and aquatic biota was not determined.

The specific sampling plan (sampling purpose and
scope) and types of analyses for water, bed-sediment,
soil, and aquatic-biota samples from the Yakima River
Basin are outlined in table 7. Locations of the water,
bed-sediment, soil, and aquatic-biota stations are given
in table 8 and shown in figure 7. A listing of the bio-
logical activity of pesticides that were analyzed is
shown in table 9.

The occurrence, transport, and fate of organic
compounds in the environment is determined by phys-
ical, chemical, and (or) biological characteristics of
the compounds, soils, stream sediment, stream water,
and aquatic biota. Additional factors that influence
transport and fate include irrigation and pesticide-
application practices. The movement of these com-
pounds to streams may occur by direct inflow (point-
source discharges), direct application of herbicides to
irrigation canals, direct application and drift from
aerial applications on crops and forests, and erosion
of contaminated soils. Physical, chemical, and biologi-
cal properties that influence transport and fate of
organic compounds are listed in table 61 (at back
of report). Important properties include water solubil-
ity, sediment or soil sorption, and persistence in soil
(half-life). Actual solubility, sorption coefficients,
and half-lives can vary widely depending on station-
specific soil and water characteristics; therefore, val-
ues listed in table 61 should be used only as relative
indicators for predicting the occurrence and fate of
these compounds in the environment.

Water solubility is a measure of the tendency for a
compound to dissolve in pure water. Compounds with
solubilities larger than 30 mg/L (milligrams per liter)
are likely to wash off crop foliage and soils and leach
into surface-water runoff or ground water (U.S. Envi-
ronmental Protection Agency, 1988a). Compounds
with solubilities between 1 and 30 mg/L are transi-
tional and may dissolve into ground water or surface-
water runoff, depending on other controlling factors—
for example, irrigation practices; amount and fre-
quency of pesticide application; intensity of storm
events; and physical, chemical, and biological proper-
ties of the soil and water (Becker and others, 1989).
Compounds with solubilities less than 1 mg/L are
likely to sorb to the soils.

22 Yakima River Basin: Distribution of Pesticides and Other Organic Compounds in Water, Sediment, and Aquatic Biota, 1987-91



"6861 19qUIAD(] Ul “BUOTY 1B DALY

BUIYRA ‘UONIE]S WIDdIS-UleW 9y} WOJJ Pajddf[od 219m os[e so[dwes uLo)s
daxy | “sojdues sojem-paroljyun ul spunoduiod sS1uegio jo SUOHBIUIOUOD
ul J1[IQBLIRBA [RUOSRIS JUILIEXD 03 pajdwies 210m SMOY WINjdl-[esmynoLde
9AY pUE ‘UOLIB]S URQIN SUO ‘UONR)S dulISLId SUO ‘UoIjels WAIs-UIRW U
'sad £y do1o sat30

XIS WOJJ SUIRIP Ul SUOIRIIUIOUOD ISOY] UK JUSWIP3S paq ul spunoduwiod
J1uBS10 JO SUOKRNUIOUOD JOyYSIY pey (spieyolo 9AY jo sjdures
pansodwos suo) spaeyoio sjdde woij suresp jey; pamoys Surjdwes

L861 241 woyj s)jnsas Areururjoud asnesaq pajosfas sem paeyolo djdde
Uy JuduIpas 3y} 0} paqlos e jey) spunodwos swedio Jurpodsuen

9q Aewl pue JUSWIPIS YIIm UIPE] SI SPIoY asay) woyy d3eurelp
19JEM-9OBLINS ISNEIIQ PIOI[IS d1om sp[ay doH "R86 Ul uresJ 39XoN
Ul PAAISSQO dIom qAJ+IAd+1Ad Jo suonenuasuod Y3y A|oAne[as
asNEBIQ PIIIIYIS SEM UISBQQNS IIXOJA "UISBAQNS I9XOJA Ul SUOLIEIO|
[BISADS JB SUOZLIOY g PUe® Y 9Y) WO Pa3od[[0d d1am sojdues [10S

‘e101q onenbe pue juoulpas paq

ul suonenuadsuod punodwod-siuesio sreduios 03 pajdures arom suonelg
*s2d£1 do1o 12y30 XIS WOJJ SUIRIp Ul SUOIIRLIUIIUOD

950y} UeY) JUSWIPas paq ul spunodwod duesio Jo SUOHEIUIOUOD
1oy31y pey (spieyoso oAy jo djdures pajisodurod suo) spreyoto sjdde
woJy surelp jeys pamoys Surjdwes /861 9y} woly s}ynsal Areuiwijolg
‘spreyalo dpdde ureap jeyy) smoy wnjdl-jeimjnoude ul AljiqeueA
surwexd 03 pazAJeue A[jenpiAlpul pue pa[duresas 3Jom suonelg

"UWIN|OJ 19)eM U} Ul U JUSWIPIS PIq Ul SUOHENUIOUOD
punodwos-oruedio sredwod 03 pajdwes 319m smop WINdI-[RIN}[NOLTe
9AY pue ‘uoljels ueqJn duo ‘uonels sunsud suo ‘uoyels wAls-urew JUQ
"AIISTUISY D JUSUIIPIS-Paq

UO S}991J3 9SN-pUB| SUIWEXD 03 P303][09 d1om sadA) doIdo JUDISYIP UIAIS
Sunuasardar (ansodwos 19d suorzels aAY 03 1noy) sajdwes paysodwod
udAds pue ‘djdwes Jjouru-uegin duo ‘sojdwes wajs-urews omj,

S|0S240 pue sjouayq
SOIRIOA

sp1oe Axouaydosojy)
sojewRgIE)
sauizeuy
sruoydsoydouedip
sauuojgoouediQ

sruoydsoydouedip
saunojysouedio
SO[IR[OAILIDG
sauLojysouedio

SO|IIR|OAIWS
ssunojgoouesio

SO[1IR|OAIWDS

sauuojyoouedi0

SO1JR[OAIWIDG
sauno[yoouedIO

91

9¢

6861 Yo pue

‘886 [ JOQUIDAON
‘sn3ny ‘A[nf ‘aunf ‘Kepy

6861 AInf

066861

8861 foquiodog

8861 19quialdag-1sndny

1861 12quiaaoN-1snSny

13)em paldyuq)

tos

JuSWIPas pag

JuaUIIPas pag

JUSWIIPas pag

JUSWIPIS pag

Buidwes jo asodind

pazAjeue
Ajwey jeojwayd

suonels
JO Jaquuny

pouad bujdwes

wnipaw bujdweg

[(aaq) sueyizoloyoipiAuaydipoofyorp- 44 snid (3qQ) dudjdyizeloyaip|Ausydipoloyaip- 'y snid (LAQ)
aueyiaoIo[yoLAuUaydIpoIo[yoIp- 'y ‘AAd+3dd+1ad Ajwe) [eoruayd yoed ur spunodwiod ay) Jo 3ulsi] e 10} ¢ 9]qel pue UOIIE)S Yoed Je pazA[euR SIIILIE) [BOTWAYD 3 JO Sunsl] e Joj g Jjqel 995]
16—/861 ‘UoIBUIYSEM ‘UISE] JaAIY BwiNeA ‘saidwes punodwod-oiuebio Bujoa)oo Joy ueid Budwes 2 sjqel

23

Assessment Methods



SU0QIed0IpAY
‘sanssp ut sneuIoIe J1]9A24]j0d
sjuRUIWIERIUOD JO uounqLysip [eneds e apiaoid o3 pajdures a1om el01g sauuojyoouesio 4 0661 19qQUISAON-19G0100 ejoiq onenby
SU0qIed0IpAY
"SONSSI} Ul SJUBUIWIBIUOD JO 2OUALINID0 ) SuruLalap ol pajdures osljeuIole J1[9Kd4[04
339M suonels pajeuiwrejuod-Ajjenuslod pue SUOIRIS 90UI3J01 W0 vlolg ssuuojyoouediQ 61 6861 J9qUISAON-19Q0I00 ©jo1q ouenby
Su0qIed0IpAY
‘SONSSI} Ul SJUBUIWIEBIUOD JO SISA[RUR PUB UOHII[[0D JOf paiinbal s30M0sai sljewose J1[9Ad4[0d
pue dur Jo sajeurisa apiaold o} palonpuod sem 1593 pjoy Areurunaid v sauuo[yoouedio ¥ 6861 AN ejo1q onenby
‘SUOlJE|a1 J9jem-punold pue -aoejins a1ojdxa stuoydsoydouegio
0] urei(J 99XOA] JO UInour Y3 Jeau pajdures aiam sj[am MO[eyS 931y L, sauuo[goouediQo € 6861 Axenuef Iajem punoin
‘uoseas uonedu Juunp spunoduiod sedio jo podsuen
sseyd-papuadsns pue -paialjy jo AjjiqeLieA a3 surwexs o} pajdures stuoydsoydoueSiQ 1661 1oquadag (aseyd yoes jo sasAjeue ajeredas)
21oM smop Winjdi-jeImnouse Jofewr 921y) PuUE UOKR]S WA)S-UIeW dUQ) sauuoyoouedio ¥ ‘g ‘oung ‘Aejq saseyd papuadsns pue paialji
*$]19A9] Suiodas wnuwuiwi 39npai 03
pazAjeue pue ‘passao0id ‘pa3da[[oo a1om soumjoa djdwes a51eT ‘suonejal
Iayem-punoi3 pue -aoens 210]dxs 03 A1Anoe [eimnoude asusjul  spioe Axousydoioy)
Jo Anuroia oy ut pajdures aiom s[jom Iajem-SunjuLIp om] ‘UonIppe uj sajeuwreqie)
-uoneduu yead Juunp uiseq ay3 ur spunoduiod s1ueFIo Jo SONSLIDIORIRYD sauIZeL |,
podsuen suruualap o} (pouad Aep-9 e urgiim) Ajjeondouds pajdwes aiom stuoydsoydouedip (sseyd yoes jo sasAjeue ayeredas)
smop wnjai-jeinynouge Jolewr pue ‘soleIngLy J0[RWI ‘UIS)S UIeW 3|, sauuoyoouediQ 62 6861 aung saseyd papuadsns pue paiaifij
S]0S3I0 pUR Sjouay
‘sajdwes Jojem-pasoyyun ul spunod  spioe Axouaydoio[y)
-wo09 S1uESio JO $32In0s Jofeul pue SUOHRIUIIUOD Jo uolnqLusIp jeneds sajeweqie)
a1 auruwLalep o3 uoneduur yead Suunp (pousd Aep-p e urgiim) Ajjeondo souIZeu],
-uAs pajdures a1om smop Wnjal-[einnoLSe Jofeul us) pue JIOATY SAYIEN sruoydsoydouediQ
9y} ‘uo1jels UBQIN SUO ‘Uoie)s Sunsud U0 ‘SUOTIE)S WIAIS-UTRUT JAL] sauuo[yoouediQ 81 8861 Amf I9)em palaljyun
Bujdwes jo0 asoding pazAjeue suonels pousad Bujdwes wnipaw Buydwes
Ajjwey [edjway) 10 13quInN

panuiuoD—6—/86 4 ‘UOIBUIYSEAN ‘uiSeq JOATY BuwiyeA ‘sajdwes punodwoo-oiuebio Bunosiioo Joj ueid Buldwes *Z ajqel

t, and Aquatic Biota, 1987-91

imen

Distribution of Pesticldes and Other Organic Compounds in Water, Sedi

24 Yakima River Basin



YL dO D0 ‘oD ‘qred Loy 6IT  TO VI 9F UBLSHYA 18 YInow je %321 sadiug 67860ST1 0$
Y1dO D0 M0UYD‘Qe)  BEOr 61l 00 VI 9 UBNSHYM JE fanow Je 321D Suuds 01L60SZ1 6
dO D0 ‘olYD ‘r’D  80vb 611 LT EI 9 1assold 1e peoy uung Je [eue) 1A[puey) 66¥60ST1 134
Y140 D0 M0[UD ‘g’  00SS6l  10€1 9P MOTADURID) 123U ¢G J[IUI 19ALI J& S8pLY PIONT J& JOATY BUIRL 0S060SZ1 Ly
ANLDd A0 D0 ‘POMYD QD LO100ZI  €0S1 9% apisAuung Jeau Kemalsep 39a1) anydng 05880521 9
AL dO D0 Io[YD QD LS LOOTI  SES1 9% snjes Jeau urel( yinos 0£980521 9%
1L 'dO D0 Io[UD ‘qle)y  Z€80 0TI 9T 9l 9F styeg e a8ed 18 yoa1) smes 02980521 (%%
A1 dO D0 IolyD ‘gieDd S Or0ZI 00 10 9% ystuaddo] Jeau uoKue) A9[1e4)-UOS[IA SA0QE JI3L)) STES v65L0STI 1§72
AL d0 D0 o[y ‘qre)y  0£ 00Tt 1191 9P SpISAUUNS JESU 3231 STIES JA0QE 7/ [IW J9AL JB I9ATY BWIEX $86L0ST1 ov
1 'dO D0 Io[UD ‘qleDy €6 1101 TS 81 9% 1o8ueID) Jeau Peoy yaInyD uerpu] je 39a1) ysiuaddop 80SL0ST1 8¢
dL A0 D0 o[y ‘qI.D  $S110ZI TS 619% 193ueID) 18 peOY YoIny) UBIPU] I8 UIRI( UOLBI 01850521 LE
ANLDd A0 D0 ‘0D ‘qred 8¢ 11071 01 0T 9 123uelD) Jeau yInow Je urel( J3ueIn 09t50ST1 9¢
dOD0 6011021 LEOTOY 198ueIn) Je utel( JoSuerlD 0S+505T1 s¢
YL 'dO D0 Io[YD ‘qled 8 E€10TI  110T9F IoBuelD) 1edu prOY UOMEJ 1B UlRI( SE NS 01¥50ST1 e
AL dO D0 101D ‘qre)y  00SI0TI  ¥0IT9v ystuaddo] Iesu peoy uos[ip Je ureiq ystuaddo] iseq 0S€50S2I1 €€
AL 40 D0 ‘41D 0T8T 0TI 01 TE9F dep uorun 1e ¥9a1) WnueYY 00520521 o€
YL DddO DO 0IYD ‘qreDd  8G LT OTI VO TE IV den uotun je %231 WNUEIYY JA0QE JIARY BUINEL 0$¥00SC1 8T
ANLDddO D0 oD QD L18Z0Z1 61 ZE 9P den uoru e Yinow reau 3231 MO[[OH PIM SPP00ST1 LT
A NLDddO DO W0YD ‘qre) 61 LT0T1 81 TE9Y dep uoru) Jeau peoy dioy] je urei(q 29XON 0£¥005T1 ¥C
dOD0 €197021 9vTESY den uotu) Ieau peol playyong Je Urel(] RxXON 07400821 €T
AL dO D0 I0[YD ‘QieD QI 1€0T1 Ty LE9Y RUID[EL YUON 123U 10ATY SaYIEN 00066vC1 (44
dO D0 ‘0D ‘qre)  0S¥E 0TI 108E9Y Pad[D Jeau Yol pas[D mo[aq ySno[g unisyong 05596¥C1 1T
ANLdO D0 OUD ‘qre)d 01 6£0Z1 €V v 9% Iojep ysiulg-ewiyes jo A1) 11596+21 0T
A NLd0 D0 ‘0D ‘qre)  [16£0Z1 ¥ ¥ 9¥ Kemarsepy Auedwo 1yS1 % J1omod dytoed 01596+C1 61
AL dO D0 I0[UD ‘QBD  9p 6T 0TI LT ISV WNUEJUIN J& YINOW JEau Y9317 Wnuejuin 0SSY8YTI Sl
AL dO D0 ‘Io[YD ‘qreD  $¥ 8T 0TI 9¥ IS9P WNUEIU (] J8 19ATY Bume) 005+8+C1 vl
A1 °d0 D0 ‘I0[YD ‘arD)  [$6T0T1  ¥ESS 9P [leIq L Je Yaa1) Auay) 08t¥8tCl €1
J1°d0 D0 ‘Io[YD ‘qred  [00£ 071 SESS 9P [[BIYL Je 3921 ALIBYD) IA0qE JAIID) UOS[IM 001¥8¥C1 It
A1 °d0 D0 Io[YD ‘qieD  §$ 95071 SEII LY wn|g 9D 18 AR BuIe) 00S6L¥T1 v
1 'dO D0 Moy ‘qre) 7T 90 1Tl 61 1T Ly uA[s0y Jeau 33e WNg 3] 9A0qE J9ARY WIN[F 3D 00€8LYT1 €
YL dO D0 Io[YD ‘qre)  [190171  6TvT LY uA[S0y Ie3U JESE] UOWIES 18 JARY 19doo) 00Z8LYT1 z
- sa[dures 19)BA\
uonels yoeo je mv_.z_m:o._ apnieT sweu uoneis [quinu uonelg Jaquinu
pazAjeue saljiwe; [eanusy) @ouasaal
depy

[£ 21n3y 03 puodsariod s1aquinu 35usIa§a1 dew
SU0QIRI0IPAY djeWOIR J1]9K9410d ‘HV{ ‘spunoduiod J1uedIo S[1IR[OATWUSS ‘AS 5105310 pue sjouayd ‘) ‘spunodwos o1ueSio 3|1ej0A ‘A ‘SIPIdIGIY ouzewr) ‘Y| ‘spunodwiod

snuoydsoydouegio g0 ‘spunoduiod suLIopydouedIo *)(Q) sapIdIqIaY proe-Axouaydoiofys ‘ofy)) ‘Spunodiliod 1aY10 pue SAIBLIBQIED ‘qIe)) ‘SPUODIS PUR ‘SIINUIL ‘S9ISP ul paptodau aie apnyiduol pue apryne]

16—/861

‘uolBulyseM ‘UISEg JOAIH BWEBA ‘BlOIq J1lENDE puB ‘|I0s ‘JUuswipas paq ajem | spunodwod oiuehlo Jaylo pue sapionsad Joj suoneoo| buidwes g ajqer

25

Assessment Methods



ASD0 0TTS611  TSI9I9F MIIAPURID) JE3U POy SUl] AJUNO) je utelp paureuu()  000TIS61125919y 43
AS D0 LE8TZ6IT €159 RUOTY JE JOATY BUl R 00501621 IS
AS 8t 0v6l1  00¥19Y uRnSHY M Ie Yinous Je yoa1) Fuudg 01L60ST1 6v
ASD0  LO100ZT1 €0SI9% apisAuung Jesu Kemsjsepy Yoa1) anyding 058805T1 9
ASDO S¥S00ZI  90S19% SMJES JeSU §9 [ JOALL J& 231D STUBS MO[3q JOATY BWI RL $7980571 124
20 0¥TTOZI  00SI9% yswaddo], yesu 331D A1 m0[9q o1 STyes 00580521 w
ASD0 €S11021 TS 8I9¥ 133uRID) Jeou peoy YdInyD uelpu Je 3231 ystuaddoy, 80SL0ST1 8¢
ASD0 8€110TI 01079 123uein) JEdU Yinour je urel(] 198uriD 09450$T1 9¢
ASD0  6S 1€0Z1 oY 8T 9% ojedepy Jeau speoy SSSY 7 [eIo)e Iv UIRIp paweuu() 0v9£0ST1 1€
20 €TL50T1 TE6T9Y oordure], Jeau youey PrIuC) A0QE J031) WNUBIYY 310 Yinog 00600521 6C
ASD0  86LTOZL YO TE9Y dep uolup) Je 301D WNURIYY JA0]E JAATY eUIEX 05400521 8
ASDO LI8TO0Z1 61TE9¥ den uoru() Je YINOW JedU J3317) MOJ|OH SPIM SHY00ST1 LT
ASD0  ¥E9E0TT  9SvEIY wnuelqy Jesu [00YdS 3[PPIA A3[[BA IS3M 18 221D MOJIOH SPIM LEVO0STI ST
ASDO  61LT071 8ITE9Y de uotuq) xeau peoy dioy] Je urei( 39XOW 0£¥00ST1 ¥
AS D0 80+01TZ1  vE 8V 9¥ J[IN Jeau 221D AeusapIey 0] YUON 3A0QE ¥931) dxeusdey 00168%71 81
ASD0  SHSII1TI ¥08S9¥ 3IN Jeau Surssol)) S|ISH Je JSARY UedLoWy 05T88YT1 Ll
20 6§SS01T1 0T 65 9% [IPYID Je3U INOW Je JSARY SSYSEN] SN 007L8¥T1 91
ASDO 9V 6T0T1 LTIS9Y WNUEJLIN) J& YINOUI JedUl 33017 WNUBIW) 0SSY8YTI Sl
ASD0 #b8TOZI  9¥ IS 9 WNUBIW) J& AR BWINE) 00SY8YT1 1
ASD0 166T0T1 ¥ESS9Y 11eay L, 38 yoa1) Ausy) 08481 €1
D20 Hb9TOoTl  SSOILY Zinqsud|g et 221D Y3IH MO[dq 331D WINSUEN 0SLE/YTI 01
D0 TE8Y 0TI 81 8S9¥ Zinqsusy|g esu 031D YSeISEUBIA 104 YInoS 061€8YC1 6
20 102501 Ly 90LY d10y] 183U MOPERA| WINSUE], JE Y2310 Wndue ] 00618421 8
ASD0 9£1S0Z1 8yl L um{g 3[0 Ieal SYI0J MO[3q 10ATY Aemeurs], 00008421 L
20 0£1S0T1  ITLILY punoigdure)) 01 401 I8 28pLiq M0]2q ISATY ABmBUES], 10 YUON 0SL6LYT1 9
ASD0  651S0T1  0f£0T L wn[g 310 Je3u Yinow Jesu j291) 9] 3ung 0ZL6LYTI S
ASD0  TT901T1 61 1TLY uA[S0y Jesu e T WN[F 9] 9A0qE RARY wmnig 3[D 00€8L¥T1 €
AS SIS0 IZI  €16TLY u£|soy Jeaul [pnow Je 1oAry snidem 0018L¥Z1 I
sajdures juawipas-pag
dOD0 809Z0T1 LS TE9¥ T0401-361/NTT 1IPM 1080920T1LSTEYY 19
dOD0 9197071 ¥ETEIY T0H60-F6I/NT1 1IPM 10919202 1H€TE9¥ 6S
dOD0 1797071 €£TE9Y ZOH60-361/NT1 IPM 1012920 1€ETEY 8¢
AL dO D0 oY) ‘QIed  6£TE0TI 01 STIY 709TT-981/NI T YeleH ‘T IPM  106£T€0T101ST9% 99
J1'd0 D0 0D ‘QreD  TEYOOTT 0T L19Y 10d¥0-FTT/NGO ‘Op1sAunng ‘| IS 10Z€¥00Z10TL19Y €6
ANMLDddO DO oD ‘qle)  L£8T611  E1S19¥ BUOLY 1B JOAIY BUIYEA 00501521 IS
panunuo)—sajdures aepm
uojjels yoea je wu::m:o._ apnme swieu uoljelrs Jaqunu uonels Jaquinu
pazAjeue sajjjwej |eojwuay) aJudiajal
dey

panuiuoD—16—/861}
‘uo1BuIySeM ‘UISeq JOAIY BlINEA ‘Bl0iq Jenbe pue ‘jos ‘quawipas paq ‘1ajem ui spunodwo? oiuebio sayjo pue sapionsad o) suoneoo| Buidwes g ajqel

Distribution of Pesticides and Other Organic Compounds in Water, Sediment, and Aquatic Biota, 1987-91

26 Yakima River Basin



1€60021 20 €19 peoy IS1uulp pue peoy [Sem|o) JO UOTISISJUE JeIU YOIIp 21Sem
Irer6ll 90 SI1 9% POy SN3[IM pue peoy AS[WOT JO UOKIASIAUL & YOI JISep
8T SS 611 20 61 9% peoy Aueyiog pue peoy A10j0€,{ JO UOHIISSIAIUI 1€ YIIIP 2ISEM
€S0 0Tl 8T 619V peoy den jo yuou sajiw ¢ ‘peoy AIeIoUI)) 18 YINP dseM
Sy ScoTtl  8Y 0T 9 peoy ojedem Inos 3o 159Mm G°( ‘PROY 1SOA I8 YIIIp 2IsBM
AS ‘D0 spjey sn3eredsy
TTST 0Tl 0t 9S 9 [TeH IRUIUS(] JO ISBS SO[IU G°() ‘PROY USSUSIOS Je YOp 3ISepm
8¢S 11 0Tl 10 0T 9% Ia3uelD Ieou peoy YdInyD UBIpU] IE YoIIp ANSem
€S0 021 8T 61 9 peoy den jo yuiou sapiw ¢°() ‘peoy Alejowa) Je yaiup dlsem
6V 07 0Tl  TETTIY peoy 19%0ag JO 1589 SI[IUl () “pROY MO I8 YINP A1Sep
00 S€0C1  TETTIY peoy pue[S] pue peoy 1104 Jo UONOISIdUL IBIU [OIIP 21Sem
AS 00 SpIeY w0y
€5 7S 611 1P S1 9  PeOY PeAISW]( PUB PROY MIIAIIUUOY JO UOTIIISIANUI JO ISBOYLIOU YIIIP IS
€09 611 €291 9% peoy Suilazuly pue peoy SUEBH JO UOHDSSISNUI J& YIIIP dISem
YT ev 61l S 91 9% Ppeoy SYUBH JO YIIOU S3[1Ul 9°() ‘Peoy PIRUO O e YoIp d1Sem
619¢€0C1  LETTOY peOY Yousg pue peoy 1104 JO UOLOISIAUL JEdU YIIIP iSepm
peTT ot LV TE 9P ulel(J 99XON Jeau peoy 19yone Jeau yoyIp Asem
AS 00 sploy sdoy
0T TS 611 91 9% MIIAPURID) Teu POy dUl'T AJUNO)) j& UreIp paueuu )
VZIS6ll v LI 9 MIIAPURID) TRJU [RIDJRT] dUIqin] Iseq 0} Ulelp paweuun)
002¢0T1 OV 8T peOY S331Y pue peoy [BI3)eT] JO UOHDASIAIUL JE YOIIP SISem
108¢€ 01 9SOV 9% Pa9[D ITedu peoy] seydeN PO JO YI0U goIp peoy
€€ 6¢ 071 10 S¢ 9 wnuelyy Iesu pleAsinog Wnuejyy 1€ J3oID) MO[[OH 3pIM
AS ‘D0 spieyoio ojddy
80 €1 021  90VT9Y SALIQ YR[[1Z 1S8Y JO INOS SI[IL 7°( ‘YIIIP dIsem
€e 1101 vESTOY [eUR)) B2Z0Y 9AOQE PeOY UOIYSNOH JE YINIp peoy
6y 6L 0C1  TOEV 9V S3YOEN Iedu peoy SYdEN PIO JO YINOs YdIp Ausem
€€ 6£ 0Z1 10 S¢ 9% wnuejyy Ieau pIeAs[nog wnueiyy je ¥3217) MO[[OH apim
AS D0 SpleydiQ 1ead
(£ 2an3y ur umoys jou suone)s) 3dAy doud Aq sojdues Juaurpas-paq pansodwmo)
ASD0  €€5£0T1 10 S€ 9% wnuejyy Iesu pleasjnog wnuelqy je 33217 MO[IOH 2PIM  00€€SE0CII0SE9Y £9
ASD0  v18TOTl 65 EC9Y den) uotup) je Jounl ueqn poweuun) 0018207 16SEEIY 9
AS DO vTTS6Il  vhLI9Y MalApuelD) Tesu [eJojer sulqin] Sty O ulelp poaweuun)  00vcIS6livyLioy 29
pInuRuo)—s3jdures JUIWIPIS-pag
uoilels yoea e wv—..u_Q:On_ apnile aweu uoilels laquinu uoilels Jaquinu

pazAjeue saljjwe} |eojwayn

90UdIdal
dew

‘uolbulysepn ‘uiseq JaAlY BwIYBA ‘BloIq Jjenbe pue ‘(los ‘Juawipas paq ‘i8lem ul spunodwod djuehlo Jaylo pue sapionsad 10} suoiiedo| bundwes ‘g ajgel

panunuog—i6-/861

27

Assessment Methods



HVd‘D0 9787071 SETE9F deo uolu) Je jued jusuneon 93emas plo 18 }3a1) MOfOH PIM HH00ST1 9z
20 $E€9£0T1 9SS vEIY wnuejyy 1edu [ooydS S[PPHA A3[IEA 1S3 18 3991 MO[IOH 3PIM LEVO0ST1 Y4
HVd D0 61.20Z1 8IZE9¥ den) uotup} resu peoy dioy] e ureiq S9XOW 0£¥005Z! ¥
20 O011€0Z1  TWLE9Y BUWIDJEA YUON 183U JOATY SOYoeN 00066+C1 44
D20 80+0 IZI  +€ 8V 9F S[IN JeaUl 30017 eusd[NLY 0 YHON 9A0QE Jo3I) dxeusdney 00168%T1 81
20 SHSIITI +08S9F S[IN 123U JuIss01)) S[{OH 18 JoATY uBdLIOUIY 0S788%C1 L1
D0 $SSOITI  0T6S9Y [19PJJ1[D 183U YINOUI J& ISARY S2GIEN] S[NI] 00ZL8%C1 91
20 9v6T0T1 LTISOY wnuejuf) Je yinour Jesu 3910 wnuejur) (119921741 Sl
HVd D0 #¥82021 9 1S9 WNUBJUI J& JOATY BUIjes 00S+8+21 1
HVd D0 166201 HESS9Y [lery L 18 Y921 Audy) 08¥v8¥T1 €l
20 8¥6T0T1  ¥hSSIY [reay L 1e Aemaisep ajddip aa0qe 39310 ALdYD ovry8rel 4!
20 ¥p9T0Tl  SSOILY Zunqsuay[g 1eau 3221 YSIY M0[dq Y201 WMaUEN 0SLESKTI 01
D0 TE8P0T1  8I8SIY 3Inqsud[[g Jedu j021) YSEISEUBIN 04 YInog 061€8¥C1 6
20 102S0T1 P90 LY dioy |, 1eau MOPE3JA WINAUE], J& 3031 Wndug], 00618%T1 8
D20 9£1S0Z1 8yl LY wn[g 31D Ieau $10J Mo[aq 1A1Y Kemeuea] 00008+¢!1 L
20 0€£1S0T1  ITLILY punoiSdwe)) 3221 A3301( 18 93pLIq MO[2q 1oARY AemEUB3], J104 YUON 0SL6LHTT 9
D20 6S1S0Z1  0€£0TLY wingg 9[) Jedu Ynow Jeau jsa1) fsunf 0TL6LYT1 S
D0 6§950T1  SEIILY umig 3 18 I9AR] eunyex 00S6L¥21 14
D0 S1601Z1  €1STLY uA[SOy Jeau YInoul e JaAry snidem 0018L¥T! I
sajdues vyoig-onenby
dOD0 €TTTO0Tl LY TE9F A1) 99axoA Jeau Yy doH  00€£TTTOTI LPTEY 09
dOD0 6V €TOTI  TETE9Y A1) 2ax0 Jedu pfay doH  006¥£T0T17ETEY LS
dOD0  9£7T021  20ZE9F A1) 2ax0 Ieau preyato diddy  009€2207120ZE9% 9¢
sajduses 10
1S000Z1  8£TT9¥ speoy uocods pue sddiyd—uonoasioul ‘Goup ASem
ST9v 61l 11819F speoy SuiazulY pue sadiug—UoLdasIa)ul ‘Yoyip ASep
€8P 611  TESI 9 SPEOY JSUNSSIA| PUE JIPEAIYIN—UOLISSIAUI ‘YOIP JISEM
015611 €£S1 9% Speoy UL pUe SIPEAIDIN—UONIISIANUI ‘YIP JISEM
AS D0 spieyoJo adein
8772071 LS6I9F peoy uasuof pue peoy Aep\ UIP|Q JO UONOISIAIUL J2 YONP JISEM
SC8Y 611 9T 91 9% peoy ISWISSI]A pue peoy sYULH JO UONISSIZNUL JBdU YaIp 3ISem
1€92021  0£9S 9 JIeH J1EUUd( JO ISaM SI[IUI () ‘PROY UISUAIOS 1B YIUP 2ISeM
SILTOZI __ €0SS9F PeOY PIEYDIQ JO YINOS SI[IUL () ‘PeOY 93O I8 Youp 3ISem
panunuo)—(, 3an3y ur umoys jou suonels) ad4K) doad £q sajdwes yuaunpas-paq paysodwo)
8787071 ¥rSS9P PEOY [{BJYL JO {jIn0s sa[Iw [*( ‘PeOY PIeydIQ 1€ Youp ASEM
AS 00 Spiey oje104
uojlels yoes je apnubuoy apmne aweu uojiels Jaqunu uopels Jsqunu
pazAjeue sajjjwe} [ed1wayd aoualaal
depy

panunuod—I16—-.861
‘uojBUIYSEM ‘UISeg JBAIY BLUINEBA ‘Bl0Iq Olfenbe pue ‘10s ‘Juswipas paqg “ajem Ui spunodwoo oiuebio Jayio pue sepionsad 10) suoiedso| Buydwes g ajqel

Distribution of Pesticides and Other Organic Compounds in Water, Sediment, and Aquatic Biota, 1987-91

28 Yakima River Basin



HVd D0 LE€8T6I1 €1S19¥ BUOLY J JoATY BlyeX 00501521 19
HVd D0 8€0v611 00V 9% URnSIHYA 18 ynow je y231) Sunidg 01L60SC1 6v
HVd D0 00¢SS611 10 €1 9% M3IIAPURID) JBU GG ]I JOAL 2 a3pLig PIONT 18 JOATY BUm eX 05060521 Ly
20 L0O100T1 €0SI9F apisAuung 1eau Aemarsep y001) mydng 058805C1 9
HVd D0 7€800T1 9T919% smyeg 1e a3e3 Je jsa1)) snieg 0798051 &
20 $SOFOTL 00109 ystuaddo], reau uoAue) A3[Iey)-Uos[iy IA0qE 3aa1) snies P6SLOST] |82
HVd D0  0€ S0 021 1191 9% apisAuung 183U Y2210 SNJES dA0QE 7/ J[IW JIAL JB JOARY BWIDYRA $86L0ST1 (114
20 €160071 8SS8I9Y 1oZueID) IBdU 9"/ S[WW JOAU JE J9aI1D) YsIuaddo] mo[aq JOARY BwIye) §TSL0ST1 6€
HVd 00 €S11071 TS8I9% 123ueID) 182U PeoY YomyD) uelpy] je yo217) ystuaddo, 80SL0ST1 8¢
J20 8€11071 01029 1o3urlf) Je3U Ynowr Je urei( Jogueln 09450ST1 9¢
HVd 00 L0LTOTI TTOL9¥ Ia)Ied 18 JOATY BWYEX 056£0SC1 43
20 0787071 01TE9 den worun je Y1) Wnueyy 00S20ST1 0¢
20  ¢€TL5021 2869 oolduwig] Jeau youeyj peuo)) 9A0QE j231) Wnueyyy j10 ynos 00600571 67
panunuo)—sajdues ejoiq-onenby
uonels yoea je apnjibuoy  apnie aweu uojels 13quinu uonels 1aquinu
pazAjeue sajjiwe; jeIIWAYD ELUETEIEY]
dep

psnuiuoD—i6—/861
‘uo)BuUIYSEA ‘UISBG JOAIY BWINEA ‘Bl0Iq oenbe pue ‘i0s ‘Juswipas paq Jaiem u) spunodwod ouebio Jaylo pue sapionsad Joj suoieso) Buydwes g ajqer

29

Assessment Methods






Table 9. Common technical name and biological activity of pesticides analyzed in water, sediment, soil,

and aquatic biota, Yakima River Basin, Washington, 198791

[DDD, dichlorodiphenyldichloroethane; DDE, dichlorodiphenyldichloroethylene; DDT, dichlorodiphenyltrichloroethane;
HCB, hexachlorobenzene; HCH, hexachlorocyclohexane; DEF, §,S,S-tributyl phosphorotrithioate; 2,4-D, (2,4-dichlorophenoxy)
acetic acid; 2 4-DP, 2-(2 4-dichlorophenoxy) propionic acid; 2,4,5-T, (2.4,5-trichlorophenoxy) acetic acid; EPTC, S-ethyl

dipropylthiocarbamate]

Common technical name

Biological activity

Organochlorine compounds

Aldrin

cis-Chlordane
trans-Chlordane
Chlorothalonil
4,4'-DDD and 2,4-DDD
4,4'-DDE and 2,4-DDE
4,4'-DDT and 2,4'-DDT
Dacthal
1,3-Dichloropropene
Dieldrin

Dicofol

Endosulfan |
Endosulfan 11
Endosulfan sulfate
Endrin

Endrin aldehyde

Endrin ketone

HCB

a-HCH

B-HCH

§-HCH

Heptachlor

Heptachlor epoxide
Kepone

Lindane (y-HCH)

2,4'-Methoxychlor and 4,4'-Methoxychlor

Mirex
cis-Nonachlor
trans-Nonachlor
Oxychlordane
Perthane

Toxaphene

Insecticide

Insecticide—major component of technical chlordane
Insecticide—major component of technical chlordane
Fungicide

Insecticide and degradation product of DDT
Degradation product of DDT

Insecticide

Herbicide

Nematicide

Insecticide and degradation product of aldrin
Acaricide

Insecticide and acaricide

Insecticide and acaricide

Degradation product of endosulfan I and 11
Insecticide

Transformation product of endrin

Metabolite of endrin

Fungicide and industrial intermediate
Insecticide

Insecticide

Insecticide

Insecticide—component of technical chlordane
Degradation product of heptachlor

Insecticide

Insecticide and rodenticide

Insecticides

Insecticide and fire retardant
Insecticide—component of technical chlordane
Insecticide—component of technical chlordane
Degradation product of cis- and trans-chlordane
Insecticide

Insecticide, nematicide, herbicide, and fish poison

Organophosphorus compounds

Azinphos-methyl
Chlorpyrifos
DEF

Demeton-S

Insecticide and acaricide
Insecticide
Plant growth regulator

Insecticide and acaricide
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Table 9. Common technical name and biological activity of pesticides analyzed in water, sediment, soil,

and aquatic biota, Yakima River Basin, Washington, 1987-91—Continued

Common technical name

Biological activity

Organophoesphorus compounds—Continued

Diazinon
Dimethoate
Disulfoton
Ethion

Fonofos

Isofenphos

Malathion

Methidathion

Methyl parathion

Methyl trithion (methyl-carbophenothion)
Mevinphos

Parathion

Phorate

Phosphamidon

Terbufos

Trithion (carbophenothion)

Insecticide and acaricide
Insecticide and acaricide
Insecticide and acaricide
Acaricide and insecticide
Insecticide

Insecticide

Insecticide and acaricide
Insecticide and acaricide
Insecticide and acaricide
Insecticide and acaricide
Insecticide and acaricide
Insecticide and acaricide
Insecticide, acaricide, and nematicide
Insecticide and acaricide
Insecticide and nematicide

Insecticide and acaricide

Chlorophenoxy-acid herbicides

24-D
2,4-DP (dichlorprop)
Fenoprop (Silvex)

Herbicide
Herbicide and plant growth regulator
Herbicide

2,4,5-T Herbicide
Triazine compounds
Ametryn Herbicide
Atrazine Herbicide
Cyanazine Herbicide

Desethyl-atrazine

Desisopropyl-atrazine

Degradation product of atrazine and propazine

Degradation product of atrazine and simazine

Hexazinone Herbicide
Metribuzin Herbicide
Prometon Herbicide
Prometryn Herbicide
Propazine Herbicide
Simazine Herbicide
Simetryn Herbicide
Carbamate compounds
Aldicarb Insecticide, acaricide, and nematicide
Aldicarb sulfone Nematicide and insecticide; degradation product of aldicarb
Aldicarb sulfoxide Degradation product of aldicarb
Carbaryl Insecticide and plant growth regulator

32 Yakima River Basin: Distribution of Pesticides and Other Organic Compounds in Water, Sediment, and Aquatic Blota, 1987-91



Table 9. Common technical name and biological activity of pesticides analyzed in water, sediment, soil,
and aquatic biota, Yakima River Basin, Washington, 1987—-91—Continued

Common technical name Biological activity

Carbamate compounds—Continued

Carbofuran Insecticide, acaricide, and nematicide
Methiocarb Molluscicide, insecticide, acaricide, and repellent
Methomyl Insecticide and acaricide

1-Naphthol Insecticide; hydrolysis product of carbaryl
Oxamyl Insecticide, acaricide, and nematicide

Propham Herbicide and plant growth regulator

Propoxur Insecticide

Thiocarbamate compounds

Butylate Herbicide
Cycloate Herbicide
EPTC (also in carbamate family) Herbicide
Vernolate Herbicide

Acetamide compounds

Alachlor (also in chloroacetanilide family) Herbicide
Diphenamid Herbicide
Metolachior Herbicide

Anilide compound

Carboxin Fungicide

Benzoic compound

Dicamba Herbicide

Chloroacetanilide compounds

Butachlor Herbicide
Propachlor Herbicide
Conazole compound
Triadimefon Fungicide
Pyrethoid compounds
Flucythrinate Insecticide
cis-Permethrin Insecticide
trans-Permethrin Insecticide

Pyridine compound

Picloram Herbicide

Sulfite compound

Propargite Acaricide

Trifluoromethyl compound

Trifluralin Herbicide
Uracil compounds

Bromacil Herbicide

Terbacil Herbicide

Urea compound

Linuron Herbicide
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K is the sediment-water partition coefficient and is
a measure of the tendency of a compound to sorb to
sediment: K4 = C, / C,,, where C; is the concentration
of the organic compound sorbed to a specific mass of
sediment, and C,, is the concentration of the compound
dissolved in an equal mass of water (Smith and others,
1988). Research data suggest that dissolved nonionic
and acidic organic compounds partition to organic mat-
ter associated with the sediment as a result of molecular
forces in the solubilization process. Conversely, sorp-
tion of organic bases occurs primarily by adsorption
(physical and chemical bonds to the particle's surface)
(Smith and others, 1988). The partition coefficient com-
monly is expressed on an organic-carbon basis: K =
K/ Fy, where K, is the sorption coefficient and is a
measure of an organic compound's tendency to partition
to the organic-carbon component of sediment, and F
is the fractional mass of organic carbon in the sediment.

Assuming equilibrium conditions, theoretical parti-
tioning of a nonionic organic compound in water and
sediment may be estimated using the following equa-
tion derived from equations in Smith and others (1988):

Fraction of compound's mass partitioned to sediment )

1
1+ (ss x10_6

=1—

xF xK )
oc oc

where,

ss = suspended-sediment concentration in mg/L,

F,. = fraction of sediment that is organic carbon, and

K, = sediment-water partition coefficient in mL/g
(milliliters per gram).

For example, if the suspended-sediment concentration

is 250 mg/L, F,. is 0.01 (1 percent is typical of sedi-

ment in the Yakima River Basin), and the K, for DDT

is 243,000 mL/g, then:

Fraction of DDT partitioned to sediment 2)

1
1+ (250><|0“6 x 0.01 x 243, 000)

= 0.38

= |-

Therefore, theoretically, 38 percent of the DDT is parti-
tioned to suspended sediment and 62 percent is dis-
solved in water, assuming that dissolved organic carbon
is not enhancing the compound's solubility.

In the Yakima River Basin, compounds that are
most likely to leach from soils and dissolve into
ground water and surface water have g,,. values less
than about 300 to 500 mL/g (fig. 8). For compounds
with K values less than 50 mL/g (for example, see
2,4-D, dimethoate, and phosphamidon in table 61, at
back of report), more than 50 percent of the compound
is associated with the dissolved phase in the soil-pore
water. When K. values exceed 1,000 mL/g, most of
the compound is highly partitioned to soil at equilib-
rium and is less likely to leach into the ground water.
The compound, however, may be transported to
streams by way of soil erosion. For example, a soil
sample from an apple orchard in the Yakima River
Basin had the following measured concentrations of
organic carbon and DDT in the A horizon (0 to 6
inches) and B horizon (6 to 9 inches) of the soil: 1.4
and 0.52 percent organic carbon, respectively, and
0.65 and 0.058 pg/g of DDT, respectively. Assuming a
soil density of 2.65 grams per cubic centimeter and a
moisture content of 10 percent in both the A and B
horizons, more than 99.9 percent of the DDT would be
partitioned to soil at equilibrium. Therefore, the major
transport of DDT to streams should occur through soil
erosion. Theoretical calculations also indicate that
concentrations in soil-pore water would be about 800
ng/L (nanograms per liter) and 200 ng/L in the A and
B horizons, respectively. Consequently, soils may pro-
vide a long-term reservoir of DDT as the pore water

1.0

T . T - I T I -3cF-Fcs - F3vvyusry

A S §

Composition of soil

——— 1 percent organic carbon

FRACTION OF COMPOUND MASS
THEORETICALLY PARTITIONED TO SOIL

...... 5 percent organic carbon 4

) SR RS - PR T S S
0 500 1,000 1,500 2,000

SEDIMENT-WATER PARTITION COEFFICIENT (Koc),
IN MILLILITERS PER GRAM

Figure 8. Theoretical relation between sediment-water
partition coefficients and the fraction of organic com-
pounds sorbed to the soil. (Equilibrium partitioning is
assumed. The remaining compound fraction is dis-
solved in the soil-pore water.)
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flows through the soil profile to the ground water.
Depending on the persistence of compounds and on
sorption characteristics of deeper soils, concentrations
of DDT and other hydrophobic compounds may be
measurable in ground water.

Once soils are eroded, DDT and other hydrophobic
compounds that are partitioned to soils will equilibrate
with stream water, resulting in the partial desorption of
compounds into the dissolved phase. Partitioning of
these compounds among bed-sediment, suspended-
sediment, and dissolved phases typically is controlled
by the concentration of suspended sediment, F ., and
the compound’s water solubility. However, at dis-
solved-organic-carbon (DOC) concentrations higher
than those typically observed in the Yakima River
Basin, DOC also may enhance solubility by enabling
partitioning to colloidal particles or high-molecular-
weight dissolved-organic matter (Smith and others,
1988).

In the Yakima River at Kiona and three major
agricultural return flows during 1988-91, suspended-
sediment concentrations generally ranged from 10 to
1,000 mg/L, and F,; values generally ranged from 0.4
to 5 percent (fig. 9). Theoretical partitioning for com-
pounds at these concentrations over a range of K.
values is shown in figure 10. The K value for DDT
is about 243,000 mL/g (Mercer and others, 1990). In
Yakima River Basin soils, more than 99 percent of the
DDT should be partitioned to soil at equilibrium (fig.
8); conversely, in the Yakima River at Kiona and in

10 ——r——rrrr——r—rrrry

® ..? .
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A

oFos

Jam
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a @& ]
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SUSPENDED ORGANIC CARBON,
IN PERCENT OF SUSPENDED SEDIMENT
T

® Yakima River at Kiona

| sl PR
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SUSPENDED SEDIMENT, IN MILLIGRAMS PER LITER

o
o

Figure 9. Concentrations of suspended sediment and
suspended organic carbon in major agricultural-return
flows and the Yakima River at Kiona, Yakima River Basin,
Washington, 1988-91. (“Greater-than values are
excluded. E, the value for suspended organic carbon is
an estimate.”)

major agricultural return flows, about 45 percent or
more of the DDT in the water column should be in the
dissolved phase when suspended-sediment concen-
trations are less than 600 mg/L (fig. 9).

The half-life (a measure of persistence) of a
compound in soils is the length of time required for the
compound to be reduced to one-half of its original
concentration. Persistence depends on many physical,
chemical, and biological processes, including volatil-
ization, hydrolysis (breakdown reaction with water),
photolysis (sunlight-induced breakdown reactions),
and microbial transformations. Many of these pro-
cesses vary greatly depending on the compound’s
physical/chemical properties and on soil characteris-
tics that include moisture, temperature, oxygen, pH,
and nutrients available for microbial populations
(Becker and others, 1989). As a result, estimates of
compound half-lives may vary by a factor of three or
more from station to station and should be used only as
relative indicators of persistence. Sometimes, break-
down products also are of environmental concern.
Compounds with half-lives longer than 3 weeks tend
to have a higher potential to leach into ground water or
runoff into the surface water. Compounds with half-
lives shorter than 3 weeks also may be detected in sur-
face water if (1) applications are large, (2) sampling
stations in streams are located close to application
areas, or (3) sampling occurs soon after application
and irrigation (or a precipitation runoff event).

In summary, compounds with water solubilities
higher than 30 mg/L, K, values lower than 300-500
mL/g and soil half-lives longer than 3 weeks are con-
sidered to have a high potential to leach (dissolve) into
ground and surface water (Becker and others, 1989;
U.S. Environmental Protection Agency, 1988a). Com-
pounds with water solubilities lower than I mg/L, K¢
values higher than 500 mL/g, and soil half-lives longer
than 3 weeks tend to partition to soils and be trans-
ported to streams during periods of erosion. Once
these soils enter the water, the sorbed compounds will
tend to equilibrate with the water column, and some of
the compound will partition into the dissolved phase.
As shown in figure 10 for stream-water samples col-
lected from the Yakima River Basin, compounds with
K, values lower than 50,000 mL/g will be associated
mostly with the dissolved phase.

Water solubility and sediment-water-partition
coefficients were the primary characteristics used to
select which environmental compartments (bed sedi-
ment, suspended sediment, soil, dissolved phase, and
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Yakima River Basin: Distribution of Pesticides and Other Organic Compounds in Water, Sediment, and Aquatic Biota, 198791



aquatic biota) were sampled for different classes of
compounds. Organic compounds with high aqueous
solubilities or high sediment-water-partition coeffi-
cients are associated with high bioconcentration factors
(Chiou and others, 1977). General comments concern-
ing the selection follow:

(1) Carbamates—Solubilities generally are higher than
30 mg/L, and K, values are lower than 500 mL/g.
Filtered- and unfiltered-water samples were ana-
lyzed for these compounds because carbamates pri-
marily occur in the water column.

(2) Chlorophenoxy-acid herbicides—Solubilities are
higher than 30 mg/L, and K. values are lower than
5,000 mL/g (K, values for 2,4-D and 2,4,5-T are
both lower than 100 mL/g). Filtered- and unfiltered-
water samples were analyzed for these compounds
because these herbicides primarily occur in the
water column.

(3) Organochlorine compounds—Solubilities gener-
ally are lower than 1 mg/L and K, values vary
widely from about 1,000 to 24,000,000 mL/g.
These compounds are relatively insoluble and parti-
tion to soils, bed sediment, suspended sediment,
and lipids in aquatic biota. In streams, several of
these compounds may be transported in the dis-
solved phase, especially in streams where sus-
pended-sediment concentrations are lower than
1,000 mg/L and F values are lower than 0.04. Fil-
tered-water, unfiltered-water, suspended-
sediment, bed-sediment, soil, and aquatic-biota
samples were analyzed because these compounds
are likely to partition into all of these environmental
compartments.

(4) Organophosphorus compounds—Solubilities gen-
erally are higher than 20 mg/L, and K. values gen-
erally are higher than 300 and lower than 15,000
mL/g. At equilibrium in streams, these compounds
should occur primarily in the dissolved phase (fig.
10). In soils, however, many of these compounds
should be partitioned primarily to the soil rather
than in the soil-pore water. Bioaccumulation into
aquatic biota generally is not significant (Smith and
others, 1988). In addition to analyzing filtered- and
unfiltered-water samples, suspended-sediment and
soil samples were analyzed to determine how
quickly these compounds undergo dissolution from
soils and suspended sediment.

(5) Triazine, acetamide, and chloroacetanilide com-
pounds—Solubilities generally are higher than 30
mg/L, and K, values generally lower than 500
mL/g. Filtered- and unfiltered-water samples were
analyzed for these compounds because they occur
primarily in the water column.

(6) Semivolatile organic compounds (ethers, phenols,
cresols, phthalate esters, and monocyclic and poly-
cyclic aromatic hydrocarbons)}—Because of low
solubilities and high K. values, many of these
compounds strongly partition into soils, sediment,
and to certain aquatic biota (Smith and others,
1988). Polycyclic aromatic hydrocarbons, how-
ever, do not highly accumulate in fish because they
readily oxidize (Malins and Hodgins, 1981; Eisler,
1987). Conversely, invertebrates are generally less
efficient in oxidizing polycyclic aromatic hydro-
carbons (Pearson and others, 1980; Hale, 1988;
Pereira and others, 1988). Therefore, bed-sediment
and invertebrate samples (specifically mollusks)
were collected for analysis of these compounds in
a reconnaissance sampling of the basin. In addi-
tion, some aquatic-plant samples also were ana-
lyzed to explore relations among concentrations in
bed sediment, invertebrates, and aquatic plants.

Data Collection, Laboratory Methods,
and Data Compilation

Collection, processing, preservation, and labora-
tory procedures for analyses of unfiltered water, fil-
tered water, suspended sediment, bed sediment, soil,
and aquatic biota (fish, mollusks, crayfish, and plants)
from the Yakima River Basin are outlined or refer-
enced in Rinella, McKenzie, Crawford, and others
(1992). Previous studies (Johnson and others, 1986;
Rinella, McKenzie, and Fuhrer, 1992) found that many
organic compounds had concentrations in the water
column that were lower than conventional minimum
reporting levels. To reduce the reporting levels, large
volumes of water were collected and processed in a
synoptic sampling during June 25-30, 1989 (Goulden
and Anthony, 1985; Foster and Rogerson, 1990; Foster
and others, 1991). The water was filtered, and the fil-
trate and suspended sediment were analyzed sepa-
rately to determine the importance of dissolved- and
suspended-transport phases in the Yakima River
Basin. A conventional organic analysis typically
requires solvent extraction from a 1-L water sample.
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By analyzing samples as large as 100 liters or more,
minimum reporting levels were reduced by one to two
orders of magnitude. Foster and others (1993) have
shown that the number of pesticides detected in water
samples usually increases in direct proportion to
increases in sample volume. Data on organic com-
pounds in the Yakima River Basin during 1987-91 are
published in a report by Rinella, McKenzie, Crawford,
and others (1992).

Quality Assurance

Quality-assurance data on blanks, replicates, and
(or) spiked samples were collected for unfiltered-water,
filtered-water, suspended-sediment, bed-sediment, and
aquatic-biota samples. The data are summarized in this
report; sampling protocol and analytical data for indi-
vidual quality-assurance samples are listed in the data
report by Rinella, McKenzie, Crawford, and others
(1992).

The accuracy of water, sediment, and aquatic-biota
analyses was assessed by analyzing sample blanks and
samples spiked with dissolved analytes. Analytical
results from spiked samples provide an estimate of
method performance for extracting dissolved com-
pounds from the water matrix; however, the analytical
recoveries do not necessarily reflect extraction efficien-
cies of compounds from mixtures of sediment and
water (unfiltered-water samples), bed-sediment, and tis-
sue samples.

For unfiltered-water samples collected during
1988-91, extraction recoveries from spiked samples
ranged from 54 to 110 (median 80) percent for carbam-
ate compounds (except one sample where spiked com-
pounds were not detected); from 49 to 82 (median 54)
percent for chlorophenoxy-acid herbicides; from less
than 17 to 160 (median 93) percent for phenols and
cresols (median 93 percent); from 58 to 120 (median
100) percent for triazine herbicides and other miscella-
neous pesticides; and from 22 to 180 (median 54) per-
cent for volatile-organic compounds. For filtered-water
samples collected in June 1989, mean extraction recov-
eries for surrogate spikes ranged from 28 percent for
isodrin to 84 percent for diazinon d-10. For a spiked
bed-sediment sample collected in August 1988, extrac-
tion recoveries ranged from less than 0.4 to 143
(median 76) percent for organochlorine compounds and
from less than 12 to 250 (median 83) percent for semiv-
olatile organic compounds, including phthalate esters,

ethers, phenols, cresols, and monocyclic and polycy-
clic aromatic hydrocarbons.

The majority of spiked compounds in this study
had extraction recoveries less than 100 percent.
Because the quality-control data are inadequate in
number for estimating a reliable correction for each of
the sediment and (or) water matrices, measured
concentrations in this study are not corrected for this
low bias. As typically observed for reported analyses
of organic compounds, the concentrations summarized
in this report may underestimate actual concentrations.

One unfiltered-water sample was spiked with
organochlorine compounds that included a complex
mixture of chlordane, PCBs, and toxaphene. Mini-
mum reporting levels for toxaphene are 1,000 ng/L, so
the sample was spiked with toxaphene to obtain a con-
centration of 4,600 ng/L. The other organochlorine
compounds were spiked to obtain concentrations less
than 100 ng/L (typical minimum reporting levels are |
ng/L). The laboratory was able to quantify 4,000 ng/L
of toxaphene; however, this high concentration of tox-
aphene resulted in analytical interference, so the other
organochlorine compounds could not be detected.
Another problem occurred in two bed-sediment sam-
ples that were spiked with the organochlorine com-
pounds and semivolatile compounds. The semivolatile
compounds and most of the organochlorine com-
pounds were successfully detected with spike recover-
ies generally larger than 60 percent (Rinella,
McKenzie, Crawford, and others, 1992); however,
PCB and toxaphene were not detected. These few
analyses are insufficient to be conclusive, but the spik-
ing of water and sediment samples with a large num-
ber of organic compounds may result in laboratory
interferences or erroneous nondetections using con-
ventional laboratory procedures as outlined by Wer-
shaw and others (1987). Analytical precision for these
conventional analyses of spiked organic compounds in
distilled water also is listed in Wershaw and others
(1987).

Precision associated with sample processing and
analysis was assessed by analyzing duplicate samples
that were thought to be essentially identical in compo-
sition; however, the results also may reflect short-term
changes in stream quality because duplicate unfiltered-
water samples were collected within 60 minutes of one
another in this study. In this study, precision is
expressed as a relative difference, as follows:
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Relative difference, in percent (3)

_ (concentration in duplicate 1 — concentration in duplicate 2) x 100
(concentration in duplicate | + concentration in duplicate 2)
2

Unfiltered-water samples were collected during 1988—
91 for duplicate analyses of carbamates, chlorophe-
noxy-acid herbicides, organochlorine compounds, orga-
nophosphorus compounds, phenols and cresols, triazine
pesticides, and other organic compounds. Relative dif-
ferences ranged from 0 to 140 percent. Most of the dif-
ferences were reported as 0 percent because most of the
duplicate concentrations were lower than analytical
reporting levels. For filtered-water samples collected in
June 1989, the relative difference ranged from 0 to 47
percent, with most of the differences less than 16 per-
cent. For suspended-sediment samples collected from
May to September 1991, the relative difference for
organochlorine and organophosphorus compounds
ranged from 0 to 86 percent, with most of the differ-
ences equaling O percent.

Blank solutions consisted of distilled water that
presumably was free of target analytes. These solutions
were analyzed concurrently with filtered-water samples
that were extracted using the Goulden large-sample
extractor (Rinella, McKenzie, Crawford, and others,
1992). Blank filters (clean, oven-baked filters without
suspended sediment) also were analyzed. Except for -
hexachlorocyclohexane (HCH), which had quantifiable
concentrations in most of the blank filters, target-com-
pound concentrations for the blank solutions and blank
filters generally were less than minimum reporting lev-
els. As a result of contamination from the filter, concen-
trations of B-HCH were not reported for the suspended-
sediment phase. Blanks for soil and bed-sediment sam-
ples were not analyzed in this study.

For aquatic organisms, quality-assurance measures
were applied in the field, laboratory, and data manage-
ment. In the field, each composite sample was limited
to a single species, and all composites contained at least
S individuals of approximately the same size, both
within and among composites. This protocol, however,
could not be achieved in many cases (Rinella, McKen-
zie, Crawford, and others, 1992). Sample containers
and dissection instruments were precleaned according
to guidelines in Crawford and Luoma (1993). All sam-
ples were field processed within 8 hours of collection,
most within 4 hours of collection and many within 2
hours of collection. Replicate field samples of biota

were taken for 4 of the 56 samples (7 percent) col-
lected for analysis of organic compounds.

For organochlorine compounds in biological sam-
ples, laboratory quality-assurance measures included
analyses of reagent blanks, blank (uncontaminated)
fish and plant tissue, and spiked and split samples.
Eighteen reagent blanks were analyzed, and all analyte
concentrations were less than minimum reporting lev-
els. Matrix blanks for fish samples consisted of ocean
fish that were previously determined to have low or
nondetectable concentrations of target compounds.
Three fish-tissue matrix blanks were analyzed for
organochlorine compounds, resulting in two samples
with detections of cis-chlordane, dieldrin, 4,4'-DDE
and 4,4'-DDD at concentrations slightly higher than
the minimum reporting levels. The minimum reporting
level was 0.01 pg/g for most analytes, except tox-
aphene and PCBs for which it was 0.05 pg/g. Blank
plant samples consisted of plant samples that were col-
lected in nonagricultural areas. One matrix blank for
vegetation was analyzed, and no target analytes were
detected. Eight samples of fish and two samples of
vegetation spiked with organochlorine compounds
were analyzed. The rate of recovery for most analytes
was 85 percent or better. Recoveries for octachlorosty-
rene, however, ranged from 71 to 85 percent, for
hexachlorobenzene ranged from 57 to 88 percent, and
for kepone ranged from 62 to 82 percent. In the Iab,
one sample was split into five subsamples and ana-
lyzed for organochlorine compounds. Differences in
concentrations were not detected among the split sam-
ples for most target analytes. The largest difference
occurred in split samples of largescale suckers, which
were analyzed for trans-nonachlor. One split measured
0.03 ng/g and the second split measured 0.04 ug/g for
a relative difference of 28 percent.

For PAHs, six reagent blanks were analyzed, and
no target compounds were detected. Although PAHs
were not analyzed in fish because fish quickly metabo-
lize PAHs, a matrix blank of fish was used in the qual-
ity-assurance program of the contract laboratory. A
matrix blank for mollusk tissue, however, was not
available. Three matrix blanks for fish and one for
vegetation were analyzed for PAHs, and target PAHs
were not detected at a minimum reporting level of 0.01
ug/g. Three fish samples and one vegetation sample
were spiked with PAHs, and percent recoveries ranged
from 49 to 100 percent. Recoveries were usually
greater than 70 percent; however, recoveries for naph-
thalene, fluoranthene, 1,2-benzanthracene, and chry-
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sene in one of the samples (not necessarily the same
sample) and 1,2,5,6-dibenzanthracene, benzo(k)ftuoran-
thene, benzo(a)pyrene, and benzo(g,h,i)perylene in two
of the samples were less than 70 percent. Two biota
samples analyzed for PAHs were split in the lab.
Results for target compounds were identical except for
naphthalene (a relatively volatile compound) in one
split sample of the western pearlshell clam. For this
sample, one split had a concentration of 0.01 pg/g
whereas the other split had a concentration of less than
0.01 pg/g.

Overall, quality-assurance measures indicated that
the quality of the results was acceptable for analyses of
unfiltered water, filtered water, suspended sediment,
and aquatic biota. Future studies should include analy-
ses of standard-reference samples for bed sediment and
aquatic biota to better evaluate laboratory accuracy.
Additionally, an increased number of quality-assurance
samples could be collected to estimate error bounds in
concentrations for the collection, preservation, and
analysis of organic compounds.

DISTRIBUTION OF PESTICIDES IN THE
AQUATIC ENVIRONMENT

During 1987-91, pesticides and other organic com-
pounds were detected in surface water throughout the
Yakima River Basin. The highest concentrations were
detected in heavily irrigated agricultural areas down-
stream from the city of Yakima (Rinella, McKenzie,
Crawford, and others, 1992). These compounds were
detected in agricultural soils, water, suspended sedi-
ment, bed sediment, and aquatic biota (fish, mollusks,
crayfish, and plants).

Annually, concentrations of hydrophilic and hydro-
phobic pesticides began to increase in streams in June
in response to increased irrigation following springtime
pesticide applications to cropland. This general pattern
of seasonal occurrence is similar to the pattern reported
by Thurman and others (1991), Thurman and others
(1992), and Goolsby and others (1991) for herbicides in
the Mississippi River and other streams in the Midwest-
ern United States. They reported that the highest
concentrations occurred in response to flushing by late
spring and early summer rainfall. Unlike Midwestern
streams, the amount of rainfall in the Yakima River
Basin usually is small during the spring and summer;
however, peak water use during irrigation season
flushes pesticides to the streams. Although not moni-

tored in this study, occasional thunderstorms during
the summer also would flush pesticides from the fields.

Results from this study show that concentrations
of several organic compounds exceeded water-quality
criteria and interim bed-sediment-quality criteria for
the protection of freshwater aquatic life (U.S. Environ-
mental Protection Agency, 1986, 1988b). In addition,
concentrations of several organochlorine compounds
in fish tissue exceeded guidelines recommended for
the protection of freshwater aquatic life and fish preda-
tors (National Academy of Sciences-National Acad-
emy of Engineering Committee on Water Quality
Criteria, 1973).

Water Column

The first objective for assessing pesticides and
other organic compounds in the basin was to deter-
mine the temporal distribution of organic-compound
concentrations in water in the Yakima River and its
major tributaries. This information led to the design of
a synoptic-sampling plan that was to be implemented
when organic-compound concentrations and loads
were expected to be large. Objectives of the synoptic
study in June 1989 were to (1) determine the spatial
distribution of organic compounds, (2) identify and
quantify major sources, and (3) develop a conceptual
transport model for dissolved and suspended organic
compounds. Results from the study were designed to
aid water managers in evaluating and prioritizing
management alternatives.

Temporal Variation

To determine the temporal distribution of organic-
compound concentrations, unfiltered-water samples
were collected once a month at eight stations in May,
June, July, August/September, and November 1988,
and March 1989 (Rinella, McKenzie, Crawford, and
others, 1992). The stations included a background sta-
tion in the Wenatchee National Forest (Cle Elum River
above Cle Elum Lake), an urban/agricultural runoff
station (Wide Hollow Creek near mouth), five agricul-
tural return flows (Cherry Creek at Thrall, Moxee
Drain at Thorp Road, Granger Drain at mouth, Top-
penish Creek at Indian Church Road, and Sulphur
Creek Wasteway near Sunnyside), and the main stem
(Yakima River at Kiona at RM 29.9). The main stem
also was sampled during storm runoff in December
1989. Moxee Drain, Granger Drain, and Sulphur
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Creek Wasteway were selected for sampling because
organochlorine compounds had been detected consis-
tently in the water column in 1985 (Johnson and others,
1986). Cherry and Toppenish Creeks were selected to
gather information on runoff from Kittitas Valley and
the Yakama Indian Nation Reservation, respectively.

Temporal patterns in the concentrations of hydro-
philic and hydrophobic compounds were similar (table
10 and fig. 11). Compounds that consistently were
detected using conventional laboratory techniques
(Wershaw and others, 1987) were DDT, DDE, DDD,
and dieldrin (organochlorine compounds); diazinon and
parathion (organophosphorus compounds); atrazine and
simazine (triazines); 2,4-D (a chlorophenoxy-acid
herbicide); and dicamba (a benzoic compound).

Highest concentrations of hydrophilic and hydro-
phobic organic compounds generally occurred near or
during peak irrigation in June and July and during
storm runoff from agricultural land. Storm runoff from
croplands was observed in March 1989 at Cherry
Creek, Wide Hollow Creek, and Yakima River at
Kiona. The temporal pattern for atrazine was slightly
offset, with highest concentrations occurring in March,
May, and June. Similar to other compounds, however,
the lowest atrazine concentrations occurred during low
flows in November. Variations in this pattern probably
were caused by differences in the time and frequency of
applications, hydrologic connection to streams, and
other physical, chemical, and biological characteristics
of the compounds and the soils. For example, the pri-
mary application for atrazine and simazine in the basin
occurred in the spring, and samples from several sta-
tions contained the highest concentrations of these
compounds at that time (Dr. Rick Boydston, Weed
Scientist, U.S. Department of Agriculture, Irrigated
Agriculture Research and Extension Center, Prosser,
Washington, oral commun., October 1992). Maximum
use of 2,4-D and dicamba, however, typically occurs
from February to April and to a lesser extent during the
summer and fall. This seasonal use may account for
some of the variability in the pattern of 2,4-D concen-
trations detected in Sulphur Creek Wasteway.

The highest concentrations of suspended sediment
also occurred in June and July and during storm runoff
in March, suggesting that eroding soils are transporting
sorbed pesticides from fields to streams during periods
of overland flow. Theoretical equilibrium partitioning
for selected compounds is shown in table 11. These cal-
culations, along with relations shown in figure 12, indi-
cate that compounds with K, values higher than about

85 mL/g (organochlorine compounds and many organ-
ophosphorus, triazine, carbamate, and other modern-
day pesticides) are sorbed mostly to soils prior to soil
erosion. As soil begins eroding, compounds with K.
values lower than about 85 mL/g initially are trans-
ported with the suspended soil (commonly called
suspended sediment) even though several of the com-
pounds have solubilities larger than 30 mg/L. Once
soils are suspended in water in the fields and the sus-
pended-sediment concentration begins to decrease
from the fields to the streams as a result of sediment
deposition, partitioning favors desorption of hydro-
philic compounds into the dissolved phase (table 11)
(Squillace and Thurman, 1992).

The temporal pattern for pesticide concentrations
in the basin suggests an annual cycle of increasing
pesticide concentrations in streams and agricultural
return flows immediately following pesticide applica-
tions (Goolsby and others, 1991). Concentrations
probably increased because of increased erosion of
sediment and sorbed compounds (K values higher
than 85 mL/g), or increased flushing of more hydro-
philic compounds (K, values lower than 85 mL/g)
from the soil by irrigation water and (or) storm runoff.
Compound concentrations decreased by the end of irri-
gation season because of chemical and biological deg-
radation, volatilization, decreases in pesticide and
irrigation-water applications, overland runoff, and ero-
sion. Nonetheless, compounds that are persistent in
soils continued to be transported throughout the year,
especially during storm runoff or snowmelt from the
agricultural areas.

The importance of pesticide transport during
storm runoff from agricultural fields can be observed
in storm-runoff data collected in March 1989 from
Cherry Creek, Wide Hollow Creek, and Yakima
River at Kiona (table 10). Concentrations of sus-
pended sediment during the March 1989 storm
were the highest concentrations observed at these
stations in 1988—89. Increased suspended-sediment
concentrations were accompanied by increased
concentrations of DDT+ DDE+DDD (sum of 4,4’-
DDT, 4,4’-DDE, and 4,4°’DDD in water samples),
dieldrin, atrazine, and simazine at Cherry Creek;
increased DDT+DDE+ DDD, dicamba, atrazine,
and simazine at Wide Hollow Creek; and increased
DDT+DDE+DDD at Yakima River at Kiona. The
more hydrophobic compounds, including DDT+
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Table 10. Concentrations of selected pesticides, suspended sediment, and specific conductance in unfiltered-water samples,

Yakima River Basin, Washington, 1988-89

[Concentrations reported in nanograms per liter, except for suspended sediment, which is in milligrams per liter, and specific conductance, which is in
microsiemens per centimeter, range of values is shown when multiple determinations were made in a month, otherwise values are for one sample;
DDD+DDE+DDD, 4,4’-dichlorodiphenyltrichloroethane (DDT) plus 4,4’ -dichlorodiphenyldichloroethylene (DDE) plus 4,4’-dichlorodiphenyl-

dichloroethane (DDD); <, less than; *, highest concentration at station; **, second highest concentration at station; --, no data available]

August/
May June July September November March December
Sampling stations 1988 1988 1988 1988 1988 1989 1989
DDT + DDE + DDD
Cle Elum River above Cle Elum Lake <3 <3 <3 <3 <3 <3 --
Cherry Creek at Thrall 2 1 4xx 4uk 2 39* -
Moxee Drain at Thorp Road 89 21-42**  31-76* 14 3 5 --
Wide Hollow Creek near mouth 4 10** 4 2 1 91* -
Granger Drain at mouth 41 40-110**  96-122* 36 19 28 -
Toppenish Creek at Indian Church Road | 1 2% 1 5* <3 -
Sulphur Creek Wasteway near Sunnyside 12 27-51* 35w 13-14 10 6 --
Yakima River at Kiona Sx* <3-3 1 2 1 14* 1
Dieldrin
Cle Elum River above Cle Elum Lake <1 <l <1 <l <l <i -
Cherry Creek at Thrall 3 3 [2%* 5 1 41* -
Moxee Drain at Thorp Road 1 <[4** 6-8* 2 <1 <1 -
Wide Hollow Creek near mouth 2% 2%k 3* <] 2% <1 -
Granger Drain at mouth 6 <|-9** 17-30* 8 5 <1 -
Toppenish Creek at Indian Church Road 1 7* Jrx 1 <I <1 -
Sulphur Creek Wasteway near Sunnyside 2 <1-5 14-15* 6** 4 3 -
Yakima River at Kiona 1 <[-2%* 3* 2%+ <l <1 <1
Diazinon
Cle Elum River above Cle Elum Lake <I0 <10 <10 <10 <10 <10 -
Cherry Creek at Thrall <10 <10 <10 <10 <10 <10 -
Moxee Drain at Thorp Road <10 10-370** 130-630* 30 <10 <10 -
Wide Hollow Creek near mouth <10 120* 10** <10 <10 <10 -
Granger Drain at mouth <10 <10-10 10-30* 10** <10 <10 -
Toppenish Creek at Indian Church Road <10 <10 150* 10** <10 <10 -
Sulphur Creek Wasteway near Sunnyside <10 <10-20** 10-20* <10-10 <10 <10 -
Yakima River at Kiona <10 <10-30** 250* 10 <10 <10 <10
Parathion
Cle Elum River above Cle Elum Lake <10 <10 <10 <10 <10 <10 -
Cherry Creek at Thrall <10 <10 <10 <10 <10 <10 --
Moxee Drain at Thorp Road <10 <10 10-100* <10 <10 <10 -
Wide Hollow Creek near mouth <10 10* <10 <10 <10 <10 -
Granger Drain at mouth <10 <10 <10 <10 <10 <10 -
Toppenish Creek at Indian Church Road <10 <10 20* <10 <10 <10 -
Sulphur Creek Wasteway near Sunnyside <10 <10-10* <10 <i0 <10 <10 --
Yakima River at Kiona <10 <I0—10** 60* <I0 <10 <I0 <10
(2,4-dichlorophenoxy) acetic acid [2,4-D}
Cle Elum River above Cle Elum Lake <10 <i0 <10 <10 220* <10 -
Cherry Creek at Thrall 7,500*  140-150 480%** 60 <10 200 --
Moxee Drain at Thorp Road 20-120 <10-150 200~ 50 <10 270** -
1,900*
Wide Hollow Creek near mouth <10 250* 20%* <10 <10 <I0 -
Granger Drain at mouth <i0 <10-430* 330-410** <10 <10 <10 -
Toppenish Creek at Indian Church Road <10 160* 30 40%* 40** <10 -
Sulphur Creek Wasteway near Sunnyside 10 <10-100*  <10-90** 50-60 100* <10 -
Yakima River at Kiona 10 70-110* TO** 40 <10 <10 --

42 Yakima River Basin: Distribution of Pesticides and Other Organic Compounds in Water, Sediment, and Aquatic Biota, 1987-91



Table 10. Concentrations of selected pesticides, suspended sediment, and specific conductance in unfiltered-water samples,
Yakima River Basin, Washington, 1988-89—Continued

August/
May June Juiy September November March December
Sampling stations 1988 1988 1988 1988 1988 1989 1989
Atrazine
Cle Elum River above Cle Elum Lake <100 <100 <100 <100 <100 <100 -
Cherry Creek at Thrall 70 20-60 Tg** 61 48 600* --
Moxee Drain at Thorp Road 30* 10 <100-17 16** <100 <100 --
Wide Hollow Creek near mouth <100 40%* <100 <100 <100 11%* -
Granger Drain at mouth 90 90 4047 120%* <100 280* -
Toppenish Creek at Indian Church Road 50 60* 54%** 43 23 <100 --
Sulphur Creek Wasteway near Sunnyside 60* 20-22 25-31 34 <100 44** --
Yakima River at Kiona 50*  <100-30 49** 30 <100 <100 -~
Simazine
Cle Elum River above Cle Elum Lake <100 <100 <100 <100 <100 <100 --
Cherry Creek at Thrall 90 <100-40 220%* 23 <100 6,600* -
Moxee Drain at Thorp Road 20%*  <100-10  <100-24* <100 <100 8 --
Wide Hollow Creek near mouth 26 40 334 22 <100 43* -
Granger Drain at mouth 80 170-460*  91-100** 24 <100 100** -
Toppenish Creek at Indian Church Road <100 40** 45% 16 <100 11 --
Sulphur Creek Wasteway near Sunnyside 120* 60-77** 6874 24-29 <100 34 -
Yakima River at Kiona 40 2044+ 49* 17 <100 28 --
Dicamba
Cle Elum River above Cle Elum Lake <10 <10 <i0 <i0 <10 <i0 --
Cherry Creek at Thrall 2,600* 140 520%* 50 <10 240 -
Moxee Drain at Thorp Road 30* 10 10-20** 10 <10 <i0 -
Wide Hollow Creek near mouth <i0 20* <10 <10 <10 10** --
Granger Drain at mouth <10 70-130* 40** <i0 <10 20 --
Toppenish Creek at Indian Church Road 10 70* 10 10 <10 <i0 --
Sulphur Creek Wasteway near Sunnyside 20* 10-20*  <10-20** 10 <10 <10 --
Yakima River at Kiona 10 10-20* 10 20%* <10 <10 -
Suspended sediment
Cle Elum River above Cle Elum Lake <l 3* <1 i 2* i -
Cherry Creek at Thrall 91 64—-121** 82 45 25 1,020* --
Moxee Drain at Thorp Road 134-143 296-436** 443-607* 157 58 47 --
Wide Hollow Creek near mouth 17 8- 28** 8 5 5 211* -
Granger Drain at mouth 205 526-643*%  421-432%* 282 62 92 -
Toppenish Creek at Indian Church Road 324 32 13 il 337* 30 -
Sulphur Creek Wasteway near Sunnyside 70 204-245* 99— 28** 6783 19 108 -
Yakima River at Kiona 28 30-35 22 354 10 103* 5771
Specific conductance
Cle Elum River above Cle Elum Lake 47 37 31 45 S50%* 118* --
Cherry Creek at Thrall 262 245-363 412%* 334 460* 359 --
Moxee Drain at Thorp Road 279 275-295 266320 280 649* 606** --
Wide Hollow Creek near mouth 247 202260 322 324** 446* 253 --
Granger Drain at mouth 418 357-360 328350 304 652** 689* -
Toppenish Creek at Indian Church Road 217 207-262 262 267 451* 402%* --
Sulphur Creek Wasteway near Sunnyside 264 239-259  333-381 290 669** 693* -
Yakima River at Kiona 242 222267 306%* 320* 251 277 152-251
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Figure 11. Concentrations of selected pesticides, suspended sediment, and specific conductance in unfiltered-water
samples from major agricultural-return flows for selected months, Yakima River Basin, Washington, 1988-89. (Values
less than the minimum reporting level are graphically represented as one-half the minimum reporting level.
DDT+DDE+ DDD, 4,4'-dichlorodiphenyltrichloroethane [DDT] plus 4,4’-dichlorodiphenyldichloroethylene [DDE] plus
4,4'-dichiorodiphenyl-dichloroethane [DDDJ}; 2,4-D, (2,4-dichlorophenoxy) acetic acid. Lines between symbols are not
intended to be used for interpolation.)
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Figure 12. Relation of concentrations of suspended sediment and selected organic compounds in unfiltered-water sam-
ples from Moxee Drain at Thorp Road near Union Gap, Yakima River Basin, Washington, 1988-89. Values less than the
minimum reporting level are graphically represented as one-half the minimum reporting level. DDT+DDE+DDD, 4,4'-

dichlorodiphenyitrichloroethane [DDT] plus 4,4'-dichlorodiphenyldichloroethylene [DDE] plus 4,4-dichiorodiphenyldichlo-

roethane [DDDJ; 2,4-D,(2,4-dichlorophenoxy) acetic acid.)
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DDE+DDD and dieldrin, were sorbed to the soils and
were transported to the streams by erosion. The
hydrophilic compounds, including atrazine, simazine,
and dicamba, probably were sorbed partially to soil and
were dissolved partially in the soil-pore water.
Consequently, they probably were transported to
streams by erosion and by the flushing of compounds
from the pore water. Hurle and Freed (1972) showed
that the adsorption of hydrophilic nonionic pesticides to
soils was increased in the presence of various salts (for
example, fertilizers), so that the transport of these
pesticides to the surface water would be enhanced by
soil erosion of the sorbed pesticides or the flushing of
the salts from the soil.

In December 1989, additional storm-runoff data
were collected from the Yakima River at Kiona. Unlike
the storm in March 1989, the December 1989 runoff
originated from a rain-on-snow storm that occurred
primarily in the Wenatchee and Snoqualamie National
Forests upstream from agricultural activities. Even
though suspended-sediment concentrations doubled
from those levels typically observed during irrigation
season in the Yakima River at Kiona, concentrations of
DDT+DDE+DDD (hydrophobic compounds) did not
increase, suggesting that (1) eroding soils from the for-
ested headwater streams were minimally contaminated,
and (2) resuspension of contaminated bed sediment
from the Yakima River did not drastically increase
concentrations of DDT+DDE+ DDD in the water col-
umn. Available information indicates that DDT was not
applied historically in the Wenatchee and Snoqualamie
National Forests (Bill Garrigues, U.S. Forest Service,
Naches, Washington, oral commun., October 1992).
Atmospheric deposition, however, is a possible source
of the low-level concentrations of DDT in the National
forests.

In addition to collecting data for describing
monthly patterns, a few samples were collected during
peak irrigation season in July and August 1988 to
examine hourly and daily variability. Variability in pes-
ticide concentrations over a 4-day period at Moxee
Drain was notably higher than the hourly variability at
Granger Drain and Sulphur Creek Wasteway (table 12).
Samples collected from Granger Drain or Sulphur
Creek Wasteway within a 5-hour period had minimum
and maximum pesticide concentrations that generally
ranged within a factor of two; the median factor for all
pesticides listed in table 12 is about 1, indicating nearly
identical concentrations. Conversely, samples collected
daily over a 4-day period at Moxee Drain had concen-

trations that ranged within a factor of 12; the median
factor was about 2.5. The larger variability in com-
pound concentrations over a 4-day period suggests the
river system was not at steady-state conditions relative
to source loads and concentrations of organic com-
pounds in the streams. For modeling pesticide concen-
trations and loads, this variability indicates the
necessity for collecting data in carefully timed
Lagrangian synoptic samplings.

Occurrence and Spatial Distribution

Six general groups of synthetic organic com-
pounds are discussed in this section of the report:
(1) carbamates and other miscellaneous compounds;
(2) chlorophenoxy-acid herbicides, dicamba, and
picloram; (3) organophosphorus compounds; (4) triaz-
ine herbicides and other nitrogen-containing com-
pounds; (5) organochlorine compounds; and (6)
volatile organic compounds. Information concerning
properties, occurrence, and exceedances of water-
quality criteria are presented and discussed for each
group. Long-term trends in compound concentrations
also are discussed for several pesticides that were
monitored in the 1970s and in 1985. Sources and loads
of organic compounds primarily are discussed in the
next section of the report. In this section of the report,
two different data sets are used to evaluate occurrence,
spatial distribution, and exceedances of water-quality
criteria: (1) conventional laboratory analyses of unfil-
tered-water samples (generally, 1-L samples) collected
primarily in 1988-89 (analyses by U.S. Geological
Survey National Water-Quality Laboratory, Arvada,
Colorado), and (2) research analyses of large sample
volumes of filtered water and large masses of sus-
pended sediment collected in June 1989 (U.S. Geolog-
ical Survey's Methods Research and Development
Program, Arvada, Colorado).

The first data set consists of conventional analyses
of unfiltered-water samples collected primarily at 8
stations in May, June, July, August/September,
November, 1988 and March 1989, and at an additional
10 stations in July 1988 (Rinella, McKenzie, Craw-
ford, and others, 1992). A few unfiltered-water sam-
ples also were collected in 1991 for carbamate and
chlorophenoxy-acid compounds. Most of these sta-
tions were located at agricultural return flows or at
reaches in the Yakima River downstream from agricul-
tural activities. Samplings from May 1988 through
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March 1989 provide data on temporal variability, and
the sampling in July 1988 provides synoptic data on
pesticide sources and transport in the Yakima River
Basin during peak irrigation. These samples were
analyzed using conventional laboratory analyses, so
minimum reporting levels were about 10 to 100 times
larger than those in the June 1989 synoptic sampling.
The second data set consists of analyses of filtered-
water and suspended-sediment samples collected in a
synoptic sampling of 29 stations in June 1989.
Research techniques were used in this sampling to
separately analyze the dissolved and suspended phases
for pesticides (Rinella, McKenzie, Crawford, and
others, 1992). Sampling stations in June 1989 included
4 stations upstream from agricultural activities, 3
drinking-water supplies, 15 agricultural return flows,
6 stations on the Yakima River, and the mouth of the
Naches River. The primary objective for this research
was to reduce minimum reporting levels in order to
better describe the occurrence, major sources, and
transport of dissolved and suspended pesticides in the
Yakima River Basin. The synoptic sampling occurred
near or during peak irrigation, when pesticide con-
centrations were expected to be relatively high on the
basis of temporal data collected in 1988.

The volume of streamflow, which is extensively
regulated by storage reservoirs and irrigation diversions
in the Yakima River Basin, directly affects dilution and
the transport of organic compounds in streams. Instan-
taneous streamflow in the Yakima River during the June
1989 synoptic sampling is shown in figure 13. This
streamflow pattern is typical of flow conditions in the
basin from late June through August. Upstream from
Roza Canal, the flow in the Yakima River is relatively
large as a result of flow augmentation from Keechelus,
Kachess, and Cle Elum Lakes. Major agricultural return
flows to the Yakima River from Kittitas Valley are
Wilson and Cherry Creeks at RM 147. The large flow
in the Yakima River in this reach (about 3,600 /s
[cubic feet per second)) dilutes concentrations of
organic compounds from these return flows by as much
as 10 times. At Yakima RM 127.9, Roza Canal diverts
about 2,000 ft%/s, leaving 1,600 ft>/s in the main stem.
Streamflows from the Naches River (RM 116.3) and the
Roza Power Plant return (RM 113.3) contain relatively
low concentrations of organic compounds and increase
the main-stem flow to about 3,500 ft>/s. Wide Hollow
Creek, Moxee Drain, and Ahtanum Creek then contrib-
ute agricultural return flows at RMs 107.4, 107.3, and
106.9, respectively. Concentrations of organic com-
pounds from these agricultural return flows also are
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Figure 13. Instantaneous streamflow in the Yakima River
resulting from tributary contributions and canal diversions,
Yakima River Basin, Washington, June 25-30, 1989.

diluted by the relatively large flow in the Yakima River
at Union Gap (RM 107.3). Even though Moxee Drain
contributes major loads of several organic compounds
to the Yakima River during irrigation season, the com-
pound loads in the Yakima River are reduced quickly
because a large portion of the Yakima River flow and
accompanying pesticide loads are diverted into Wap-
ato Canal (RM 106.7) and Sunnyside Canal (RM
103.8) a few miles downstream. Much of the canal
water is then distributed as irrigation water onto agri-
cultural fields. The flow remaining in the Yakima
River near Parker (RM 103.7) is only about 200 ft/s,
which provides minimal flow for dilution, making the
lower Yakima River vulnerable to inflowing organic
compounds from agricultural return flows and point-
source discharges. Downstream from Parker, numer-
ous agricultural return flows feed into the Yakima
River, typically accounting for as much as 80 percent
of the main-stem flow. As a result, return flows in the
lower basin control water-quality conditions in the
lower Yakima River during most of the irrigation sea-
son. Owing to extensive irrigation-water diversions
that reduce main-stem flow, and increasing contribu-
tions of agricultural runoff from the lower Basin,
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concentrations of many organic compounds increase
down the main stem.

Carbamates and Other Compounds

The use of carbamate pesticides has been increasing
since the 1970s. These compounds have relatively short
half-lives in soils, especially when compared to orga-
nochlorine compounds, (table 61, at back of report)
(Smith and others, 1988). Carbamates are not stable in
the environment and undergo rapid chemical and bio-
logical degradation. Under alkaline conditions, they
quickly hydrolyze. For example, the half-life of car-
baryl is 10 days in water at pH 7 and 15 minutes at pH
10 (Biggar and Seiber, 1987). Carbamates have rela-
tively high solubilities and low K. values (table 61, at
back of report), so that sorption and bicaccumulation
generally are not important fate processes. As a result of
their high solubility and short half-lives, carbamate
concentrations may vary widely in streams, and conse-
quently, their occurrence is difficult to document (Liz
Block, U.S. Fish and Wildlife Service, Olympia, Wash-
ington, written commun., January 1993).

Analyses of unfiltered-water samples collected
from 19 stations in the Yakima River Basin during
1988-91 (table 13) show that carbaryl and methomyl
were the only carbamates quantified using conventional
analyses. Pesticide-use estimates indicate that carbaryl
and methomyl also are among the most abundantly used
carbamates in the basin (table 14). The small number of
carbamate quantifications in the 1988-91 data is consis-
tent with a previous study by Johnson and others
(1986), who did not detect carbamates in the basin
during a synoptic sampling in the summer of 1985
(minimum reporting levels of 5,000 ng/L). In contrast,
research data (minimum reporting levels of about 1
ng/L for large sample volumes) collected in June 1989
showed that carbaryl and S-ethyl dipropylthiocarbamate
(EPTC) were quantified at 2 and 17 of the 21 and 29
stations that were sampled, respectively (table 14)
(Rinella, McKenzie, Crawford, and others, 1992).

In the June 1989 synoptic sampling, pesticides that
were used in the basin in greater abundance generally
were detected at a higher frequency in streams (table
14). Two notable exceptions were bromacil and buty-
late. Bromacil is more persistent in soils than the other
compounds, which may account for its higher fre-
quency of detections. The reason butylate was not
detected is unknown. Carbamate- and thiocarbamate-

compound concentrations were less than 40 ng/L,
which probably reflects their short half-lives in soils.
EPTC and propargite were detected frequently
in the June 1989 synoptic sampling (table 60, at back
of report). EPTC is an herbicide used extensively on
alfalfa, corn, and potatoes, and propargite is an
acarcide used extensively on hops, mint, apples,
and grapes. These compounds were detected at
most of the agricultural return flows and main-stem
stations located downstream from the city of Yakima.
Water-quality criteria have not been established
for carbamates and other compounds listed in table 13
and 14. The NAS-NAE (1973), however, has recom-
mended that carbaryl not exceed 20 ng/L for the pro-
tection of freshwater aquatic life (table 62, at back of
report). The maximum concentration detected in the
Yakima River Basin was 14 ng/L at Cherry Creek at
Thrall (tables 13 and 14).

Chlorophenoxy-acid Herbicides,
Dicamba, and Picloram

Chlorophenoxy-acid herbicides investigated in
this study include 2,4-D, 2,4-DP (dichlorprop), feno-
prop (silvex), and 2,4,5-T. Dicamba is a benzoic-acid
herbicide, and picloram is a pyridine herbicide. Com-
pounds in these groups that were applied in the
Yakima River Basin in 1989 include 2,4-D (260,000
kg), dicamba (36,000 kg), and picloram (1,500 kg).
Production and sale of 2,4,5-T and fenoprop were dis-
continued in the United States in 1978 and 1984,
respectively. 2,4-D is the most heavily applied herbi-
cide in the basin, and dicamba ranks within the top 10
herbicides used (table 3). These herbicides (2,4-D,
dicamba, and picloram) are highly soluble in water
and have low sediment-water partition coefficients
(table 61, at back of report), so they do not
significantly bioaccumulate or sorb to sediment (Smith
and others, 1988). Dicamba and 2,4-D have half-lives
of less than 2 weeks in soils (table 61, at back of
report). Picloram is more persistent, with a half-life of
about 3 months.

Analyses of 1-L unfiltered-water samples col-
lected from 20 stations in the Yakima River Basin dur-
ing 1988-91 (table 15) show that 2,4-D and dicamba
were the most frequently detected compounds of this
group (minimum reporting level of 10 ng/L). These
herbicides were detected in more than 50 percent of
the samples (Rinella, McKenzie, Crawford, and oth-
ers, 1992). Similar to the occurrence of carbamates,
the number of detections coincides with the degree of
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Table 13. Summary of carbamate concentrations in 1-liter unfiltered-water samples,

Yakima River Basin, Washington, 198891

[Concentrations and minimum reporting levels reported in nanograms per liter; --, insufficient data to calculate
statistic; some compound concentrations were quantified below the minimum reporting level]

Approximate Number of Quantifiable concentrations
Numberof minimum quantifiable
Compound samples reporting level concentrations Minimum Median Maximum

Aldicarb 77 500 0 -- - -
Aldicarb sulfone 79 500 0 - - -
Carbaryl 79 500 4 2 5 14
Carbofuran 79 500 0 - - --
3-Hydroxycarbofuran 79 500 0 - - --
Methiocarb 70 500 0 -- - -
Methomyl 79 500 4 30 80 140
1-Naphthol 79 500 0 -- - -
Oxamyl 79 500 0 -- - --
Propham 77 500 0 -- -- --
Propoxur 70 500 0 -- -- -

pesticide use in the basin. To a lesser extent, picloram
and 2,4-DP also were detected (table 15). Previous
sampling of the Yakima River at Kiona and several
major agricultural return flows by Johnson and others
(1986) in August 1985 showed that 2,4-D, dicamba,
fenoprop, and 2,4,5-T were not detected (minimum
reporting level of 100 ng/L). Apparent inconsistencies
in detections between the 1985 data and the 1988-91
data probably resulted from lower reporting levels and
increased sampling frequency in the latter study.

Analyses of filtered-water samples collected from
28 stations in June 1989 show that 2,4-D and dicamba
were detected at 12 and 7 stations, respectively (table
60, at back of report). Both of these compounds were
applied throughout the basin in the Kittitas, Tieton,
East-side, and West-side areas (see fig. 4 for location of
areas and table 59, at back of report, for pesticide
applications). As expected, according to areas of appli-
cation, 2,4-D was detected at most of the agricultural
return flows and main-stem stations. Even though
dicamba was used throughout the basin, it was not
detected in the West-side tributaries or in the main
stem. One hypothesis is that travel time from the fields,
where dicamba is applied, to the stream sampling sta-
tions is longer for the West-side area because of longer
travel distances, smaller subbasin slopes and extensive
reuse of irrigation water. As a result, dicamba has more
time to degrade to concentrations below minimum
reporting levels. This hypothesis also is consistent with
the lack of detections in the lower Yakima River. Even
though East-side tributaries are contributing dicamba
to the main stem, dicamba has time to degrade to
concentrations below minimum reporting levels in the
lower main stem.

Water-quality criteria have not been established for
chlorophenoxy-acid herbicides, dicamba, or picloram.
The NAS-NAE (1973), however, recommends that
2,4-D, fenoprop, and dicamba not exceed 3,000, 1,400,
and 200,000 ng/L, respectively, for the protection of
freshwater aquatic life (table 62, at back of report).
These recommendations were not exceeded except for
one sample for 2,4-D at Cherry Creek at Thrall (May 5,
1988), which had a concentration of 7,500 ng/L
(Rinella, McKenzie, Crawford, and others, 1992).
Concentrations of 2,4-D at Cherry Creek in 6 other
samples collected from June 1988 to March 1989 were
more than an order of magnitude lower. The higher
concentration at Cherry Creek is consistent with the
greater usage of 2,4-D in the Kittitas area (table 59, at
back of report).

Long-term historical data are available for 2,4-D
concentrations in the Yakima River at Kiona (fig. 14).
The limited amount of data suggest that concentrations
of 2,4-D have decreased by as much as a factor of 10
since 1968. Historical data on the annual use of 2,4-D
are not available to explain the decrease. Monthly data
collected from the Yakima River at Kiona in 1970 and
1971 show that 2,4,5-T was detected four times at 10
ng/L (minimum reporting level of 10 ng/L). In subse-
quent samplings during 1972-91, including the
NAWQA sampling during 1988-91, 2,4,5-T was not
detected (minimum reporting level also 10 ng/L) even
though its use in the United States was not discontin-
ued until 1978. The detection of 2,4-D and 2,4,5-T
indicates that polychlorinated dibenzo-p-dioxins may
be present. These compounds are extremely toxic and
are produced inadvertently during manufacture of
2,4,5-T and 2,4-D (Smith and others, 1988).
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Table 15. Summary of concentrations of chlorophenoxy-acid herbicides, dicamba, and picloram in 1-liter unfiltered- and
filtered-water samples, Yakima River Basin, Washington, 1988—91
[Concentrations reported in nanograms per liter; 2,4-D, (2,4-dichlorophenoxy) acetic acid; 2,4-DP, 2-(2,4-dichlorophenoxy) propionic acid:

2.4,5-T represents (2.4,5-trichlorophenoxy) acetic acid; <, less than]

Compound Number Minimum Concentration at-indicated percentile Maximum
of samples concentration 10 25 50 75 90 concentration
Unfiltered-water samples collected from 198891
2,4-D 78 <10 <10 <10 40 110 290 7,500
2,4-DP (dichlorprop) 78 <10 <10 <10 <10 <10 <10 200
Dicamba 78 <10 <10 <10 10 20 70 2,600
Fenoprop (silvex) 78 <10 <10 <10 <10 <10 <10 <10
Picloram 78 <10 <10 <10 <10 <10 10 70
2,4,5-T 78 <10 <10 <10 <10 <10 <10 <10
Filtered-water samples collected from June 25-30, 1989
2,4-D 28 <10 <10 <10 <10 70 140 290
2,4-DP (dichlorprop) 28 <10 <10 <10 <10 <10 <10 <10
Dicamba 28 <10 <10 <10 <10 10 50 100
Fenoprop 28 <10 <10 <10 <10 <10 <10 <10
Picloram 28 <10 <10 <10 <10 <10 <10 30
2,4,5-T 28 <10 <10 <10 <10 <10 <10 <10
800 I I 1946 and has been used cautiously because it is quite
o toxic to humans. A more widely used organophospho-
« rus insecticide is malathion, because it is highly toxic
E 600 | . to insects yet has low toxicity to mammals (Sawyer
& and McCarty, 1967). In response to environmental
§ concern over the persistence of organochlorine com-
% a00 o o i Pounds, thg use of organophosphorus pesticides has
o) o increased since the 1970s. Organophosphorus com-
3 o 1 pounds have relatively short half-lives in soils (table
§ a0 22 ° ] 16), and most are highly soluble, with water solubili-
T 8° o ties higher than 30 mg/L. Similar to carbamate com-
- °o o %o ; pounds, bioaccumulation is not an 1mpprtant fate
ﬁ o .| o process for organophosphorus insecticides (Smith and
o 1970 1975 1980 1985 1990 others, 1988), and K values generally are less than
YEAR

Figure 14. Concentrations of (2,4-dichlorophenoxy)
acetic acid [2,4-D] in unfiltered-water samples from
the Yakima River at Kiona, Yakima River Basin,
Washington, 1968—89. (Values less than the minimum
reporting level are graphically represented as one-half
the minimum reporting level.)

Organophosphorus Compounds

Organophosphorus compounds became important
as insecticides after World War II. These compounds
were developed in the course of chemical-warfare
research in Germany, and several of the compounds
were found to be highly toxic to humans as well as
insects (Sawyer and McCarty, 1967). The insecticide
parathion was introduced into the United States in

5,000 mL/g (table 61, at back of report).

Analyses of 1-L unfiltered-water samples collected
from 20 stations, mostly agricultural return flows, in
the Yakima River Basin during 1988-89 show that
diazinon was the most frequently quantified organo-
phosphorus compound (table 17 of this report; Rinella,
McKenzie, Crawford, and others, 1992). Other com-
pounds that were quantified include chlorpyrifos, disul-
foton, ethion, malathion, parathion, and phorate. A
previous sampling of the Yakima River at Kiona and
several major agricultural return flows by Johnson and
others (1986) in August 1985 showed that diazinon
was the only organophosphorus compound quantified,
with a concentration of 1,700 ng/L in Moxee Drain
(minimum reporting level of 500 ng/L). The 1985 and

Distribution of Pesticides in the Aquatic Environment 53



Table 16. Estimated annual use of organophosphorus com-
pounds, number of detections in large-volume filtered-water
samples from the June-1989 synoptic sampling, and halif-life
in soil, Yakima River Basin, Washington

[Number of detections, the number of quantifiable determinations plus the
number of determinations when the compound was detected but could not
be quantified because it was less than the minimum reporting level; DEF,
§.S.S-tributyl phosphorotrithioate; --, no data available]

Half-life
Annual use, Number of in soil,
Compound in kilograms  detections’ in days
Malathion 160,000 27 1
Azinphos-methyl 130,000 %9 1040
Chlorpyrifos 73,000 14 7-141
Diazinon 73,000 22 3240
Parathion 55,000 14 14-18
Phosphamidon 36,000 20 17
Disulfoton 30,000 9 5-30
Methidathion 26,000 3 7-21
Dimethoate 20,000 11 7
Phorate 9,100 9 2-90
Fonofos 5,500 2 21-112
Methy! parathion 2,200 6 5-15
Ethion 1,100 9 150
Terbufos 1,100 0 527
Mevinphos 470 1 3
Demeton-S 3 3 1-10
DEF 0 0 --
Isofenphos 0 2 150
Methy! trithion 0 2 -
Trithion 0 1 -

I Twenty-nine samples from 29 stations were analyzed in June [989.
2Seventeen samples were analyzed.
1988-89 data are consistent, considering that most
quantified concentrations in the 198889 data were
below the minimum reporting levels applicable or
achievable in 1985.

In June 1989, large quantities of filtered water and
suspended sediment, collected synoptically from 29 sta-
tions throughout the basin, were analyzed for organo-
phosphorus compounds. Equilibrium-partitioning
calculations indicate that organophosphorus insecti-
cides should be sorbed mostly to soils prior to transport
into streams. After the suspension of soil particles in the
runoff, however, partitioning calculations indicate that
these compounds should desorb and partition mostly
into the dissolved phase. This transport mechanism
helps to explain why increasing suspended-sediment
concentrations correlate with increasing concentrations
of hydrophilic organophosphorus compounds (rank-
correlation coefficients for diazinon, malathion, and
phosphamidon are significant—op [probability level]
less than or equal to 0.02) (fig. 15). If dissolution from
suspended soils is rapid in streams in the Yakima River
Basin, then the primary mode of stream transport is the

dissolved phase. Owing to uncertainty concerning
rates of dissolution for organophosphorus compounds,
both the dissolved and suspended phases were ana-
lyzed in the June 1989 synoptic sampling.

Synoptic data show that malathion, diazinon,
phosphamidon, azinphos-methyl, parathion, and chlor-
pyrifos were detected in about 50 percent or more of
the samples (table 18). Because of instrumental cali-
bration problems, azinphos-methyl was analyzed
quantitatively in only three samples; it was, however,
qualitatively detected in 9 of 17 samples. As observed
for carbamates and chlorophenoxy-acid herbicides,
detections of organophosphorus compounds generally
increased with increases in annual use (table 16). Sev-
eral inconsistencies in this relation include fewer than
expected detections for methidathion and an increased
number of detections for ethion, considering the small
annual use of ethion. The unexpected increase in
detections for ethion may be explained by its consider-
ably longer half-life.

Data from the synoptic sampling in June 1989
(table 18) and a monthly sampling of selected agricul-
tural return flows during May-September 1991 (table
19) show that the highest concentrations of organo-
phosphorus compounds occur in the dissolved phase
(filtered water). Observed partitioning and calculated
equilibrium partitioning of diazinon at selected sta-
tions indicate that diazinon exists primarily in the fil-
tered water (table 20). Data from several agricultural
return flows (table 20) suggest that dissolution of most
of the diazinon from agricultural soils is rapid once the
soils are suspended in the runoff. The bias between the
observed and calculated partitioning using a K value
of 85 mL/g indicates that diazinon may not be in equi-
librium or that the K for sediment from the Yakima
River Basin might actually be 1,000 mL/g, which is
the maximum K value listed for diazinon in table 61
(at back of report).

In 1989, organophosphorus compounds were
applied throughout agricultural areas in the basin
(table 59, at back of report). Accordingly, the com-
pounds were detected in most of the agricultural return
flows in June 1989, except in Kittitas Valley (table 60,
at back of report). Field applications of those organo-
phosphorus compounds listed in table 60 (at back of
report) were relatively small in Kittitas Valley, which
likely accounts for the lack of analytical detections in
Cherry and Wilson Creeks in June 1989. As a result of
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Table 17. Summary of concentrations of organophosphorus compounds in 1-liter unfiltered-water samples,

Yakima River Basin, Washington, 1988—89

[Concentrations reported in nanograms per liter; <, less than; --, insufficient data to calculate statistic]

Number Minimum Concentration at indicated percentile Maximum
Compound of samples concentration 10 25 50 75 90 concentration
Chlorpyrifos 3 <10 - - 10 - - 10
Diazinon 77 <10 <10 <10 <10 20 130 630
Disulfoton 5 <10 - - <10 - - 70
Ethion 77 <10 <10 <10 <10 <10 <10 410
Malathion 77 <10 <10 <10 <10 <10 <10 60
Methyl parathion 77 <10 <10 <10 <10 <10 <10 <10
Methyl trithion 77 <10 <10 <10 <10 <10 <10 <10
Parathion 77 <10 <10 <10 <10 <10 10 100
Phorate 13 <10 <10 10 10 100 200 240
Trithion 77 <10 <10 <10 <10 <10 <10 <10
1,000 disulfoton, ethion, mevinphos, and phosphamidon.
Number of observations = 19 i i
'°§£" :é% 439 g)esf_vg.ggs Dl.lrmhg 1988—151)11, rr;ltelasureqfcon(cienUatlons (;f
where Y = non -
E’ r - s'ﬁé' onded sediment azmp 0s me? yl, chlorpyritos, emetgn, ar'l '
E 100 F Correlation coefficient = 0.84 3 mevinphos did not exceed water-quality criteria or
) Standard error of estimate j g xe .
] of mean value of Y = 0.48 ] guidelines. Azinphos-methyl, however, was analyzed
2 o ® | quantitatively at only three stations, and its mean
?5 concentration of 7.4 ng/L (table 18) in the Yakima
9 * River at Kiona in June 1989 was close to the chronic-
< .. . .
Z - toxicity criterion of 10 ng/L. These few data suggest
> 3 that azinphos-methyl concentrations may be exceeding
% 1 the criterion in agricultural return flows. Two samples
< 01k . E collected by the North Yakima Conservation District
(1991) in the Moxee Subbasin had azinphos-methyl
0.01 concentrations of 64,000 ng/L in a ditch at the
0 1 10 100 1,000 downstream end of an orchard during spraying, and

SUSPENDED SEDIMENT, IN MILLIGRAMS PER LITER

Figure 15. Relation of concentrations of suspended
sediment and diazinon in unfiltered-water samples
from selected stations, Yakima River Basin, Washing-
ton, June 25-30, 1989. (Values less than the minimum
reporting level are excluded.)

pesticide loads from agricultural return flows in the
lower basin and reduced main-stem streamflows
caused by diversions through Wapato and Sunnyside
Canals, concentrations of organophosphorus com-
pounds generally increased in the lower Yakima River
downstream from the city of Yakima (fig. 16 and table
60, at back of report).

Chronic-toxicity water-quality criteria (U.S.
Environmental Protection Agency, 1986) for the
protection of freshwater aquatic life have been
established for azinphos-methyl, chlorpyrifos,
demeton, malathion, and parathion (table 62, at

back of report). Water-quality guidelines have been
recommended by the NAS-NAE (1973) for diazinon,

3,000 ng/L in the return flow about one mile
downstream from the orchard. These concentrations
substantially exceed the criterion for azinphos-methyl
by 6,400 and 300 times, respectively. Other
organophosphorus compounds that exceeded EPA
chronic-toxicity criteria or NAS-NAE guidelines
during 1988-91 are listed in table 2 1. Parathion and
malathion exceeded EPA criteria at 11 and 1 station(s),
respectively; diazinon, disulfoton, ethion, and
phosphamidon exceeded NAS-NAE guideline at 16, 1,
1, and 4 station(s), respectively. In 1989, diazinon and
parathion were used extensively in the lower Yakima
River Basin (table 59, at back of report); as a result of
their extensive use and low water-quality guideline/
criterion values for the protection of freshwater aquatic
life (9 ng/L for diazinon and 13 ng/L for parathion),
these compounds exceeded guideline/criterion values
downstream from the city of Yakima (fig. 16). These
compounds were used minimally in Kittitas Valley;
therefore, exceedances were not
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Table 19. Summary of concentrations of organophosphorus compounds in water samples, Yakima River Basin,

Washington, May-September 1991

[Concentrations reported in nanograms per liter; DEF, §,S,S-tributyl phosphorotrithioate;, --, insufficient data to calculate statistic; 23 samples from
6 stations were analyzed in May-September 1991; data and minimum reporting levels reported in Rinella, McKenzie, Crawford, and others, 1992]

Summary for fiitered-water samples

Summary for suspended--sediment samples

Number of Quantifiable concentration Number of Quantifiable concentrations
quantifiabie quantifiable
Compound concentrations Minimum Median Maximum concentrations Minimum Median Maximum

Chlorpyrifos 4 10 10 10 1 - 0.8 -
DEF 0 - -- -- 0 - -- -
Diazinon 11 10 20 1,300 S 1 1 30
Disulfoton 0 - - - 0 -- - -
Ethion 2 20 - 20 2 1 - 1
Fonofos 1 -- 10 - 0 - - -
Malathion 9 10 20 290 0 - -- -
Methyl parathion 6 10 25 60 11 4 1 7
Methy1 trithion 0 - - -- 0 - -- -
Parathion 8 10 10 20 0 - - -
Phorate 4 10 10 10 1 - .6 --
Trithion 0 - - - 0 - -- -

Table 20. Partitioning of diazinon in fiitered water and suspended sediment for selected stations, Yakima River Basin,

Washington, June 25-30, 1989

[For theoretical equilibrium-partitioning calculations, the sediment-water partition coefficient = 85 milliliters per gram; concentrations reported

in nanograms per liter]

Diazinon concentration

Percent of diazinon mass
associated with suspended sediment

Station Filtered Suspended Theoreticai equilibrium
number Station name water sediment Observed partitioning (calculated)
12507585  Yakima River at river mile 72 35 0.16 04 0.01
12508630  South Drain near Satus 150 29 2 .02
12508850  Sulphur Creek Wasteway 66 18 3 .02
12509829  Snipes Creek at mouth 32 3 .9 .01
12510500  Yakima River at Kiona 39 .07 2 .01

observed in the basin upstream from Moxee Drain. All
stations, listed in table 21, are located at or downstream
from Moxee Drain.

Long-term historical data were available for diazi-
non concentrations in the Yakima River at Kiona (fig.
17). The data show that diazinon concentrations at that
location have exceeded the NAS-NAE (1973) guide-
line value of 9 ng/L for the protection of freshwater
aquatic life since 1972.

Triazine Herbicides and Other Organonitrogen
Compounds

Triazine herbicides are used for selective preemer-
gence and early postemergence control of broadleaf
weeds and some grasses (Biggar and Seiber, 1987).
Most triazine compounds analyzed in this study have

water solubilities higher than 30 mg/L and K values
between 100 and 500 mL/g (table 61, at back of
report). With K. values higher than 100 mL/g, these
compounds readily partition to the soils in the agricul-
tural fields (Biggar and Seiber, 1987). In a study of the
Cedar River in Minnesota and Iowa, Squillace and
Thurman (1992) showed that triazine herbicides
undergo rapid dissolution from soils once the soils are
suspended in overland flow and are transported to
streams. Accordingly, triazine and other organonitro-
gen compounds were expected to occur primarily in
the dissolved phase in Yakima River Basin streams.
Similar to carbamates and organophosphorus com-
pounds, these compounds with relatively high water
solubilities and low K, values do not readily partition
in lipids of aquatic organisms (Smith and others,
1988).
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Figure 16. Concentrations of diazinon and parathion in large-volume water sampies from selected stations, Yakima River

Basin, Washington, June 25-30, 1989. (Concentrations represent the sum of filtered-water and suspended-sediment anal-
yses. Water-quality guideline, the guideline for the protection of freshwater aquatic life recommended by the National Acad-
emy of Sciences-National Academy of Engineering Committee on Water Quality Criteria [1973]; <, data point represents a
value less than the minimum reporting level.)
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Figure 17. Concentrations of diazinon in unfiltered-
water samples from the Yakima River at Kiona, Wash-
ington, 1970-89. (Values less than the minimum report-
ing level are graphically represented as one-half the
minimum reporting level (10 ng/L). Water-quality guide-
ling, the guideline for the protection of freshwater
aquatic life recommended by the National Academy of
Sciences-National Academy of Engineering Committee
on Water Quality Criteria {1973].)

Conventional analyses of 1-L unfiltered-water sam-
ples from 17 stations (mostly agricultural return flows)
in the Yakima River Basin collected during 198889
show that atrazine and simazine were the most fre-
quently detected organonitrogen compounds (table 22).
These compounds were quantified in nearly 70 percent
of the samples. The typical minimum reporting level
was 100 ng/L; the laboratory, however, was able to
quantify several compounds at concentrations lower
than 100 ng/L. A previous sampling of the Yakima
River at Kiona and several of its major agricultural
return flows by Johnson and others (1986) in August
1985 showed that all measured concentrations of
simazine and cyanazine in the basin were below the
minimum reporting levels of 3,000 and 2,000 ng/L,
respectively. In a national study of pesticides in 144 riv-
ers from 1975 to 1980, atrazine was the most frequently
detected pesticide in water (24 percent of the stations
and 4.8 percent of the samples [Gilliom and others,
1985]). The minimum reporting level in the national
study was relatively high at 500 ng/L, so the number of
detections could have been higher if a minimum report-
ing level of 100 ng/L had been obtainable in the 1970s.

In June 1989, large volumes of filtered-water sam-
ples (as large as 112 L) from 29 stations throughout the
basin were collected synoptically and analyzed for tri-
azine herbicides and other organonitrogen compounds

(table 23). Atrazine, desethyl-atrazine (degradation
product of atrazine), simazine, prometon, trifluralin,
alachlor, and metolachlor were detected at 45 percent
or more of the stations, with atrazine, desethyl-
atrazine, and simazine detected at more than 75 per-
cent of the stations. The numbers of detections of
these compounds in streams generally increased with
their increased annual use (table 23). Assuming that
pesticide-use estimates for 1989 are reliable, several
discrepancies between use and the number of detec-
tions are apparent. The numbers of detections for
metribuzin, cyanazine, and propachlor were less than
expected, and the numbers for metolachlor and prome-
ton were greater than expected. The few detections for
cyanazine and propachlor may be explained by their
relatively short half-lives of 2--14 days and 67 days,
respectively. The greater number of detections for
prometon could be explained by its relatively long
half-life (120-500 days). Metribuzin has one of the
highest solubilities and lowest K. values in this group
of organonitrogen compounds (table 61, at back of
report), which likely results in its episodic leaching
and transport early in the irrigation season immedi-
ately following application. In contrast, compounds
with K values higher than about 100 tend to partition
to soils in the fields and are transported during periods
of increased erosion. In the Yakima River Basin,
increased erosion in agricultural areas typically occurs
during peak irrigation and storm runoff.

In 1989, several organonitrogen compounds were
applied throughout much of the basin (table 59, at
back of report). Alachlor, atrazine, metolachlor,
prometon, and simazine were detected in many agri-
cultural return flows and in the lower Yakima River
downstream from the city of Yakima (table 60, at back
of report; fig. 18). These herbicides were applied pri-
marily to corn, apples, asparagus, prunes, and grapes,
and also in urban areas. The reason for the unexpected
increased number of detections for metolachlor is
unknown. Metolachlor was applied primarily in the
West-side and East-side areas of the basin (table 59,
at back of report) and was detected in the West-side
tributaries and in the lower Yakima River (table 60,
at back of report).

Water-quality criteria for freshwater aquatic life
have not been established for organonitrogen com-
pounds. A water-quality guideline has been recom-
mended by the NAS-NAE (1973) for simazine not to
exceed 10,000 ng/L for the protection of freshwater
aquatic life (table 62, at back or report). The highest
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Table 22. Summary of concentrations of triazine herbicides and other organonitrogen compounds in
1-liter unfiltered-water samples, Yakima River Basin, Washington, 198889

[Minimum reporting levels and concentrations reported in nanograms per liter; some concentrations were quantified below
the minimum reporting level; --, insufficient data to calculate statistic]

Approximate Number of Summary of quantifiable concentrations
Number minimum quantifiable
Compound of samples reporting level concentrations Minimum Median Maximum
Alachlor 72 100 1 -- 30 --
Ametryn 72 100 0 -- -- -
Atrazine 72 100 48 9 42 600
Bromacil 72 100 3 67 110 200
Butachlor 72 100 0 - - --
Butylate 72 100 0 - -- --
Carboxin 72 100 0 - -- -
Cyanazine 72 100 10 12 64 145
Cycloate 72 100 0 -- -- -
Diphenamid 72 100 0 -- -- --
Hexazinone 72 100 3 15 30 90
Metolachlor 72 100 0 -- - --
Metribuzin 72 100 1 -- 42 --
Prometon 72 100 9 20 50 210
Prometryn 72 100 1 -- 100 --
Propachlor 72 100 0 -- -- -
Propazine 72 100 0 - -- --
Simazine 72 100 50 10 40 6,600
Simetryn 72 100 0 -- -- --
Terbacil 72 100 0 - -- --
Trifluralin 72 100 5 19 55 100
Vernolate 72 100 0 -- -- -

concentration detected in the basin was 6,600 ng/L at
Cherry Creek at Thrall during storm runoff from fields
in Kittitas Valley on March 9, 1989. Most concentra-
tions of simazine during irrigation season were lower
than 100 ng/L.

Organochiorine Compounds

Organochlorine compounds are among the most
persistent in the environment when compared to other
groups of synthetic organic compounds. These com-
pounds have low water solubility (generally lower than
0.5 mg/L) and a strong tendency to sorb to soils, sus-
pended sediment, and bed sediment (K values gener-
ally higher than 1,000 mL/g) (table 61, at back of
report; Gilliom and others, 1985). Unlike carbamate,
chlorophenoxy-acid, organophosphorus, and organoni-
trogen compounds, organochlorine compounds tend to
strongly partition into lipids of aquatic organisms.
Although production and use of many of these com-
pounds have been banned or restricted for more than a
decade (table 24), these compounds and (or) their
metabolites are still commonly detected in many of our
Nation's surface waters (Gilliom and others, 1985;

Smith and others, 1988; Schmitt and others, 1990).
For example, the half-life of technical chlordane in
the environment is about 10 to 20 years. Assuming
that the production of chlordane peaked in the 1970s,
about 25 to 50 percent of the technical chlordane
applied still exists unaltered in the environment
(Dearth and Hites, 1991).

Organochlorine compounds used in the Yakima
River Basin in 1989 include endosulfan (36,000 kg),
lindane (7,300 kg), methoxychlor (4,400 kg), per-
methrin (1,800 kg), and chlorothalonil (730 kg) (table
59, at back of report). As late as the mid-1980s, pesti-
cide-use estimates made in this study indicate that
chlordane (1,800 kg), heptachlor (360 kg), and aldrin
(60 kg) also were applied. Even though the compounds
listed above were applied most recently, they were not
the most frequently detected. Analyses of 1-L unfil-
tered-water samples in 1988—89 from 18 stations in the
Yakima River Basin show that 4,4’-DDE, 4,4'-DDT,
4,4'-DDD, dieldrin, endosulfan I, endrin, and lindane
were the most frequently detected organochlorine com-
pounds (table 25). DDT+DDE+DDD was detected in
more than 75 percent of the samples, whereas dieldrin
and endosulfan I were detected in more than 50 and 25
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Table 23. Estimated annual use of triazine herbicides and other organonitrogen compounds, half-life in soil, number
of detections, and summary of concentrations in large-volume filtered-water samples, Yakima River Basin, Washington,

June 2530, 1989

[Concentrations reported in nanograms per liter; Number of detections, the number of quantifiable detections plus the number of determinations
when the compound was detected but could not be quantified because it was less than the minimum reporting level; na, not analyzed; >, greater than;
--, insufficient data to calculate statistic; data and minimum reporting levels reported in Rinella, McKenzie, Crawford, and others, 1992]

Quantifiable concentrations

Number of Number of
Annual use, Half-lifein soil, detections in quantifiable
Compound In kilograms in days 29 samples  concentrations  Minimum Median Maximum
Simazine 29,000 60-75 22 22 0.24 10 134
Alachlor 16,000 15-18 13 11 4.5 17 98
Terbacil! 16,000 50120 na na na na na
Trifluralin 15,000 21—=>190 17 4 3.1 7.2 28
Atrazine 9,100 40-70 26 23 .26 32 130
Metribuzin 9,100 30-60 3 0 - -- --
Carboxin' 5,800 3-7 na na na na na
Cyanazine 5,500 2-14 3 1 -- 8.6 -
Hexazinone' 5,500 30-180 na na na na na
Metolachlor 3,300 20-90 13 7 93 22 6.0
Propachlor 2,900 67 0 0 - - -
Prometon 220 120-500 20 13 1.1 3.0 32
Ametryn 0 60-120 0 0 -- -- --
Butachlor 0 - 3 0 -- -- --
Cycloate1 0 30-56 na na na na na
Diphenamid! 0 30 na na na na na
Prometryn 0 40-70 3 0 -- - -
Propazine 0 135 4 1 - A7 -
Simetryn 0 - 0 0 - -- --
Desethyl-atrazine? 0 - 22 2 1.6 - 4.0
Dcsisopropy]-atrazine3 0 - 2 0 -- -- -

'Compounds were not analyzed in June 1989. Other samples (1-liter conventional analyses) were collected from 198889, and only hexazinone

was detected (Rinella, McKenzie, Crawford, and others, 1992).
2Degradation product of atrazine and propazine.
3Degradation product of atrazine and simazine.

percent, respectively (minimum reporting levels of

1 ng/L). Several samplings during irrigation season
by Johnson and others (1986) in 1985 at main-stem
stations and major agricultural return flows also
showed that DDT+DDE+DDD, dieldrin, and endo-
sulfans I and II were the predominant organochlorine
compounds detected. In the 1985 study, minimum
reporting levels were about 10 to 20 ng/L, which

are about 10-20 times higher than those levels in

the 1988-89 study. As a result, DDT+DDE+DDD,
dieldrin, and endosulfan were detected less frequently:
24, 26, and 2 percent of the samples, respectively
(Johnson and others, 1986). In addition, many of

the detections in the 1985 study were reported as
estimated concentrations because they were lower
than the minimum reporting level.

In June 1989, large quantities of filtered water and
suspended sediment from 29 stations throughout the
basin were collected synoptically and analyzed for
organochlorine compounds (table 26). Minimum

reporting levels typically were lower than 1 ng/L
(Rinella, McKenzie, Crawford, and others, 1992).
Results show that DDT, DDE, and/or DDD were ubig-
uitous in the basin and were quantified at 97 percent of
the stations (table 60, at back or report). Dieldrin (69
percent of the stations), endosulfan I (50 percent), and
chlordane (39 percent) also were quantified frequently.
Concentrations of hexachlorobenzene (HCB) and a-
HCH generally were lower than minimum reporting
levels, they were detected qualitatively, however, at 62
and 34 percent of the stations, respectively (Rinella,
McKenzie, Crawford, and others, 1992).

Results from the June 1989 synoptic sampling
show that concentrations of suspended DDT+DDE+
DDD and suspended dieldrin increased as concen-
trations of suspended sediment and suspended organic
carbon increased (fig. 19). These relations were
expected because these nonionic organic compounds
readily sorb to suspended-organic carbon. Sampling
stations with the highest concentrations of DDT+DDE+
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Figure 18. Concentrations of atrazine and simazine in filtered-water samples from selected stations, Yakima River

Basin, Washington, June 25-30, 1989. (<, data point represents a value less than the minimum reporting level.)
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Table 24. Status of use for selected organochlorine compounds detected in the Yakima River Basin, Washington,
198891

[DDT, dichlorodiphenyltrichloroethane: DDE, dichlorodiphenyldichloroethylene; DDD, dichlorodiphenyldichloroethane; PCB, polychlorinated

biphenyls]
Compound Comments
Aldrin U.S. Department of Agriculture cancelled registration in 1970."
In 1974, production was prohibited for all products containing aldrin and dieldrin in the United States.?
All uses have been cancelled in United States. Aldrin is converted to dieldrin via oxidation.?
Production and sale discontinued in 1985.
DDT Imported in quantity into United States in 1944.3
Use banned in United States in December 1972.2
DDE Breakdown product of DDT in aerobic environments. Impurity in dicofol.
DDD Breakdown product of DDT in anaerobic environments.
Insecticide was discontinued by Rohm and Hass Company. Impurity in dicofol.?
Chlordane Registered as a pesticide in 1948.!

(technical grade)  All uses cancelled in 1987, except for subsurface insertion for termite control.!
Production was discontinued voluntarily in July 1987, and use stopped in 1988.4

Dieldrin Suspended use on food products in 1974.'
All uses banned in 1985 except for subsurface termite control, dipping of nonfood roots and tops, and
moth proofing.!
All uses have been voluntarily cancelled by industry.'
In 1974, production was prohibited for all products containing aldrin and dieldrin in the United States.?

Endrin Registered as pesticide in 1951.!
Restricted uses on apple orchards and ornamentals in 1979.!
Voluntary cancellation requested by producer in 1984.
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