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FOREWORD

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

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

To address these needs, the Congress appropri-
ated funds in 1986 for the USGS to begin a pilot pro-
gram in seven project areas to develop and refine the
National Water-Quality Assessment (NAWQA) Pro-
gram. In 1991, the USGS began full implementation
of the program. The NAWQA Program builds upon
an existing base of water-quality studies of the
USGS, as well as those of other Federal, State, and
local agencies. The objectives of the NAWQA Pro-
gram are 10:

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

«Describe how water quality is changing over
time.
«Improve understanding of the primary natural
and human factors that affect vzater-quality
conditions. ‘
This information will help support the development
and evaluation of management, regmlatory, and moni-
toring decisions by other Federal, State, and local
agencies to protect, use, and enhance water resources.

The goals of the NAWQA P ngram are being
achieved through ongoing and proposed investigations
of 60 of the Nation’s most importa™t river basins and
aquifer systems, which are referred to as study units.
These study units are distributed tt roughout the
Nation and cover a diversity of hydrogeologic set-
tings. More than two-thirds of the Nation’s freshwater
use occurs within the 60 study units and more than
two-thirds of the people served by public water-supply
systems live within their boundaries, :

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

This report is an element of the comprehensive
body of information developed as part of the NAWQA
Program. The program depends heavily on the advice,
cooperation, and information from many Federal,
State, interstate, Tribal, and local a~encies and the
public. The assistance and suggest'ons of all are
greatly appreciated.

Rcbert M. Hirsch
Ch=f Hydrologist
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CONVERSION FACTORS, ABBREVIATIONS, AND SYMBOLS

Multiply By To obtain
foot (ft) 0.3048 meter
mile (mi) 1.609 kilometer
acre 0.4047 hectare
square mile (mi%) 2.590 square kilometer
cubic foot per second (fc>/s) 0.02832 cubic meter per second
cubic foot per second per square mile 0.01093 cubic meter per second
[(ft3/s)/mi%] per square kilometer
gallon per minute (gal/min) 0.06309 liter per second
million gallons per day (Mgal/d) 3.785 million liters per day
pound (1b) 0.4536 kilogram
pound per day (Ib/d) 0.4536 kilogram per day
foot per day (ft/d) 0.3048 meter per day
square foot per day (ft%/d) 0.09294 square meter per day
The following abbreviations are used in this report:
Abbreylation or Symbol Description
IDEM Indiana Department of Environmental Management
NAS National Academy of Sciences
USEPA U.S. Environmental Protection Agency
USFDA U.S. Food and Drug Administration
USGS U.S. Geological Survey
NAWQA National Water-Quality Assessment
NWQL Natonal Water-Quality Laboratory
ANOVA analysis of variance
ELISA enzyme-linked immunosorbent assay
GC/MS gas chromatographic mass spectrometry
MCL Maximum Contaminant Level
< less than
> greater than
ug/kg microgram per kilogram
g/l microgram per liter
pm micrometer
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Water-Quality Assessment of the
White River Basin, Indiana:
Analysis of Available Information on Pesticides,

1972-92

By Donna S. Carter, Michael J. Lydy, and Charles G. Crawford

ABSTRACT

A retrospective analysis of available
pesticide data (1972-92) for the White
River Basin was conducted as part of the
U.S. Geological Survey National Water-
Quality Assessment Program. Data on the
occurrence of pesticides in streams, stream-
bottom sediments, fish, and ground waters
were obtained from the National Water
Information System of the U.S. Geological
Survey and from the Indiana Department of
Environmental Management. The characteris-
tics of the data sets used in this report are
described, and results are interpreted with
respect to factors that affect observed pesticide
concentrations.

Currently used water-soluble herbicides,
such as triazines and acid amides, were
measured in surface waters near the mouth of
the White River and at other locations over
time to investigate the seasonal patterns of
herbicide runoff. Herbicide concentrations
reach a peak during the first major storm
following application in agricultural areas and
remain elevated for 1 to 2 months, commonly
exceeding U.S. Environmental Protection
Agency mandated drinking-water regulations.

Herbicide concentrations are highest during
late spring and early summer runoff. Most
herbicide loadings to the river occur during
this time, with about 1 percent of tl < applied
herbicides (as the parent compounds) being
transported out of the basin by the river.

Bottom sediments and fish were
analyzed for historically used organochlorine
insecticides and other lipophilic (fat-soluble)
pesticides. Dieldrin, components of technical
chlordane, and DDT-related compcnunds were
the most frequently detected pestic’des in
sediments and in fish tissues. These pesticides
exceeded U.S. Food and Drug Administration
Action Levels for edible fish tissue~ at 5 to
13 percent of the sites sampled. Arcas where
pesticide concentrations in sediment were high
also tended to have high concentrations in
fish; this indicates that bottom sedi-nents
probably are the primary source of lipophilic
pesticides to aquatic biota and that bottom-
dwelling fish likely can be used to detect local
contamination.

Ground-water/surface-water interaction
and the occurrence of pesticides in ground
waters throughout the White River Basin were
examined by use of two data sets. (1) Atrazine
concentrations during base-flow conditions in
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small streams throughout the basin were used
to study the potential for interaction between
surface waters and nearby shallow aquifers.
The bedrock karst region had significantly
higher atrazine levels than the rest of the basin,
indicating that the degree of interaction is
high in this region and that the ground water
is susceptible to contamination from surface
sources and (or) recharge from contaminated
surface waters. (2) A wide variety of water-
soluble (hydrophilic) and lipophilic pesticides
were measured in water from wells through-
out the basin. Water from four wells had
detectable concentrations of pesticides; water
from three of the wells was contaminated with
atrazine and its metabolites. The wells where
pesticides were detected were located in

karst or alluvial outwash, indicating that
these highly permeable hydrogeomorphic
units are highly susceptible to ground-water
contamination.

INTRODUCTION

Background

The overall goal of the National Water-
Quality Assessment (NAWQA) Program is to
describe the status and trends in the quality of
the ground-water and surface-water resources of
the United States, and to link these trends with an
understanding of the natural and human factors
that affect the quality of these resources (Hirsch
and others, 1988). The NAWQA Program
integrates water-quality information at a range of
scales from local to national. A major component
of the program is the study-unit investigation,
which includes 60 major hydrologic basins
throughout the Nation. These investigations
are the foundation upon which national-level-
assessment activities are based. The White River,
in south-central Indiana, is one of the 20 study
units in which data-collection and analysis
activities are underway as of 1994.
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Study-unit investigations have four main
components: (1) an analysis of existing data to gain
insight into current and historical water-quality
conditions and to aid in the design of NAWQA
studies, (2) occurrence and distribution assessment
to determine spatial characteristics of v’ater
quality, (3) long-term water-quality mcnitoring
to determine temporal trends, and (4) case studies
to examine the causes of water-quality degradation
in local areas. Nationally consistent prctocols for
study design, data collection, and analysis are
followed to facilitate interbasin comparison and
data interpretation on a national scale.

Purpose and Scope

This report describes results of an analysis
of pesticide data in the White River Basin for
the period 197292, This report (1) des-ribes the
spatial and temporal coverage of availahle data on
pesticides within the surface water, gronnd water,
bottom sediment, and fish in the White River
Basin; (2) presents a preliminary interp-etation
of the patterns of concentrations and loads in
the basin with respect to seasonal, streanflow,
and spatial effects; and (3) identifies da‘a gaps and
additional information that are needed t> meet the
goals of NAWQA.

The objectives of the White River NAWQA
are linked to water-quality issues. Thus. the
scope of this report is limited to the occrrence
of pesticides in various compartments of the
aquatic system including streams, strear-bottom
sediments, fish, and ground water. Other planned
reports will address the environmental setting
of the White River Basin and the occurrence of
nutrients in the basin. Seasonal and streamflow
effects on currently used water-soluble herbicide
concentrations in surface waters are inv-=stigated
in 83 samples collected from the White River
near Hazleton, Ind., and 19 samples collected at
8 locations throughout the basin by the U.S. Geo-
logical Survey (USGS); little informaticn was
available on currently used insecticides.









outwash, or lake deposits. The fluvial deposits
stratum, used for ground-water assessments only,
consists of permeable surficial deposits adjacent
to major streams. This stratum is not shown in
figure 1 because it is not restricted to a contiguous
geographic area but is found along streams and
rivers throughout the basin.

Hydrogeologic Setting

Ground-water quality and quantity vary
across the different strata of the White River
Basin and depend on geologic setting, type of
aquifer, and depth of the aquifer. The two
major aquifer types in the basin are unconsolidated
aquifers associated with glacial deposits which
occur primarily in the northem and southwestermn
parts of the basin, and consolidated bedrock
aquifers in the south-central and southeastern parts
of the basin. The two aquifer types can be divided
further into four main aquifers: outwash and
alluvial deposits, sand lenses in Wisconsin till,
Mississippian carbonate rocks, and Silurian-
Devonian carbonate rocks.

Outwash (materials associated with valley
trains from glacial melting) and alluvium (recent
materials associated with stream systems), can be
present in any of the hydrogeomorphic strata
previously discussed; however, most of these
materials are found in the fluvial-deposits stratum.
The outwash and alluvial aquifer type is the
most productive in the State and can yield up to
2,000 gal/min. These aquifers are 20- to 80-ft thick
and are predominantly homogeneous sand and
gravel (Gray, 1983). Infiltration and transmissivity
rates are high because of the permeability of this
material; these characteristics make outwash and
alluvial aquifers some of the most easily contami-
nated types of aquifers in the basin. The Wisconsin
till aquifers consist of sand and gravel deposits
that are commonly laterally discontinuous and are
enclosed by silty clay and clay till.

The glacial drift is up to 400-ft thick in places
(Gray, 1983). The thickness of sand and gravel
units interbedded in the till averages 15 ft. These
units can coalesce vertically, but gen=rally the
discontinuous nature of the clays in the tills causes
the clays to act as semipermeable confining units.
Ground-water flow is usually from tle till aquifers
into the aquifers of the fluvial deposits stratum
(Lapham, 1981). The high clay content in the
till slows recharge and may act as a tarrier for
migration of pesticides. Almost all Silurian-
Devonian carbonate-rock aquifers are confined;
they are fractured and yield water through a 500-
to 600-ft-thick section. The Devonian bedrock is
more shaley than the Silurian, which can contain
porous reef structures. Mississippian carbonate-
rock aquifers are found in the karst p'ain of the
White River Basin and are characterized by
numerous fractures and joints that hae been
widened by dissolution. Ground-water flow in
many of the cavemns and solution channels can
approach that of surface-water streamr<. Recharge
to the aquifers is derived locally from precipitation,
and ground-water flow in the carbonate rocks
responds rapidly to rain, as is typical of karst
terrain. Thus, pesticides applied to overlying
soils could be transported to the ground water in
a short period of time. Transmissivity ranges
from 10~ ft%/d in unfractured parts of the aquifer
to 10° ft%/d in solution-enhanced parts. Infiltrating
pesticides could move rapidly into and throughout
the aquifers. This rapid infiltration makes entire
aquifers susceptible to contamination.

Surface-Water Hydrology

Much of the drainage for the ma‘n fork of the
White River is from glacial or fluvial sediments,
whereas the East Fork White River flows across
bedrock-dominated sections of the ba<in for about
one-third of its length. The main fork of the river
is bordered by well developed flood-rlain deposits
because it flows through areas consist'ng mainly of
unconsolidated glacial material; the dposits are
not as extensive along the east fork. The two forks
of the White River converge near Petersburg, Ind.,
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forming a main channel that flows westward for
about 50 mi where it joins the Wabash River at
the Indiana-[llinois State line. Long-term average
flow within the main channel at Petersburg is
11,800 ft3/s. The average unit streamflows (mean
annual divided by drainage area) for all streams
in the White River Basin are comparable, ranging
from 0.96 to 1.43 (ft}/s)/mi%, Variations in
streamflow generally are moderate and follow
seasonal fluctuations. Discharges usually peak

in April or May when precipitation is the highest
(Martin and Crawford, 1987). Seasonal median
streamflows are highest in the winter and spring.
Peak flows generally are much higher in streams
originating in bedrock than in those originating
in glacial deposits; the storage capacity of the
glacial material tends to dampen the extremes in
surface runoff. During drought, flows in streams
originating in bedrock typically are zero, whereas
streams originating in glaciated deposits tend to
have a sustained base flow. Rapid runoff occurs
after storms in high-relief areas where bedrock is
exposed, whereas runoff in the glaciated areas

is less rapid.

Land and Water Use

The primary land use within the White River
Basin is row-crop agriculture. Other major land
uses and land covers include urban, forest, coal
mines and limestone quarries, and wetlands
(fig. 2). Agriculture comprises nearly 64 percent of
the basin; com and soybeans are the predominant
crops. The effect of agricultural activities on
pesticide concentrations may have a significant
impact on the quality of water within the basin.
The U.S. Department of Agriculture has termed
Indiana “the state with potentially the most
threatened water supply in the country” (Taylor,
1989). The bedrock uplands contain less row-crop-
agriculture cover (31 percent) than other areas in
the basin because of steep topography and thin soil.
The till plain has the most (81 percent) row-crop
cover (Mitchell and others, 1977).
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A total of 11.6 million acres were planted
with Indiana’s top 10 crops in 1991. T 1ese crops
included com (5,700,000 acres), soybeans
(4,450,000 acres), winter wheat (720,C00 acres),
hay (675,000 acres), oats (45,000 acrer),
peppermint (21,000 acres), tobacco (8,800 acres),
spearmint (7,500 acres), potatoes (4,100 acres),
and rye (4,000 acres) (Gann and Danekas, 1992).
Apples and peaches also were grown; the
land area covered by orchards is not known.
Herbicides were applied to 97 percent of the com
(18,136,000 1b used) and to 95 percent of the
soybeans (6,522,000 1b used) in Indiana in 1991.
Insecticides were applied 1o 33 percent of the comn
(1,863,000 1b used), and negligible am-unts were
used on soybeans in Indiana. Atrazine was the
most common herbicide (6,332,000 1b applied)
used on com, with 89 percent of com zcres in
Indiana treated. Alachlor was used on 39 percent
of corn acres with 4,704,000 1b appliec;
metolachlor was used on 28 percent of the acres
with 2,714,000 1Ib applied (Gann and C anekas,
1992). On soybeans, alachlor was the rrost used
herbicide (by mass) in Indiana with 20 percent of
the acres treated and 1,711,000 1b applied in 1991.
Metolachlor followed with 19 percent of soybean
acres treated and 1,611,000 1b applied. Overall,
alachlor was the most heavily used her%icide in
Indiana, followed by atrazine (Gann and Danekas,
1992). Table 1 summarizes major pestitide usage
in Indiana. A variety of factors affect the amount
of pesticides that leave cropped areas; some of
these factors include the chemical and physical
properties of the pesticides, physical properties
of the soils, amount and timing of rainfall, amount
and type of pesticide applied, method and timing
of application, and tillage practices (U.S. Environ-
mental Protection Agency, 1988b).

Farming practices in Indiana vary somewhat
depending on the type of crop grown and the
location farmed but, in general, the pre~aration of
fields begins in spring after the ground has thawed.















































































































water but aldrin, which does not have a MCL, was
detected in relatively high concentration (10 pLg/L).
The well was resampled in June 1989, but no
pesticides were detected.

At the three other wells, ground water has
been contaminated with atrazine (table 12).
Although all atrazine concentrations are well
below the MCL of 3 pg/L, elevated concentrations
relative to the amount detected in March and April
(before the growing season) were detected in
the wells sampled in July and August (after the
growing season). From this limited amount of data,
it appears that water-soluble pesticide concentra-
tions in ground water may fluctuate seasonally in a
similar fashion to fluctuations of these pesticides in
surface water, but with a greater lag time between
application on the land and detection in ground
water. Elevated atrazine concentrations are
observed in August in ground water, but atrazine
concentrations in surface water have typically gone
down by this time. This difference could be related
to the time of travel of atrazine through the unsat-
urated zone.

Atrazine metabolites are found in surface-
water and ground-water systems, but the
metabolite-to-parent compound ratio is higher in
ground water, possibly because atrazine in ground
water has had a relatively long time to decompose
while moving through the unsaturated zone and
(or) because the metabolites may have a higher
mobility through soils than the parent compound.
It has been suggested that this difference in ratio
could be used to track ground-water/surface-water
interaction (Thurman and others, 1992).

‘The wells in this study with measurable
amounts of atrazine are within different strata, but
they all are in outwash aquifers. Alluvial outwash
is highly permeable and susceptible to contami-
nation from surface sources. This may explain why
atrazine was only found in outwash aquifers. It
has previously been noted that outwash areas
commonly are row cropped where pesticides are
applied directly. It appears that the most important

factors affecting water-soluble pesticide occur-
rence in wells are the permeability of overlying
materials and land use. The same obseration
applies to the base-flow samples discusred in
the previous section.

NEED FOR ADDITIONAL
DATA COLLECTION

Water-soluble herbicides, such as atrazine,
are widespread in the surface waters of the White
River Basin—commonly attaining conczntrations
of 10 to 20 pg/L or several times the USTPA MCL
for drinking water—during late spring and early
summer. Spring runoff commonly is sto™=d in
reservoirs for drinking-water use throughout the
year. Water-quality data indicate that these water-
soluble herbicides persist in lakes as we'l (Buser,
1990). Thus, measurement of concentrations
of commonly encountered herbicides su-h as
atrazine, metolachlor, cyanazine, and alachlor in
lakes and reservoirs would provide information
on the environmental fates of these com»ounds
and allow examination of possible humézn-health
implications. Only a small part (about 1 percent) of
the atrazine, metolachlor, cyanazine, and alachlor
applied in the basin are transported out of the basin
(as the parent compounds) by streams. T under-
stand the environmental fate of these pesticides,
many environmental compartments suck as air,
ground water, surface water, and the unsaturated
zone need t0 be sampled so that a mass-bhalance
approach can be applied. Herbicide-degradation
products also need to be monitored. Most currently
used herbicides are degraded by biotic and abiotic
processes to a variety of relatively stable decompo-
sition products that may be more or less toxic
than the parent compounds. An understanding of
the transport and fate of these herbicides in the
environment would be improved if all major
decomposition products were measured along
with the parent compounds in all environmental
compariments. Few studies have been done on
the occurrence of water-soluble insecticies in the
White River Basin on a basin-wide basis.
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Further work in this area is warranted because
of the current use of these insecticides and the
potential for migration of these insecticides into
surface and ground waters.

Although the spatial and temporal occurrence
of herbicides and the relation of pesticide concen-
trations to streamflow in streams is beginning to be
understood in the White River Basin, further study
is needed. Long-term, high-frequency sampling
is needed to address these aspects. The effects of
post-herbicide application rainfall timing and
intensity need to be studied; for example, how
do runoff rate and amount differ between years
with heavy rain immediately after application and
years with no rainfall for extended periods after
herbicide application? Temporal and flow effects
on herbicide concentrations in surface water can be
separated by sampling during as many combina-
tions of season and stream{low as possible.
Additional long-term data are required to study
yearly and seasonal variations in herbicide loads
in the White River. Smaller streams also need to be
sampled regularly 1o examine land use and hydro-
geomorphic effects on herbicide concentrations
and loads. Also, because farming practices,
pesticide formulations, and application methods
have a major effect on pesticide occurrence.
transport, and fate in the environment, specific
information on these factors in the White River
Basin is needed.

Measurement of the ratio of atrazine to its
metabolites in surface water, the unsaturated
zone, and shallow aquifers many times through-
out the year would allow an investigation of the
mechanisms of ground-water contamination and
the interaction of ground water/surface water.
Are herbicides entering aquifers from infiltration
through the unsaturated zone in permeable soils
or through recharge from contaminated surface
water? Do pesticide concentrations in ground
water vary seasonally? The atrazine-to-
metabolites ratio may be useful for a detailed
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investigation of the extent of grounc'-water/
surface-water interactions, provided that surface
runoff into streams and ground wate~ that dis-
charges into streams are relatively constant and the
ratios for cach are measurably differnt. Qutwash
aquifers and aquifers in the karst strata appear to
be especially sensitive to shallow ground-water
contamination from water-soluble herbicides such
as atrazine. Study of these aquifers i1 additional
detail would be desirable because th2y may be

the most likely aquifers to be contaminated by
currently used pesticides.

Previously used lipophilic pesticides such
as organochlorine insecticides also have been
detected in the White River Basin. Lipophilic
pesticide concentrations have been measured in
water, stream-bottom sediment, and fish, but a
systematic study of pesticide interactions among
these compartments has not been done. To effec-
tively study the occurrence of lipophilic pesticides
in surface waters of the White River Basin,
analytical methods more sensitive than those used
in this study need to be developed and applied. The
relation of lipophilic pesticide concentrations in
surface waters to factors such as conzentrations
of dissolved organic carbon, suspended organic
carbon, suspended sediment, pesticices in stream-
bottom sediments and streamflow ne=d to be
investigated to determine the primary factors that
affect pesticide concentrations in streams in the
White River Basin. Bottom-sediment sampling
procedures that allow collection of representative
and quantitative samples need to be developed
to facilitate quantitative comparison between sites.
Ancillary data, such as sediment organic-carbon
content and particle size, also need to be collected
to aid in data interpretation because these
properties of sediments greatly affect the ad-
sorption of lipophilic compounds.

The concentration of lipophilic pesticides in
fish and other aquatic biota is of great interest to
scientific and regulatory communities because
these compounds tend to bioaccumulate, concen-
trating in the lipids of the organism to potentially
dangerous levels. Little is known abcut the effects



of chronic low-level exposure to mixtures of
pesticides. Stream-bottom sediments seem (0 be
the primary source of lipophilic pesticides to
organisms in the White River Basin, but the
relation between sediment and fish contamination
is difficult to investigate because.different species
have different habitats and physiologies; thus,
various species may accumulate contaminants to
different extents. Age and sex of the organism also
influence the amount of pesticides that accumulate
in fish tissues. The accumulation of contaminants
in fish tissues is complicated further by the
mobility of fish, which obscures the relation
between fish and local sediment contamination.
Many of the above difficulties can be overcome
to some degree by sampling a more abundant,
less mobile, and physiologically simpler aquatic
organism, such as the asiatic clam Corbicula
fluminea which is widespread in the White River
Basin and other areas of the Nation. These
organisms could be used instead of fish for the
study of pesticide interactions between stream-
bottom sediments and benthic organisms. Because
only one species would be used in the study,

the difficulties associated with quantitative inter-
species comparisons would be avoided. From a
public health standpoint, however, some fish
sampling still would be necessary to determine
pesticide residues in edible fish tissue for the
issuance of fish-consumption advisories.

The occurrence of pesticides has been, and
continues to be, one of the foremost environmental
problems in the White River Basin. The presence
of previously used lipophilic pesticides is still a
problem two decades after their use was discon-
timied, and each year millions of pounds of
water-soluble herbicides and other pesticides
still are applied in the basin. Although we are
beginning to gain an understanding of pesticide
occurrence and environmental fate through the
retrospective analysis of previously collected
data, much work remains to be done to address
adequately the important issues at hand.

SUMMARY AND CONCLUSIO™S

Several areas of the White River F asin are
contaminated by pesticides. Extensive data on the
occurrence of pesticides in all areas of tt'e basin are
not available at this time; thus, some problems may
not have been recognized or addressed yet. Further
data collection and research needs on the occur-
rence, transport, and fate of pesticides in the White
River Basin have been addressed in the “Need for
Additional Data Collection” section. Or the basis
of data sets analyzed in this report, the most signif-
icant problems appear to be contamination of
surface waters from water-soluble herbi~ides,
contamination of stream-bottom sediments and
biota from organochlorine insecticides, and
infiltration of water-soluble pesticides irto shallow
aquifers.

On the basis of geographical distribution,
contamination of surface waters from cvrrently
used water-soluble herbicides such as triazines
and acid amides is the most widespread pesticide
problem that has been studied in the basin. Large
and small streams in all hydrogeomorphic strata
contain measurable amounts of these compounds
during parts or all of the year. Concentrations of
herbicides in streams increase sharply ir spring,
following application (typically in May and June).
During this time, atrazine and metolachlor concen-
trations often exceed USEPA MCL’s fo~ potable
waters by several fold. The elevated stream
herbicide concentrations in spring have the
potential to contaminate drinking-water supplies
all year because spring runoff commonly is stored
in reservoirs, and typical water-treatment processes
do not remove the herbicides. Stream concentra-
tons of herbicides typically peak during the first
major storm after application and remain elevated
for as long as 2 months, as is the case during the
growing season. During the time prior tc and
following the growing season, herbicide concentra-
tions in streams are much lower and are not as
strongly related to the occurrence of storms, as is
the case during the growing season,
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Of the measured herbicide loads moving
past Hazleton, Ind., near the mouth of the White
River, atrazine loads were the highest, followed
by loads of metolachlor, cyanazine, and alachlor,
respectively. In 1991, a particularly dry year
in Indiana, less than 1 percent of the above-
mentioned herbicides applied in the White River
Basin were transporied past the mouth of the river;
about 70 percent of this 1 percent was carried
during the growing season (May through August).
A larger proportion of the triazines that were
applied were detected in the White River at
Hazleton compared to the proportion of acid
amides that were applied. Alachlor was the most
heavily used herbicide of the four but was the
least frequently detected. This low frequency of
detection may be related to the comparatively short
environmental persistence of alachlor relative to
that of other compounds.

Atrazine and one of its metabolites, desethyl-
atrazine, were detected in surface waters all year,
indicating that these compounds are persistent for
at least several months. Concentrations of atrazine
metabolites in streams remain elevated longer into
the growing season than the parent compound,
indicating that the metabolites are being formed by
atrazine decomposition during the growing season
and (or) that they may be more environmentally
persistent than the parent compound. During
the winter and early spring, the desethylatrazine/
atrazine ratio in surface waters is higher than it is
during the remainder of the year possibly because
atrazine is decomposing on the soil, therefore
generating more desethylatrazine over time,
or possibly because ground waters typically have
high desethylatrazine/atrazine ratios and ground-
water discharge comprises a comparatively large
part of the streamflow during this time of year.
Desethylatrazine is more abundant and may form
more rapidly than deisopropylatrazine. No data
are available for the other atrazine degradation
products.
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Although currently applied wat°r-soluble
pesticides are common in surface waters
throughout the White River Basin, livophilic
pesticides applied in previous years, such as
organochlorine insecticides, are often not detected
in surface waters in the basin possibly because
lipophilic compounds accumulate in the organic
matter associated with sediments anc biota rather
than in the water column. Dieldrin, components
of technical chlordane, and DDT-related
compounds are the lipophilic pesticides most
frequently found in stream-bottom sc¢diments in
the White River Basin. Areas of the basin where
stream-bottom sediments contain the highest
known sediment concentrations of th=se pesticides
include Clear Creek and Salt Creek rear Lake
Monroe, Sand Creek, and the headwaters of the
Big Blue River near New Castle, and the White
River between Noblesville and Martinsville.

The lipophilic pesticides at these locations are
suspected of coming from point sources. These
environmentally persistent pesticides also appear
to be coming from nonpoint sources in areas of
lower contamination than these locat’ons, such
as the Eagle Creek watershed.

Areas where stream-bottom sed'ments are
contaminated also tend to have fish that are
contaminated. Carp and other bottom-dwelling fish
contain the highest concentrations of lipophilic
pesticides of the 26 species collected. Five fish-
consumption advisories have been se« by the
IDEM for various locations througho't the White
River Basin; four of these were set because
chlordane concentrations were above USFDA
Action Limits, and one was set because chlordane
and dieldnn concentrations exceeded the Action
Limits. The compounds cis-chlordane, trans-
chlordane, trans-nonachlor, and dieldrin were the
pesticides most often exceeding USFDA Action
Limits and NAS Recommended Maximum Tissue
Concentrations in fish of the White River Basin.
USFDA limits were exceeded at S to 13 percent
of the sites where fish were collected. and NAS
concentrations were exceeded at 30 to 59 percent
of the sites for the four pesticides listed above. The
most serious pesticide contamination of fish



known in the basin is in the areas of Pleasant Run
near Bedford, Stoney Creek downstream from
Noblesville, Muddy Fork Sand Creek and the
headwaters of the Big Blue River near New Castle,
Clear Creek near Lake Monroe, and the White
River between Noblesville and Martinsville. Based
on data collected during 197989 by the IDEM,
however, pesticide levels in fish of the White River
Basin appear to be declining.

Of 101 wells sampled throughout the White
River Basin for a variety of pesticides, detectable
concentrations of pesticides were found at only
4 wells. Water from three of the four wells was
contaminated with atrazine. The metabolite-to-
parent compound ratio for atrazine is higher in
ground water than in surface water. Based on
limited amounts of data, atrazine concentrations
in ground water at wells appear to fluctuate
seasonally; atrazine concentrations are found to
be more elevated later in the year in ground water
than in surface waters. This time lag may be
because the travel time of atrazine through the
unsaturated zone to the aquifers is relatively long,
or because the aquifers are storing contaminated
water from nearby surface-water sources during
the spring flush of herbicides. All of the wells
where detectable amounts of atrazine were found
are in outwash aquifers, indicating that this aquifer
type may be particularly susceptible to water-
soluble pesticide contamination.

Ground-water/surface-water interaction was
examined by measuring atrazine concentrations in
small streams throughout the White River Basin
under base-flow conditions. Streams developed on
karst hydrogeomorphic strata had the highest base-
flow atrazine concentrations in the basin. The
hydraulic conductivity between shallow aquifers
and surface waters in the karst stratum is large.

This characteristic makes karst arcas suscep-
tible to ground-water contamination fron contami-
nated surface waters. Soil permeability seems to be
the primary factor affecting the amount of soil-
applied herbicides, such as atrazine, found in
streams during base flow. Atrazine concentrations
were lowest in streams developed on the high relief
areas of the bedrock uplands strata, the surficial
material of which has low permeability. This
stratum is the least agricultural of the five strata in
the White River Basin. Ground water in the till,
which underlies the most heavily farmed areas in
the basin, has intermediate concentrations of
atrazine. Glacial till is not particularly pzrmeable,
but the strata still are susceptible t0 contamination
through fractures, sand lenses, and especially
outwash areas. Overall, shallow ground water in
regions of high hydraulic conductivity h?ve higher
water-soluble pesticide concentrations in shallow
ground water than ground water in regicns of low
hydraulic conductivity. The physical prenerties
of overlying material seem to be the ma'n factors
determining the concentrations of pestici-es
in shallow aquifers and ground-water wells,
although a variety of other factors, such as land
use and farming practices, also can affect observed
concentrations.

The White River Basin is in one of the most
intensely agricultural areas of the Nation. Large
amounts of pesticides have been and currently are
used in the basin, potentially causing wa‘sr-quality
problems and other environmenial problems. Many
of these problems have been investigated t0 some
degree in previous studies, but many important
questions remain unanswered and many aspects of
problems have not been considered yet. Continued
data collection and large-scale study of the effects
of historically and presently applied pesticides in
the White River Basin would broaden ovr under-
standing of pesticide fate in the environrrent.
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Table 5. Names and locations of ground-water sampling sites in the White River Basin, ind.

[1.d., identification; there are no degree, minute, and second signs used in the latitudes and longitudess]

Map reference number

(fig. 5) Site I.d. number Latitude Longitud+
1 401544085492301 401544 0854923
2 401542085492301 401542 0854923
3 401320085464301 401320 0854643
4 401228085401301 401228 0854013
5 401139085360601 401139 085360«
6 401126085121101 401126 0851211
7 401116085070001 401116 0850700
8 401022085502801 401022 0855028
9 400949085060501 400949 0850605

10 400532086183901 400532 0861839
11 400520085532401 400520 0855324
12 400427085503701 400427 0855034
13 400340085422101 400340 0854221
14 400313085350701 400313 0853507
15 400218085263101 400218 0852631
16 395846086021000 395846 0860210
17 395816086042001 395817 0860412
18 395410086054601 395410 086054¢€
19 395119086191601 395119 086191¢
20 394732086115501 394732 0861155
21 394632086092701 394632 0860927
22 394536086345801 394536 0863458
23 394425085552601 394425 0855526
24 394309086364201 394309 0863642
25 394229086003301 394229 0860033
26 393952086482201 393952 0864822
27 393743085180401 393743 0851804
28 393738085253101 393738 0852531
29 393712086125401 393712 . 0861254
30 393652087004801 393652 0870048
31 393706086122601 393706 0861226
32 393617086132501 393617 0861325
33 393616086134501 393616 0861345
34 393545085274701 393545 0852747
35 393536086251801 393536 0862518
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Table 5. Names and locations of ground-water sampling sites in the White River Basin, Ind.—Continued

Map reference number

(fig. 5) Site i.d. number Latitude Lonyitude
36 393451086115101 393451 0841151
37 393423086161001 393423 0841610
38 393250086590302 393250 0845903
39 393235086570701 393235 0845707
40 393127086144801 393127 0841448
41 393104087025301 393104 0870253
42 393015085275701 393015 0852757
43 394420085342001 392953 0£53406
44 392943086014701 © 392943 0£60147
45 392939086070301 392939 0860703
46 392844086212401 392844 0862124
47 392711086263201 392711 0862632
48 392622085504101 392622 0RS55041
49 392611086425701 392611 0064257
50 392546085375201 392544 0753758
51 392528086205601 392528 0752056
52 392417086273701 392417 0752737
53 392416086303001 392416 0743030
54 392320087104301 392320 0771043
55 392254085333201 392254 0853332
36 392151086261501 392151 0862615
57 392022085371801 392022 0853718
58 391939087060301 391939 (870603
59 391929087172800 391929 (871728
60 391907085382401 391907 (R53824
61 391804087120101 391804 0871201
62 391824085461601 391824 0854616
63 391816085463101 391816 0854631
64 391752086441301 391752 0864413
65 391722085391601 391722 0853916
66 391557087113401 391557 0871134
67 391405087073201 391405 0870732
68 391335087011101 391335 0870111
69 391327086520301 391327 0865203
70 391303086534101 391303 0865341
71 391240085474901 391240 0854749
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Table 5. Names and locations of ground-water sampling sites in the White River Basin, Ind.—Continued

Map reference number

(fig. 5) Shte L.d. number Latitude Longltude
72 391034085562001 391034 0855620
73 390658085572201 390658 0855722
74 390231085513101 390231 0855131
75 390133086572401 390133 0865723
76 385444087063001 385444 0870630
77 385319086032401 385319 0860324
78 384935086305301 384935 0863073
79 384623087155701 384623 0871557
80 384040086515601 384040 0865156
81 384040086271201 384040 086272
82 384037086270001 384037 0862700
83 383959086473201 383959 0864732
84 383904087141101 383904 0871411
85 383906086331401 383906 0863314
86 383752086332301 383752 0863323
87 383748086285301 383748 08628°3
88 383719086333301 383719 0863333
89 383652086251301 383652 0862513
90 383643086273101 383643 0862731
91 383603086251501 383603 0862515
92 383601086244301 383601 0862443
93 383552086252101 383552 0862521
94 383536086240501 383536 0862405
95 383512086234301 383512 0862343
96 383512086231201 383512 0862312
97 383510086235901 383510 0862359
98 383114087315701 383114 0873157
99 383117087053101 383117 0870531
100 383034087175401 383034 0871754
101 382942086543701 382942 ' 0865437
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