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FOREWORD

The mission of the U.S. Geological Survey * Improve understanding of the primary
(USGS) is to assess the quantity and quality of the natural and human factors that affect
earth resources of the Nation and to provide informa- water-quality conditions.

tion that will assist resource managers and poIicymalThiS information will help support the development

grs at Fede:al, State, ?n? Ioctal Ievells_tln ma(l;_ltrjg SOUN5nd evaluation of management, regulatory, and moni-
ecisions. Assessment ot water-quality conditions an‘toring decisions by other Federal, State, and local

trends is an important part of this overall mission. agencies to protect, use, and enhance water resources.
One of the greatest challenges faced by water-

resources scientists is acquiring reliable information ~ The goals of the NAWQA Program are being

that will guide the use and protection of the Nation's achieved through ongoing and proposed investigations
water resources. That challenge is being addressed of 60 of the Nation’s most important river basins and
Federal, State, interstate, and local water-resource aquifer systems, which are referred to as study units.
agencies and by many academic institutions. These These study units are distributed throughout the
organizations are collecting water-quality data for a Nation and cover a diversity of hydrogeologic settings.
host of purposes that include: compliance with permitMore than two-thirds of the Nation’s freshwater use
and water-supply standards; development of remedigOCCurs within the 59 study units and more than two-
tion plans for specific contamination problems; operathirds of the people served by public water-supply sys-
tional decisions on industrial, wastewater, or water- tems live within their boundaries.

supply facilities; and research on factors that affect

yv?ter quality. An additional need for mqtir-quglltyl aggregation of comparable information obtained from
in 3rmafuon ;SI to |C|Jr0VII_de : basis on w 'g tr)eglogav-\/' the study units, is a major component of the program.
and national-level policy decisions can be based. Wisth;g effort focuses on selected water-quality topics

dec_|5|ons must be based on sound |nfo_rmat|on. Asa using nationally consistent information. Comparative
society We.need to know Whether certam.typ.es of studies will explain differences and similarities in
water-quality proble'ms' are |sol'ated or ub'lqunous',' <observed water-quality conditions among study areas
\;V;it:erréh?éﬁsarvevﬁégggﬁigg&ﬁzzﬁgﬁzsag i%g‘:]'t'i?] MSand will identify changes and trends and their causes.
over ti?negand \’Nhy these conditions change fron? YThe _flr_st topics gddressed _by the ngtlonal synthesis are
place to |:;Iace and over time. The information can be pestlc_ldes, nutrlen_ts, VOI?t”e organic compounds, and

: . - aquatic biology. Discussions on these and other water-
used to help determine the efficacy of existing water- . . . . ) - .

quality topics will be published in periodic summaries

quality poI|C|e§ and to help analysts determln_e_the of the quality of the Nation’s ground and surface water
need for and likely consequences of new policies. k . .
as the information becomes available.

To address these needs, the U.S. Congress appro
ated funds in 1986 for the USGS to begin a pilot pro- ~ This report is an element of the comprehensive
gram in seven project areas to develop and refine the body of information developed as part of the NAWQA
National Water-Quality Assessment (NAWQA) Pro-  Program. The program depends heavily on the advice,
gram. In 1991, the USGS began full implementation oicooperation, and information from many Federal,
the program. The NAWQA Program builds upon an  State, interstate, Tribal, and local agencies and the
existing base of water-quality studies of the USGS, aspublic. The assistance and suggestions of all are
well as those of other Federal, State, and local agenciegreatly appreciated.
The objectives of the NAWQA Program are to: r
« Describe current water-quality conditions ﬁ r: r N !”_' . q
for a large part of the Nation's freshwater 1.
streams, rivers, and aquifers.
» Describe how water quality is changing Robert M. Hirsch
over time. Chief Hydrologist

National synthesis of data analysis, based on
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ug/L microgram per liter
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Pesticides in Streams of the United States—Initial Results
from the National Water-Quality Assessment Program

By Steven J. Larson, Robert J. Gilliom, and Paul D. Capel

ABSTRACT insecticides carbaryl, chlorpyrifos, diazinon, and
malathion were commonly detected. Concentra-

Water sa_mples from 58 rivers and Streams_tions of pesticides rarely exceeded standards and
across the United States were analyzed for pesti-

. i : criteria established for drinking water, but some
cides as part of the National Water.-Quahty Asses yesticides commonly exceeded criteria established
ment I_Drogr_am of the U.S. Geqloglcal Sgrvey. Th or the protection of aquatic life.
sampling sites represent 37 diverse agricultural
basins, 11 urban basins, and 10 basins with mixed
land use. Forty—six pesticides and pesticide degrﬁilTRODUCTION
dation products were analyzed in approximately
2,200 samples collected from 1992 to 1995. The The National Water-Quality Assessment
target compounds account for approximately 70 (NAWQA) Program of the U.S. Geological Survey
percent of national agricultural use in terms of th(USGS) is designed to assess the status of and trends in
mass of pesticides applied annually. the quality of the nation's surface- and ground-water

All the target compounds were detected in resources a}nd to link the status and trends with an
one or more samples. Herbicides generally Wereunderstandlng of the natural and human factors that

detected more frequently and at hiaher concentr affect the quality of water (Hirsch and others, 1988;
. . . gu y . 9 . 1eahy and others, 1990; Gilliom and others, 1995). The
tions than insecticides. Nationally, 11 herbicides,

L . . ~ Jstudy design balances the unique assessment
herbicide degradation product, and 3 insecticidesequirements of individual hydrologic systems with a

were detected in more than 10 percent of samplegationally consistent design structure that incorporates
The number of target compounds detected at eachmultiscale, interdisciplinary approach. The building
site ranged from 7 to 37. The herbicides atrazineplocks of the national assessment are investigations in
metolachlor, prometon, and simazine were major hydrologic basins of the nation, referred to as
detected most frequently; among the insecticide§_tudy _unit_s (fi_g. 1). The goal f(_Jr'the first phase_ of _
carbaryl, chlorpyrifos, and diazinon were detectedﬂV?Stlgatlon m_each study unit is to characterize, in a
the most frequently. Distinct differences in pesti- hationally consistent manner, the broad-scale _
cide occurrence were observed in streams drainin%eograph'c and seasonal distributions of water-quality
the various agricultural settings. Relatively high conditions in relation to major contaminant sources and
levels of several herbicides occurred as seasonaPaCkground conditions. L

. : . - The NAWQA study units include about 40
pulses in corn-growing areas. Several insecticides

f tlv detected i h the d ercent of the land area of the conterminous United
were frequently detected in areas where the do States, encompass 60 to 70 percent of national water

nant crops con;ist of orchards and veggtables. Th%e, and include diverse hydrologic systems that differ
number of pesticides detected and their concentrijigely in the natural and human factors that affect

tions were lower in wheat-growing areas than in water quality. The study units are divided into three
most other agricultural areas. In most urban areagyoups that are studied on a rotational schedule of 3-
the herbicides prometon and simazine and the year periods of intensive data collection. About one-

Introduction 8
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third of the study units are in the intensive data- various agricultural crops and between

collection phase at any given time, and the 9-year agricultural and urban basins.

cycle is repeated perennially. The first complete cycle ¢ Compare the transport of pesticides to streams

of intensive data collection in the study units began among basins of differing land uses.

during 1992-93 and is scheduled to be completed in » Compare observed concentrations with

2002. standards and criteria established for the
The national assessment goals of NAWQA will protection of the health of humans and

be accomplished primarily in two ways. First, aquatic biota.

NAWQA will accumulate data from consistent and Results from NAWQA investigations of

the most significant hydrologic systems of the nation;iSsues of aquatic organisms currently are being
this will be stand alone as a major contribution to our @nalyzed; the initial results from NAWQA
knowledge of regional and national water-quality investigations of ground water are summarized in

conditions. Second, NAWQAs National Synthesis ~ <0Ipin and others (1998). Results from NAWQA
Project will build on and expand the findings of pesticide studies during the past several decades have

L ; o . ; been summarized by Majewski and Capel (1995) for
individual study units by combining and interpreting . :
the results from multiple study units and from pesticides in the atmosphere, Barbash and Resek

historical information from the USGS and other (1996) for ground water, and Larson and others (1997)

) ) . for surface waters.
agencies and researchers. National Synthesis analyses

will produce regional and national assessments for
priority water-quality issues.

The goal of Pesticide National Synthesis is to SITE SELECTION AND CHARACTERISTICS

assess the extent and the nature of pesticide Water samples were collected for pesticide
contamination of the nation’s surface and ground wate@nalysis at 58 stream sites throughout the conterminous
The aggregated data from all study units will be United States (fig. 2). These sites are a subset of the
analyzed to provide a national overview of the NAWQA surface-water monitoring sites. Eight to 12

occurrence, distribution, and significance of pesticidestream sites were selected for regular monitoring of

in surface and ground water across a broad range of streamflow and general water chemistry for each of the

geographic, climatic, and land-use conditions. study units shown in figure 2. One to 5 of these stream
This report is a national overview of the sites were chosen for more intensive sampling and

occurrence and distribution of pesticides in rivers andPesticide analysis.
streams (hereafter referred to only as streams) in 19 of ~ Two general types of sites were selected for
the 20 NAWQA study units that were intensively inte_nsive sgmpling—indicator and integrator sites. _
studied during 1991-95 (data from the Rio Grande Indlcgf[or sites were chosen to represent Water—qualllty
study unit were not yet available). The assessment isconditions of streams in relatively homogeneous basins
based on analysis of 46 pesticide compounds in associated with specific environmental settings (land
approximately 2,200 water samples from 58 streams US€ and natural c_haractengtlc_s) that were tqrgeted for
sampled during 1992-95. All the data used for this stl_de. Water quality at the mqllcator sites is _mfluence;d
report are available on the World Wide Web (U.S. primarily by the targeted enw_ronmental setting, and in
Geological Survey, 1999). Specific objectives of this most cases, the targe_ted setting accounts for_more than
analysis are to SQ percent of the drainage area. In contra'st, mtegrgtor
. . . . sites were chosen to represent water-quality conditions
’ Deterr_m_ne the |dent|ty_ and concentrations of of streams with relatively large basins that are
pesticides detected in streams. influenced by complex combinations of land-use

* Evaluate seasonal patterns of pesticide settings, point sources, and natural influences typical of
occurrence In streams. the region. Integrator sites generally are downstream

» Compare pesticide occurrence in streams from indicator sites and are located at key nodes in the
draining basins with differing land uses, drainage network. Results from the integrator sites

including comparisons among basins with  provide a general check on the persistence of water-

Site Selection and Characteristics 10
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guality influences evident at the indicator sites; the on water quality in the Las Vegas Wash, therefore, are
results also can be used for water-budget and from urban sources.

contaminant transport assessments. For a detailed Whenever possible, the order of the sites in table
description of the criteria and procedures used for sitd is retained in the figures and the tables throughout this
selection, see Gilliom and others (1995). report to aid in cross-referencing site information

The 58 sites covered in this report consist ofpetween tables and figures. Sites are identified in some

37 agricultural indicator sites, 11 urban indicator figures and tables by a site code which consists of the
sites. and 10 intearator sites ’Sam ling site study unit abbreviation and a part of the site name. For
Iocations are ShO\?VI’i i figure. 5 andpsitg example, in the White River Basin study unit, the site

ha . - on Sugar Creek is designated as “whit-sugar.” The code
characteristics are summarized in table 1 and o gach site is shown in figure 2 and listed in table 1.

figure 3. In most of the agricultural basins,
cropland and orchard—vineyard land account for

more than 40 percent of the basin area and urbamMARGET COMPOUND SELECTION AND
land accounts for less than 5 percent. The MerceGHARACTERISTICS
River in the San Joaquin studyfied as cropland or

orchard—VIneyard_ Iand._AgrlcuItuial activity in the water samples for 46 compounds—25 herbicides, 17
fa_rmed arga of this basin is yery intense, howeve'irnsecticides, 2 herbicide transformation products, and 2
with a variety of orchards, vineyards, and row  jygecticide transformation products. The target

crops; much of the streamflow during the growingcompounds are listed in table 2, with estimates of their
season is from agricultural return flows. national agricultural use and their primary uses.
Agricultural indicator sites and integrator sites areCompounds were selected for analysis on the basis of
classified according to the major crops grown  national agricultural and nonagricultural use, potential
within the drainage basins (table 1). About three-environmental significance, and chemical properties
fourths of the agricultural indicator basins have that allow analysis by gas chromatography/mass
major crops of corn, soybeans, alfalfa, and wheafPectrometry (GC/MS).

: . The pesticides included in this report account for
and other grains, or some combination of these . )
e . . . approximately 72 and 66 percent of national use of
crops. This is consistent with the national

NN : herbicides and insecticides, respectively, in terms of the
distribution of row crops, with these four crops  mass used annually in agricultural applications during
accounting for about 85 percent of the total row- 1990-93 (Gianessi and Anderson, 1996). These

crop area in the United States (Gilliom and Thelin pesticide-use totals do not include the use of inorganic
1997). Other crops, such as peanuts, cotton, pesticides, such as sulfur and copper, or biological
vegetables, field and grass seed, and sorghum, apesticides or the use of oil as an insecticide. The target
represented by fewer agricultural sites. Thus, ~ ¢ompounds include 15 of the top 25 herbicides and 15

aggregated results from the agricultural sites are©f the top 25 insecticides used in agriculture in the
United States during this period. No fungicides are

influenced most by pesticide use associated with. .

the four maior crons mcluoied among thg target compounds. Fungicides
J . pS. N o ~constituted approximately 6.5 percent of total

Water-quality conditions at urban indicator sites ggricultural use of pesticides in the United States

are affected primarily by urban, suburban, commercialgyring 1990-93 in terms of the mass applied annually
and industrial sources. Urban land uses account for (Gjanessi and Anderson, 1996).

more than 50 percent of the basin area at all but one of Pesticide use in nonagricultural applications in
the urban indicator sites. The one exception is the Laghe United States is not well documented, but data are
Vegas Wash site, where more than 90 percent of the available that provide information on the relative
drainage basin consists of rangeland. For most of theamounts of different pesticides used on lawns and
year, water in the Las Vegas Wash consists almost  gardens during 1989-90 (Whitmore and others, 1992).
entirely of effluent from a sewage treatment plant andin general, the pesticides discussed in this current

of runoff from the urban area; the primary influences report account for a lower proportion of

This report includes results of the analysis of

Target Compound Selection and Characteristics 12
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A. Agricultural indicator basins
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B. Urban indicator basins C. Integrator basins
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Figure 3. Distribution of land use in (A) agricultural indicator basins, (B) urban indicator basins, and (C) integrator basins. Data are derived
from U.S. Geological Survey (1990) and U.S. Department of Commerce (1995). Urban land-use data are derived from U.S. Geological Survey
(1990), with revisions that are based on the 1990 population census (Hitt, 1994). Site codes are defined in table 1.

nonagricultural use than agricultural use with 6 of thewith high nonagricultural use were measured at these
top 20 insecticides, 6 of the top 20 herbicides, and nongites using a different analytical method (high-

of the top 12 fungicides used on lawns and gardens performance liquid chromatography, or HPLC); the
included in the target compounds. The relatively low results will be analyzed when the data are available.
coverage of pesticide use in nonagricultural settings For most of the agricultural indicator and

should be kept in mind in the discussions of results integrator sites, the target pesticides account for a
from urban indicator sites. Several other pesticides major portion of agricultural herbicide and insecticide

15 Pesticides in Streams of the United States—Initial Results from the National Water-Quality Assessment Program



Table 2. Target compounds and their national agricultural use, rank, analytical recovery, method detection limit, and primary uses.

[Agricultural use data from Giannessi and Anderson, 1996. Analytical recovery and method detection limit from Zaugg ah€8i3%heérdormation on
primary uses from Gianessi and Anderson (1996), and Meister (1996). d-H, herbicide degradation product; H, herbicitieidé&; iddemsecticide
degradation product; Ib a.i., pound active ingrediggtt, microgram per liter; —, no United States agricultural use reported]

National Rank in
agricul-  top 200 Method
. Percent X
Compound Type tural use, - agricul- analytical det_ecFlon Primary uses
1999—_1993 tural recovery limit
(million pesti (na/L)
Iba.i.) cides

2,6-Diethylaniline d-H — — 47 0.003 Degradation product of alachlor
Alachlor H 26 7 113 0.002 Corn, soybeans, sorghum, peanuts
Atrazine H 62 1 98 0.001 Corn, sorghum, sugarcane, pasture
Azinphos-methyl | 2.4 48 13 0.001 Apples, cotton, almonds, sugarcane, ornamentals
Benfluralin H 0.41 105 51 0.002 Peanuts, alfalfa, lettuce, turf
Butylate H 7.7 19 84 0.002 Corn, sweet corn
Carbaryl | 3.8 32 24 0.003 Corn, sorghum, soybeans, pecans, lawns, turf, ornamentals
Carbofuran | 4.9 24 31 0.003 Corn, alfalfa, sorghum, soybeans
Chlorpyrifos | 15 12 116 0.004 Corn, alfalfa, cotton, structural pest control
Cyanazine H 29 3 71 0.004 Corn, cotton, sorghum, sweet corn
DCPA! H 099 76 156 0.002 Lawns, ornamentals, onions, broccoli, cauliflower
p,p-DDE d-l — — 113 0.006 Degradation product of DDT
Deethylatrazine (DEA) d-H — — 16 0.002 Degradation product of atrazine
Diazinon | 1.5 62 84 0.002 Corn, almonds, alfalfa, sorghum, household insects, turf
Dieldrin I — — 90 0.001 Fruits, potatoes, tomatoes, structural pest control (banned in U.S.)
Disulfoton I 1.6 60 82 0.017 Corn, wheat, potatoes, cotton
EPTC H 14 13 84 0.002 Corn, alfalfa, dry beans, potatoes
Ethalfluralin H 2.4 47 102 0.004 Soybeans, dry beans sunflowers, peanuts
Ethoprop | 1.2 67 84 0.003 Potatoes, corn, tobacco, sugarcane, turf
Fonofos | 2.7 45 80 0.003 Corn, peanuts, potatoes, sweet corn, garden
a-HCH? d-l — — 95 0.002 Degradation product of lindane, component of technical grade HCH
Lindane | 0.06 161 100 0.004 Pecans, cucumbers, squash, sweet corn
Linuron H 1.9 54 22 0.002 Soybeans, carrots, cotton, potatoes, roadsides, fence rows
Malathion | 3 40 71 0.005 Cotton, alfalfa, sorghum, rice, fruits, ornamentals
Methyl parathion | 8.6 16 46 0.006 Cotton, sunflowers, corn, soybeans
Metolachlor H 58 2 110 0.002 Corn, soybeans, sorghum, peanuts
Metribuzin H 25 46 57 0.004 Soybeans, potatoes, alfalfa, sugarcane
Molinate H 4.9 25 90 0.004 Rice
Napropamide H 0.46 99 124 0.003 Tomatoes, tobacco, strawberries, sweet peppers
Parathion | 1.9 55 58 0.004 Sorghum, sunflowers, corn, alfalfa
Pebulate H 0.54 90 78 0.004 Tobacco, tomatoes, sugar beets
Pendimethalin H 19 9 42 0.004 Soybeans, corn, cotton, peanuts, turf, ornamentals
Permethringis | 1.2 72 50 0.005 Corn, alfalfa, soybeans, wheat, lawns, gardens, structural pest control
Phorate I 3.7 34 76 0.002 Corn, potatoes, wheat, sugarcane
Prometon H — — 45 0.018 General vegetation control, roads, railways, fencelines
Pronamide H 0.2 127 71 0.003 Alfalfa, lettuce, seed crops, artichokes, turf, woody ornamentals
Propachlor H 3.9 31 100 0.007 Sorghum, corn, green peas, squash
Propanil H 7.2 20 73 0.004 Rice
Propargite | 3.1 39 64 0.013 Corn, cotton, grapes, almonds
Simazine H 4.8 26 94 0.005 Corn, citrus, alfalfa, grapes, turf, fairways, lawns, aquatic control
Tebuthiuron H — — 106 0.01 Pasture, rights-of-way, industrial sites
Terbacil H 051 93 39 0.007 Alfalfa, mint, sugarcane, apples
Terbufos | 7.2 21 139 0.013 Corn, sugar beets, sorghum, sweet corn
Thiobencarb H 1.4 64 91 0.002 Rice
Triallate H 2 53 91 0.001 Wheat, barley, dry peas, flax
Trifluralin H 19 10 59 0.002 Soybeans, cotton, wheat, sunflowers

ldimethyl 2,3,5,6-tetrachloro-1,4-benzenedicarboxylate.

2S—ethyl dipropylthiocarbamate.
3a-hexachlorocyclohexane.
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Table 3. Coverage of pesticide uuse by the target compounds for agricultural indicator basins and ingegrator basins

[>, actual value is greater thatn value shown]

Coverage of pesticide use in drainage basin by
target compounds

Percentage of total

Sitecode  percentageof S CeMA%  oticide use in basin Crop group classification
total herbicide . ofto_ta_l (herbicides, insecti-
use in basin mse_ctlcnd_e cides, soil fungicides,
use in basin fumigants, other)
AGRICULTURAL INDICATOR BASINS
Isus-mill 92 72 75 Corn > 50
cnbr-prairie 93 95 93 Corn > 50
wmic-duck 83 92 80 Corn > 50
hdsn-canaj 81 96 83 Corn and alfalfa > 20
poto-muddy 80 83 67 Corn and alfalfa > 20
wmic-nbmilw 86 90 83 Corn and alfalfa > 20; vegetables > 10
cnbr-maple 89 95 90 Corn and soybeans > 20
cnbr-shell 91 95 91 Corn and soybeans > 20
whit-kess 83 85 77 Corn and soybeans > 20
whit-sugar 83 92 82 Corn and soybeans > 20
albe-pete 52 53 21 Corn and soybeans > 20; cotton > 10
albe-albe 61 76 49 Corn, soybeans, wheat and other grains > 20
Isus-eastm 90 66 72 Corn, wheat and other grains > 20
poto-mono 81 51 35 Corn, wheat and other grains > 20
splt-lone 80 90 63 Corn, wheat and other grains > 20
acfb-lime 55 55 32 Corn, wheat and other grains > 20; peanuts > 10
trin-chamb 65 69 65 Corn, wheat and other grains > 20; sorghum > 10
ccpt-crab.rl 56 72 8 Wheat and other grains, alfalfa > 20
usnk-rock 76 60 13 Wheat and other grains,alfalfa > 20; dried beans—peas > 10
ccpt-palouse 34 62 26 Wheat and other grains > 50; dried beans—peas > 10
redn-turtle 52 82 31 Wheat and other grains > 50; dried beans—peas > 10
usnk-teton 67 95 6 Wheat and other grains > 50; potatoes > 10
gafl-tucsa 40 38 23 Wheat and other grains, soybeans > 20; cotton > 10
albe-devils 66 a7 10 Wheat and other grains, soybeans > 20; tobacco > 10
ccpt-crab.m 14 84 17 Wheat and other grains > 50
ccpt-el68 29 72 5 Wheat and other grains > 50
redn-snake 31 88 23 Wheat and other grains > 50
redn-wildr 41 93 41 Wheat and other grains > 50
gafl-little 50 50 22 Peanuts > 50
acfb-aycocks 61 62 35 Peanuts > 50
sanj-salt 45 67 25 Cotton > 50; vegetables > 10
will-pudding 37 86 25 Grass seed > 50; vegetables > 10
will-zollner 37 86 25 Grass seed > 50; vegetables > 10
sanj-merced 39 71 27 Orchard—vineyard (almonds > 50; grapes > 10)
sanj-orest 41 80 27 Orchard—vineyard (almonds > 50; walnuts > 10)
ozrk-dous 64 100 74 (Cropland <10)
ozrk-yocum 1 96 33 (Cropland <10)
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Table 3. Coverage of pesticide use by the target compounds for agricultural indicator basins and integrator basins—Continued

Coverage of pesticide use in drainage basin by

target compounds
Percentage Percentage of total
Site code Percentage of g pesticide use in basin Crop group classification
e of total L . -
total herbicide . L. (herbicides, insecti-
. . insecticide . - L
use in basin : - cides, soil fungicides,
use in basin .
fumigants, other)
INTEGRATOR BASINS
cnbr-platte 91 96 91 Corn, wheat and other grains > 20
whit-white 84 90 83 Corn and soybeans > 20
wmic-milw 84 92 80 Corn and alfalfa > 20; vegetables > 10
hdsn-moh 81 94 79 Corn and alfalfa > 20
poto-shenan 76 75 53 Corn and alfalfa > 20
albe-tar 51 53 15 Corn and soybeans > 20; cotton > 10
gafl-withla 51 49 25 Peanuts > 50
redn-rr.fargo 65 92 60 Corn, soybeans, wheat and other grains > 20
redn-rr.em 51 88 40 Wheat and other grains > 50
sanj-sanj 43 75 27 Orchard—vineyard (almonds > 50; walnuts > 10)

use within the drainage basin (table 3). For example, fumigants would be expected to result in relatively fast
for nearly all agricultural basins in which corn is the removal from streams (Gentile and others, 1989, 1992;
major crop, the target pesticides account for more thadel Rosario and others, 1994; Rathbun, 1998). Thus,
80 percent of the total amount of herbicides and although a considerable amount of pesticide use is not
insecticides applied. The target pesticides accountedaccounted for by the compounds discussed in this

for a smaller part of the total pesticide use in some report, most of the major agricultural herbicides and
basins, particularly in wheat-growing areas and in theinsecticides and many of the compounds most likely to
two agricultural basins in the Willamette River Basin in be found in streams are included.

Oregon. Pesticides with high use in wheat growing In addition, several pesticide transformation
areas and in the Williamette River Basin include the products are included in the target compounds in the
herbicides 2,4-D, bentazon, diuron, and MPCA, the report. Deethylatrazine (DEA), a transformation
insecticides aldicarb and acephate, and the fungicideproduct of the herbicide atrazine, frequently has been
chlorothalonil (Giannessi and Anderson, 1996), none detected in streams draining areas in which atrazine is
of which are included in the target compounds in this used (Larson and others, 1997). A transformation

report. The target pesticides account for a lower product of the herbicide alachlor, 2,6-
percentage of total pesticide use in most basins whertiethylacetanilide, also is included in the target
compared with the total amount of all pesticides compounds. HexachlorocyclohexaneHCH) is a

applied only for agricultural use, including herbicides, transformation product of the insecticide lindane
insecticides, fungicides, and soil fumigants (table 3). (y-HCH) and a component of technical grade HCH, an
However, several of the pesticides not targeted in thisinsecticide that is no longer used in the United States.
study, particularly the commonly used soil fumigants A transformation product of the insecticide DIPTp -
methyl bromide, 1,3-D, and metam sodium, have DDE, is another target compound included in this
physical and chemical properties or application report. This compound is the transformation product of
techniques that result in a low potential for transport taddDT which is most commonly detected in bed
streams (Goss and Wauchope, 1990; Draper and  sediments of streams and in tissues of aquatic
Wakeham, 1993). In addition, the volatility of the soil organisms.
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METHODS FOR SAMPLE COLLECTION was reduced using a gentle stream of nitrogen. The
AND ANALYSIS sample extract was then injected onto a capillary-
column gas chromatograph for separation of the target
compounds. Pesticides and pesticide metabolites were
identified and quantified using a mass selective

Water samples were collected at 58 sites in
accordance with the NAWQA national sampling
strategy (Gilliom and others, 1995).‘ Sa”?p'es WErE " detector operating in the selected-ion monitoring
collected for 1 to 3 years at each site using a (SIM) mode
combination of fixed-interval and extreme-flow ' o
sampling. For the fixed-interval sampling, 4 to 8 Method detection limits (MDLs) were
samples generally were collected each month during determined using standard U.S. Environmental
critical periods of high pesticide use and runoff and 1 Protection Agency (USEPA) procedures (U.S.
to 2 samples were collected each month during otherEnvironmental Protection Agency, 1994; Zaugg and
periods. Additional samples were collected during  others, 1995; U.S. Geological Survey, 1998). MDLs for
periods of extreme high and low flows. Samples werethe 46 target compounds ranged from 0.0g/ to
collected more frequently for some sites where short-0.018ug/L (table 2). Target compounds were
term fluctuations were a concern. The sampling quantified at concentrations less than the reported
frequencies for the 58 sites included in this report arey,p|_ i compound identification criteria were met
shown in figure 4. The total number of samples (Zaugg and others, 1995). Reported concentrations
collected at each site from 1992 through May of 1995IOWer than the MDL were used in some of the

is shown in table 1. The focus of this report is primar”ycalculations of summary statistics in this report
on results from samples collected during 1993, 1994, _ y port.
and the first few months of 1995. Analytical recoveries for the target compounds

All samples were depth- and width-integrated 2" shoyvn in table 2. The value§ of the analytical _
using standard USGS methods (Shelton, 1994). All écoveries are based on analysis of laboratory-spiked
equipment used for collecting and processing water reagent-grade water using pesticide concentrations
samples was constructed of Teflon, glass, aluminum, danging from 0.01 to 0.@g/L (Zaugg and others, 1995;
stainless steel and was cleaned and rinsed with residué-S. Geological Survey, 1998). Recoveries ranged
grade methanol. All samples were filtered using pre- from 13 to 156 percent, with recoveries for 80 percent
combusted glass-fiber filters with a nominal Qri- of the compounds between 39 and 113 percent. This
pore diameter to remove suspended particulate mattesinalytical method was developed to enable detection of
Complete collection and processing methods are  very low concentrations of a maximum number of
described by Shelton (1994). compounds; analysis conditions, however, were not

The target compounds were extracted from watepptimal for all of the target compounds. Performance
samples using C-18 solid-phase extraction (SPE) o this method was relatively poor or inconsistent for

columns and identified and quantified using capillary-six compounds—azinphos-methvl. carbarvl
column GC/MS. Complete details of the analytical P P y, 4

procedure are given in Zaugg and others (1995) and
will be described only briefly here.

One-liter, filtered water samples were drawn

carbofuran, DEA, linuron, and terbacil. The analytical
recovery for these compounds was low, and all reported
concentrations are regarded as estimates. When these

through C-18 SPE columns under vacuum. The targe?IX compounds are G.D:]CIUdEd’ rgco;/erles ranged frfor;]n
compounds sorb to the C-18 phase, effectively 42 to 156 percent, with recoveries for 80 percent of the

removing them from the water. The SPE columns wer&0mpounds between 50 and 113 percent.

then dried using a gentle stream of carbon dioxide to Concentrations were not corrected for analytical
remove residual water. The target compounds were recovery in the analyses for this report; therefore, it is
removed from the SPE columns by elution with important to keep in mind the differences in recovery
hexane:isopropanol (9:1). The volume of the eluate among the target compounds when evaluating results.
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Figure 4. Sampling frequency at the 58 sampling sites. Each “+” symbol indicates the date of sample collection. Red symbols show samples
collected during a 5-month critical period when pesticide concentrations were highest and sampling frequency was relatively high. Site
codes are defined in table 1. Sampling site locations are shown in figure 2.
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METHODS FOR DATA ANALYSIS sites, this occurs during May, June, and July. For the
) o ) calculation of summary statistics, such as detection
Analysis of data on pesticides in streams frequencies and mean or median concentrations, this

presents many unique problems stemming from the 5 geted sampling must be accounted for or the results
characteristics of trace-level organic contaminants, will be biased

strong seasonal variations in concentrations, variable . ,
Annual mean detection frequencies for each

data-collection strategies, and other factors. Although : . . .
. compound at each site were derived by first calculating
there are many possible ways to address these problems

in data analysis, only the methods used for this repor{ﬂe (ii;tectlot?]lfr%q?ent_cy fo)I' each ”T‘O”‘h- T?he meandof
are described below. e 12 monthly detection frequencies was then used as

an estimate of the detection frequency for a 1-year
period. The 1-year period with the most intense
Selection of Critical Period sampling at each site was used, which for most sites
was from spring 1993 to spring 1994. For months when
The sampling frequency varied considerably  no samples were collected at a site, the mean of the
among the 58 sites (fig. 4), and thus some comparisorgetection frequencies for the 2 adjacent months was
between sites would not be appropriate if data from amsed. Detection frequencies calculated in this way are
entire year were used. For example, a comparison ofestimates of the detection frequencies that would be
mean concentrations for 1994 for Duck Creek (wmic-obtained if samples were collected at even intervals
duck) and for Cherry Creek (splt-cherry) would be  throughout the year. At eight sites, samples had not
biased because the samples were collected only fronbeen collected for several months of the 1-year period
April through October at Duck Creek but throughout and thus unbiased detection frequencies were not
the year at Cherry Creek. For this reason, some of thealculated for these sites.
comparisons made in this report are based on datafrom  pjferences in the detectability of the target
samples collected during a designated critical period.compounds also must be accounted for if detection
_ A 5-month critical period was selected for €ach frequencies of the compounds are to be compared. For
site during which pesticide concentrations were h'gheséxample, a comparison between the detection
and sampling was relatively frequent. Samples frequencies for atrazine, with an MDL of 0.00d/L,
c_oIIected during t_he critical_period are shown in rgd iNand tebuthiuron, with an MDL of 0.Qig/L, would not
figure 4. The choice of a critical period for each site o cessarily reflect the true difference in occurrence of
was based on the temporal distribution of the total  yhag5e compounds. Any difference could be due to the
(summed) pesticide concentrations measured during ot difference in analytical sensitivity. Although
the 1- to 3-year sampling period and on the sampling yate ctions less than the MDLs were reported, the MDL
frequency at th(_e site. When _suff|C|ent samples WETe yalues give an indication of the relative detectability of
collected at a site during 2 different years, a critical the target compounds. To account for these differences
period was chosen for each year. Comparisons that a € minimum concentration, or common reporting level '

bg}c}igsogrgﬁﬂﬁigtr:?gg?Zsr:iasgi;fe;:#cr?sgi;hsa?;'t'ﬁr?lo‘c 0.01pg/L, was used for comparisons of the detection
p y b grrequencies of the 46 compounds. Thus, detection

frequen_cy and timing of pesticide application than arel‘requencies that are based on the common reporting
comparisons that are based on an entire year of daltaIevel represent the proportion of samples in which the

For most sites, the chosen critical period was from concentration of a specific compound eaualed or
April through August. For some sites in the South, the P P .

Northwest, and California, the critical period began inggtr::elgg?no\',\?ﬂi% Lt;laeﬂ::?)rn:hiz;Zewg:%(;gi?egf Four
autumn or winter. p p :

compounds—disulfoton, prometon, propargite, and
terbufos—have MDLs higher than 0.Qd/L, but the
Calculation of Detection Frequencies reporting of detections less than the MDL moderate
this potential bias. Propargite and terbufos have MDLs
In general, more samples were collected duringof 0.013ug/L, which is only slightly higher than the
periods when elevated concentrations of pesticides common reporting level of 0.Qdg/L. Disulfoton,
were expected and stream discharge was high. At mosthich has an MDL of 0.044g/L, was detected in only
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6 samples, all of which had concentrations less than used. For months when only one sample was collected,
0.01pg/L. Prometon which has an MDL of 0.018 the concentration in that sample was used as the
Mg/L, was detected in 1,179 samples (U.S. Geologicamonthly median concentration. Concentrations that
Survey, 1999). However, one-third of the reported  were reported as not detected were given a value of
concentrations of prometon were less than the MDL; zero. In some cases, this resulted in a monthly median
the most commonly reported concentration was 0.01 value less than the MDL for a particular compound.
pg/L. Thus, the detection frequencies reported for theMonthly median concentrations also were determined

compounds with MDL's greater than 0.0d/L are for total herbicides and insecticides and for total
reasonably accurate and comparable with detection pesticides.
frequencies for the other compounds. For a few of the comparisons made in this report,

an annual median concentration was used. Median
concentrations for a 1-year period were calculated as
Calculation of Total Concentrations the median of the 12 monthly median concentrations.
This procedure gives equal weight to samples collected
A total concentration of pesticide compounds  during each month so that the annual median
was used for many of the analyses done for this repodoncentration is not biased by the variable sampling
rather than the concentrations of each individual frequency used during the year. In addition, using the

compound. Using the total pesticide concentration  median of the monthly values, rather than the mean,
allowed basic comparisons to be made among basingninimizes the influence of extreme values in the

with different crop types or land uses and where distribution of monthly median values. This method
different pesticides may be used. The total therefore, is a somewhat conservative way of
concentration of herbicides, insecticides, or all calculating an annual median concentration. Samples

pesticides in a sample was determined by summing thgere not collected at eight sites during several months
concentrations of individual Compounds. Thus, the of the l-year period; annual median concentrations,
total herbicide concentration is defined as the sum oftherefore, were not calculated for these sites.

the concentrations of all 27 herbicide and herbicide

transformation products included in the target

compounds. Similarly, the total insecticide Calculation of Time-Weighted Mean
concentration is defined as the sum of the Concentrations

concentrations of all 19 insecticides and insecticide

transformation products, and the total pesticide Similar to median concentrations of a
concentration is defined as the sum of the compound, the mean concentration calculated for a

concentrations of all 46 target compounds. Individual specified time interval can be affected by uneven
compounds that were reported as not detected were sampling frequency. To minimize this bias, time-
assigned concentrations of zero for these sums. weighted mean concentrations were determined in
which the concentration reported for a sample is
assigned to a time interval that is based on the number
Calculation of Monthly and Annual of days between that sample and the adjacent samples.
Median Concentrations The time interval associated with each sample extends
halfway to the date of the preceding sample and
Uneven sampling frequency (fig. 4) affects the halfway to the date of the succeeding sample. For
calculation of median concentrations of pesticides. example, if samples were collected on May 1, 8, and
Median concentrations calculated using all samples 19, the concentrations reported for the May 8 sample
would be biased high because at most sites more  would be assigned to all days from May 5 through May
samples were collected during periods of elevated 13. The sum of concentrations assigned to all days
pesticide concentrations. To minimize this bias, during a specified time interval is then divided by the
monthly median concentrations were calculated for total number of days in the interval to obtain a time-
each compound at each site. For months in which noweighted mean concentration. Because of the relatively
samples were collected at a site, the mean of the  low sampling frequency during some months at most
median concentrations for the 2 adjacent months wassites, time-weighted mean concentrations were
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calculated only for the 5-month critical period when calculated at these sites are biased low. Pesticide loads
samples were collected frequently. By using were calculated for 1-year periods at sites with
concentrations for the critical period only, potential  sufficient sampling and for 5-month critical periods at
errors resulting from concentrations in a sample bein@ll sites. Load estimates also were calculated for total
assigned to long periods of time are avoided. pesticides, total herbicides, and total insecticides by
The time-weighted mean concentration of a summing the concentrations of individual compounds
compound can be strongly influenced by a single  prior to multiplication by the discharge values.
sample with a high concentration. For example, the The yield of a target compound is defined as the
highest calculated 5-month time-weighted mean load of that compound at the sampling site, divided by
concentration—9.@g/L for cyanazine in Kessinger  the area of the drainage basin. For the yield calculations
Ditch in Indiana (whit-kess)—is strongly influenced by in the report, we assumed that the pesticides entering
one sample collected in May 1993, which contained the streams as a result of use on nonagricultural or
160ug/L of cyanazine. If this sample was not used in nonurban land did not significantly affect the stream
the calculation, the time-weighted mean concentratiortoad. Yields at agricultural indicator sites were
for cyanazine would be 2{dg/L for the 5-month calculated by using the area of agricultural land
period. However, because each sample is weighted (excluding pasture) in the drainage basin. Yields at
according to the amount of time the sample representsrban indicator sites were calculated by using the area
and because sampling usually was more frequent wheof urban land in the drainage basin. Yields at integrator
pesticide concentrations were highest, the time- sites were calculated by using the sum of the areas of
weighted mean is not as sensitive to extreme values agyricultural land (excluding pasture) and urban land in
a simple mean would be, for which all samples wouldthe drainage basin. Thus, the yields are estimates of the
be weighted equally. The time-weighted mean isa amount of a pesticide transported in a stream per unit
useful measure of concentration for assessing sustainagiea of agricultural or urban land, or both, in the basin.
exposure of ecosystems and water users to pesticideEstimates of yield are subject to the same uncertainties
as are estimates of load.

Calculation of Load and Yield

Graphical Representation of Results
The load of a compound is the mass of that

compound transported in a stream during a specified Boxplots are used in many of the figures in this
period. The load can be estimated as the product of threport to represent the distribution of data for different
concentration of the compound and the discharge  sites or different target compounds (fig\) 5In all

volume of the stream measured at the same location.boxplots in this report, the box part of the figure

Daily discharge values were available for each day encompasses data points between the 25th and 75th
during the sampling period for nearly all sampling  percentiles of the data, which represents the middle 50
sites. Daily concentration values for the target percent of the data. The median of the data (the 50th
compounds were obtained by linear interpolation percentile) is shown as a horizontal line through the
between measured values. The load estimates for molsbx. Vertical lines (whiskers) extend from the box
compounds probably are biased low because down to the 10th percentile and up to the 90th
concentrations that were reported as not detected wepercentile so that the box and whiskers together

given a value of zero in the load calculations and represent the middle 80 percent of the data. In some of
because concentrations were not adjusted for analytic#the boxplots, points below the 10th percentile and
recoveries (table 2). In addition, load estimates for above the 90th percentile (extreme values) are

small streams generally are less precise than load indicated by circles. Extreme values are not shown in
estimates for larger streams. This is because of the the figures if the main point is best expressed by
higher variability in the concentrations of pesticides inshowing how the bulk of the data are distributed; but for
most small streams and the generally low probability otases where the extreme values do show an important
sampling at the time of peak pesticide concentrationsaspect of the data, the extreme values are included in
In most cases, peak concentrations in small streams the plot. Boxplots are useful for visually displaying the
probably were not sampled and thus the loads form of the distribution of data. For example, in the
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Figure 5. Hypothetical plots as examples of (A) boxplots and (B) concentration
distribution plots. In figure 5B, the values on the y-axis show the percentage of monthly
median concentrations greater than the value indicated on the x-axis. For example, 68
percent of monthly median concentrations of compound A were greater than 0.01
micrograms per liter, and 6 percent of monthly median concentrations were greater
than 1 microgram per liter.

hypothetical boxplots shown in figur@ 5t can be seen concentrations exceeding that concentration can be
that the data represented by plot A are skewed towargead from thg-axis. For example, the line representing
the high end, with more than 50 percent of the data lessompound A shows that 68 percent of the monthly

30. Plot B represents data in which most observationﬁgll_ and 6 percent exceededd/L. For compound B
are tightly o“stnbuted between 3 and 10, except for a concentrations generally were lower, with only about
few much higher values. Plot C represents data that a percent of monthly median concentrations

uniformly distributed across a relatively wide range. . .
y . . y d ._exceeding 0.0ug/L and none exceedingph/L. The
Concentration distribution plots also are used in. , , . AT
. N information shown in the concentration distribution
this report to represent the distribution of . )
plots is similar to that shown in the boxplots, except

concentrations within a data set (fig3) 5In this type of Lo T T e
plot, a line is used to represent the percentage of valuégat the entire distribution is shown rather than selected

in the data exceeding particular concentrations. The percentiles. The frequency distribution plots are useful
examples in figureBillustrate how to interpret the ~ for comparing measured concentrations in samples
frequency distribution plots. For a given concentrationwith a concentration of particular interest, such as a
on thex-axis, the percentage of monthly median water-quality criterion value.
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Land-Use and Pesticide-Use Estimates or partly included in the basin were then summed to
obtain an estimate of the total amount of land in the
The distribution of land use within the 58 drainage basin planted in each crop. The use of the
drainage basins included in this study is shownin | yLC data improved the estimates for crop acreage
figure 3. The land-use percentages were derived fron?:ompared with the use of only the Census of
U.S. Geological Survey Land Use and Land Cover  agriculture county data. The assumption was made
(LULC) data (U.S. Geological Survey, 1990) stored inht the part of a county included in a drainage basin is
the Geographic Information Retrieval and Analysis o resentative of the county as a whole in terms of the
System, or GIRAS (Mitchell gnd others, 1977), and mix of crops grown. Deviations from this assumption
from the 1992 Census of Agriculture (U.S. Departmen esult in an overestimation or underestimation of the

of Commerce, 1995). Lg_nd-gse classes are based On;agreage for specific crops. The estimates are probably
Anderson Level | classification system (Anderson an : )
ore accurate for large basins than for the small basins

others, 1976), except for the class for agricultural Iancg . .
where the Level Il classification “cropland and pasture” ecause the Iarg_e basins generally.contam larger

has been divided into “cropland” and “pasture" on thePortions of cgunﬂes or whole counties. _
basis of the proportion of cropland to pasture reported | he estimates of the amount of land planted in

in the 1992 Census of Agriculture. The LULC data areSPecific crops are based on harvested acreage; thus not
based on aerial photographs from the mid-1970s. Thegdl the land identified as cropland in figure 3 is
photographs were used to delineate polygons of landaccounted for in the crop acreage estimates. Fallow
use mainly on 1:250,000-scale maps. Both the age ofand, land planted in cover crops or soil improvement
the LULC data and the relatively low resolution are  crops, land on which crops failed, and land that is part
potential sources of error in the land-use estimates used the Conservation Reserve Program (CRP) are

in this report, especially for the small basins. The examples of croplands that are not included in the
LULC data, however, are the highest resolution, estimates of crop acreage in the basins. Because nearly
nationally consistent classification of land use and landll agricultural pesticide use occurs on land where
cover currently available for the United States. The crops are harvested, the estimates of crop acreage

LULC data for urban areas have been updated by  provide a useful basis for comparison among the basins
incorporating 1990 U.S. Census Bureau population in this report.

data (Hitt, 1994). The combination of two data sources
(LULC and Census of Agriculture), which differin a6 derived from data compiled by the National

both time and resolution, is another source of potentia&enter for Food and Agricultural Policy (NCFAP)
error in the estimates of general land use and in the ianessi and Anderson, 1996) and from estimates of
estimates of crop acreages and pesticide use describ%%op acreage described :albove. For each state. NCEAP
beIOWiEstimates of the amount of land in each basin estimated the percentage of acres treated with specific
: - . pesticides for 87 agricultural crops. NCFAP combined
planted in specific crops (table 4) also were derived these values with estimates of the mass of each
from 1992 Census of Agriculture and LULC data. . . .
County-level estimates of the harvested acreage of pesticide applied per acre foreach of the crops to opt_aln
an average use coefficient, by state, for each pesticide/

specific crops were available from the Census of o _
Agriculture. Using the LULC data, the amount of crop combination. NCFAP applied these state-based

cropland and pasture, as defined by the Anderson LevEf€ Coefficients to county-level estimates of crop

Il classification (Anderson and others, 1976), was ~ aCcreages from the 1992 Census o_ngrlcuI_tu_re to obtain
determined for the land in each county wholly or partly€Stimates of the amounts of specific pesticides used
included in a drainage basin. The total county acreaglé’ithin each county in the conterminous United States.
for a specific crop was multiplied by the ratio of To obtain estimates for the drainage basins discussed in
cropland and pasture in the part of the county includedhis report, the amount of cropland and pasture in each
in the drainage basin to the total cropland and pasturghole or partial county included in a drainage basin

in the county. This provided an estimate of the acreagwas multiplied by the appropriate county-level use

of a specific crop in the part of the county included in estimate for each pesticide. The values for each county
the drainage basin. The values for each county whollyvere then summed.

Estimates of pesticide use in the drainage basins
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The pesticide-use coefficients used by NCFAP crop acreage or application and treatment rates in some
were based on data obtained from a variety of sourcesasins during the 3-year sampling period.
during 1990-93 and 1995. These data can reasonably
be applied to 1994 as well and thus the pesticide-use
estimates derived from the NCFAP data are applicablgjaATIONAL OVERVIEW OE PESTICIDE
to the entire sampling period discussed in this report, yccURRENCE
but with some limitations.

Several potential sources of error in the A broad overview of national findings provides
pesticide-use estimates should be noted. First, the the context for a more detailed analysis of pesticides in
estimates are for pesticide use on agricultural croplangdtreams in relation to land use, pesticide use, and
only. Pesticide applications to lawns, gardens, nursergnvironmental significance. The national overview
stock, forests, water bodies, rights-of-way, federally addresses which pesticides were detected in streams,
owned grazing and pasture land, and other noncroplarttbw often they were detected, their concentrations, and
areas are notincluded. Seed treatments and postharvesé seasonal patterns in pesticide occurrence.
applications of pesticides also are not included.

Second, the use coefficients developed by NCFAP are

based on statewide estimates of application and Detection Frequencies

treatment rates, and therefore, local variability in

cropping and management practices may not be The annual mean detection frequencies for all
reflected in the use coefficients. Third, the crop the target compounds at 50 of the 58 sampling sites are
acreages are based on 1992 Census of Agriculture dasaown in figure 6. The 50 sites include 33 agricultural
and thus may not represent acreages during the actuaddicator sites, 10 urban indicator sites, and 7 integrator
sampling period. Fourth, some crop acreage may notsites. For the other eight sites, sampling was not

have been included in the Census of Agriculture datasufficient during some periods of the year for

because of Census nondisclosure rules. Finally, therecalculation of a comparable annual mean detection
may have been changes in the pesticides used and iffrequency. Each bar in figure 6 represents an estimate

100
[ All detectable concentrations
80 [ Detections greater than or
equal to 0.01 microgram

per liter

Annual mean detection frequency, in percent
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Figure 6. Annual mean detection frequencies of all 46 target compounds at 50 sites during a 1-year period. Detection frequencies at each
site were determined as the mean of 12 monthly detection frequencies. For each compound, the detection frequencies at all 50 sites were
averaged.
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of the mean of monthly detection frequencies for a 1-detected frequently in most basins. Simazine is used in
year period for each of the 50 sites. This is a relativel\poth agricultural and nonagricultural settings
unbiased estimate of detection frequency for a year throughout the United States. Prometon is used almost
because each period of the year is equally representeshtirely in nonagricultural settings (Capel and others,
regardless of the number of samples analyzed duringl999). The insecticides detected most frequently
that period. The range of detection frequencies for eacimclude diazinon, carbaryl, chlorpyrifos, carbofuran,
pesticide among the 50 sites is shown in figure 7.  and malathion. With the exception of carbofuran,

All the target compounds were detected in at  which is used primarily in agriculture, these
least one sample from at least 1 of the 58 streams. compounds are used extensively in both agricultural
Herbicides generally were detected more frequently and nonagricultural settings.
than insecticides (fig. 6). Among the most commonly Several pesticides that are used extensively for
detected herbicides were atrazine, metolachlor, agriculture on a nationwide basis (see table 2) were
alachlor, and cyanazine. These compounds are useddetected infrequently at nearly all sites (fig. 7). These
extensively in agriculture primarily in the Midwest.  pesticides include the herbicides pendimethalin,
The herbicides simazine and prometon also were  linuron, propachlor, and propanil and the insecticides
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Figure 7. Distribution of annual mean detection frequencies of all target (A) herbicides and (B) insecticides. Each boxplot
represents the distribution of detection frequencies for a specific compound among 50 sampling sites for a 1-year period. A
common reporting level of 0.01 microgram per liter was used for calculation of detection frequencies for all compounds. See
figure 5A for an explanation of boxplots.
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disulfoton, terbufos, and methyl parathion. Of these butylate, and ethoprop, were detected frequently at a
compounds, linuron, propachlor, and propanil had lowfew sites but rarely or not at all at other sites. Much of
use in all basins in this study. In addition, the physicakhis variability can be attributed to differences in the
and chemical properties of most of these compoundsamounts of these pesticides used in the different basins.
and the methods used to apply these compounds for
agricultural applications result in a low potential for
removal from agricultural fields in runoff (Goss and

Wauchopg, 1930). ] ] ] Distributions of total herbicide and insecticide

A wide range in detection frequency among site.oncentrations at 50 sites are shown in figure 8.
is evident for many of the pesticides (fig. 7). Detectionyjonthly median concentrations are used in this plot to
frequencies for several of the most commonly detecteghinimize the effects of the uneven sampling frequency
compounds, including atrazine, simazine, metolachlordescribed earlier. Each line in figure 8 represents values
prometon, DEA, cyanazine, and diazinon, ranged fronfor 600 monthly median concentrations—one value for
zero percent at some sites to 100 percent at others. each month for each of the 50 sites. The plots in figure
Some compounds, such as napropamide, terbacil, 8 show the overall distribution of concentrations
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Figure 7.—Continued.
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Figure 8. Distribution of monthly median concentrations of total herbicides and insecticides at 50 sites during a 1-
year period. (See figure 5B and associated text for an explanation of concentration distribution plots.)
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Figure 9. Distributions of monthly median concentrations of (A) the seven most frequently detected herbicides and
(B) the five most frequently detected insecticides at 50 sites during a 1-year period. (See figure 5B and associated
text for an explanation of concentration distribution plots.)
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measured at all three types of sites, although the detectable levels of herbicides were present in samples

distributions are most strongly influenced by for most of the year at nearly all sites.
concentrations at the agricultural indicator sites (33 of In general, the pesticides detected most
the 50 sites). frequently (fig. 6) also had the highest concentrations.

Herbicides generally were detected at higher Monthly median concentrations of the most frequently
concentrations than insecticides. Approximately 90 detected herbicides and insecticides at the 50 sites are

percent of monthly median herbicide concentrations Shown in figure 9. Again, each of the lines in these plots
were greater than 0.Qig/L compared with about 40  "€Presents 600 values—12 monthly median

percent for insecticide concentrations. Monthly mediarfoncenttrlat'c?rls f;o(rjnhea(l;h §d|te. ITor th{ﬁ se\;eSn most t of
concentrations were greater thapgdlL about 10 requently detected herbicides, 1ess than <> percent o

: - . onthly median concentrations were greater than 0.1
gercent of t?ehtlmg forfher blCld(_es_gomg_arEdlwnh a‘;"“{;g/L and less than 6 percent were greater thagy/ll
percentq the time tor |ns_ect_|C| es. ) 0 help putt .e (fig. 9A). Atrazine was detected more frequently than
concentration levels shown in figure 8 into perspectlveany of the other herbicides over the entire

aquatic-life criteria values range from 1 toldlL for  concentration range. For the five most frequently

most herbicides and from 0.01 to Qu/L for most detected insecticides, less than 5 percent of monthly
insecticides (Canadlan Council of Resource and median concentrations were greater thamg/]_ and
Environment Ministers, 1991; Nowell and Resek,  |ess than 0.1 percent were greater thpg/L (fig. 98).

1994). Because equal weight was given to the sampleéSor most of the compounds shown in figure 9, the
collected during each month, figure 8 indicates that distribution of concentrations is highly skewed, with

18 | |
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Number of compounds detected in each sample
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Month
Figure 10. Distribution of the number of different compounds detected in each sample collected from the 58 sites each month
during 1993-95. All reported detections were counted (a common reporting level was not used). The total number of samples

that were collected during each month is shown in parentheses. (See figure 5A and associated text for an explanation of
boxplots.)
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low concentrations occurring most of the year and  increase in the number of herbicides detected. In many
elevated concentrations occurring only as seasonal of the agricultural indicator basins and integrator
pulses. basins, herbicides are applied during May and early
June, and some fraction of the amount applied is
transported to surface water in runoff resulting from
Seasonal Patterns spring rains or irrigation. This phenomenon is called
the "spring flush"; it has been described in several
Seasonal patterns in pesticide occurrence werestudies, particularly in studies of the Midwest
evident at nearly all sites. More compounds were (Thurman and others, 1991; Goolsby and Battaglin,
detected during May, June, and July than during the 1993; Schottler and others, 1994).
rest of the year at most sites (fig. 10). Two to 8 of the A similar seasonal pattern also was evident in
target compounds were detected in most of the samplgfesticide concentrations at most sites. Figure 11 shows
collected during August through April. During May,  the distribution of total pesticide concentrations in
June, and July, however, most of the samples containgghmples collected at the 58 sites each month of 1993,
5 to 12 target compounds, and approximately 25 1994, and 1995. Each of the boxplots in figure 11
percent of the samples collected during these 3 monthgpresents 74 to 274 samples, depending on the month.
contained more than 11 of the target compounds. Mo higher proportion of samples collected during May,
of the increase in the number of compounds detected ifune, and July, and to a lesser extent during August, had
each sample during these 3 months was due to an elevated total pesticide concentrations compared with
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Figure 11. Distribution of total pesticide concentrations in all samples collected from the 58 sites each month during 1993-95. The
total number of samples that were collected during each month is shown in parentheses. (See figure 5A and associated text for
an explanation of boxplots.)
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the samples collected during the rest of the year. EFFECTS OF LAND USE ON
During these 4 months, total pesticide concentrationsOCCURRENCE OF PESTICIDES IN
were near or greater thamqud/L in approximately 25 ~ STREAMS

pe“:.ef‘t of samples. .Dunng May and June, tot.al The use of most pesticides is directly related to
pesticide concentrations were greater thag/s in land use. The largest amounts of pesticides are used on
more than 10 percent of samples. During the remainde{gricultural land, with different combinations of
of the year, total pesticide concentrations were less thathemicals used on different crops and in different
1 pg/L in more than 90 percent of samples. climates. The total amount of pesticides applied in

The use of aggregated data from the 58 sites (figd"Pan areas is less than the total amount applied in
11) conceals some differences in seasonal patterns agricultural areas, but urban pesticide use is often more

. . . .. _intensive than agricultural use in terms of the amount
among the sites. At some sites, the highest pesticide : . . 2 .
_ _ applied per unit area. Little or no pesticides are applied
concentrations were measured during autumn or

: h _ to undeveloped land. Thus, understanding the relation
winter. At many of the urban indicator sites, the between land use and pesticide use is key to evaluating
seasonal pattern was less obvious, with elevated the causes of pesticide occurrence in streams.

pesticide concentrations occurring for a longer period.
These different seasonal patterns are obscured in figure .
. o QverVIeW
11 because of the large number of sites that exhibit th
spring flush phenomenon. Seasonal patterns observed A mixture of the target compounds was present

at the different types of sites will be discussed in morgn most samples from the three types of sites. The
detail in the next section. number of different compounds detected at most of the
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Figure 12. Distribution of the number of compounds detected at each site for each of the three types of
sites. Detections at any concentration are included for all samples collected at all 58 sites during 1993-95.
(See figure 5A and associated text for an explanation of boxplots.)
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agricultural and urban indicator sites and at most of thef detected compounds at the 10 integrator sites ranged
integrator sites was similar (fig. 12). Between 17 and from 10 to 33 (U.S. Geological Survey, 1999).

26 of the target compounds were detected at mostof the ~ Because of the seasonal nature of both pesticide
sites, including 13 to 17 herbicides and 3 to 8 use and the occurrence of pesticides in streams, the
insecticides. A number of different compounds were number of compounds detected in individual samples
detected at all sites, but the number varied considerabfyom a site usually was much lower than the total
among the sites of a particular type. Variability was number of compounds detected at that site. The average
greatest among the agricultural sites, with the numbepumber of different compounds detected in each

of detected compounds ranging from 7 to 37 (U.S. sample.fro.m each site is shpwn in figure 13. The values
Geological Survey, 1999). This wide range is to be  SNoWn in figure 13 were adjusted to account for
expected because of the variety of different crops d_|fferences in the number of sgmples collected at each
represented by the agricultural sites. In addition, s!te and for the uneven samplmg_ frequency at most
pesticides not included in the target compounds are zﬁi?b;hgfs ,C(t)f:qassuv:clll;etigtrsvgtsjit(ljmbaetedse?efctgedeil;]/erage
used extensively in some of the agricultural basins P

) samples collected at even intervals throughout the year.
(table 3). At some of these sites, the number of At most of the agricultural sites, an average of 3 to 8 of

compounds detected in the streams may have been he target compounds were detected in each sample,
relatively low because the pesticides that had the jncluding 3 to 7 herbicides and 0 to 1 insecticide. At
highest use in the drainage basin were not targeted ifost urban sites, an average of 5 to 8 compounds were
this study. The number of detected compounds at the Idetected in each sample, including 3 to 6 herbicides
urban sites ranged from 11 to 29, which was smaller and 1 to 2 insecticides. At most integrator sites, an
than the range for the agricultural sites, and the numbeverage of 5 to 8 compounds were detected in each
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Figure 13. Distribution of the mean number of compounds detected in each sample for each of the three
types of sites. Detections at any concentration are included for all samples collected at all 58 sites during
1993-95. For each site, the mean number of compounds detected in each sample was determined for each
month, and the mean of these monthly values was used as the value for that site. (See figure 5A and
associated text for an explanation of boxplots.)
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sample, including 4 to 6 herbicides and 0 to 1 exclusively in agricultural applications throughout
insecticide. Similar to the number of compounds most of the United States, also were detected

detected at each site, the variability in the number of frequently at most urban sites. The frequent detections
compounds detected in each sample was greatest at thithese compounds are due, in part, to the presence of
agricultural sites. The average number of compoundssome agricultural land in most of the urban basins.
detected in each sample from the agricultural sites These compounds also have been detected frequently
ranged from less than 1 to more than 13 compared witim precipitation in the Midwest (Capel, 1991; Wotzka

an average of 3 to 9 compounds at the urban sites andahd others, 1994; Goolsby and others, 1997), which is

to 10 compounds at the integrator sites (U.S. another potential source of these compounds to urban
Geological Survey, 1999). basins.

The boxplots in figure 15 indicate that many of
Detection Frequency the detection frequencies shown in figure 14 for the

Overall detection frequencies of all target combined sites are actually the mean of widely varying

compounds are shown for each of the three types of Values among the sites within each type of site. For
sites in figure 14. The range of detection frequencies example, detection frequencies for atrazine, simazine,
for the most commonly detected herbicides and metolachlor, and DEA ranged from near zero at some
insecticides among sites in each group is shown in agrlcultural'snes to 100 pergent at other s!tes (fig. 15).
figure 15. As in figure 6, the detection frequencies in FOr the agricultural and the integrator basins, much of
both figures 14 and 15 are unbiased with respect to this variability probably is due to large differences in

sampling frequency and are based on a common the use of specific pesticides among the basins. The
reporting level of 0.0ug/L. variability in detection frequencies for many of the

fompounds at the urban sites also may primarily be due

at all three types of sites, but at different frequencies. [ différences in use, but data on nonagricultural

The agricultural and the integrator sites were very ~ Pesticide use are not available. Among urban sites,
similar in terms of which pesticides were detected (fig variability of detection frequencies for the compounds
14A,C), but the detection frequencies at the integratorMOSt characteristic of urban streams (simazine,

sites were slightly higher. This was expected becausd’rometon, diazinon, carbaryl, and chlorpyrifos)

the integrator basins generally are larger and have a 9enerally is lower than the variability for major
wider variety of crops and other land uses than most dférbicides at agricultural sites (fig. 15). This implies
the agricultural basins and because high-use pesticidédat use of these five compounds is relatively consistent
are applied in nearly all of the integrator basins. Use offmong the 11 urban areas compared with the use of
some of the high-use compounds was low (or zero) ifnajor herbicides which is much more variable in the 37

In general, the same compounds were detecte

some agricultural basins, which were chosen to agricultural basins. The agricultural basins represent

represent specific crops or groups of crops. several agricultural crops and related pest-management
Many compounds, including some with situations.

relatively high national agricultural use, such as A few compounds were frequently detected at

trifluralin, butylate, molinate, phorate, and terbufos, nearly all the sites (fig. 15). Detection frequencies for
had low detection frequencies at all three types of sitesitrazine were greater than 80 percent at more than one-
In terms of the aggregated data for each type of site (fighalf of the agricultural and the urban indicator sites and
14), annual average detection frequencies were less at more than three-fourths of the integrator sites.

than 5 percent at all three types of sites for 13 Detection frequencies for metolachlor were greater
herbicides and 14 insecticides. Most of the compoundtan 50 percent at more than one-half of the

with low average detection frequencies, however, weragricultural and the integrator sites. Detection

detected frequently at one or a few sites (fig. 7). frequencies for simazine and prometon were greater
Several compounds, including the herbicides than 90 percent at more than one-half of the urban sites

prometon, simazine, and tebuthiuron and the and greater than 40 percent at more than one-half of the

insecticides carbaryl, chlorpyrifos, diazinon, and integrator sites. These high detection frequencies

malathion, were detected most frequently at urban indicate that these compounds are present for much of
sites. Atrazine and metolachlor, herbicides used almoghe year at many of the sampling sites.

Effects of Land Use on Occurrence of Pesticides in Streams 36



A. Agricultural indicator sites (n=33)
100 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T

20 ]

B. urban indicator sites (n=10
100 T T T T T T T T (l T )

80 =

60 -

Annual mean detection frequency, in percent

C. Integrator sites (n=7)
T

100 T T T T T T T T T T T T T T T 11T 1111111 1T T T ©" T T T T T T T T T T T T T17T

80
60
40

20

DEA
Alachlor

Cyanazine
EPTC

Tebuthiuron
DCPA

Metribuzin
Pendimethalin

T
O
<

8

Linuron
Molinate
Propachlor
Lindane
p.p’-DDE
Phorate
Parathion

Dieldrin
Methyl parathion

Terbacil
Butylate
Triallate
Ethalfluralin
Propanil
Ethoprop

2,6-Diethylanaline
Fonofos

Pebulate
Azinphos-methyl

(%]
o5
"Sva—a
2L
>
)
fa)

Atrazine
Simazine
Metolachlor
Prometon
Napropamide
Trifluralin
Pronamide
Thiobencarb
Benfluralin
Diazinon
Carbaryl
Chlorpyrifos
Carbofuran
Malathion
Propargite
Permethrin

Herbicides Insecticides

Figure 14. Annual mean detection frequencies for all 46 target compounds for each of the three types of sites during a 1-year period. Each
bar represents the mean of the annual detection frequencies for a specific compound at all sites in the group during a 1-year period.
Detection frequencies are based on a common reporting level of 0.01 microgram per liter for all compounds.
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Concentrations median concentrations were greater thanug/L and
The distributions of monthly median total less than 12 percent were greater thag/L. Monthly

herbicide and total insecticide concentrations are ~ Median concentrations greater thangl. occurred

shown in figure 16 for the three types of sites for a 1-Only at the agricultural indicator sites and the integrator

year period. The distribution of total herbicide sites, reflecting the relatively high concentrations
concentrations was similar for all three types of sites resulting from the spring flush that occurs at many of
(fig. 16A). Approximately 60 percent of monthly these sites.
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Figure 15. Distributions of annual mean detection frequencies of the most commonly detected
compounds for each of the three types of sites. Each boxplot represents the distribution of detection
frequencies for a specific compound among the sites in each group during a 1-year period. Detection
frequencies are based on a common reporting level of 0.01 microgram per liter for all compounds. (See
figure 5A and associated text for an explanation of boxplots.)
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The distribution of total insecticide sites, approximately 80 percent of monthly median

concentrations for the urban indicator sites was total insecticide concentrations were greater than 0.1
distinctly different from the distributions for the Mo/L and about 10 percent were greater thpg/L. At
agricultural and the integrator sites (figBL6At the the agricultural and the integrator sites, only about 10

urban sites, nearly 100 percent of monthly median  percent of monthly median concentrations were greater
concentrations were greater than QUIL, indicating  than 0.1ug/L, and virtually none were greater than 1
that one or more insecticides were detected for most qfg/L.

the year at nearly all the urban sites. In contrast, only The concentration distribution plots in figure 16
about 30 percent of monthly median insecticide show the general concentration patterns observed for
concentrations were greater than QU@IL at the the three types of sites. It is important to note that the

agricultural and the integrator sites. Higher insecticidemedian concentrations shown in these plots minimize
concentrations also were much more common at urbatme influence of extreme values in the distribution of
sites than at agricultural or integrator sites. At the urbamctual concentrations. Maximum total herbicide

A. Total herbicides
100 T T T

— 33 Agricultural indicator sites
80 [ — 10 Urban indicator sites
— 7 Integrator sites

0.01 0.1 1 10 100

B. Total Insecticides

100

80

60

40

Percentage of monthly median concentrations greater than indicated value

20

0 ! ! |
0.01 0.1 1 10 100
Monthly median concentration, in micrograms per liter

Figure 16. Concentration distribution plots of (A) monthly median total herbicide and (B) insecticide concentrations for each of the
three types of sites during a 1-year period. (See figure 5B and associated text for an explanation of concentration distribution plots.)
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concentrations at some agricultural sites were much Seasonal Patterns

higher than is indicated in figure A8with Pesticides concentrations varied seasonally at

f:or?c.entrations greater than Q@/L common in nearly all the sampling sites, but temporal patterns
individual samples at some sites during May and Juneyere most apparent at the agricultural indicator sites
In addition, the apparent similarity of herbicide and the integrator sites. A critical period was defined

concentrations at the three types of sites shown in  for each site (fig. 4) during which both the number of
figure 16 is somewhat misleading because of the use gfesticides present and the pesticide concentrations
monthly median concentrations. Peak concentrationswere highest. The average number of compounds

of herbicides at urban sites and at most integrator sitedtected in individual samples during the critical
generally were lower than at agricultural sites, but ~ P€riod and during the rest of the year is shown in figure
concentrations usually remained elevated for longer 17. At most agricultural sites, an average of 4 10 10

periods of time. The concentration distribution plots incompounds were detected in each sample during the 5-

. 16. which sh i di rati month critical period compared with 2 to 6 compounds
|gure' » WhICh S ,OW monthly me '_an concentralionSyetected in each sample during the rest of the year. At
and give equal weight to concentrations for each

. the integrator sites, the difference was slightly less
month, tend to smooth out the differences between thgyigent, with 6 to 10 pesticides detected in each sample

three types of sites. The variability in concentrations during the critical period compared with 3 to 7 during
among agricultural, urban, and integrator sites is the rest of the year. At most urban sites, however, there

discussed in separate sections of this report. was little difference in the number of compounds
15 _ — —
Agricultural indicator Urban indicator Integrator
sites (n=37) sites (n=11) sites (n=10)

14 — —

10 — —

Mean number of compounds detected in each sample
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Figure 17. Distribution of the mean number of compounds detected at any concentration in each sample
for a 5-month critical period and for the rest of the year for each of the three types of sites. (See figure 5A
and associated text for an explanation of boxplots.)
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detected in each sample during the critical period ancconcentrations are plotted for each month for each of

during the rest of the year. the three types of sites. At most agricultural and

The difference in seasonal patterns among the integrator sites (fig. ¥8C) there was a distinct
three types of sites also is evident in terms of seasonal peak in herbicide concentrations during May,
concentrations. In figure 18, total pesticide June, and July, with monthly median concentrations
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Figure 18. Distribution of median total pesticide concentrations for each month for each of the three
types of sites. Each boxplot represents the distribution of monthly median concentrations for 1 month
among the sites in each group for a 1-year period. Five agricultural indicator sites (acfb-aycocks, gafl-
little, redn-wildr, wmic-duck, wmic-nbmilw) had insufficient sampling during some months and
therefore were not included in plot A. Three urban indicator sites (Isus-cedar, trin-rush. whit-little),
which had substantial amounts of agricultural land in the drainage basin, were not included in plot B.
(See figure 5A and associated text for an explanation of boxplots.)

41 Pesticides in Streams of the United States—Initial Results from the National Water-Quality Assessment Program



greater than 1Qg/L at some sites. During autumn and the agricultural and the integrator sites. Three urban
winter, monthly median concentrations were less thanndicator sites that have significant portions of

0.5ug/L at nearly all sites. This pattern was much lessagricultural land in their drainage basins—Cedar Run
obvious at most urban sites (fig.B)8Although in Pennsylvania (Isus-cedar), Rush Creek in Texas
concentrations at some urban sites were elevated froftrin-rush), and Little Buck Creek in Indiana (whit-

May through August, monthly median concentrationslittle) (see fig. 3); these sites were are not included in
at most sites remained less thaumgll throughout the  figure 18 so that the concentrations shown are

year. In general, total pesticide concentrations were primarily the result of urban influences. This restriction
less variable during the year at the urban sites than ats especially important for assessing seasonal patterns
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Figure 19. Annual yields of (A) total herbicides and (B) insecticides for each of the three types of sites. Yields at agricultural sites were
calculated by using the area of agricultural land (excluding pasture) in the drainage basin. Yields at urban sites were calculated by
using the area of urban land in the drainage basin. Yields at integrator sites were calculated by using the sum of the areas of
agricultural land (excluding pasture) and urban land in the drainage basin. Three urban sites with significant portions of agricultural
land in their drainage basins are not included in these plots. Some agricultural indicator sites and integrator sites also were not
included in these plots if the target compounds accounted for less than 50 percent of the total agricultural use of herbicides or
insecticides in the drainage basin (see table 3).
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for urban basins because the concentrations during thend the estimates of yield for these sites are probably
spring flush from even a relatively small amount of more accurate.

agricultural land would tend to overwhelm Total herbicide yields at the eight urban sites

concentrations resulting from urban influences. with little or no agricultural use were between 0.008
and 0.45 kg/knziyr (fig. 19). This range is at the lower

Annual Pesticide Yields end of the range observed for the agricultural sites.

Total insecticide yields at urban sites ranged from

The effects of land use on pesticide occurrence in 015 to 0.31 kg/k&iyr, which is at the upper end of
streams also can be assessed by comparing the yieldstré range for the agricultural sites, meaning that total
pesticides in streams influenced by different land usesnsecticide yields were higher at many of the urban
Pesticide yield is defined as the mass of a pesticide (Gjites than at most of the agricultural sites. This is
a selected group of pesticides) transported in a streagonsistent with the detection frequency and
for a specific period (load) per unit area of land. concentration data discussed earlier, which indicated
Comparisons that are based on yields minimize the that insecticides are detected more frequently and at
influence of differences in stream discharge, which caimigher concentrations in streams draining urban areas
affect both detection frequencies and concentrations.than in streams draining many agricultural areas. These

Annual total herbicide and total insecticide data show that, in terms of mass per unit area, the

yields at individual sampling sites are shown in figureamount of insecticides transported to streams from
19. The yields varied widely, especially among the ~ urban basins exceeded the amount transported from
agricultural indicator sites. Yields at the agricultural Most of the agricultural basins. Compared with

sites ranged more than three orders of magnitude foragricultural and integrator sites, yields among urban
both total herbicides and total insecticides. Total sites were less variable, reflecting a general similarity
herbicide yields at most agricultural sites were betweeH! Pesticide use among different urban areas.

0.01 and 4.1 kg/kAtyr, and total insecticide yields

generally were about 10 times lower, ranging from . . .

about 0.0001 to 0.4 kg/Idtyr (fig. 19). To a large Agricultural Indicator Sites

extent, the variability among the agricultural sites can

. . . - The agricultural indicator sites in the NAWQA
be gttnbuted to dlffergnces in the |_oest|0|q|es us_ed_(_)n t rogram were chosen to represent streams affected by
various crops grown in these basins. This variability is

. . : .2 “selected agricultural settings; the agricultural sites are
_examlned more closely in the next section. Variability defined primarily by specific crops or groups of crops.
n V\_/eather, SQ'IS’ and topography among the Comparison of the pesticide levels measured in streams
agricultural sites may also be important factors draining basins with different types of agricultural
(Leonard, 1990). In addition, load estimates (and  geings can provide information on the relative
therefore yield estimates) for streams with small contribution of different types of agricultural activities
drainage basins have greater uncertainty than load 4 the occurrence of pesticides in streams. An important

estimates for streams with larger basins, a consequenggsideration in making this type of comparison

concentrations and the greater short-term variability ifyarticular basin is accounted for by the target

discharge in most of these small streams. The pesticides. Table 3 shows that coverage of total
probability of sampling small streams during peak  pesticide use by the target compounds varies widely
concentrations is lower than the probability of among the agricultural basins. Because the coverage of
sampling peak concentrations in larger streams pesticide use for certain crops, such as corn and

because elevated pesticide concentrations in larger soybeans, is more complete than coverage is for other
streams usually are spread out over longer periods. Thgops, such as wheat or peanuts, certain comparisons
range in yields was somewhat smaller for the integratoare not appropriate. For example, comparisons of total
sites, with values ranging from about 0.03 to 1.9 kg/ pesticide yields from corn-growing areas and wheat-
km&/yr for total herbicides and 0.0002 to 0.15 kgfkm growing areas would be biased because the coverage of
yr for total insecticides (fig. 19). The integrator sites argesticide use in the corn-growing areas is more
considerably larger than most of the agricultural sitesgxtensive. On the other hand, comparisons of the loads
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of individual pesticides as a percentage of their use idimitations in mind, the crop-group classifications

the basin are not biased and therefore can provide provide a useful way of organizing the agricultural sites
useful information on the behavior of pesticides in  for comparisons of pesticide occurrence in various
different agricultural settings. In addition, comparisonsagricultural settings.

of detection frequencies and concentrations of

pesticides measured at sites representing different crffetection Frequencies

groups can be made as long as the differences in o
Coverage of pesticide use are Considered_ Herbicides were detected much more frequently

The agricultural sites have been classified than insecticides at most of the agricultural indicator

according to the major crops grown within the drainageSites (fig. 14). The most commonly detected

basin (table 4). The classifications for these basins ar@erbicides include atrazine, metolachlor, alachlor,
derived from a national-scale classification of cyanazine, and EPTC—herbicides used heavily in corn
agricultural land in the United States (Gilliom and ~ @nd soybean growing areas. DEA, a transformation
Thelin, 1997), which uses percentage criteria to defin@roduct of atrazine and the herbicides simazine and
combinations of 1 to 3 crops that account for 50 percerﬁ;rometon, which have significant nonagricultural use,
or more of harvested cropland within a county. Crop IS0 were detected frequently at many of the

data used for the classification of the basins in this agricultural sites. The remaining 19 herbicides and all
study are derived from the 1992 Census of Agriculturdh€ target insecticides were detected in less than 10
(U.S. Department of Commerce, 1995) and from the Percent of samples at most of the agricultural sites.
U.S. Geological Survey’s Land Use and Land Cover Detection frequencies for some compounds
database (U.S. Geological Survey, 1990), as describe¢fried widely among the agricultural sites (fig. 15).

in the methods section. For most of the basins in this Much of this variability is caused by differences in the
study, the classifications are based on the percentage@mounts of these compounds used in the various
harvested cropland planted in specific row crops, sucBgriculture basins. This variability in use is illustrated
as corn, soybeans, alfalfa, cotton, and wheat and sma figure 20, which shows the amounts of specific
grains. For two of the agricultural basins in the San compounds used for agriculture in these basins. In
Joaquin study unit—Orestimba Creek and the Mercedigure 20, pesticide use is normalized to basin area to
River—orchards and vineyards account for a account for differences in basin size. For some
substantial portion of the agricultural land use in the compounds, use varies widely. For example, atrazine
basin: thus, the classification of these two basins is use exceeded 25 kg/Krm 6 basins, but was less than
based on the amounts of specific orchard and vineyardi kg/kn? in 14 basins. Use of metolachlor, alachlor,
crops grown. No classification was assigned to the twgyanazine, pendimethalin, and chlorpyrifos also varied
basins in the Ozark Plateaus study unit because the widely. Use of terbacil, diazinon, azinphos-methyl, and
estimates of harvested cropland in these basins accoupitopargite was relatively high in a few basins but low
for less than 10 percent of the total basin area and  (or zero) in all others. A few compounds, including the
because there is no reported orchard or vineyard herbicides prometon, tebuthiuron, thiobencarb, and
acreage. The classifications in Gilliom and Thelin ~ propanil, and the insecticide lindane, had very low (or
(1997) were developed to account for major crop zero) reported agricultural use in all the agricultural
groups at a national scale. In some cases, the basins.

combinations of crops grown in the small agricultural In general, the relation between detection
basins included in this study do not fit exactly into anyfrequency at the agricultural sites and pesticide use in
of the categories established in the national the basins was significant, but weak. Figure 21 shows
classification scheme (for example, Salt Slough in  the relation between annual detection frequencies and
California). In such cases, the site was assigned the the amount used for agriculture in the basins for all
category that most closely matched the distribution oftarget herbicides and insecticides with reported

crops grown in the basin. In other cases, an importanagricultural use. A general positive relation is evident
crop in a particular basin was not included in the for both herbicides and insecticides, as most
assigned category (for example, cotton in the compounds with higher use were detected more
Chambers Creek Basin in Texas or peanuts in the  frequently in most basins. However, there is
Tucsawhatchee Creek Basin in Georgia). With these considerable variability. For example, detection
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frequencies for herbicides used at rates of 1 to the variability in detection frequency is accounted for
10 kg/kn? ranged from 0 to 100 percent. Many by differences in pesticide use € 0.30 for herbicides
compounds with relatively high use were detected and 0.23 for insecticides). For some individual
infrequently or not at all. Linear regression of the datacompounds, the correlation between use and detection
used in figure 21 shows that only about one-fourth of frequency was somewhat higher, but only two
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Figure 20. Intensity of annual agricultural use of (A) herbicides and (B) insecticides in 37 agricultural basins. Each
point represents use in one basin. Agricultural-use data are from Gianessi and Anderson (1996).
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Figure 21. Annual mean detection frequency in relation to agricultural use for (A) herbicides and (B) insecticides at 32
agricultural sites. Each value represents the annual mean detection frequency of a specific compound at one site. Detection
frequencies are shown only for compounds with reported use of 100 or more kilograms active ingredient (a.i.) in a particular
basin. A common reporting level of 0.01 microgram per liter was used for all compounds. Five agricultural sites were excluded
because sampling was not sufficiently frequent throughout the year to calculate an unbiased annual detection frequency.
Agricultural-use data are from Gianessi and Anderson (1996).
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Table 5. Detection frequencies of agricultural pesticides at agricultural indicator sites.

[ Detection frequencies greater than 50 percent are indicated by dark shading. Detection frequencies greater than dhaceigsal to 50 percent are
indicated by lighter shading. Crop group codes are defined in table 4]

Herbicides
= = ) =

Site code gcr:)czﬁ) aé g % ‘2 a—s 8} < é ‘Ff T% % 5 ‘a‘r; % E %

< > % < IS g E §. = = m = E a
Isus-mill C 100 100 100 12 12 0 0 2 6 2 0 10 0 0 0 0
cnbr-prairie C 100 33 83 42 17 8 0 4 4 0 0 0 0 0 0 0
wmic-duck C 100 66 100 37 98 23 0 7 4 0 0 0 0 0 0 0
hdsn-canaj CA 100 4 |81 0 20 3 0 0 0 0 0 0 0 0 0 0
poto-muddy CA 100 88 36 8 9 0 0 2 0 0 0 0 0 0 0 0
wmic-nbmiw  CAv 100 81 17 26 48 19 0 0 0 0 0 0 0 0 0 0
cnbr-maple Cs 100 17 42 25 100 0 0 4 17 0 25 0 0 0 0 0
cnbr-shell CS 100 21 92 67 100 8 0 8 17 0 8 0 8 0 0 0
whit-kess CS 100 67 100 96 83 16 2 37 24 0 4 0 100 0 0 0
whit-sugar CSs 98 34 98 67 27 1 0 9 2 0 4 0 9 0 0 0
albe-pete CScot | 57 7 100 92 11 0 2 12 5 2 6 0 0 0 0 0
albe-albe CSwW | 55 2 48 82 0 0 0 0 2 2 0 2 0 0 0 0
Isus-eastm CwW 98 59 98 52 51 0 21 3 13 6 0 3 0 0 0 2
poto-mono CwW 99 99 97 26 38 0 0 6 1 0 0 0 0 0 0 0
splt-lone Cw 100 24 100 58 73 97 36 3 28 5 17 o 17 0 18 0
acfb-lime CWp 40 25 13 2 10 0 0 2 0 0 0 0 0 0 2 0
trin-chamb CWsor 100 79 100 38 4 0 0 27 8 0 4 0 0 0 0 0
ccpt-crab.rl WA 100 35 5 8 8 33 40 8 14 6 3 44 0 0 12 0
usnk-rock WAb 31 0 2 3 0 17 0 0 0 2 0 0 0 0 4 0
ccpt-palouse Wb 83 67 0 0 0 3 0 14 0 0 0 0 0 | 56 4 0
redn-turtle Wb 20 0 4 4 8 19 0 0 0 0 0 0 0 4 0 0
usnk-teton Wpot 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
gafl-tucsa WScot 18 5 [ 59 0 10 2 0 0 0 0 0 0 2 0 2 0
albe-devils ~ WStob 28 57 58 3 0 0 2 3 0 36 0 0 0 0 0 0
ccpt-crab.m w 13 29 0 4 0 0 0 0 0 0 0 0 0 8 0 0
ccpt-el68 W 92 16 14 73 10 30 42 23 43 0 21 @ 66 0 o0 17 0
redn-snake w 33 2 19 0 17 13 0 2 0 0 0 0 0 31 0 0
redn-wildr w 47 0 2 2 17 4 0 2 0 0 11 0 0 24 3 0
gafl-little P 31 0 83 8 13 0 0 0 0 0 0 0 0 0 4 0
acfb-aycocks P 63 30 88 13 0 0 0 0 0 0 0 0 10 0 0 0
sanj-salt COTv 57 96 44 10 81 97 22 0 0 13 44 0 0 0 0 10
will-pudding FGv (100 85 96 8 o0 17 40 17 0 50 0 0 0 0 0 0
will-zollner FGv 100 100 100 26 0 4 10 | 52 0 85 10 15 0 0 0 0
sanj-merced (0] 0 '8 20 0 0 21 1 0 1 0 3 0 7 0 0 0
sanj-orest (0] 33 194 72 11 7 39 39 4 0 34 46 0 0 0 28 27
ozrk-dous XX 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ozrk-yocum XX 8 4 8 8 0 0 0 0 0 0 0 0 0 0 0 0
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Table 5. Detection frequencies of agricultural pesticides at agricultural indicator sites—Continued

Herbicides—Continued Insecticides
—_— (=
Crop 5 @ = _ 3 < c @ g ';% £
Site code group & ‘u‘é = 2 S § s £ :_‘; 2 5 8 £ g g £
e 2 s £ £ £ § £ 5§ B E % g 8 2 = ¢
- 2 & & £ © ° 5 8§ = « " g © g ¢
< =
Isus-mill C 0 0 0 0 0 7 7 4 0 2 0 0 0 0 0 0
cnbr-prairie C 0 0 6 0 0 0 11 6 21 0 0 9 0 0 0 0
wmic-duck C 0 0 0 0 0 1 0 1 3 0 0 4 0 0 0 0
hdsn-canaj CA 0 0 0 0 0 17 0 0 0 0 0 0 0 0 0 0
poto-muddy CA 0 0 0 0 0 8 3 0 0 2 0 0 0 0 0 0
wmic-nbmilw ~ CAv 0 0 0 0 0 0 2 0 0 2 0 0 0 0 0 0
cnbr-maple CSs 0 0 13 0 0 0 0 13 8 0 0 4 0 0 0 0
cnbr-shell CSs 0 0 17 0 0 0 4 29 8 13 0 8 0 0 0 0
whit-kess CSs 6 0 2 0 0 0 13 8 21 14 0 0 0 0 0 0
whit-sugar CS 4 0 0 0 0 13 4 4 1 1 0 0 0 0 0 0
albe-pete CScot 0 0 0 0 0 3 3 3 0 0 3 3 0 2 0 0
albe-albe CsSwW 0 0 0 2 0 0 14 2 13 4 0 2 2 2 0 0
Isus-eastm Cw 2 0 0 0 0 0 21 10 22 4 0 0 0 0 0 0
poto-mono CwW 18 0 0 0 0 12 22 2 1 3 0 0 2 0 3 0
splt-lone CwW 20 0 0 0 0 6 15 17 28 0 15 5 2 2 10 2
acfb-lime CWp 0 0 0 0 0 0 2 0 0 0 0 6 0 2 0 0
trin-chamb CWsor O 0 0 0 0 8 0 0 0 0 0 0 4 0 0 0
ccpt-crab.rl WA 6 0 0 0 0 2 15 13 0 6 18 0 26 2 0 3
usnk-rock WAb 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0
ccpt-palouse Wb 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0
redn-turtle Wb 0 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0
usnk-teton Wpot 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0
gafl-tucsa WScot 0 0 0 0 0 3 2 0 0 0 2 0 0 0 0 0
albe-devils  WStob 0 0 0 0 0 1 0 2 2 0 0 0 0 0 0 0
ccpt-crab.m W 0 0 0 0 0 0 4 0 0 0 0 0 4 0 0 0
ccpt-el68 w 0 0 0 0 0 6 0 17 31 7 42 3 10 0 0 0
redn-snake w 0 0 0 0 0 0 0 2 10 0 0 0 0 0 0 0
redn-wildr w 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
gafl-little P 0 0 0 0 0 0 1 2 1 4 0 0 0 1 0 0
acfb-aycocks P 0 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0
sanj-salt COTv 2 25 0 9 18 67 14 35 13 10 8 0 0 0 0 0
will-pudding FGv 0 0 0 0 0 0 0 4 38 17 0 0 6 17 0 8
will-zollner FGv 0 0 0 6 0 83 41 49 92 19 0 33 6 |60 0 0
sanj-merced (0] 0 3 0 0 0 25 6 36 17 0 7 0 8 0 0 0
sanj-orest (e} 0 15 0 11 3 43 5 42 9 0 33 42 37 0 0 0
ozrk-dous XX 0 2 0 0 0 0 0 0 2 0 0 0 0 0 0 0
ozrk-yocum XX 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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compounds (azinphos-methyl and disulfoton) had ~ Agricultural land in this basin generally is irrigated,
values ofr? higher than 0.5. Clearly, factors other thanand stream discharge during much of the growing
the amount used, such as pesticide properties, weatheegason is primarily due to irrigation return flows, which
and agricultural practices (Leonard, 1990), can have aay contain elevated levels of pesticides (Kimbrough
major influence on the occurrence of pesticides in  and Litke, 1996).
streams. Perhaps most importantly, the weakness of Among the sites where wheat (but not corn) is a
correlations between pesticide occurrence and use mayajor crop, fewer compounds had detection
result largely from inaccuracies in the pesticide-use frequencies greater than 10 percent. At most of these
estimates for the agricultural basins for the year that sites, detection frequencies for all insecticides were
samples were collected. less than 10 percent. Only a few sites had any
Detection frequencies for specific compounds atherbicides with detection frequencies greater than 50
the agricultural sites are shown in table 5. The sites irpercent. Atrazine and simazine were detected relatively
this table are arranged by crop-group classification. often at several of the wheat sites. The lower number of
Detection frequencies greater than 50 percent are  herbicides detected at these sites was due, in part, to
indicated with dark shading and those greater than 1@oor coverage of herbicide use in these basins by the
percent but less than 50 percent are indicated with  target compounds (table 3). Several major herbicides
lighter shading. In general, when a wide variety of  used on wheat, including 2, 4-D, bromoxynil, dicamba,
crops were grown in a basin, a wider variety of diuron, and MCPA, are not included in the target
pesticides were detected in the streams. The presena@mpounds; however, most of the insecticides used on
of certain crops, such as vegetables, orchard and  wheat, including chlorpyrifos, disulfoton, methyl
vineyard crops, and nursery stock, commonly was parathion, permethrin, and phorate, are included in the
associated with detection of a higher number of target compounds. These compounds were detected
compounds. The patterns evident in table 5 help infrequently or not at all at most of the wheat sites. Two
illustrate the similarities and differences among sites sites in the Central Columbia Plateau study unit—Crab
within a given crop-group classification and among Creek Lateral (ccpt-crab.rl) and EL68 Wasteway (ccpt-
sites with different classifications. el68)—are exceptions to the general pattern among the
In terms of compounds that were detected mostheat sites (table 5). At both of these sites, a number of
frequently, a generally consistent pattern is evident foherbicides and insecticides had detection frequencies
sites where corn is a major crop (table 5). The greater than 10 percent. The higher number of
herbicides atrazine, metolachlor, alachlor, and compounds detected at these two sites may be due to
cyanazine were detected frequently at nearly all of the presence of a relatively small amount of land with
these sites. Simazine also was detected frequently evéfichards (mainly apples) and greenhouse and nursery
though it was not one of the major compounds used 0frops in these basins (table 4). The results for these two
corn in these basins (Gianessi and Anderson, 1996). Sites suggest that minor crops with relatively high

Several other herbicides, including metribuzin, pesticide use may have a strong influence on pesticide
pendimethalin, and trifluralin, were detected frequentlyoccurrence in streams.
at corn and soybeans sites; these compounds Peanuts are the major crop in two basins—Little

commonly are applied to soybeans (Gianessi and  River (gafl-little) and Aycocks Creek (acfb-aycocks) in
Anderson, 1996). Most of the sites where cornisa Georgia. Substantial portions of three other basins are
major crop had fewer than three insecticides with ~ also planted in peanuts—Pete Mitchell Swamp in
detection frequencies greater than 10 percent. North Carolina (albe-pete) and Lime Creek (acfb-lime)
Carbaryl, chlorpyrifos, and carbofuran were the most and Tucsawhatchee Creek (gafl-tucsa) in Georgia
commonly detected insecticides at these sites. The (table 4). No clear pattern in detection frequencies is
pattern for Lonetree Creek in Colorado (splt-lone) is arevident in table 5 for sites in these basins. In general,
exception to the generally consistent pattern among thiew compounds had detection frequencies greater than
corn sites. At this site, several other compounds also 10 percent in the streams draining these basins. Several
were detected relatively often, including the herbicidesof the major pesticides used on peanuts, including the
EPTC, DCPA, butylate, ethalfluralin, and linuron and herbicides 2,4-DB, paraquat, bentazon, and acifluorfen
the insecticides propargite and methyl-parathion. and the insecticide aldicarb, are not included in the
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target compounds. Metolachlor, which is used DCPA, and several compounds were detected in
extensively on peanuts and other crops grown in thesgollner Creek that were not detected in the Pudding
basins (Gianessi and Anderson, 1996), was detectedRiver. This also was expected as the Zollner Creek
frequently at most of the sites in these basins. SeverdBasin is much smaller and more intensively farmed
other compounds used on peanuts, including the than the Pudding River Basin as a whole. Fifteen
herbicides pendimethalin, trifluralin, and ethalfluralin different pesticides had detection frequencies greater
and the insecticides carbaryl, chlorpyrifos, and phoratethan 10 percent in Zoliner Creek (table 5). For several
were detected infrequently or not at all in streams ~ compounds, the detection frequencies for Zollner
draining these basins. Creek and the Pudding River were higher than at the
Cotton accounts for more than 10 percent of ~ Other 56 sites. These compounds include napropamide,

harvested cropland in seven of the basins (table 4). @n herbicide used primarily on various berry crops;
Similar to sites with peanuts, no clear pattern is evidengthOProp, an insecticide used primarily on green beans
in the detection frequencies shown in table 5 for the @nd sweet corn; and carbofuran, an insecticide used
sites with cotton. The target compounds cyanazine, primarily on strawbgrrlgs in thIS' area (Gianessi and
pendimethalin, trifluralin, malathion, azinphos-methyl, Anderson, 1996). Diazinon, which frequently was
methyl parathion, and parathion are used extensivelydetectéd in Zoliner Creek, butnot in the Pudding River,
on cotton; use of these compounds, however, varies is applied to a variety of crops in this area,_mcludmg
considerably in these seven basins (Gianessi and hops, vegetables, and nursery crops. Atrazine, detected
Anderson, 1996). None of these compounds were

in all samples at both sites, is used mainly on sweet
detected consistently among the sites where cotton i@ in this area (GlaheSS| and Anderson, _1996)'
major crop. Several pesticides were detected frequently ~ Orchards and vineyards are the dominant uses of
in Salt Slough (sanj-salt) and the Merced River (Sanj_agrlcultura_l Iand in the Merced River and _OresUmba
merced): a substantial amount of cotton is grown in Creek basins in California (table 5). A variety of
these basins. Many other crops also are grown in thes€d€tables and other row crops also are grown in both
basins, including a variety of vegetables and several basins. Similar to the s@e_s in the Willamette River
orchard and vineyard crops, making it difficult to valley, a number of pesticides were frequently detected

determine the source of a particular pesticide detectel] both basins. S|m_azme, Wh.'Ch is used on S?Ve“"?'
in streams draining these basins. The detections of orchard crops and in nonagn_cultural applications in
molinate and thiobencarb in these streams probably altgese basins, was the herbicide detected most

the result of applications to rice, which is the only Cropfrﬁlquent_ll?/ at boéhd_sngs. A2|Ir1phos-m§tr:yl,t d relativel
on which these compounds are used in the United chlorpyrios, and diazinon aiso were detected refatively

States (Gianessi and Anderson, 1996). frequently at both sites, primarily as a result of

In the t icultural basins in the Wil it application to orchard crops. Seventeen pesticides had
n the two agricuitural basins in the WIamete - yoiection frequencies greater than 10 percent in

River valley in Oregon—Zoliner Creek Basin and cgrestimba Creek. Several pesticides, including
Pudding River Basin—the major crops are grass seeq, ,qh|or, ethalfluralin, fonofos, metolachlor, pebulate,
and a wide variety of vegetables. In addition, there are, propargite, were detected more frequently in
plant nurseries in both basins, and several orchard 5 astimba Creek than in the Merced River. These
crops are grown in the Pudding River Basin (E&S o mpounds are applied primarily to beans and other

Environmental Chemistry, Inc., and Tetra Tech, InC., \egetables in the Orestimba Creek Basin (Panshin and
1995). A number of pesticides were frequently detectedqrs 1998).

at the will-zollner and will-pudding sampling sites in
these basins which reflects the diverse agricultural
activities in these basins. The pattern of detections at
these two sites is very similar, with many of the same The concentrations of specific compounds varied
compounds detected at both sites (table 5). This wasconsiderably among the agricultural indicator sites,
not unexpected because the Zollner Creek Basin is which is consistent with the widely varying agricultural

Concentrations

within the larger Pudding River Basin. Detection use among the basins (fig. 20). Monthly median
frequencies for all agricultural pesticides are higher forconcentrations of the compounds detected most
Zollner Creek than for Pudding River, except for frequently at agricultural sites are shown in figure 22

Effects of Land Use on Occurrence of Pesticides in Streams 50



(herbicides) and figure 23 (insecticides). These figuretess than 0.Jug/L for much of the year. Concentrations
show concentrations for a 1-year period for the 37  at the sites in the San Joaquin and Willamette River
agricultural sites, so that there are (at most) 12 valuepasins were similar to concentrations at most of the
for each site in each of the plots. The sites are arrangegbrn sites, with monthly median total herbicide

by crop-group classifications and are presented in thezoncentrations between 0.1 teud/L for much of the
same order as the sites in tables 4 and 5. Monthly  year. Total herbicide concentrations at the two sites in
median concentrations less than the detection limit arghe Ozark Plateau study units (ozrk-dous and ozrk-
shown as points on theaxis. The median of the yocum) were very low. Harvested cropland accounts
monthly values for each site, shown in red, representgor |ess than 10 percent of the basin area at these two
the midpoint of the monthly values. The plots in figureiies (table 3), and use of the target herbicides is very
22 and 23 provide a relatively unbiased representatio,, (iaple 6). The concentrations of the six herbicides

of t_he concer]trations measured at each of_the detected most frequently at the agricultural sites are
agricultural sites because each month is given equal jic.ssed below

weight. In addition, the use of medians, rather than Monthlv median concentrations of atrazine
means, minimizes the influence of extreme values in y . '
the distribution of concentrations. Corresponding pIotsmetOIaChlor’ and cyanazine general_ly ranged frpm 0.01
for the urban indicator sites and the integrator sites arl® 1ug/L at most sites in corn-growing areas (fig.

discussed in the sections on these types of sites that 225:C:D)- Atrazine concentrations also were in this
follow. Figures 22 and 23 are used in the next two ~ '&Nge in Zollner Creek (will-zollner) and the Pudding

sections to illustrate the concentration ranges of River (will-pudding), probably as a result of
specific herbicides and insecticides measured at the application to sweet corn. Concentrations of these three
agricultural sites. herbicides generally were lower at sites representing

other crop groups, which is consistent with the much
lower use of these compounds in these basins.

Concentrations of the atrazine transformation

Monthly median total herbicide concentrations product DEA (fig. 2E) followed a spatial pattern quite
at the 37 agricultural sites are shown in figura. 22 similar to that of atrazine concentrations, but

the 17 sites in corn-growing areas, median
concentrations generally ranged from 0.1 fmAL for
most months. Monthly median concentrations
exceeded 1Qg/L during seasonal peaks at several site
in the corn crop group. Concentrations were lower at
two sites in the corn group—Albemarle Canal Basin in
North Carolina (albe-albe) and Lime Creek Basin in
Georgia (acfb-lime)—which is consistent with the
generally lower detection frequencies for herbicides
these two sites (table 5). The percentage of croplan ) .
planted in corn was somewhat lower in Albemarle concentrat!ons at these_ sites also shows that DEA
Canal and Lime Creek basins than in most of the othefoncentrations were fairly constant throughout the
basins in the corn group (table 4), and the amounts o1;/ear._S|m|Iar to atrazmg, concentrathns of DEA were
the target herbicides used in these two basins also w&9nsiderably lower at sites representing crop groups
lower than in most of the other basins in corn-growingOther than corn even though it was present for much of
areas (table 6). At the 11 sites where wheat (but not the year at several of these sites. It should be noted that
corn) is a major crop, total herbicide concentrations the concentrations of DEA shown in figure 22 probably
generally were an order of magnitude lower than at are biased low because of the low analytical recovery
sites in corn-growing areas, with monthly median  of this compound (table 2). On the basis of mean
concentrations of 0.01 to Qub/L during most months. ~analytical recoveries of atrazine (98 percent) and DEA
At the two sites where peanuts are the major crop (gafl16 percent), it is possible that the actual DEA

little and acfb-aycocks), concentrations also were lowgconcentrations may have been higher than atrazine
with monthly median total herbicide concentrations concentrations during some months at several sites.

Herbicides

concentrations were substantially lower at most sites.
DEA was detected throughout the year at most sites in
corn-growing areas of the Midwest and West, with
¥nedian concentrations between 0.01 andu@/L for

most months. Concentrations of DEA were very
similar to atrazine concentrations at several of the sites
in corn-growing areas of the East (Isus-mill, hdsn-
aFanaj, poto-muddy, albe-pete, and Isus-eastm). The

d relatively narrow range of monthly median
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Figure 22. Monthly median concentrations of total herbicides and the six herbicides detected most frequently at the 37
agricultural indicator sites during a 1-year period. Each value represents the median concentration for 1 month. The
plotted on the x-axis. The sites are arranged by crop group classification and presented in the same order as in table 1.

points on the x-axis. For sites at which all 12 monthly values were below the detection limit, the annual median value is
Site codes are defined in table 1 and crop group codes are defined in table 4.

annual median for each site is shown in red. Monthly median concentrations less than the detection limit are shown as
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Figure 23. Monthly median concentrations of total insecticides and the four insecticides detected most frequently at the 37
agricultural indicator sites during a 1-year period. Each value represents the median concentration for 1 month. The annual
median for each site is shown in red. Monthly median concentrations less than the detection limit are shown as points on the x-
axis. For sites at which all 12 monthly values were less than the detection limit, the median value is plotted on the x-axis. The
sites are arranged by crop group classification and presented in the same order as in table 1. Site codes are defined in table 1
and crop group codes are defined in table 4.
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Table 6. Agricultural use of selected pesticides per square kilometer of drainage basin.
[Values represent estimates for 1990-95 (see discussion in text). Crop group codes are defined in table 4]

Crop Agricultural use in basin (kilograms per square kilometer)
Site code group
code Atrazine Metolachlor  Cyanazine Simazine Chlorpyrifos Diazinon Carbofuran Carbaryl
AGRICULTURAL BASINS

Isus-mill C 27 38 6.5 3.2 54 0.0 21 0.9
cnbr-prairie C 51 32 18 0.0 5.8 0.3 2.2 0.9
wmic-duck C 14 17 15 0.0 3.3 0.1 0.7 0.1
hdsn-canaj CA 6.0 4.0 29 0.5 3.7 0.0 0.6 0.0
poto-muddy CA 13 6.8 0.9 1.3 25 0.0 25 0.4
wmic-nbmilw  CAv 11 14 13 0.0 2.6 0.0 0.5 0.2
cnbr-maple CSs 39 27 13 0.0 4.6 0.2 1.8 1.7
cnbr-shell Cs 46 31 16 0.0 55 0.3 21 14
whit-kess CS 51 32 18 0.8 2.0 0.0 1.1 1.3
whit-sugar CSs 48 31 17 0.8 1.9 0.0 0.9 0.1
albe-pete CScot 5.4 17 1.3 0.7 12 0.5 2.3 1.9
albe-albe CSwW 8.7 16 1.2 1.2 4.4 0.1 3.8 1.2
Isus-eastm cw 12 19 2.8 13 2.0 0.1 1.0 0.5
poto-mono CwW 10 17 2.2 4.0 6.5 11 0.8 2.0
splt-lone CwW 2.7 1.6 0.8 0.0 0.9 0.1 0.5 0.0
acfb-lime CWp 11 8.2 24 0.4 11.0 0.1 2.0 3.6
trin-chamb CWsor 5.1 23 0.9 0.0 0.9 0.0 0.5 0.9
ccpt-crab.rl WA 24 24 0.3 0.9 6.1 1.1 1.6 3.2
usnk-rock WAb 0.2 0.4 0.7 0.1 0.3 0.1 0.6 0.1
ccpt-palouse Wb 0.0 0.5 0.0 0.1 0.1 0.0 0.0 0.1
redn-turtle Wb 0.1 1.4 0.2 0.0 1.3 0.0 1.3 0.4
usnk-teton Wpot 0.0 0.8 0.0 0.1 0.3 0.0 1.2 0.0
gafl-tucsa WScot 25 6.2 7.2 0.3 9.4 0.0 0.6 3.1
albe-devils WStob 0.8 3.1 0.1 0.1 5.7 0.5 0.8 13
ccpt-crab.m W 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0
ccpt-el68 w 0.1 0.4 0.1 0.1 0.7 0.3 0.8 0.4
redn-snake w 0.3 0.9 0.2 0.0 0.9 0.0 0.7 0.2
redn-wildr w 0.7 1.2 0.5 0.0 0.3 0.0 0.1 0.0
gafl-little P 6.9 12 3.9 0.2 14 0.3 14 25
acfb-aycocks P 10 8.8 29 0.2 10 0.0 2.0 2.0
sanj-salt COTv 0.2 1.1 5.4 7.1 22 11 2.3 4.3
will-pudding FGv 3.2 6.1 0.0 1.8 4.9 3.1 0.1 2.9
will-zollner FGv 6.7 13.0 0.0 2.8 9.7 6.5 0.2 5.7
sanj-merced (@) 0.1 0.4 0.6 0.6 3.4 2.3 0.3 0.5
sanj-orest O 0.6 5.6 1.2 6.6 22 27 15 4.8
ozrk-dous XX 0.7 0.4 0.2 0.0 0.3 0.0 0.5 0.1
ozrk-yocum XX 1.2 0.0 0.0 0.0 0.0 0.0 0.0 0.2
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Table 6. Agricultural use of selected pesticides per square kilometer of drainage basin—Continued

Crop Agricultural use in basin (kilograms per square kilometer)
Site code group
code Atrazine Metolachlor ~ Cyanazine Simazine Chlorpyrifos Diazinon Carbofuran Carbaryl
INTEGRATOR BASINS

cnbr-platte Cw 8.0 5.2 2.7 0.0 11 0.0 0.5 0.3
whit-white Cs 30 18 11 0.5 12 0.0 0.6 0.2
wmic-milw CAv 9 11 10 0.0 21 0.0 0.4 0.1
hdsn-moh CA 2.7 1.8 13 0.2 1.7 0.0 0.3 0.0
poto-shenan CA 4.3 25 0.3 0.6 1.1 0.0 0.8 0.3
albe-tar CScot 1.2 5.9 0.4 0.2 6.7 0.5 0.7 1.2
gafl-withla P 7.6 6.7 4.0 0.3 9.7 0.2 1.7 2.3
redn-rr.fargo  CSW 2.2 4.6 2.3 0.0 11 0.0 0.2 0.3
redn-rr.em w 0.7 1.7 0.7 0.0 1.0 0.0 0.4 0.2
sanj-sanj o 0.1 0.8 0.9 14 5.6 4.4 0.5 1.0

Among the agricultural sites, concentrations of as well. Several orchard crops are grown in the San
the herbicide prometon (fig. BRwere highest at three Joaquin and Willamette basins. In addition, the two
sites with few apparent similarities—Mill Creek in eastern sites with the highest simazine concentrations,
Pennsylvania (Isus-mill), in a corn-growing area with Mill Creek in Pennsylvania (Isus-mill) and the
relatively high population density; Lonetree Creek in Monocacy River in Maryland (poto-mono), and the
Colorado (splt-lone), with major crops of corn, wheat,two sites in the Willamette Basin (will-pudding and
and grains and very low population density; and Devilgwvill-zollner) have the highest population densities of
Cradle Creek in North Carolina (albe-devils), with any of the agricultural sites (table 1). The simazine
major crops of wheat, soybeans, and tobacco and a concentrations measured at these sites are likely the
medium population density (table 1). Prometon result of a combination of agricultural and
concentrations at these sites were between 0.01 and g’8nagricultural use.
pg/L for much of the year (fig. ) The relatively
narrow range of concentrations at these sites indicates Insecticides

that prometon concentratior\s were fairly uniform Monthly median total insecticide concentrations
throughout the year. Detections of prometon were rarg; the 37 agricultural sites are shown in figura.23
and concentrations very low at sites in the San Joaquip ;centrations were less than AgiL during most

and Willamette basins and in most wheat-growing  months at sites in corn-growing areas. Concentrations
areas. Prometon is used almost exclusively in - \yere jower at most sites in wheat-growing areas,
nonagricultural settings, such as transportation ”ghts'except for the Crab Creek Lateral (ccpt-crab.rl) and
of-way, and little quantitative information is available g|gg\vasteway (ccpt-€l68) sites in Washington. Higher

on the amounts used (Capel and others, 1999). - jnsecticide concentrations at these sites are consistent
Monthly median concentrations of simazine (fig. with the higher detection frequencies at these sites
22G) generally ranged from 0.01 to Qug)/L, with discussed earlier and may be due to the presence of

highest concentrations at sites in the San Joaquin Basgrchard and nursery crops in these two basins.

in California (sanj-salt, sanj-merced, and sanj-orest) Insecticide concentrations were very low at the two
and the Willamette Basin in Oregon (will-pudding and peanuts sites (gafl-little and acfb-aycocks) and at the
will-zollner) and at two sites in corn-growing areas of sites in the Ozark Plateau (ozrk-dous and ozrk-yocum)
the East (Isus-mill and poto-mono). This herbicide is study unit, with most or all monthly median

used on a variety of agricultural crops, including concentrations less than the detection limit. Insecticide
orchard crops, and has substantial nonagricultural useoncentrations generally were much higher at the sites
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in the San Joaquin (sanj-merced, sanj-orest, and sanjhis figure illustrate the general temporal patterns of
salt) and the Willamette River basins (will-pudding, total herbicide and insecticide concentrations for a 1- to
and will-zollner). Monthly median total insecticide  2-year period. The plots in figure 24+C) show
concentrations at these sites ranged from 0.01 to 1 concentrations measured at sites in corn-growing areas
po/L during most months (fig. Z3. These higher of the eastern, midwestern, and western United States.
insecticide concentrations are consistent with the ~ The temporal patterns of total herbicide concentrations
higher detection frequencies and the greater number o Mill Creek (fig. 248), Kessinger Ditch (fig. 23),
insecticides measured at these sites where a wide and Lonetree Creek (fig. 2% were similar, with

variety of crops are grown. elevated concentrations occurring primarily during the
The insecticides most frequently detected at months of May and June and very low concentrations
agricultural sites were chlorpyrifos, diazinon, occurring during the remainder of the year. This pattern

carbofuran, and carbaryl. These insecticides were s typical of most sites representing corn-growing
detected less frequently at agricultural sites than the areas, where herbicides are applied shortly before or
most frequently detected herbicides, and after planting in the spring. The duration and the levels
concentrations generally were lower. Monthly medianof elevated herbicide concentrations at these three sites
concentrations of these four insecticides are shown invaried widely, however, depending on basin size,

figure 23B-E. Note that the maximum value on the  amount and intensity of rainfall or irrigation, and soil
concentration scale in these plots isgll compared  properties. The temporal pattern is not as well-defined
with 10 ug/L in the plots for individual herbicides. At for insecticide concentrations at the sites in figure 24
most sites, monthly median concentrations of these (A—C), with spikes in concentration occurring
compounds were less than the detection limit for muckyeriodically from spring through autumn.

of the year. During the remainder of the year, monthly

median concentrations were less thanu@/L at most  aqticide concentrations observed at the three
sites. Concentrations of these four insecticides were agricultural sites in the Central Valley of California.

substantially higher at the five agricultural sites in theSeasonaI patterns at these sites were different from
San anquin (sanj_-merce_d, sanj-or(_ast, and sanj-salt) those at sites in corn-growing areas and varied
and Willamette (will-pudding and will-zollner) River considerably among the three sites. Concentrations of

bre]llsms (f:cg. 23)& l\élpnt_hly medlarg) c:)ncent(;agi)ns gfo 1herbicides and insecticides were elevated in samples
chiorpyriios and diazinon were between ©.U1 and U.1 ) 16¢ted in January and February from these three

pg/L for much of the year at several of these sites. sites: the elevated concentrations were due to

e i s Bt o . SPPIERLEnS 1 orchard pimary aimocs and
. ) . walnuts) during the dormant season. In Salt Slough and
year at the Zollner Creek site (will-zoliner) in the Orestimba Creek, concentrations of insecticides
Willamette River Basin (fig. 23). The Zollner Creek . : :
. . . rFmalned at detectable levels for much of the year. This
site had the highest carbofuran concentrations of any Q . . . . -
. ; o IS consistent with the variable periods of pesticide
the 58 sites discussed in this report. L . ; )
application to the wide variety of crops grown in the
Salt Slough and Orestimba basins (Panshin and others,

1998). Seasonal patterns in these basins also are
Seasonal patterns in pesticide occurrence werecomplicated by water-management policies for a
apparent at most of the agricultural indicator sites. Botisystem of canals, wasteways, and reservoirs and by
the number of pesticides detected (fig. 17) and their regulation of irrigation return flows. The large
concentrations (fig. 18) were highest during a relativelyinsecticide peak in Orestimba Creek in August of 1993

Figures 24 D-F) show temporal patterns in

Seasonal Patterns

well-defined period at most sites. The period of is due to a high concentration (g6/L) of propargite
elevated concentrations extended from April or May in one of the samples (U.S. Geological Survey, 1999).
through July at most of the agricultural sites. At some Figures 24 G,H) show the temporal patterns in
of the agricultural sites, elevated concentrations concentrations for the two agricultural sites in the
occurred during autumn or winter. Willamette River Basin in Oregon. The concentration
Seasonal concentration patterns for eight patterns are somewhat similar for these two sites, with

agricultural sites are shown in figure 24. The plots in detectable levels of herbicides and insecticides
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Figure 24. Examples of temporal concentration patterns at eight agricultural indicator sites. The upper plot for each site shows total

herbicide concentrations, and the lower plot shows total insecticide concentrations. The concentration of total herbicides is shown
on the left axis, and the concentration of total insecticides is shown on the right axis. The same 2-year period is shown for each site.
Samples with no detections of either herbicides or insecticides were assigned a concentration of zero.
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throughout much of the year and elevated concentrations of carbofuran, terbufos, phorate, and

concentrations in early summer and autumn. chlorpyrifos. The second peak, in late August of 1993,

Concentrations in Zollner Creek, however, generally represents concentrations of carbaryl and diazinon. The

were much higher than concentrations in the Puddinghird peak, in July of 1994, was almost entirely due to

River. Similar to the San Joaquin River valley, a wide a high concentration of propargite. Thus, despite the

variety of crops is grown in Willamette River Basin and generally consistent temporal patterns in pesticide

use of pesticides is high. concentrations for many of these sites (fig. 24), the
The plots of total herbicide and insecticide timing and the magnitude of elevated concentrations of

concentrations in figure 24 show some generally specific pesticides can be influenced by unique

consistent patterns among these sites. Each site,  situations that can occur within individual drainage

however, had its own unique temporal concentration basins.

pattern, and therefore, it is difficult to generalize, even

among sites representing similar crop groups. For

example, the peaks in insecticide concentrations showdrban Indicator Sites

in figure 24 A—C) were caused by different insecticides

at each site. In Mill Creek in Pennsylvania (Isus-mill), petection Frequencies

the main contributors to the peaks in total insecticide

concentration were diazinon, carbaryl, and Several pesticides were detected much more

chlorpyrifos. These peaks could be the result of frequently in streams draining urban basins than in

nonagricultural pesticide use. In Kessinger Ditch in  streams draining agricultural basins (figs. 14 and 15).

Indiana (whit-kess), the peaks in total insecticide ~ The herbicides simazine and prometon and the

concentration primarily were due to carbofuran and insecticides diazinon, carbaryl, chlorpyrifos, and

carbaryl. In Lonetree Creek in Colorado (splt-lone), malathion were detected much more frequently at most

each peak in total insecticide concentration was due tarban sites than at most agricultural sites. The annual

a different insecticide or group of insecticides. The firstmean detection frequencies of these compounds are

peak, in late May of 1993, represents elevated compared in figure 25 for urban and agricultural sites.

100 —

l ] L — Urban indicator sites (n=11)

— Agricultural indicator sites (n=33)

80

60 L

Annual mean detection frequency, in percent

0 T || T m %

Simazine Prometon  Diazinon Carbaryl  Chlorpyrifos  Malathion

Compound

Figure 25. Distribution of annual mean detection frequencies of compounds consistently detected
more frequently at urban indicator sites than at most agricultural indicator sites. Each box represents
the distribution of detection frequencies for a specific compound among the sites in each group for a
1-year period. A common reporting level of 0.01 microgram per liter was used for calculation of
detection frequencies for all compounds. (See figure 5A and associated text for an explanation of
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Together, these six compounds serve as a signature ebncentrations at the agricultural indicator and the
urban influences in a basin because their concentratiomstegrator sites is the higher incidence of elevated
were elevated at nearly all urban indicator sites for levels of insecticides at the urban sites. The

much of the year. The herbicide tebuthiuron also wasdistributions of total herbicide and insecticide
detected more frequently at most urban sites than at concentrations at the urban sites are nearly identical if
most agricultural indicator or integrator sites (fig. 15).the aggregated data at the urban sites are used. This

All seven of these pesticides have significant distribution is in sharp contrast to the distribution for
nonagricultural use (Meister, 1996; Larson and othersthe agricultural and the integrator sites where elevated
1997), but data on the actual amounts of these herbicide concentrations were much more common
pesticides used in urban areas are not currently than elevated insecticide concentrations. Nearly 100
available. percent of the monthly median concentrations of total

Pesticides that are used primarily for agriculture herbicides and insecticides were greater thanyif1l
such as atrazine and metolachlor, also were detectedat the urban sites (fig. 16), which indicates that both
frequently at many of the urban indicator sites (fig.  types of pesticides were at detectable levels in streams
14B). The frequent detection of these pesticides draining urban basins for much of the year.
probably is due to the presence of some cropland in The range of concentrations of individual
most of the urban basins (fig. 3). Atrazine is registeregesticides detected at the 11 urban indicator sites is
for use on turf grass in several southeastern states; tisown in figure 26. These plots are analogous to those
actual amounts used are unknown. Atrazine was in figures 22 and 23 and show monthly median
detected frequently in some urban basins with very concentrations of the pesticides that were detected
little cropland; these basins are in parts of the countrymost frequently at the urban sites. The 3 herbicides and
where atrazine is not registered for home use. For 4 insecticides shown in figure 26 were detected more
example, in Cherry Creek in Colorado (splt-cherry) andrequently at urban sites than at agricultural or
Fanno Creek in Oregon (will-fanno), each of which integrator sites. The plots in figure 26 are used in the
have about 2 percent cropland in their drainage basingext two sections to illustrate the concentration ranges
the detection frequencies of atrazine in 1993 were 88of specific herbicides and insecticides detected at the
and 100 percent, respectively (U.S. Geological Surveyirban sites.

1999). Atrazine and several other commonly used

agricultural herbicides have been detected frequently in Herbicides

precipitation and air samples in several regions of the _ _ o
United States (Capel, 1991; Wotzka and others, 1994; ~ Monthly median concentrations of simazine
Goolsby and others, 1997). The atmospheric ranged from 0.01 to 1)0g/L at most urban indicator

deposition of these compounds may partly explain theipites (fig. 28). Concentrations at these sites were
frequent detection in streams draining urban basins. similar to, or higher than, concentrations of simazine at
The presence of agricultural pesticides in urban most of the agricultural indicator sites and integrator
streams helps explain why the number of pesticides Sites. Monthly median concentrations greater than 0.1
detected in streams draining urban and agricultural H9/L were common at four sites—Accotink Creek in
basins is similar in most cases (fig. 12). Most of the Virginia (poto-acco), Sope Creek in Georgia (acfb-
urban streams discussed in this report contain the urb&9Pe), Rush Creek in Texas (trin-rush), and Las Vegas

signature compounds, as well as low-level Wash in Nevada (nvbr-lasvegas). Only one
concentrations of agricultural pesticides used in the Site—Accotink Creek (poto-acco)—had a monthly
region. median concentration greater thapdlL. Simazine

concentrations in individual samples from this site
were greater than ig/L for 4 consecutive months

C trati : i
oncentrations during 1994. There was no reported agricultural use of

The distribution of total herbicide and simazine in Accotink Creek Basin during the sampling
insecticide concentrations measured at the urban  period (Gianessi and Anderson, 1996) which suggests
indicator sites is shown in figure 16. The general that these relatively high concentrations were the result

characteristics of these distributions were discussed of nonagricultural use. Two sites—Norwalk River in
previously. The most obvious difference between Connecticut (conn-norwalk) and Lisha Kill in New
concentrations at the urban indicator sites and York (hdsn-lisha)—had much lower simazine
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Figure 26. Monthly median concentrations of selected compounds at 11 urban indicator sites during a 1-year period.
Each value represents the median concentration for 1 month. The annual median for each site is shown in red. Monthly
median concentrations less than the detection limit are shown on the x-axis. For sites at which all 12 monthly values
were less than the detection limit, the annual median value is plotted on the x-axis. The order of sites, from left to right, is

Herbicides
A. simazine

T T T T T
0 é R
o]
N S
. Eggoéggeg
o} gaog ° o
O 0 o5
g o
é 1 1 & 1
B. prometon
T T T T T
(o]
Eé 9 ug
. 50 ggség
a (o]
8 g Eg
© 8
[e]
& 1 & 1 1
C. tebuthiuron
T T T T T
[¢]
(o] Q
g o OE
(- :
o 9
o
& & & & rey
X @ 5 0 O O O > o
T 8oz s oG g 2
n P O 0 o g D DcC
=29 >0z 2598
[ & e Y < B I —] '>~a—
O c T O« o« Q@ & -
c O VO = @ = +L S 0N =
T o 23 93 8 33 FESF
Ec s a L
o > 2
o g

Sampling site code

10

0.1

0.01

=0.001

10

0.1

0.01

=0.001

10

0.1

0.01

=0.001

10

0.1

0.01

=0.001

Insecticides
D. carbaryl
T T T T T
Q
U
o] o] o
o ° 8 o EQ o
o] (o]
@ o
) []
H S o3 g oo o g
80 0 © °
[ ]
o]
(o] [ ]
-.{\-4\ A'«L #
E. chlorpyrifos
T T T T T
]

O o @
RN
EOQSn E

o 8 EBO@ o
? 8 o
—o—o—b 8 b o o
F. diazinon
T T T T T
[e]
a
o] Q

o O

8 UBOEO“

TR EEEEEE N
o] o]

o) @OE g o 8

[8) OOO@ o

o]

'4\'/& 1 & 1
G. malathion
T T T T T
(o]
]
o 880

o O

S 8En 880

8

—b6 o b o b o & —o
X 8 59 000>t 0 0
T < O£ &= £ v @8 ¢
S 03P S 0 oEgg S DC
= O® ®© > 0O = 0 ®©
ST o i@ ileSs5 LS8
©Q c ¥ 0w a9 Q@ & 7 =~
C 0 0N =2 © = &':mz
I ot 3 903 ¢ 2§ F 8%
C & n Q& ®© 2 T
S = [ o)
o o Z

Sampling site code

approximately east to west and is in the same order as presented in table 1. Site codes are defined in table 1.
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concentrations than the other urban sites for most of thEoncentrations of chlorpyrifos were lower at the other
year. At most of the urban sites, concentrations of  six urban sites, with monthly median concentrations
simazine varied substantially throughout the year, as less than the detection limit during most months.

shown by the large range in the monthly median Monthly median concentrations were less than the
concentrations (fig. 29. Monthly median detection limit for the entire year at two urban sites,
concentrations were higher than the detection limit forNorwalk River (conn-norwalk) and Lisha Kill (hdsn-
the entire year at 6 of the 11 sites. lisha).

Monthly median concentrations of prometon Diazinon concentrations (fig. Epranged from
(fig. 26B) ranged from 0.01 to Oydg/L at most urban  0.01 to 0.1ug/L for much of the year at nine of the
sites. This relatively narrow range indicates that urban sites. The highest concentrations were detected

prometon concentrations were relatively consistent foin Rush Creek in Arlington, Texas (trin-rush), where
much of the year at most of the urban sites. Prometomonthly median concentrations were greater than 0.1
concentrations at the urban sites were higher than  pg/L for most of the year and greater thamglL
concentrations at most of the agricultural and the  during several months. Diazinon concentrations at
integrator sites. Prometon is used almost exclusively imost urban sites were comparable with concentrations
nonagricultural settings, although there is little at agricultural sites in the San Joaquin and Willamette
guantitative information available on the amounts usedRiver basins and higher than concentrations at all other
Monthly median concentrations of tebuthiuron agricultural sites (fig. 23). Concentrations were much
(fig. 26C) were between 0.01 and Qud/L at 3 of the lower at the other two urban sites—Norwalk River in
urban sites (Isus-cedar, acfb-sope and will-fanno)  Connecticut (conn-norwalk) and Cedar Run in
throughout much of the year, but concentrations werePennsylvania (Isus-cedar) —where concentrations
considerably lower at the other 8 sites. Monthly mediarwere less than the detection limit during most months.
concentrations were less than the detection limit for the Although malathion was detected more
entire year at 4 sites. Tebuthiuron has virtually no  frequently at the urban sites than at the agricultural or
reported agricultural use in the United States (Gianesghe integrator sites, concentrations were quite low for
and Anderson, 1996), and little information is availablemuch of the year (fig. Z&). For months in which
on the quantities used in nonagricultural settings.  malathion was detected, monthly median
concentrations generally were less tharp@/L. Only

Insecticides at Rush Creek (trin-rush) were more than half of the
) ] ] monthly median concentrations of malathion greater
Carbaryl concentrations (fig. P varied than the detection limit.

considerably among the urban indicator sites. At
several sites, monthly median concentrations ranged
from 0.01 to about 0.@g/L during most months.
Carbaryl concentrations at these sites were higherthan = Seasonal patterns in the occurrence of pesticides
concentrations at nearly all the agricultural sites (fig. were less obvious for the urban indicator sites than for
23). The highest carbaryl concentrations were detectetthe agricultural indicator sites and the integrator sites.
in Cherry Creek in Denver, Colorado (splt-cherry) In terms of both the number of compounds detected in
where monthly median concentrations were greater each sample (fig. 17) and the monthly median

than 0.1ug/L for 6 of the 12 months. Concentrations concentrations (fig. 18), there was little difference
were substantially lower at seven urban sites, with mogietween the critical period and the rest of the year at

Seasonal Patterns

monthly median concentrations less than ug/. most urban sites for both herbicides and insecticides.
Chlorpyrifos concentrations (fig. Epalso The temporal patterns for pesticide
varied among the urban sites. At five sites, most concentrations at urban sites can be examined more

monthly median concentrations ranged from about closely by looking at results from individual sites (fig.
0.002 to 0.05ug/L. Chlorpyrifos concentrations at 27). Although concentrations varied throughout the
these sites were comparable with concentrations year at several urban sites, no clear seasonal pattern is
detected at agricultural sites in the San Joaquin and evident among the eight sites shown in figure 27. At
Willamette River basins but higher than concentrationseveral sites, including Norwalk River (conn-norwalk),
detected at all other agricultural sites (fig. 23). Lisha Kill (hdsn-lisha), Lafayette Creek (gafl-
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Figure 27. Examples of temporal concentration patterns at eight urban indicator sites. The upper plot for each site shows total
herbicide concentrations, and the lower plot shows total insecticide concentrations. Total herbicide concentrations are shown
on the left axis and total insecticide concentrations are shown on the right axis. The same 2-year period is shown for each site.
The three urban sites that have a significant portion of agricultural land in their drainage basins—Cedar Run in Pennsylvania
(Isus-cedar), Little Buck Creek in Indiana (whit-little), and Rush Creek in Texas (trin-rush)—are not included in these plots so
that the concentration patterns shown are primarily the results of urban influences.
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lafayette), and Fanno Creek (will-fanno), total land, resulting in a much stronger urban signal and
herbicide concentrations were relatively low in all higher detection frequencies for these pesticides.
samples. At other sites, including Sope Creek (acfb-

sope), Las Vegas Wash (nvbr-lasvegas), and Accotinkogncentrations

Creek (poto-acco), herbicide concentrations were

elevated for long periods at various times of the year. Aggregated data from each group of sites
Elevated total herbicide concentrations at most of theindicate that total herbicide and insecticide

urban sites were almost entirely due to concentration§oncentrations measured at the integrator sites were
of simazine, prometon, and atrazine. Insecticide very similar to concentrations measured at the
concentration patterns also were variable at the urba@gricultural indicator sites (fig. 16). The general
sites. Distinct spikes in insecticide concentrations wergharacteristics of the distribution of concentrations for

observed at several sites, including Norwalk River  the integrator sites were discussed previously. Monthly
(conn-norwalk), Sope Creek (acfb-sope), and Las ~ median total herbicide concentrations between 0.01

Vegas Wash (nvbr-lasvegas). Insecticide and 0.1ug/L were slightly more common at the
concentrations were elevated for much of the year at integrator sites than at the agricultural indicator sites,
other sites, including Cherry Creek (splt-cherry), but distributions at these two types of sites were nearly

Lafayette Creek (gafl-lafayette), and Accotink Creek identical for concentrations greater than j0giL (fig.
(poto-acco). At most sites, elevated total insecticide 16A). The more common occurrence of herbicides at
concentrations were due to concentrations of diazinornoderate concentrations at the integrator sites is
carbaryl, and malathion. consistent with the general pattern of a longer period of
elevated concentrations in streams with larger drainage
basins (Richard and Baker, 1993; Larson and others,
Integrator Sites 1995). The distributions of total insecticide
concentrations were very similar at the integrator sites
and the agricultural indicator sites (fig.B)6
The range of concentrations of individual
At the integrator sites, the overall detection  pesticides measured at the 10 integrator sites are shown
frequencies of several agricultural herbicides were  jn figure 28. These plots are analogous to those in
similar to or somewhat higher than the detection figures 22, 23, and 26 and show monthly median
frequencies at the agricultural indicator sites (figs. 14 concentrations of pesticides detected frequently at the
and 15). This was true for all the most commonly integrator sites. The plots in figure 28 are used in the
detected agricultural herbicides, including atrazine, npext two sections to illustrate the range in
metolachlor, alachlor, and cyanazine and the atrazinegoncentrations of specific herbicides and insecticides
tl’anSfOI’ma'[ion prOdUCt DEA. These SomeWhat highermeasured at the integrator SiteS.
detection frequencies are not surprising because a
wider variety of crops generally are grown in the
integrator basins and because all the integrator basins
likely received applications of these widely used Monthly median concentrations of atrazine were
herbicides. The agricultural indicator sites, on the otheless variable among the integrator sites (figh)2Ban
hand, represent specific crops or groups of crops, son@nong the agricultural indicator sites (figB}2with
of which received little or no application of these concentrations between 0.01 and |@gIL for most of
compounds. At the integrator sites, detection the year at most sites. The two integrator sites with the
frequencies of pesticides with substantial highest atrazine concentrations—the White River in
nonagricultural use, including several insecticides andndiana (whit-white) and the Platte River in Nebraska
the herbicides prometon and simazine, generally werécnbr-platte)—had relatively high atrazine use
between the detection frequencies at the agricultural compared with the other integrator sites (table 6). A
and the urban sites. Between 3 and 7 percent of the larstkong seasonal peak in atrazine concentrations at these
within most integrator basins is urban land (fig. 3), andwo sites is evident in figure 28A, with monthly median
therefore, detection of compounds with substantial concentrations greater thamud/L for several months
urban use is likely. In most of the urban basins, during the growing season. Atrazine concentrations
however, more than 60 percent of the land is urban were lowest in the San Joaquin River in California

Detection Frequencies

Herbicides
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Figure 28. Monthly median concentrations of selected compounds at 10 integrator sites duirng a 1-year period.
Each value represents the median concentration for 1 month. The annual median for each site is shown in red.
Median concentrations less than the detection limit are shown on the x-axis. For the sites at which all 12 monthly
medians were less than the detection limit, the annual median value is plotted on the x-axis. The order of sites,
from left to right, is approximately east to west and is in the same order as presented in table 1. Site codes are
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(sanj-sanj) where atrazine use in the basin is relativelplatte) and Red River basins (redn-rr.fargo and redn-
low. Monthly median concentrations were greater thanr.em) (table 1). Concentrations also were low in the
0.01ug/L for the entire year at seven of the integratorMohawk River in New York (hdsn-moh), however,
sites (fig. 28). which drains an area of relatively high population

Concentrations of DEA (fig. 29 generally density.
followed the same spatial pattern at the integrator sites Prometon concentrations (fig.28were
as concentrations of atrazine, but the monthly mediarbetween 0.01 and Ou/L for much of the year at five
concentrations were 5 to 10 times lower at most of th@f the integrator sites but much lower at the other sites.
sites. Detectable levels of DEA were present for mostSimilar to simazine, concentrations were low at sites in
of the year at seven of the integrator sites. The the Platte and Red rivers (cnbr-platte, redn-rr.fargo, and
concentrations of DEA shown in figure 28 are probablyredn-rr.em) where population density is low, but
biased low because of the low analytical recovery of concentrations also were low in the Mohawk River
DEA (table 2). (hdsn-moh) where population density is relatively

At most of the integrator sites, monthly median high. Monthly median concentrations of prometon
concentrations of metolachlor were similar to the were less than the detection limit for the entire year in
monthly median concentrations of atrazine, ranging the San Joaquin River (sanj-sanj).
from 0.01 to 0.Jug/L for much of the year (fig. Z3.
Concentrations of metolachlor were more consistent Insecticides
among the integrator sites than were concentrations of

atrazine, which is consistent with the more uniform use With the exception of diazinon, concentrations
’ . ) ) of insecticides generally were low at the integrator sites
of metolachlor in these basins (table 6). The highest g y g

tolachl trati in the White Ri (figs. 28 GK). Median concentrations of chlorpyrifos,
me .O ac_ or concentrations were in the .' e River malathion, carbofuran, and carbaryl were less than 0.01
(whit-white). Use of metolachlor was the highest (per

. . . ) : ) g/L during most months at all 10 integrator sites.
unlt_area) in the Wh'te River Basin than in any other O#hese concentrations are similar to those measured at
the integrator basins.

_ _ _ most of the agricultural sites for these insecticides, with
Concentrations of cyanazine were variable monthly median concentrations less than the detection

among the integrator sites (fig.2B Monthly median  |imit for much of the year. Concentrations of

concentrations were less than the detection limit for chlorpyrifos, diazinon, and carbaryl were higher in the

most of the year at the four eastern sites where use 0§y Joaquin River (sanj-sanj). Monthly median

cyanazine was relatively low. Concentrations ranged concentrations of diazinon were greater than the

from 0.01 to 0.Jug/L for much of the year at the other detection limit for much of the year at three sites—the

SiX SiteS. The Wh|te River Site (Wh|t'Wh|te) had the San Joaquin River (Sanj_sanj) Where diazinon has

highest cyanazine concentrations (fig3)8nd the  extensive agricultural use, the Tar River in North

highest reported use of cyanazine (table 6) comparedcarolina (albe-tar) where diazinon has moderate

with the other integrator sites. Concentrations of agricultural use and population density is relatively

cyanazine at the other integrator sites did not correlatgigh, and the White River in Indiana (whit-white)

well with agricultural-use data, as concentrations wereyhere there is little reported agricultural use, but

similar at sites with widely differing values for population density is high. Previous studies of diazinon

cyanazine use (table 6). occurrence in large midwestern rivers have reported a
Concentrations of simazine (fig.2Balso were  positive correlation between population density in a

variable among the integrator sites, with monthly drainage basin and the amount of diazinon transported

median concentrations between 0.01 andug/L for in the river (Larson and others, 1995).

much of the year at several sites but much lower at

other sites. Simazine concentrations generally were

highest in the San Joaquin River (sanj-sanj), which iSpPESTICIDE LOAD IN RELATION TO USE

the only integrator basin with substantial agricultural

use of simazine (table 6). Simazine concentrations The transport of pesticides in different types of

were low, but detectable, for much of the year at sitesstreams was discussed previously in terms of yield, or

in areas with low population density—the Platte (cnbrioad per unit area. A wide range in annual pesticide
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yields was observed, with estimates ranging more tharelation to the amount of that pesticide used

three orders of magnitude for the agricultural sites (figagriculturally in the basin. All target compounds with
19). Much of this variability is caused by differences inreported agricultural use of 100 kilograms (kg) or more
the amounts of pesticides used in the agricultural in a basin are included. For basins with low pesticide
basins. Comparisons of loads among the basins can lge, represented by points on the left side of the plots in

made more effectively by expressing the annual figure 29, the percentages were highly variable,
pesticide load as a percentage of the annual use in th@nging more than three orders of magnitude. Many of
drainage basin. these points represent small agricultural basins for

The general relation between pesticide load andvhich accurate load estimates are difficult to obtain, as
pesticide use is shown in figure 29. These plots showdiscussed previously. Moreover, the pesticide-use
the estimated annual stream load of each pesticide inestimates for small basins are probably much less

A. Herbicides

100,000

10,000

1,000
0.01%

100 -

10

1

O Agricultural indicator basins
® |ntegrator basins

0.1

0.01 8

=0.001 bemE@ocoBi@m-bame-roem—o—lese— o o |l oo o 1 0000 |
100 1,000 10,000 100,000 1,000,000 10,000,000

B. Insecticides

10,000

1,000

Annual load in streams, in kilograms

100

10

100 1,000 10,000 10,0000 1,000,000
Annual agricultural use in basin, in kilograms

Figure 29. Annual load of (A) herbicides and (B) insecticides in streams in relation to agricultural use in the drainage basin of a particular
stream. Each value represents the load of a specific compound at one site. The diagonal lines represent theoretical percentages of the
amount of pesticides used in the basin. For example, a point on the lowest diagonal line means that the estimated load of one pesticide at a
specific sampling site was 0.01 percent of the amount of that pesticide applied agriculturally in the basin of that site. Agricultural-use data
are from Gianessi and Anderson (1996)
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reliable than for larger basins. Points on the right sideThe large variability in the values for load as a
of the plots in figure 29, which show results from percentage of use is to be expected for this diverse
integrator sites and the larger agricultural sites, are group of compounds which have considerable
probably a more accurate representation of the relatiowariability in physical properties and in application
between pesticide use and pesticide load in streams.practices (Larson and others, 1995). In addition, the
The estimated load for many compounds, both Sites represent basins with a wide range of soil types,
herbicides and insecticides, was between 0.01 and 1@imate, and topography, all of which influence the
percent of the amount applied in the basin. The pointgunoff of pesticides to streams.
along the bottom of the plots in figure 29 show that at Figure 29 shows that insecticide loads generally
some sites there was no measurable load (all represent a somewhat smaller percentage of use than
nondetections were assumed to be zero) for a numbdrerbicide loads. This is shown more clearly in figure
of compounds despite relatively high use in the basin30, in which the total load of the target herbicides and
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Figure 30. Annual load of (A) total herbicides and (B) insecticides in streams in relation to agricultural use in the drainage basin of a
particular stream. Each value represents the annual load of total herbicides or total insecticides at one site. The diagonal lines represent
theoretical percentages of the amount used in the basin. For example, a point on the lowest diagonal line means that the estimated load at a
particular sampling site was 0.01 percent of the amount applied agriculturally in the basin of that site. Agricultural-use data are from
Gianessi and Anderson (1996).
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insecticides is plotted in relation to the total amount ofsmaller percentage of the amount of pesticides used in
the target herbicides and insecticides used the basin than the loads of atrazine, metolachlor, and
agriculturally in the basins. Data used for figure 30 arecyanazine; thus it is important to consider which
tabulated in table 7. Similar to figure 29, there is specific pesticides are used when comparing loads of
considerable scatter in the data in figure 30 for basingotal herbicides or insecticides among basins.
with low use. The total load of the target herbicides in The relation between load in streams and
basins with high herbicide use, however, generally  agricultural use in the basins of the streams is shown in
represents between 0.1 and 1 percent of the total  figure 31 for several pesticides. Data used for figure 31
amount of the target herbicides used in the basins. Thgre tabulated in table 7. Loads of the herbicides
total load of the target insecticides is lower than the atrazine, metolachlor, and cyanazine (fig. 31A-C)
total herbicide load at most sites, representing 0.01 tqepresent about 1 percent of the amounts of these
0.1 percent of the amount of the target insecticides usasbmpounds used in the drainage basins. Percentages of
in the basins. The median values of the percentages trifluralin and EPTC (fig. 31D,E) are lower than the
calculated for each site are 0.52 for total herbicides angercentages for atrazine, metolachlor, and cyanazine
0.04 for total insecticides (table 7). For comparison, by 1 to 2 orders of magnitude, with loads representing
data from several much larger basins are included in about 0.01 to 0.1 percent of the amounts of trifluralin
figure 30. These data show the relation between loadand EPTC used in the drainage basins. This large
and use in the Mississippi River Basin and several largdifference can partly be attributed to differences in the
subbasins from a 1991 study (Larson and others, 1995)hysical properties of these herbicides and their
The general agreement between the results from the methods of agricultural application. Trifluralin and
1991 study and the results from the NAWQA sites  EPTC are considerably more volatile than atrazine,
indicates that the relation between load and use is  metolachlor, and cyanazine and generally are
relatively constant over a wide range of spatial scalesincorporated into the soil as they are applied, reducing
The percentages of pesticide use shown in figuréhe potential for transport in surface runoff. Atrazine,
30 are based on the relation between the load of totakyanazine, and metolachlor are commonly applied to
(summed) herbicides and insecticides and their the soil surface before crops have emerged from the
summed agricultural use and thus represent an averageil, increasing the likelihood of transport in surface
value for the target compounds. The percentage of runoff. In addition, trifluralin has a strong tendency to
pesticide use for a specific site is most influenced by become attached to soil particles, further reducing its
those pesticides with the greatest use in the basin of thaetential for transport in surface runoff. Data from the
site. For example, the load of total herbicides in the 1991 study of the Mississippi River and several of its
Platte and White rivers was about 1 percent of the totdhrge tributaries (Larson and others, 1995) are included
amount of the target herbicides applied in their in figure 31A-E. Values of loads as a percentage of use
drainage basins. The Platte and White River basins aifer the large rivers sampled in the 1991 study are
primarily in corn-growing areas, and the herbicides consistent with the data from the integrator sites and
atrazine, metolachlor, and cyanazine accounted for 76om most of the agricultural indicator sites sampled
to 75 percent of total herbicides use. In contrast, the during the current study. The general agreement
load of total herbicides in the Red River and Fargo between the results from the 1991 study and the results
(redn-rr.fargo) and at the Emerson (redn-rr.em) was from the current study indicate that the relation
about 0.1 percent of the total amount of the target ~ between load in the streams and agricultural use in the
herbicides applied in the basins of these sites. The malasins is relatively constant for these herbicides among
crops grown in both of the Red River basins are wheapasins with widely varying use of these compounds.
and other grains and relatively small amounts of corn. Stream load was also compared to basin use for
The primary herbicides (of the target compounds two of the most commonly detected insecticides,
included in this report) used in the basins of the Red carbaryl (fig. 3F) and carbofuran (fig. ).
River sites are trifluralin and EPTC. Atrazine, Variability was higher for these insecticides than for the
metolachlor, and cyanazine account for less than 25 herbicides, but the load at sites with high use of
percent of total herbicide use in the basins of the two carbaryl and carbofuran in the drainage basins was
Red River sites. As shown below, the loads of EPTC relatively consistent at about 0.1 percent of the amount
and trifluralin in streams consistently represent a used in the basins. Determination of an accurate
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Figure 31. Annual loads of specific compounds in streams in relation to agricultural use in the drainage basin of a
particular stream. Each value represents the annual load of the compound at one site. The diagonal lines represent
theoretical percentages of the amount used in the basin. For example, a point on the lowest diagonal line means
that the estimated load of that pesticide at a particular sampling site was 0.01 percent of the amount applied

agriculturally in the basin of that site. Agricultural-use data are from Gianessi and Anderson (1996).
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estimate of load for the insecticides is more difficult Several sources of potential error should be

than for many of the herbicides because of the noted for the estimates of annual load and for the values

generally low detection frequencies for insecticides, of load as a percentage of use:

especially at the agricultural indicator sites and the (1) As mentioned previously, load estimates

integrator sites. In addition, values of load as a probably are biased low for small basins because of the

percentage of use are potentially less accurate for sonh@w probability of sampling peak concentrations in

insecticides because of their widespread use in small streams.

nonagricultural applications. Nonagricultural use is not (2) For compounds with low detection

included in the estimates used in figure 31. frequencies, load estimates may be biased low because
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Figure 31.—Continued.
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concentrations less than the detection limit were set (6) The same estimates of pesticide use were
equal to zero for the load calculations. In some casesised for the calculations of load as a percentage of use
pesticides may have been present in the stream at regardless of the year of sample collection. If the
concentrations high enough to affect the load total bupesticide load varies significantly from year to year at a
less than the concentrations required for detection. site, estimates of load as a percentage of use also will

(3) Load estimates were made only for parent vary. Because the load is influenced by stream
compounds and no degradation products were discharge, weather, agricultural practices, and other
considered. factors (Leonard, 1990), some variation in pesticide

(4) Estimates of pesticide use were inferred fromload from year to year is to be expected in a stream even
data on crop acreage and from average application ratédghe same amounts of pesticides were applied in the
of pesticides on specific crops. For small basins in  basin. This variability is illustrated in figure 32, in
particular, a change in either one of these can have awhich total herbicide and insecticide loads are
large effect on the accuracy of the use estimates.  compared for 25 sites where load estimates were

(5) Nonagricultural use is not accounted for in available for similar periods during different years. The
the pesticide-use estimates. The integrator sites werediagonal line in these plots represents 1:1 agreement.
selected to represent a variety of land uses, and it is The axes in these plots are logarithmic so a substantial
very likely that significant nonagricultural use of deviation from the 1:1 line means that the load at a site
specific pesticides occurs in each of these basins.  was quite different for the 2 years. For total herbicides

A. Total herbicides
100,000 T T T T T T T

10,000 |- 1
1,000 [- o 1
100 - oo & ]
10 o 1
1 [ ] ® e 4
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Figure 32. Comparison of estimated loads of (A) total herbicides and (B) insecticides for 25 sites with sufficient data
for load estimates for 2 different years. Data from 14 agricultural, 7 urban, and 4 integrator sites are included. For 23
sites, loads for 1993 are compared with loads for 1994. For two sites, loads for 1992 are compared with loads for 1993.
For nine sites, loads are compared for 1 full year. For 16 sites, loads for a 5 to 6 month period are compared. The
diagonal line shows what would be 1:1 agreement between the loads for both years for a site.
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(fig. 32A), loads were similar for the 2 years at most and criteria values are used for both regulatory

sites. Total herbicide loads for the 2 years were withirstandards and nonregulatory guideline concentrations.
a factor of 2 at 14 of the 25 sites and within a factor of The criteria values selected for comparison are
10 at all but 1 site. The relatively constant loads of totakhown in table 8. For pesticides with a USEPA-
herbicides for these 2 years suggest that calculation @fstablished criterion value, that value was used. If no
load as a percentage of use on the basis of 1 to 2 yeaisEpA-established value was available, values

of sampling is reasonable for many of the target established by other agencies were used. Of the 46
herbicides, especially since values for a number of - compounds discussed in this report, 26 have a criterion
different sites are available. For total insecticides (fig.established for protection of human health and 18 have
32B), differences between the estimated loads for the 2 ¢riterion established for protection of aquatic life.
years generally were greater. Total insecticide loads fofhe criteria have several limitations (discussed below)
the 2 years were within a factor of 2 at 4_of the 25 site$hat must be considered when they are used for

and within a factor of 5 at 16 of the 25 sites. Atfour - o mnarison with pesticides concentrations measured in
sites, loads during thg 2 years differed by more than &i.aams. The criteria can, however, provide an

factor of 10. These differences may reflectactual  jygication of the potential for adverse environmental

dlff(e_rence§ n th_e amounts of |nsect|C|des_used In thegfrects of the pesticide concentrations measured during
basins during different years, as well as differences this study

owing to the six factors mentioned above. Insecticide

use is inherently more variable than herbicide use

because many insecticides are used in response to Limitations of Criteria

specific pest problems rather than on a preset schedule.

Because the same estimates of insecticide use were The criteria established for protection of both
used for both 1993 and 1994, values of insecticide loag};man health and aquatic life have limitations to their

as a percentage of use are potentially less accurate thgge i evaluating the potential effects of pesticides in
the values calculated for herbicides. streams (Nowell and Resek, 1994). The limitations
discussed here do not address the validity or accuracy
of these criteria, an assessment of which is beyond the
ENVIRONMENTAL SIGNIFICANCE OF scope of this report. Rather, these limitations pertain to
PESTICIDE CONCENTRATIONS the relevance or the usefulness, or both, of the criteria
for comparisons with concentrations of pesticides
measured in rivers and streams during this study.
(1) Criteria have not been established for many
of the pesticides. Several of the pesticides that were

The question of whether the pesticide
concentrations measured in samples collected during
this study have a significant effect on human or
environmental health is difficult to answer. Standards ) : : :
and guidelines have been established by various ~ freduently detected during this study, including
agencies for a number of the pesticides discussed in &lachlor, azinphos-methyl, carbaryl, DCPA, EPTC,
this report. Generally, these standards and guidelineg®rometon, and propargite, lack an established value for
are estimates of concentrations in water below which Protection of either human health or aquatic life, or
adverse effects on human health or aquatic life are ndtoth.
expected to occur (International Joint Commission, (2) Criteria have been established for very few
1977; Canadian Council of Resource and Environmen@esticide transformation products. DEA, a
Ministers, 1991; Nowell and Resek, 1994). Regu|atorytransformation product of atrazine, was one of the most
standards have been established by the USEPA for tHeequently detected compounds at many of the sites in
concentrations of specific compounds in drinking this study. Recent studies have shown that
water (the maximum contaminant level, or MCL). transformation products of several other commonly
Other (nonregulatory) values have been established byetected compounds, including alachlor, cyanazine,
the USEPA, the Canadian Council of Resource and and metolachlor, can be present at higher levels and can
Environment Ministers (CCRM), and the International persist much longer in surface waters than the parent
Joint Commission (1JC) for the protection of human compounds (Goolsby and others, 1993; Kalkhoff and
health or aquatic life. In this report, the terms criteria others, 1998).
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Table 8. Human-health and aquatic-life criteria established for target compounds and the number of sites where the criterion value was
exceeded.

[Type: H, herbicide; I, insecticide; d-H, herbicide degradation product; d-1, insecticide degradation product. Source: USHP&irbhmental Protection
Agency; MCL, USEPA-established maximum contaminant level for drinking water; HAL, USEPA-established human health advVitorgriekéng
water; CAN, Canadian aquatic-life criterion; RSD5, risk-specific dose associated with an excess cancer risk of 1 in 1@@@d€efuration in drinking
water equal to the RSD; 1JC, International Joint Commisgigh., microgram per liter; —, no criterion established]

Human-health criteria Aquatic-life criteria
Number of sites Number of sites
Compound Type Value Value
(ug/) Source where value (ug/L) Source where value
was exceeded was exceeded
2,6-Diethylaniline d-H — — — — — —
Alachlor H 2 MCL 10 — — —
Atrazine H 3 MCL 16 2 CAN 17
Azinphos-methyl | — — — 0.01 USEPA 16
Benfluralin H — — — — — —
Butylate H 350 HAL 0 — — —
Carbaryl | 700 HAL 0 — — —
Carbofuran | 40 MCL 0 1.75 CAN 1
Chlorpyrifos | 20 HAL 0 0.041 USEPA 20
Cyanazine H 1 HAL 13 2 CAN 10
DCPAL H — — — — — —
p.p -DDE d-1 0.1 RSD5 0 — — —
Deethylatrazine (DEA) d-H — — — — — —
Diazinon | 0.6 HAL 9 0.08 1JC 18
Dieldrin I 0.02 RSD5 4 0.0625 USEPA 1
Disulfoton | 0.3 HAL 0 — — —
EPTC H — — — — — —
Ethalfluralin H — — — — — —
Ethoprop | — — — — — —
Fonofos | 10 HAL 0 — — —
a-HCH? d-I 0.06 RSD5 1 0.01 CAN 1
Lindane | 0.2 MCL 0 0.08 USEPA 3
Linuron H — — — 7 CAN 0
Malathion | 200 HAL 0 0.1 USEPA 13
Methyl parathion I 2 HAL 0 — — —
Metolachlor H 70 HAL 0 8 CAN 5
Metribuzin H 100 HAL 0 1 CAN 0
Molinate H — — — — — —
Napropamide H — — — — — —
Parathion | — — — 0.013 USEPA 3
Pebulate H — — — — — —
Pendimethalin H — — — — — —
Permethringis | — — — — — —
Phorate | — — — — — —
Prometon H 100 HAL 0 — — —
Pronamide H 50 HAL 0 — — —
Propachlor H 920 HAL 0 — — —
Propanil H — — — — — —
Propargite | — — — — — —
Simazine H 4 MCL 6 10 CAN 0
Tebuthiuron H 500 HAL 0 1.6 CAN 0
Terbacil H 90 HAL 0 — — —
Terbufos | 0.9 HAL 0 — — —
Thiobencarb H — — — — — —
Triallate H — — — 0.24 CAN 2
Trifluralin H 5 HAL 0 0.1 CAN 3

ldimethyl 2,3,5,6-tetrachloro-1,4-benzenedicarboxylate.
2S-ethyl dipropylthiocarbamate.
3a-hexachlorocyclohexane.
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(3) Human-health and aquatic-life criteria (7) The human-health criteria are based on long-
generally are based on toxicity tests conducted with aerm (lifetime) exposure to a specific compound.
single compound. The criteria do not take into accoun©bviously, the results presented in this report cannot be
the possible additive or synergistic effects of more thamised for an assessment of lifetime exposure, even if the
one pesticide or combinations of pesticides, pesticidewater were being used directly for drinking water. The
transformation products, or other chemicals that may aquatic-life criteria established by the USEPA are
be present in water. In addition, testing most often  based on exposure times of 24 to 96 hours. Although
involves exposure of an organism to a single compound@mpling was quite frequent at some of the sites in this
at a series of concentrations to determine a no-effect Study, it was not possible to determine the actual
level. As shown in previous sections of this report, ~ €XPOsure times of aquatic organisms to specific
exposure in actual rivers and streams is more likely t¢@MpPounds using the data from these samples. In
involve a mixture of pesticides and pesticide addition, the USEPA criteria specify a recurrence
transformation products, with frequent fluctuations in INterval of 3 years, which implies that an aquatic

concentrations and in the types of compounds presenzg?nsyjfji'g gggsrencoot\':;éfet:de ;%ngﬁgrr%trl?\?a?:;: fnpfrce'f'c
In many locations, seasonal pulses of relatively high P

) - . than once in 3 years (Stephan and others, 1985). For
concentrations of several pesticides are superimposed

. most of the streams sampled, the data were not
on a background of low-level concentrations of many _ .. . . L
. sufficient to make such a specific determination; thus,
other chemicals.

o o the criteria are used in this report as indicators of the
(4) The aquatic-life criteria do not account for  htengial (or the lack thereof) for adverse effects.
the possible combined effects of pesticides and other The above limitations are important and should

potential stressors on aquatic biota, such as high e considered whenever the criteria values are used.
concentrations of suspended sediment, low dissolvedpegpite these limitations, the criteria are the only

oxygen, fluctuations in temperature, or the presence q{ationally consistent, toxicologically derived values
metals or other inorganic contaminants. It is difficult tothat can be used for comparison with the

predict the effect of individual pesticides on aquatic |ifeconcentrations of many of the pesticides included in

in complex natural systems. this study. In their compilation of standards for
(5) Recent concerns about the possible effects gbesticides in water, Nowell and Resek (1994) state that
pesticides and other organic compounds on the the use of these national criteria “facilitate[s] federal

endocrine systems of humans and aquatic organismsand state regulation, as well as consistent comparison
(Colborn and Clement, 1992) are not addressed by thand evaluation of water-quality conditions among
criteria. In general, the criteria do not account for ~ different hydrologic systems. National standards and
potential long-term effects of pesticides, particularly guidelines are widely used to assess the potential
effects on development and on the reproductive succe¥éter-quality significance of pesticide concentrations
of future generations of relatively long-lived measured in the aquatic environment ... "

organisms. There is evidence, however, that some
pesticides may affect the endocrine systems of fish
(Goodbred and others, 1997).

(6) Most of the sampling sites discussed in this
report are on streams that are not used as sources of All comparisons with human-health criteria

drinking water, although in many cases the water  \a|yes in this report refer to chronic criteria, which are
eventually reaches rivers that are used for drinking  pased on exposure over a 70-year lifetime. Criteria
water. Some pesticides are removed during normal yajues based on acute (short-term) exposure generally
treatment procedures at water-supply facilities. Studiegre much higher than chronic criteria values. An acute
have shown, however, that several commonly detectefuman-health criterion value was exceeded in only one
compounds, including atrazine, cyanazine, and sample during this study. Estimated concentrations of
metolachlor, are only partly removed from water atrazine (12Qug/L) and cyanazine (160g/L)

during conventional water treatment (Baker, 1985;  exceeded the 1-day health advisory level (HAL) for
Wnuk and others, 1987; Miltner, 1989; Patrick, 1990; drinking water (10Qug/L for both compounds) in one
Kent and others, 1991). sample from Kessinger Ditch in Indiana (whit-kess) in

Comparison of Concentrations with
Human-Health Criteria Values
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May 1993 (U.S. Geological Survey, 1999); water from1 to 3 samples at each siteHCH was detected in one

this stream is not used for drinking water. For most ofsample at a concentration slightly higher than the

the other compounds with acute criteria values, the criterion value of 0.0¢g/L. Of the remaining 19

acute values are 10 to several thousand times highercompounds with human-health criteria, 8 compounds

than the maximum concentration detected in this studyere detected at concentrations greater than one-tenth
Of the 46 compounds discussed in this report, 2&f the criterion value at one or more sites and 11 were

have a human-health chronic criterion (table 8). All  not detected at concentrations greater than one-tenth of

these criteria apply to an average concentration in  the criterion value at any site.

finished (treated) drinking water. The criteria values In previous sections of this report,

ranged from 1 to 10Qg/L for most of the target concentrations of specific pesticides were described

herbicides and 0.1 to 3@)/L for most of the target primarily by using aggregated data from groups of

insecticides. Five compounds—alachlor, atrazine,  sites, often in terms of monthly median concentrations.

carbofuran, lindane, and simazine—have an MCL  The human-health criteria, however, are based on long-

established by the USEPA. The MCL is an enforceabléerm exposure to specific chemicals; compliance with

standard for the concentration of a specific compoundegulatory standards for drinking water is based on the

in drinking water. The MCLs are based primarily on annual mean concentration of a specific compound in

results of toxicity testing but also are influenced by thedrinking water. For comparisons with human-health

economic and technological feasibility of water criteria, the most appropriate measure of concentration
treatment and by analytical detection capability is the long-term mean concentration of a specific
(Nowell and Resek, 1994). Eighteen other compoundsompound at a site. The time-weighted mean (TWM)
have a USEPA-established HAL, which is a concentration provides a relatively unbiased estimate
nonenforceable guideline derived solely on the basis abf the mean concentration for a period during which
toxicity testing. The criteria values for three sampling frequency varied. At a number of sites in this
compounds—,0-DDE, dieldrin, andx-HCH—are in  study, sampling was not sufficient during some parts of
terms of a risk-specific dose (RSD), which is the the year to determine a reliable TWM concentration for

concentration associated with a specified cancer risk a 1-year period. TWM concentrations were
level. The RSD values given for these compounds  determined, however, for all the target compounds for
(table 8) are for a cancer risk level of3Gneaning that a 5-month critical period, during which sample
the excess cancer risk associated with drinking watercollection was most intense at each site. These values
containing a compound at a concentration of the RSDvere combined with monthly median concentrations
is estimated to be 1 in 100,000 persons. It also shouldbr the remaining 7 months to obtain an estimate of the
be noted that the herbicide alachlor is classified by thannual mean concentration of each target compound at
USEPA as a probable human carcinogen (Nowell anceach site. Specifically, the estimated annual mean
Resek, 1994). The MCL for alachlor igig/L, but the  concentration was calculated as
maximum contaminant level goal (MCLG) is a
concentration of zero, as for all compounds classified
as known or probable human carcinogens. For a
thorough discussion of human-health criteria values for
pesticides and for a compilation of these values, see
Nowell and Resek (1994).

Of the 26 compounds with human-health
criteria, 7 compounds were detected at concentrations
greater than their criterion value in one or more

7
Annual mean= (tw_ mean155+ z (mon_ meg:BO) + 365
i=1
where:
tw_mear= the time-weighted mean concen-
tration for the 5-month critical period,
which is approximated as a 155 days.

samples (table 8). These include the herbicides mon_meg= the monthly median concentration
alachlor, atrazine, cyanazine, and simazine and the for 1 of the 7 remaining months,
insecticides diazinon, dieldrin, aneHCH. These four all of which are approximated as 30
herbicides and the insecticide diazinon were detected at days.

concentrations greater than their criteria values at six or Five compounds (alachlor, atrazine, cyanazine,
more sites. These five compounds will be discussed idiazinon, and simazine) were detected at

more detail below. Dieldrin concentrations exceeded concentrations higher than the human-health criteria
the criterion value of 0.02g/L at four sites, butin only values at numerous sites (table 8). Estimates of annual
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mean concentrations for these five compounds are at which no adverse effects are observed for the most
given in table 9 and figure 33 for all 58 sites. In figuresensitive aquatic organism tested (plant or animal),
33, the top of each bar represents the TMW during thenultiplied by an appropriate safety factor. The safety
5-month critical period for the compound at a specificfactor can range from 0.01 to 0.1, depending on the
site, and the shaded part of the bar represents the persistence of the chemical and on the availability and
estimated annual mean concentration. Annual mean the quality of the toxicity data for the chemical.
concentrations exceeded criteria values for cyanazinanformation on the derivation of the criteria values can
at two sites [Maple Creek in Nebraska (cnbr-maple) be found in the Canadian water-quality guidelines

and Kessinger Ditch in Indiana (whit-kess)] and for  document (Canadian Council of Resource and
atrazine at one site [Kessinger Ditch (whit-kess)];  Environment Ministers, 1991) for Canadian values, the
concentrations did not exceed criteria values for USEPA water-quality criteria summary (U.S.

alachlor, diazinon, and simazine at any site. TWM  Environmental Protection Agency, 1991) for criteria
concentrations during the 5-month critical period established by the USEPA, and the 1JC document
exceeded criteria values for atrazine at two sites  (International Joint Commission, 1977) for diazinon.
[Prairie Creek in Nebraska (cnbr-prairie) and In general, the Canadian criteria are somewhat more
Kessinger Ditch (whit-kess)] and for cyanazine at thregstringent than the USEPA values. The Canadian criteria
sites [Maple and Shell Creeks in Nebraska (cnbr-maple  are set at such levels as to protect all forms of

and cnbr-shell) and Kessinger Ditch (whit-kess)] all ofaquatic life and all aspects of the aquatic life cycles.
which are in corn-growing areas. The TWM The clear intention is to protect all life stages during
concentration for diazinon exceeded the criterion valug,gefinite exposure to the water” (Canadian Council of
at one urban site [Rush Creek, near Arlington, Texas Resource and Environment Ministers, 1991). The
(trin-rush)]. No human-health criteria values were | SEpA values are based on an average concentration
exceeded at any of the integrator sites. These resultsor either a 24-hour or 96-hour period, depending on
show that the long-term mean concentrations of thesghen the criterion was established, and are set at levels
pesticides rarely exceed human-health criteria even na¢ i) protect 95 percent of the organisms for which
though concentrations in individual samples often acceptable chronic-toxicity data are available (Nowell
exceed the criteria values during seasonal pulses. and Resek, 1994). In addition, the USEPA criteria
contain a recurrence interval provision which states
that if the criterion value is not exceeded more than
once in 3 years, aquatic ecosystems are expected to
recover (Stephan and others, 1985). The Canadian and
O,JC criteria do not contain this provision. It should be

Comparison of Concentrations with
Aquatic-Life Criteria Values

The aquatic-life criteria values that were selecte o e
for comparison with concentrations measured during no_ted .that all the aquatic-life criteria are
this study are shown in table 8. The USEPA has guidelines—they are not enforceable standards.
established aquatic-life criteria for six of the target Concentrations of one or more compounds
compounds (U.S. Environmental Protection Agency, exceeded an aquatic-life criterion value in at least one
1991). For 11 compounds with no USEPA-establishegample from 25 of the 37 agricultural sites, 10 of the 11
values, Canadian criteria values were selected urban sites, and 4 of the 10 integrator sites (table 10).
(Canadian Council of Resource and Environment ~ NO aquatic-life criteria values were exceeded in any
Ministers, 1991). The selected aquatic-life criterion ~sample from the remaining 19 sites throughout the
value for diazinon is the Great Lakes Water-Quality entire sampling period. At most sites, fewer than 5
Objective established by the 1JC (International Joint compounds exceeded aquatic-life criteria values, but at
Commission, 1977). No aquatic-life criteria have beerfour sites, 6 to 8 compounds were detected at
established by the United States or Canadian concentrations greater than their aquatic-life criterion
governments for the remaining 28 target compounds.value.

The aquatic-life criteria values range from 0.1 to Only 9 of the 27 target herbicides have an
10pug/L for the target herbicides and from 0.01 to 0.1 aquatic-life criterion, all of which are Canadian values
pg/L for most of the target insecticides. The criteria (table 8). Concentrations of four of these
values generally are based on the highest concentratidrerbicides—linuron, metribuzin, simazine, and
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Table 9. Estimated mean concentrations of selected compounds for a 1-year period.

[Mean values exceeding human-health criteria are shaded in gray. Crop group codes are defined in table 4. MCL, U.S. BhiArotacigon Agency
established maximum contaminant level for drinking water; HAL, U.S. Environmental Protection Agency established healtHes@Vimrgirinking
water;ug/L, micrograms per liter; —, no crop group classification assigned]

Estimated mean concentration for a 1-year period

Site code Crop group code Year A:&cgi?r Atrazine (MCL, Cy?::iine D}zit?n Si(r:\fgre
2 ugl) Shgl) 1ug/l) 0.6 pg/L) 4pgll)
AGRICULTURAL INDICATOR SITES

Isus-mill C 1993 0.01 0.13 0.00 0.00 0.20
cnbr-prairie C 1993 0.25 2.33 0.06 0.00 0.08
wmic-duck C 1993 0.07 0.39 0.16 0.00 0.03
hdsn-canaj CA 1994 0.00 0.17 0.02 0.00 0.00
poto-muddy CA 1993 0.01 0.32 0.02 0.00 0.08
wmic-nbmilw CAv 1993 0.01 0.05 0.04 0.00 0.07
cnbr-maple Cs 1993 0.19 1.12 3.04 0.00 0.01
cnbr-shell CS 1993 0.26 1.31 0.89 0.00 0.01
whit-kess CS 1993 0.23 3.83 4.13 0.00 0.05
whit-sugar Cs 1993 0.07 0.72 0.04 0.01 0.03
albe-pete CScot 1993 0.07 0.05 0.00 0.00 0.00
albe-albe CsSw 1993 0.07 0.07 0.00 0.00 0.00
Isus-eastm Ccw 1993 0.02 0.15 0.10 0.00 0.04
poto-mono Cw 1994 0.05 0.59 0.07 0.00 0.19
splt-lone Cw 1993 0.18 0.22 0.33 0.01 0.01
acfb-lime CWp 1993 0.00 0.01 0.01 0.00 0.01
trin-chamb CWsor 1994 0.02 1.48 0.00 0.01 0.03
ccpt-crab.rl WA 1993 0.00 0.02 0.00 0.00 0.01
usnk-rock WAD 1993 0.00 0.01 0.00 0.00 0.00
ccpt-palouse Wb 1993 0.00 0.03 0.00 0.00 0.01
redn-turtle Wb 1993 0.00 0.01 0.00 0.00 0.00
usnk-teton Wpot 1993 0.00 0.00 0.00 0.00 0.00
gafl-tucsa WScot 1993 0.00 0.00 0.00 0.00 0.00
albe-devils WStob 1993 0.02 0.02 0.00 0.00 0.01
ccpt-crab.m W 1993 0.00 0.01 0.00 0.00 0.01
ccpt-el68 W 1993 0.03 0.01 0.00 0.00 0.00
redn-snake w 1993 0.00 0.01 0.00 0.00 0.00
redn-wildr w 1993 0.00 0.03 0.01 0.00 0.00
gafl-little P 1993 0.02 0.01 0.00 0.00 0.00
acfb-aycocks P 1993 0.00 0.01 0.00 0.00 0.00
sanj-salt COTv 1993 0.00 0.01 0.13 0.05 0.03
will-pudding FGv 1994 0.01 0.11 0.00 0.00 0.06
will-zollner FGv 1993 0.01 0.64 0.00 0.07 0.37
sanj-merced (0] 1993 0.00 0.00 0.00 0.04 0.07
sanj-orest (0] 1993 0.02 0.01 0.00 0.05 0.04
ozrk-dous XX 1994 0.00 0.00 0.00 0.00 0.00
ozrk-yocum XX 1994 0.00 0.01 0.00 0.00 0.00
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Table 9. Estimated mean concentgrations of selected compounds for a one year period—Continued

Estimated mean concentration over a one-year period

Site code Crop group code Year Azﬁ/lcgt?r Atrazine (MCL, Cy?:Zii’ne Di(?_ﬂt?n Si(n'\wﬂagli_?e
2 ugll) Shgl) 1 g/l 0.6 pg/L) 4pgll)
URBAN INDICATOR SITES
conn-norwalk — 1993 0.00 0.01 0.00 0.00 0.01
hdsn-lisha — 1994 0.00 0.00 0.00 0.02 0.00
Isus-cedar — 1993 0.01 0.14 0.01 0.00 0.03
poto-acco — 1994 0.00 0.01 0.00 0.15 0.31
gafl-lafayette — 1993 0.00 0.06 0.00 0.05 0.03
acfb-sope — 1994 0.00 0.04 0.00 0.03 0.32
whit-little — 1993 0.10 0.43 0.02 0.06 0.04
splt-cherry — 1993 0.00 0.03 0.00 0.04 0.03
trin-rush — 1993 0.00 0.18 0.00 0.58 0.17
nvbr-lasvegas — 1994 0.00 0.01 0.00 0.08 0.18
will-fanno — 1993 0.00 0.02 0.00 0.03 0.06
INTEGRATOR SITES
hdsn-moh CA 1994 0.00 0.05 0.01 0.00 0.00
poto-shenan CA 1993 0.00 0.12 0.01 0.00 0.05
albe-tar CScot 1993 0.01 0.03 0.00 0.01 0.04
gafl-withla P 1993 0.00 0.03 0.00 0.00 0.01
whit-white cs 1993 0.14 1.29 0.37 0.01 0.09
wmic-milw CAv 1993 0.03 0.10 0.08 0.00 0.04
redn-rr.fargo CSwW 1994 0.00 0.09 0.06 0.00 0.01
redn-rr.em W 1993 0.01 0.07 0.03 0.00 0.00
cnbr-platte Ccw 1993 0.09 0.93 0.29 0.00 0.01
sanj-sanj ¢} 1993 0.00 0.00 0.02 0.06 0.08
tebuthiuron—did not exceed criteria values in any Aquatic-life criteria are established for 9 of the
sample (U.S. Geological Survey, 1999). Triallate 19 target insecticides, and all of these criteria values
concentrations exceeded the criterion value of 0.24 were exceeded in at least one sample from one or more
Mg/L in six samples from two sites in the Central sites (table 8). Concentrations of five

Columbia Plateau study unit in Washington (ccpt-  compounds—carbofuran, dieldrim;HCH, lindane,
crab.m and ccpt-palouse). Trifluralin concentrations and parathion—exceeded criteria values in fewer than
exceeded the criterion value of Qud/L in 6 samples, five samples at 1 to 3 sites (U.S. Geological Survey,

5 of which were from two agricultural sites in the San 1999). Carbofuran concentrations exceeded its
Joaquin River Basin in California (sanj-orest and sanjrelatively high criterion value of 1.74%g/L only in

salt). Metolachlor concentrations exceeded the Zollner Creek in Oregon (will-zolIner); the criterion
relatively high criterion value of Bg/L in 11 samples Vvalue was exceeded in 2 samples in 1993 and in 1
from five sites. All samples in which metolachlor sample in 1994. Criteria values for four

exceeded its aquatic-life criterion value were collectednsecticides—azinphos-methyl, chlorpyrifos, diazinon,
during seasonal peaks in herbicide concentrations in and malathion—were exceeded much more frequently;
corn-growing areas. The criteria values for atrazine anthese compounds are discussed in more detail below.
cyanazine were exceeded much more frequently; these  Six compounds—atrazine, azinphos-methyl,
compounds are discussed in more detail below. chlorpyrifos, cyanazine, diazinon, and
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Figure 33. Estimated annual mean concentrations and 5-month time-weighted mean (TWM) concentrations of
selected compounds at all 58 sites. The drinking-water criterion value for each compound is shown as a horizontal
line. Criteria values for alachlor, atrazine, and simazine are U.S. Environmental Protection Agency’s established
maximum contaminant levels (MCL). Criteria values for cyanazine and diazinon are USEPA-established health
advisory levels (HAL).
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Table 10. Compounds with concentrations greater than the aquatic-life criterion in at least one sample, by type of site.

Number of
compounds
exceeding an Site Compound(s)
aquatic-life
criteria
AGRICULTURAL INDICATOR SITES
7 will-zollner atrazine, azinphos-methyl, carbofuran, chlorpyrifos, diazinon, lindane, malathion
6 poto-mono atrazine, azinphos-methyl, cyanazine, diazinon, malathion, metolachlor
6 splt-lone atrazine, azinphos-methyl, chlorpyrifos, cyanazine, diazinon, dieldrin
5 whit-kess atrazine, chlorpyrifos, cyanazine, malathion, metolachlor
4 cnbr-shell atrazine, chlorpyrifos, cyanazine, trifluralin
4 sanj-orest azinphos-methyl, chlorpyrifos, diazinon, trifluralin
4 sanj-salt chlorpyrifos, diazinon, malathion, trifluralin
4 trin-chamb atrazine, azinphos-methyl, diazinmCH
4 whit-sugar atrazine, cyanazine, diazinon, malathion
3 cnbr-maple atrazine, chlorpyrifos, cyanazine
3 cnbr-prairie atrazine, chlorpyrifos, parathion
3 sanj-merced azinphos-methyl, chlorpyrifos, diazinon
3 wmic-duck atrazine, cyanazine, metolachlor
2 ccpt-crab.m azinphos-methyl, triallate
2 ccpt-crab.rl azinphos-methyl, chlorpyrifos
2 ccpt-el68 azinphos-methyl, chlorpyrifos
2 ccpt-palouse lindane, triallate
2 Isus-eastm atrazine, azinphos-methyl
2 poto-muddy atrazine, metolachlor
1 acfb-aycocks chlorpyrifos
1 albe-albe azinphos-methyl
1 albe-pete diazinon
1 hdsn-canaj atrazine
1 redn-turtle atrazine
1 will-pudding azinphos-methyl
0

O FRP FP NDNNNWWHMO ©

O, N WW

acfb-lime, albe-devils, gafl-little, gafl-tucsa, Isus-mill, ozrk-dous, ozrk-yocum,
redn-snake, redn-wildr, usnk-rock, usnk-teton, wmic-nbmilw

whit-little
splt-cherry
trin-rush
nvbr-lasvegas
will-fanno
acfb-sope
gafl-lafayette
poto-acco
conn-norwalk
Isus-cedar
hdsn-lisha

cnbr-platte
whit-white
sanj-sanj

gafl-withla

atrazine, azinphos-methyl, chlorpyrifos, diazinon, malathion, metolachlor, parathion, cyanazine

URBAN INDICATOR SITES

diazinon, lindane, malathion, parathion, chlorpyrifos
azinphosmethyl, diazinon, malathion, chlorpyrifos
diazinon, malathion, chlorpyrifos
azinphos-methyl, diazinon, chlorpyrifos
diazinon, chlorpyrifos
diazinon, malathion
diazinon, malathion

malathion

azinphos-methyl

INTEGRATOR SITES

atrazine, chlorpyrifos, cyanazine
atrazine, chlorpyrifos, cyanazine
azinphos-methyl, diazinon

malathion

albe-tar, hdsn-moh, poto-shenan, redn-rr.fargo, redn-rr.em, wmic-milw
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Table 11. Estimated number of days per year that selected compounds exceeded an aquatic-life criterion value, by type of site.

[For some sites, estimates are shown for more than 1 year. Estimates are for compounds th;at exceeded an aquaticdifd @ritemore sites. Crop
group codes are defined in table 4. Values shown as a range indicate that there was uncertainty about whether thenaemeaintzati@bove the criteria
value between successive samples. nsd, not sufficient data—sampling was not frequent enough to provide a reliable estiinawen Wakigreater uncer-

tainty than other values in table. —, no crop group classifiction assigned]
Estimated number of days per year concentration exceeded an aquatic-life criterion
Site code Crop group Year . . Azinphos- . - .
code Atrazine Cyanazine methyl Chlorpyrifos Diazinon Malathion
AGRICULTURAL INDICATOR SITES

Isus-mill C 1993 0 0 0 0 0 0
Isus-mill C 1994 0 0 0 0 0 0
cnbr-prairie C 1993 421091 0 0 1 0 0
wmic-duck C 1993 14 3 0 0 0 0
wmic-duck C 1994 10 0 0 0 0 0
hdsn-canaj CA 1994 8 0 0 0 0 0
poto-muddy CA 1993 7 0 0 0 0 0
wmic-nbmilw CAv 1993 0 0 0 0 0 0
wmic-nbmilw CAv 1994 0 0 0 0 0 0
cnbr-maple Cs 1992 42 30 0 1 0 0
cnbr-maple CS 1993 70 31056 0 1 0 0
cnbr-shell CS 1993 35to 77 15 to 56 0 2 0 0
whit-kess CS 1993 72 32 0 3 0 0
whit-kess CS 1994 70 1to 28 0 2 0 1
whit-sugar CSs 1992 42 1 0 0 1 0
whit-sugar CS 1993 28 0 0 0 1 0
albe-pete CScot 1993 0 0 0 0 1 0
albe-albe CSW 1993 0 1 0 0 0
Isus-eastm Ccw 1993 0 0 0 0 0 0
Isus-eastm CWwW 1994 15 0 0 0 0 0
poto-mono CW 1994 20 1 1 0 1 1
splt-lone Cw 1993 7 2 1 1 1 0
splt-lone Cw 1994 0 0 0 1 0
acfb-lime CWp 1993 0 0 0 0 0
trin-chamb CWsor 1994 84 0 1 0 0 0
ccpt-crab.rl WA 1993 0 0 70 8 0 0
usnk-rock WADb 1993 0 0 0 0 0 0
usnk-rock WAD 1994 0 0 0 0 0 0
ccpt-palouse Whb 1993 0 0 0 0 0 0
redn-turtle Wb 1993 0 0 0 0 0 0
usnk-teton Wpot 1993 0 0 0 0 0 0
gafl-tucsa WScot 1993 0 0 0 0 0 0
albe-devils WStob 1993 0 0 0 0 0 0
ccpt-crab.m w 1993 0 0 1 0 0 0
ccpt-el68 W 1993 0 0 16 2 0 0
redn-snake w 1993 0 0 0 0 0 0
redn-wildr w 1993 0
gafl-little P 1993
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Table 11. Estimated number of days per year that selected compounds exceeded an aquatic-life criteria value, by type of site—Continued

Crop group

Estimated number of days per year concentration exceeded an aquatic-life criterion

Site code code vear Atrazine Cyanazine A?:;[t):;s- Chlorpyrifos Diazinon Malathion
AGRICULTURAL INDICATOR SITES—CONTINUED
acfb-aycocks P 1993 0 0 0 0 0 0
acfb-aycocks P 1994 0 0 0 1 0 0
sanj-salt COTv 1993 0 0 0 1 49 1
will-pudding FGv 1993 0 0 1 0 0 0
will-zollner FGv 1993 49 0 1 0 35 1
will-zollner FGv 1994 14 0 0 1 21 0
sanj-merced (0] 1993 0 0 1 10 14 0
sanj-merced (0] 1994 0 (nsd) 0 (nsd) 0 10 14 0
sanj-orest (0] 1992 0 0 77 (nsd) 49 40 0
sanj-orest (0] 1993 0 0 130 (nsd) 17 to 25 23 0
ozrk-dous XX 1994 0 0 0 0 0 0
ozrk-yocum XX 1994 0 0 0 0 0 0
URBAN INDICATOR SITES
conn-norwalk — 1993 0 0 0 0 0 0
conn-norwalk — 1994 0 0 0 0 0 1
hdsn-lisha — 1994 0 0 0 0 0 0
Isus-cedar — 1993 0 0 0 0 0 0
Isus-cedar — 1994 0 0 0 0 0 0
poto-acco — 1994 0 0 0 0 77 2
gafl-lafayette — 1993 0 0 0 0 14 to 28 0
gafl-lafayette — 1994 0 (nsd) 0 (nsd) 0 (nsd) 0 (nsd) 8 (nsd) 1 (nsd)
acfb-sope — 1993 0 0 0 2 17 0
whit-little — 1992 14 1 1 1 38 2
whit-little — 1993 17 0 0 2 24 1
whit-little — 1994 0 0 0 0 1 0
splt-cherry — 1993 0 0 0 2 30 2
splt-cherry — 1994 0 0 0 4 9 0
trin-rush — 1993 0 0 1 13 to 38 180 to 250 3
nvbr-lasvegas — 1993 0 0 0 0 11 4
nvbr-lasvegas — 1994 0 0 0 410 20 30 0
will-fanno — 1993 0 0 1 1 1 0
will-fanno — 1994 0 0 0 0 1 0
INTEGRATOR SITES

hdsn-moh CA 1994 0 0 0 0 0 0
poto-shenan CA 1993 0 0 0 0 0 0
albe-tar CScot 1993 0 0 0 0 0 0
gafl-withla P 1993 0 0 0 0 0 0
whit-white Cs 1992 38 1 0 0 0 0
whit-white CS 1993 63 14 0 1 0 0
whit-white CS 1994 77 0 0 0 0 0
wmic-milw CAv 1993 0 0 0 0 0 0
wmic-milw CAv 1994 0 0 0 0 0 0
redn-rr.fargo CSwW 1994 0 (nsd) 0 (nsd) 0 (nsd) 0 (nsd) 0 (nsd) 0 (nsd)
redn-rr.em W 1993 0 0 0 0 0 0
cnbr-platte Ccw 1992 49 28 0 2 0 0
cnbr-platte Ccw 1993 49 1 (nsd) 0 1to 10 0 0
sanj-sanj (0] 1993 0 0 35 0 35 0
sanj-sanj (0] 1994 0 (nsd) 0 (nsd) 0 (nsd) 0 (nsd) 24 (nsd) 0 (nsd)
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malathion—exceeded aquatic-life criteria values at 1®exceeded a criterion value but concentrations in

or more sites (table 8). To more closely examine the adjacent samples were less than the criterion value,
potential effects of these compounds in the sampled only the concentration for that day was counted as
streams, it is important to determine whether the greater than the criterion value. For a few sites, data
concentrations that exceeded the criteria values werefrom 1992 also are included in table 11 and in figures
isolated cases or whether the concentrations remainezfi—40. Sampling at these sites was very intensive
higher than these levels for significant periods of time during 1992, allowing more reliable estimates of the
Because the aquatic-life criteria are based on either dength of time concentrations exceeded criteria values.
one-time exposure (Canadian values) or an exposure fgPservations for the six compounds that exceed

a 24-hour or a 96-hour average concentration (USEPAJuatic-life criteria values at 10 or more sites are
values), the monthly median concentrations and 5- discussed in the following sections,

month TWM concentrations are not appropriate

measures of concentration for comparison with theseMalathion

criteria values. A more useful measure is the number of Concentrations of malathion exceeded its

_days_the_ concentration pf a specific compound excee(jjSEF,A aquatic-life criterion value of Outy/L at 13

its criterion value at a site each year. The number of gjoq (table 8). Concentrations of malathion greater
days a compound exceeded its criterion value during g an this value, however, were rare (table 11).

year was estimated by linear interpolation between concentrations greater than /L were primarily in
concentrations in successive samples from a given sitgsgjated samples. An example of this is shown in figure
These estimates are given in table 11 for the six 34 for Las Vegas Wash in Nevada (nvbr-lasvegas),
compounds that exceeded criteria values at 10 or mokghich had the highest estimate for days on which
sites. The reliability of the estimates varies, dependingnalathion exceeded the criterion. Between each

on the sampling frequency at a particular site. In soménstance of a concentration greater than the criterion
cases, a somewhat arbitrary judgement was made asvyalue, a concentration less than the criterion value was
whether the concentration of a compound remained measured in one or more samples. A similar pattern
higher than the criterion value between adjacent was observed for the other sites at which malathion

samples. For samples in which a concentration concentrations exceeded the criterion value.
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Figure 34. Concentrations of malathion in Las Vegas Wash, Nevada (nvbr-lasvegas). The U.S.
Environmental Protection Agency aquatic-life criterion value of 0.1 microgram per liter is shown as a
horizontal line. Concentrations reported as not detected were assigned a value of zero.
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Azinphos-Methyl the ccpt-e168 and sanj-sanj sites, with concentrations

. . .. exceeding the criterion value primarily during early to
Concentrations of azinphos-methyl exceeded its g P y g y

o o midsummer. It should be noted that the analytical
USEPA aquatic-life criterion value of 0.Qy/L at 16 . i ,
sites (table 8). At 11 of these sites, concentrations recovery of azinphos-methyl was low (table 2);

L : . therefore, the concentrations reported for samples in
exceeded the criterion value only 1 day in a given year

(table 11), similar to malathion. Concentrations Werea\ggiﬂa?;nphos methyl was detected probably are low
greater than 0.0flg/L for many more days at four '
sites—Crab Creek Lateral (ccpt-crab.rl) and EI68
Wasteway (ccpt-el68) in Washington and Orestimba
Creek (sanj-orest) and the San Joaquin River (sanj-
sanj) in California. Concentrations at Orestimba Creek Concentrations of chlorpyrifos exceeded its

in 1992 and 1993 and at Crab Creek Lateral in 1993 ardSEPA aquatic-life criterion value of 0.04#/L at 20
shown in figure 35. Concentrations at Orestimba Creekites (table 8); 6 sites were urban indicator sites (table
were much higher than the criterion value during the 11). At most sites, concentrations greater than the
summers of 1992 and 1993. Concentrations at Crab criterion value occurred only in isolated samples (table
Creek Lateral ranged from 0.05 to 0.2 from mid-May 11). Concentrations were greater than 0,0¢/L for
through July 1993. A similar pattern was observed at longer periods at several sites, including Crab Creek

Chlorpyrifos

A. Orestimba Creek, California (sanj-orest)
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Figure 35. Concentrations of azinphos-methyl at two sites. The U.S. Environmental Protection Agency aquatic-life criterion
value of 0.01 microgram per liter is shown as a horizontal line. Concentrations reported as not detected were assigned a value
of zero.
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Lateral (ccpt-crab.rl) in Washington, the Merced Riverincluding 4 agricultural sites, 1 integrator site, and 7
(sanj-merced) and Orestimba Creek (sanj-orest) in  urban sites (table 11). Concentration patterns for
California, and Rush Creek (trin-rush), an urban site irseveral of the agricultural indicator sites and the
Texas. Concentrations of chlorpyrifos in Orestimba  integrator site are shown in figure 37. These five sites
Creekin 1992 and 1993 and in Rush Creek in 1993 arere in areas where diazinon is used extensively for
shown in figure 36. In Orestimba Creek, chlorpyrifos agriculture—the San Joaquin Valley in California

was detected in most samples from early spring (sanj-sanj) and the Willamette River Basin in Oregon.
through the summer during both years, with Figure 37 shows distinct peaks in concentrations for the
concentrations in some samples much higher than th&lerced (sanj-merced), San Joaquin (sanj-sanj), and the
criterion value. In Rush Creek, chlorpyrifos was Orestimba (sanj-orest) sites during the months of
detected in samples for much of the year, with January or February, or both; these peaks are the result
concentrations exceeding 0.044/L in 5 of 16 of the application of diazinon to orchards during the
samples collected during the summer of 1993. dormant season. Concentrations of diazinon in

Orestimba Creek were much higher than the criterion
value in many of the samples collected during the
summer of 1992 and in several samples collected
Concentrations of diazinon exceeded the IJC  during the summer of 1993. Concentrations exceeded

Diazinon

aguatic-life criterion value of 0.Q8y/L at 18 sites the criterion value in Salt Slough (sanj-salt) and Zollner
(table 8). Concentrations exceeded the aquatic-life  Creek (will-zollner) mainly during the summer.
criterion value for extended periods at 12 sites, Concentrations for three urban sites—Rush Creek near

A. Orestimba Creek, California (sanj-orest)
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Figure 36. Concentrations of chlorpyrifos at two sites. The U.S. Environmental Protection Agency aquatic-life criterion value of
0.041 microgram per liter is shown as a horizontal line. Concentrations reported as not detected were assigned a value of zero.
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Figure 37. Concentrations of diazinon at five sites. The aquatic-life criterion value of 0.08
microgram per liter established by the International Joint Commission is shown as a horizontal
line. Concentrations reported as not detected were assigned a value of zero.
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Dallas, Texas (trin-rush), Accotink Creek near Atrazine
Washington, D.C. (poto-acco), and Cherry Creek in Concentrations of atrazine exceeded the

Denver, Colorado (splt-cherry)—are shown infigure -4 ian aquatic-life criterion value ofig/L at 17

38. In Rush Creek, concentrations were much highergjies (table 8). Nearly all of these sites are agricultural
than the criterion value in nearly every sample from jndicator sites and integrator sites in corn-growing
March through September of 1993. In Accotink and  greas. The criterion value also was frequently exceeded
Cherry Creeks, concentrations also were greater tharnn Little Buck Creek (whit-little), an urban stream in

the criterion value for much of the summer. Indiana with a substantial amount of cropland planted
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Figure 38. Concentrations of diazinon at three urban sites. The aquatic-life criterion value of 0.08 microgram per liter
established by the International Joint Commission is shown as a horizontal line. Concentrations reported as not
detected were assigned a value of zero.
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in corn in its drainage basin. At sites where the atrazinsite on Chambers Creek in Texas (trin-chamb) are
criterion value was exceeded, concentrations often shown in figure 39. At all three sites, concentrations
remained higher than this value for extended periods were much higher than the criterion value qfg2L

(table 11). Temporal patterns of herbicide

after application in the spring, remained elevated for a

concentrations at these sites were discussed previouspyeriod of several weeks or more, and then declined to
Concentrations of atrazine at integrator sites on the lower levels for the remainder of the year. The plots for

White River in Indiana (whit-white) and the Platte

the White and Platte rivers show that this pattern is

River in Nebraska (cnbr-platte) and at the agriculturalrepeated annually.

A. White River Indiana (whit-white)
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Figure 39. Concentrations of atrazine at three sites. The Canadian aquatic-life criterion value of 2 micrograms per
liter is shown as a horizontal line. Concentrations reported as not detected were assigned a value of zero.
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Cyanazine however, was shorter than the period for atrazine at all
Concentrations of cyanazine exceeded the sites. Concentrations of cyanazine at the integrator sites

Canadian aquatic-life criterion value ofig/L at 10 on the White (whit-white) and the Platte (cnbr-platte)
sites (table 8). The aquatic-life criterion value for ~ fivers and at the agricultural site on Maple Creek in
atrazine also was exceeded at these 10 sites (table 1]Nebraska (cnbr-maple) are shown in figure 40. The
The estimated period of time that concentrations of temporal pattern of concentrations at these three sites
cyanazine were greater than the criterion value, was very similar to the patterns observed for atrazine.
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Figure 40. Concentrations of cyanazine at three sites. The Canadian aquatic-life criterion value of 2 micrograms
per liter is shown as a horizontal line. Concentrations reported as not detected were assigned a value of zero.
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Co-Occurrence of Pesticides at At agricultural sites in the San Joaquin River
Concentrations Exceeding Criteria Values  (sanj-salt, sanj-merced, and sanj-orest) and the
Willamette River (will-pudding and will-zollner)

At many sites, concentrations of more than onebasins, concentrations of two or more insecticides
compound exceeded an aquatic-life criterion value often exceeded criteria values in the same samples or
(table 10). In some cases, this occurred in the same during the same period. Concentrations of diazinon,
sample or during the same period. For example, the chlorpyrifos, and azinphos-methyl were higher than
concentrations of atrazine and cyanazine in the Whitgheir criteria values in many of the samples from
River in Indiana [whit-white (figs. 39 and 40)] were  Qrestimba Creek in California [sanj-orest (figDJ]L
much higher than their respective aquatic-life criteria To a lesser extent, diazinon and chlorpyrifos
values during the same period in both 1992 and 1993;oncentrations exceeded criteria values in samples
Using the data from all 58 sites for the entire samplingrom the Merced River in California [sanj-merced (fig.
period, one or more aquatic-life criteria values were 43E)). In Zoliner Creek in Oregon [will-zollner (fig.
exceeded in 410 samples: 131 sampleshad 2 41F)], concentrations of several insecticides, including
compounds with concentrations greater than their  azinphos-methyl, carbofuran, chlorpyrifos, diazinon,
criteria values, 17 samples had 3 compounds with  anq malathion, as well as the herbicide atrazine, were
concentrations greater than their criteria values, and figher than or near criteria values at various times

samples had 4 compounds with concentrations greatgfroughout 1993 and 1994, often in the same samples.
than their criteria values. The presence of multiple Example plots for four of the urban sites are

compounds with concentrations greater than their shown in figure 4@-J. In Rush Creek, Cherry Creek
aquatic_:-life 'criteri.a values was widespr(_ead, _occurringand Las Vegas Wasr; (trin-rush splt-'cherry and nvl;r-
igzifétﬁ’,:ﬂgu‘jmg 8of the 11 urban sites, in 12 of th?a_sve_gas), diazinon cor_lcgntratio_ns greater thqn the
At some sites. the occurrence of two or more crlterlqn Vall..le. often coincided with conceqtrat!ons of
compounds with co’ncentrations greater than the other mgechc@es gre_ater than or near their criteria
values, including the insecticides azinphos-methyl,

criteria values was particularly evident. Figure 41 . . .
shows a variety of situations where concentrations Of_chlorp_y r_|fos, and malathion. Concent.ratl_o ns of several
two or more compounds exceeded aquatic-life crite:rif;{nS(:"Ct'C'deS were greater than the.cntena values for
values at some of these sites. In these plots, Mucivanine yearin Ru_sh Cree_k (fig G)land Las_
concentrations of each compound have been Vegas Wash (f_|g. 4_1.)' Finally, Little Buck Cre_ek_ n
normalized by dividing the concentrations by the Indiana [Whlt—llttle (fig. 41)] shows charac_terlstlcs of
aquatic-life criterion value for that compound. both agricultural and urban basins. Atrazine
Normalizing the concentrations accounts for concentrations in samples from this site exceeded the
differences among the criteria values for the various C'iterion value in spring and early summer similar to
concentrations in samples from agricultural sites in

compounds. In the plots, a hormalized concentration X Y ;
greater than 1 indicates a concentration greater than tf@"n-growing areas, whereas diazinon and malathion

criterion value. Note that the concentration scales in CONCentrations were greater than or near their criteria
these plots are logarithmic; thus, a normalized values for much of the summer and autumn, which is
concentration of 10 indicates that the concentration irfyPical of many of the urban sites. _

that sample was 10 times higher than the criterionvalue ~ The plots in figure 41 and the data in table 11

for that compound. illustrate another important point concerning the
At several the agricultural sites, criteria values concentrations measured during this study. Throughout
for atrazine and cyanazine, and occasionally this report, it has been stated that herbicide

metolachlor, were exceeded in the same sample or concentrations generally were greater than insecticide
during the same period (fig. AB). This also was true concentrations at most sites, often by a factor of 10 or
at the Platte and White river sites (cnbr-platte and whitmore. The aquatic-life criteria values for herbicides,

white), the two integrator sites where corn is the majohowever, often are substantially greater than the values

crop grown in the basin (figs. 39, 4003)1 for insecticides. When concentrations of compounds
Occasionally, concentrations of the insecticide are normalized to their criteria values (fig. 41), it is

chlorpyrifos also exceeded its criterion value in the apparent that at most sites insecticides may be more
same samples from these sites. important than herbicides in terms of potential effects
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Figure 41. Concentrations of co-occurring compounds at various sites. Concentrations of
each compound have been normalized by dividing by the aquatic-life criterion value for
that compound. Thus, a normalized concentration greater than 1 (shown as a horizontal
line) indicates a concentration greater than the aquatic-life criterion value. The y-axis is
logarithmic, so that a normalized concentration of 10 means that the concentration is 10
times the aquatic-life criterion value. Concentrations reported as not detected are plotted
on the x-axis.
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on aquatic life. This is evident in agricultural areas withagricultural sites in the Central Columbia Plateau

high use of insecticides, such as the Orestimba (sanj{ccpt-crab.m and ccpt-el68) study unit had

orest), Merced (sanj-merced), and Zollner (will- concentrations of azinphos-methyl greater than the
zollner) sites, and at most urban sites, where criterion value for extended periods (table 11, figure
insecticides commonly are detected at concentrations35). Even where insecticide levels are much lower than
greater than their criteria values. In addition, two of theherbicide levels, insecticides may be more important in

E. Merced River, California (sanj-merced)
T T T

100 T T T T
o
10 - ° 3 E
1 . . °e
oto; t t t t t 9 t
%% o o5 o © %0
01L o oy © 0000 , | 06 o0 |
RS ©
0.01 + _
o =0.001 b EE ; '> ele= o1 o L !
= c 3 T 5 o 3 S S
= © =
g 3 g = K & N 5 g
c
S 1993 " 1994
]
3] .
o 100 F. Zoliner Creek, Oregon (will-zonner)
= T T T T T T T T T T T
b
Z 10 |- .o .
>
g 1 o © X % o
I t St O:g% t oot t t ot S t 5
- o8 © A xo @ % §@ % o 8
o 0.1 - X X A x© x s
N XX XX % X
] X X
; 0.01 - X _
2 0.001
=0. & B B =
5 : § 5§ 3 & 3 5 % 8 %3 & 3
= b= [0) a )
§ e} g = ) 2 zZ -‘—> g = ) & Z
= 1993 | 1994
(8]
&
o 100 G. Rush Creek, Texas (trin-rush)
T T T T T T T T T T T
<& <&
& o}
10 |- o o o6 o -
o [ A
1 o , ., 8 ol Q
. ot b . . . . . .
2° o0 oQo
0.1} B
0.01 |- b
=0.001 L = e —dn—mres—eeB L5 L L L&
c o) 5 = 2 Q = =) ol 3] = 3
S & cETS g = 3 5 2 8 o 2 a
1993
EXPLANATION
o chlorpyrifos o diazinon atrazine
A malathion oazinphos methyl x carbofuran

Figure 41.—Continued.
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terms of potential effects on aquatic life. At many of thediazinon, and malathion were occasionally greater than
agricultural sites usually associated with high levels ofthe criteria values, often during the same period when
herbicides (for example, sites in corn-growing areas) herbicide levels were high. Whether this combination
concentrations of azinphos-methyl, chlorpyrifos, of herbicides and insecticides has an effect on the
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toxicity to aquatic organisms is unknown, but it is not Seasonal patterns in pesticide occurrence were
accounted for in the derivation of the criteria values forobserved at most agricultural and integrator sites. At
either group of compounds. many of these sites, elevated concentrations of several
compounds, particularly herbicides, occurred during
the early part of the growing season. At other sites, the
SUMMARY AND CONCLUSIONS seasonal patterns were determined by local pesticide
application and irrigation practices. Seasonal patterns
Pesticides were commonly detected in streamsyere less evident in most of the urban streams where

draining small agricultural and urban basins low levels of several compounds persisted for much of
(agricultural and urban indicator sites) and in large  the year.

streams and rivers draining major basins with mixed Annual stream loads of pesticide parent

land uses (integrator sites). Of the 46 targeted compounds (not including degradation products)
pesticides and pesticide degradation products, all Wer&enerally accounted for less than 2 percent of the

detec;[ed in alt Ieajtcl)of the approgimatzecl)y 2f,2hOO amounts applied agriculturally in the drainage basins.
samples analyzed. On average, about 20 of the targef - oo a herbicides, including atrazine, cyanazine,

compounds were detected at each site regardless of and metolachlor, the amount transported in the streams

I;;m?:{aset settltng and bazln SIz€, 3“? ap gyeragehof 6 E%nsistently represented about 1 percent of the amount
orine target compounds were detected in eac applied in most of the agricultural and integrator

mdlvm_lli?l samth% that detected ¢ basins. For other herbicides and all insecticides, the
¢ tle pesticides athwere t'e'gc € '?r]\ohs' hest amount transported in the streams represented a much
requently were among the pesticides with NIgnest g5 1er (10 to 100 times lower) portion of the amount

nft'onal agrlf[:ulltu;]altl usel, mhclludlngdthe herpmde; pplied in the basins. Transport of pesticides in urban
atrazine, metolachior, alachior, and Cyanazine. Severgl, ., s «quid not be compared to the amount applied

other pesticides with high national use, however, Such‘n the urban basins because of the lack of information

ﬁﬁtﬂlﬁtgeﬁgl?ﬁ: igggjcrsgiré’ezer?]imGithglrlgfh?gr? on nonagricultural pesticide use. The annual total
ylate, y'p ’ insecticide yields for many of the urban basins,

phorate, and terbufos, were detected in less than 5 . .
. however, were as high or higher than the annual total
percent of samples. In general, the relation between the g . .
. . : Insecticide yields for most of the agricultural or
frequency of detection of pesticides in streams and the :
Ihtegrator basins.

amount used in the basin was significant, but variability _
in pesticide use accounted for only about 25 percentof ~ Concentrations of several compounds frequently

the observed variability in detection frequencies of the V€€ higher than water-quality Standar_ds _and criteria
target compounds as a group. Herbicides generally established for these compounds in drinking water.

were detected more frequently than insecticides, ~ When expressed as a long-term mean concentration,
particularly in streams draining agricultural basins. however, the concentrations measured at these 58 sites

Some compounds, including several insecticides, werErely exceeded USEPA-established standards and
detected more frequently in streams draining urban  Critéria for drinking water. It should be noted that

areas. Concentrations in streams generally were lessOf the target compounds.

than 1ug/L for all compounds, although Criteria values established for the protection of
concentrations greater thamud/L were frequently aquatic life, which generally are lower than the human-
measured for several herbicides during seasonal peakiealth criteria values, were frequently exceeded. One
Herbicide concentrations were higher than insecticideor more aquatic-life criteria values were exceeded at 39
concentrations at most agricultural and integrator sitef the 58 sampling sites. For some compounds,

In areas where a large variety of crops are grown,  particularly herbicides, this occurred primarily during
especially vegetables and orchard and vineyard cropsglatively short seasonal pulses of elevated

insecticide concentrations often were higher than  concentrations that followed periods of pesticide
herbicide concentrations. Concentrations of several application. For some insecticides, concentrations were
insecticides consistently were higher at urban sites thamigher than the aquatic-life criteria values for longer

at most of the agricultural indicator sites and the periods, particularly at some of the urban sites and at
integrator sites. agricultural sites in California and Oregon. At a
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number of sites, concentrations of several compound®raper, W.M., and Wakeham, D.E., 1993, Rate constants for
were higher than their aquatic-life criteria values inthe =~ metam-sodium cleavage and photodecomposition in
same samples or during the same period. The water: Journal of Agricultural and Food Chemistry, v.
established criteria do not account for the presence of 41, no. 7, p. 1129-1133.

mixtures of pesticides or pesticide degradation E&S EnV|ronmentaI Ch(_amlstry, !nc., and Tetra_l Tech, Inc.,
products. In addition, aquatic-life criteria have not been ;?]zi’evl\ll"Ia,\r::)erfteo?r']‘t’esroiar‘lng’xﬁhet{oglﬁﬁye%ﬂ%’m
established for 28 of the target compounds. These and b 9

ther limitati hinder th t of th River Sub-Basin of the Willamette River: Corvallis,
0 gr imita lons_ m _er e assessmen _0 e Oregon, and Redmond, Washington, prepared for Ore-
environmental significance of the pesticide

) g X gon Department of Environmental Quality, Portland,
concentrations measured in this study. variously paged.

Gentile, I.A., Ferraris, L., and Crespi, S., 1989, The degrada-
tion of methyl bromide in some natural fresh waters.
The influence of temperature, pH, and light: Pesticide
Science, v. 25, p. 261-272.

Anderson, J.R., Hardy, E.E., Roach, J.T., and Witmer, R.E.Gentile, .A., Ferraris, L., Sanguinetti, M., Tiprigan, M., and
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