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INTRODUCTION TO THE SERIES

Pesticides in the Hydrologic System is a series of comprehensive reviews and analyses of our
current knowledge and understanding of pesticides in the water resources of the United States
and of the principal factors that influence contamination and transport. The series is presented
according to major components of the hydrologic system—the atmosphere, surface water, bed
sediments and aquatic organisms, and ground water. Each volume:

» summarizes previous review efforts;
+ presents a comprehensive tabulation, review, and analysis of studies that have
measured pesticides and their transformation products in the environment;
« maps locations of studies reviewed, with cross references to original publications;
« analyzes national and regional patterns of pesticide occurrence in relation to such
factors as the use of pesticides and their chemical characteristics;
» summarizes processes that govern the sources, transport, and fate of pesticides in
each component of the hydrologic system;
+ synthesizes findings from studies reviewed to address key questions about pesticides
in the hydrologic system, such as:
How do agricultural and urban areas compare?
What are the effects of agricultural management practices?
What is the influence of climate and other natural factors?

How do the chemical and physical properties of a pesticide influence its behavior
in the hydrologic system?

How have past study designs and methods affected our present understanding?
Are water quality criteria for human health or aquatic life being exceeded?

Are long-term trends evident in pesticide concentrations in the hydrologic
system?

This series is unique in its focus on review and interpretation of reported direct
measurements of pesticides in the environment. Each volume characterizes hundreds of studies
conducted during the past four decades. Detailed summary tables include such features as
spatial and temporal domain studied, target analytes, detection limits, and compounds detected
for each study reviewed.

Pesticides in the Hydrologic System is designed for use by a wide range of readers in the
environmental sciences. The analysis of national and regional patterns of pesticide occurrence,
and their relation to use and other factors that influence pesticides in the hydrologic system,
provides a synthesis of current knowledge for scientists, engineers, managers, and policy
makers at all levels of government, in industry and agriculture, and in other organizations. The
interpretive analyses and summaries are designed to facilitate comparisons of past findings to
current and future findings. Data of a specific nature can be located for any particular area of the
country. For educational needs, teachers and students can readily identify example data sets that
meet their requirements. Through its focus on the United States, the series covers a large portion
of the global database on pesticides in the hydrologic system, and international readers will find
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much that applies to other areas of the world. Overall, the goal of the series is to provide readers
from a broad range of backgrounds in the environmental sciences with a synthesis of the factual
data and interpretive findings on pesticides in the hydrologic system.

The series has been developed as part of the National Water Quality Assessment
Program of the U. S. Geological Survey, Department of the Interior. Assessment of pesticides in
the nation’s water resources is one of the top priorities for the Program, which began in 1991.
This comprehensive national review of existing information serves as the basis for design and
interpretation of studies of pesticides in major hydrologic systems of the United States now
being conducted as part of the National Water Quality Assessment.

Series Editor

Robert J. Gilliom
U. S. Geological Survey
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PREFACE

The use of pesticides in the United States has increased dramatically during the last
several decades. Hundreds of different chemicals have been developed for use in agricultural
and non-agricultural settings. Concerns about the potential adverse effects of pesticides on the
environment and human health have spurred an enormous amount of research into their
environmental behavior and fate. Much of this concern has focused on the potential for
contamination of the hydrologic system, including surface waters. Pesticides in Surface Waters
is the first comprehensive summary of research on the occurrence, distribution, and significance
of pesticides in surface waters of the United States.

The primary goal of this book is to assess the current understanding of the occurrence
and behavior of pesticides in surface waters. To accomplish this, we have compiled and
evaluated most of the published studies in which pesticide concentrations in surface waters of
the United States have been measured. The primary focus of the literature search was on studies
published in the peer-reviewed scientific literature and in reports of government agencies. The
literature search covered studies published up to 1993, but many articles and reports published
after 1993 were included as they became available. A number of studies—including laboratory
studies and studies using microcosms and artificial streams and ponds—also were included in
which factors affecting the behavior and fate of pesticides in the environment were investigated.
Pertinent studies listed in a series of tables provide concise summaries of study sites, targeted
pesticides, and results. Information obtained from these studies is used to develop an overview
of the existing knowledge of pesticide contamination of surface waters.

Pesticides in Surface Waters is intended to serve as a resource, text, and reference to a
wide spectrum of scientists, students, and water managers, ranging from those primarily
interested in the extensive compilations of references, to those looking for interpretive analyses
and conclusions. For those unfamiliar with the studies of pesticides in surface waters, it can
serve as a comprehensive introduction.

The preparation of this book was made possible by the National Water Quality
Assessment (NAWQA) Program of the U.S. Geological Survey (USGS). The authors wish to
thank Naomi Nakagaki, who produced nearly all of the maps used in this book, and Theresa
Gilchrist for her assistance in organizing and summarizing many of the articles obtained as part
of the review. Robert Gilliom of the USGS provided excellent technical advice and guidance in
the preparation of this book. Tom Sklarsky, Susan Davis, Yvonne Gobert, and Glenn
Schwegmann provided excellent and conscientious editing and manuscript preparation. We are
greatly indebted to Dr. Michael Meyer of the USGS and to Dr. R. Peter Richards of Heidelberg
College (Ohio) for their thorough reviews of the manuscript. Their suggestions greatly
improved the quality of the book.

Steven J. Larson
Paul D. Capel
Michael S. Majewski
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EDITOR’S NOTE

This work was prepared by the United States Geological Survey. Though it has been
edited for commercial publication, some of the style and usage incorporated is based on the
United States Geological Survey’s publication guidelines (i.e., Suggestions to Authors, Tth
edition, 1991). For example, references with more than two authors cited in the text are written
as “Smith and others (19xx),” rather than “Smith, et al. (19xx),” decades are written with an
apostrophe (e.g., 1980's), and common-use compound adjectives are hyphenated when used as a
modifier (e.g., quality-control procedures). Hyphenation and capitalization are repeated when
used in an original reference (e.g., State-Wide). For units of measure, the metric system is used
except for the reporting of pesticide use, which is commonly expressed in English units. The
original system of units is used when data are quoted from other sources. The Abbreviations and
Acronyms in the front of the book do not include the names of some models mentioned, either
because the name was not formed from first parts of a series of words or because only the name
was given in the original source.

Every attempt has been made to design figures and tables as “stand-alone,” without the
need for repeated cross reference to the text for interpretation of graphics or tabular data. Some
exceptions have been made, however, because of the complexity or breadth of the figure or
table. In some cases, for example, a figure caption makes reference to a table when the same
data are used for both. As an aid in comparison, the same shading patterns are shown in the
Explanation of all pesticide usage maps, though each pattern may not necessarily apply to every
map. Some of the longer tables are located at the end of the chapter to maintain less disruption
of text.

As an organizational aid to the author and reader, chapter headings, figures, and tables
are identified in chapter-numbered sequence. The Abbreviations and Acronyms in the front of
the book do not include chemical names, which are listed in the Appendix.

viii
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CONVERSION FACTORS

Multiply By To obtain
centimeter (cm) 0.3937 inch (in)
cubic meter (m>) 35.31 cubic foot (ft>)
gram (g) 0.03527 ounce, avoirdupois (0z)
hectare (ha) 2.469 acre
kilogram (kg) 2.205 pound, avoirdupois (Ib)
kilometer (km) 0.6214 mile (mi)
liter (L) 0.2642 gallon (gal)
meter (m) 3,281 foot (ft)
square kilometer (km2) 0.3861 square mile (mi2)
square meter (m2) 10.76 square foot (ft2)
Multiply By To obtain
acre 0.405 hectare (ha)
cubic foot (ft?) 0.02832 cubic meter (m3)
foot (ft) 0.3048 meter (m)
gallon (gal) 3.7854 liter (L)
inch (in) 2.54 centimeter (cm)
mile (mi) 1.6093 kilometer (km)
ounce, avoirdupois (0z) 28.350 gram (g)
pound, avoirdupois (Ib) 0.45359 kilogram (kg)
square foot (f%) 0.09290 square meter (m?)
square mile (mi“) 2.5900 square kilometer (kmz)

Temperature is given in degrees Celsius (°C), which can be converted to degrees
Fahrenheit (°F) by the following equation:

°F = 1.8(°C) + 32
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ABBREVIATIONS AND ACRONYMS

Note: Clarification or additional information is provided in parentheses. Abbreviations for
chemical compounds are included in the Appendix.

Computer Models

ACTMO, Agricultural Chemical Transport Model

ARM, Agricultural Runoff Model

CPM, Cornell Pesticide Model

CREAMS, Chemicals, Runoff, and Erosion from Agricultural Fields Management Systems
EXAMS II, Exposure Analysis Modeling Systems

GLEAMS, Ground Water Loading Effects of Agricultural Management Systems

HSPF, Hydrologic Simulation Program—FORTRAN

PRT, Pesticide Runoff Transport

PRZM, Pesticide Root Zone Model

SLSA, Simplified Lake and Stream Analyzer

STREAM, Stream Transport and Agricultural Runoff of Pesticides for Exposure Assessment
SWRRB, Simulator for Water Resources in Rural Basins

Government and Private Agencies and Legislation

FWPCA, Federal Water Pollution Control Administration
FWQA, Federal Water Quality Administration

IEPA, Illinois Environmental Protection Agency

TUPAC, International Union of Pure and Applied Chemistry
NAS, National Academy of Sciences

NAS/NAE, National Academy of Sciences and the National Academy of Engineering
NOAA, National Oceanic and Atmospheric Administration
SDWA, Safe Drinking Water Act

USDA, U.S. Department of Agriculture

USDOI, U.S. Department of the Interior

USEPA, U.S. Environmental Protection Agency

USFS, U.S. Forest Service

USGS, U.S. Geological Survey

Monitoring Programs and Surveys

C/CPAS, Certified/Commercial Pesticide Applicator Survey
NAWQA, National Water Quality Assessment (Program)
NUPAS, National Urban Pesticide Applicator Survey
NURP, National Urban Runoff Program

STORET, STOrage and RETrieval (water quality database maintained by the U.S.
Environmental Protection Agency)
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Miscellaneous Abbreviations and Acronyms

atm-m>/mole, atmospheres-meters cubed per mole
kg/ha, kilogram(s) per hectare

kg/yr, kilogram(s) per year

Ib a.i., pounds(s) active ingredient

ug/g, microgram(s) per gram

ug/L, microgram(s) per liter

ug/kg, microgram(s) per kilogram

mg/kg, milligram(s) per kilogram

mg/L, milligram(s) per liter

mg/m2/yr, milligram(s) per square meter per year
ng/g, nanogram(s) per gram

ng/L, nanogram(s) per liter

nm, nanometer(s)

pg/L, picogram(s) per liter

AGRICOLA, a bibliographic database of the National Agricultural Library (part of the
Agricultural Research Service of the U.S. Department of Agriculture)

DAR, deethylatrazine/atrazine ratio

DOC, dissolved organic carbon

FCV, final chronic value

GAC, granular activated carbon

h, hour(s)

HA, health advisory

HAL, health advisory level

K, distribution coefficient

K., organic carbon-normalized distribution coefficient

LCsy, the concentration lethal to 50 percent of a test population
LD, the dosage of a chemical needed to produce death in 50 percent of the treated test animals
MCL, maximum contaminant level

MCLG, maximum contaminant level goal

min, minute(s)

nsg, no standards given

OC, organochlorine insecticide

OP, organophosphorus insecticide

PAC, powdered activated carbon

PAH, polycyclic aromatic hydrocarbon

PCB, polychlorinated biphenyl

pK,, negative logarithm of the acid-base dissociation constant
ppb, parts per billion

ppm, parts per million

SNARL, Suggested No-Adverse-Response Level
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PESTICIDES IN SURFACE WATERS

Distribution, Trends, and Governing Factors

Steven J. Larson, Paul D. Capel, and Michael S. Majewski

ABSTRACT

A comprehensive review was undertaken by the National Water Quality Assessment
Program of the U.S. Geological Survey to assess current understanding of the occurrence and
distribution of pesticides in surface waters of the United States. Small-scale studies of individual
rivers and lakes to large-scale regional and national studies of surface waters from the late 1950's
to the early 1990's were reviewed. Of the 118 pesticides and pesticide transformation products
targeted in the reviewed studies, 76 have been detected in one or more surface water bodies
throughout the United States. Pesticide concentrations generally ranged from nanograms to
micrograms per liter. Organochlorine insecticides continue to be detected in surface waters 20
years after their use was banned or severely restricted. A number of currently used pesticides,
particularly the triazine and acetanilide herbicides, occurred as seasonal pulses of elevated
concentrations in rivers that drain agricultural areas in the central United States. For most
pesticides, data from the reviewed studies are not sufficient to assess trends in occurrence,
because few studies sampled the same sites consistently for more than 1 or 2 years. Furthermore,
where long-term data do exist, trends are difficult to detect because of year-to-year fluctuations
in concentrations caused by variable weather. Data relating environmental exposures and the
toxicological effects of pesticides are lacking. In addition, standards or criteria for concentrations
of many pesticides in surface waters have not been established. As a result, the significance of
observed pesticide concentrations, with respect to human and ecosystem health, is not known.
Annual mean concentrations of pesticides in surface waters used as sources of drinking water
rarely exceeded maximum contaminant levels established by the U.S. Environmental Protection
Agency. However, peak concentrations of several herbicides commonly exceeded the maximum
contaminant levels for periods of days to weeks in streams of the central United States.

Significant gaps exist in our understanding of the extent and significance of pesticide
contamination of surface waters. The results of this analysis indicate a need for long-term
monitoring studies in which a consistent study design is used and more of the currently used
pesticides and their transformation products are targeted.
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CHAPTER 1

Introduction

Approximately 1.1 billion pounds of pesticides currently are used each year in the United
States to control many different types of weeds, insects, and other pests in a wide variety of
agricultural and non-agricultural settings (Aspelin and others, 1992; Aspelin, 1994). Total
pesticide use, and the number of different chemicals applied, have increased substantially since
the 1960's, when the first reliable records of pesticide use were established. For example, national
use of herbicides and insecticides on cropland and pasture grew from 190 million pounds active
ingredient (Ib a.i.) in 1964 to 560 million b a.i. in 1982 (Gilliom and others, 1985) and was
estimated to be about 630 million Ib a.i. in 1988 (Gianessi and Puffer, 1991, 1992a,b). Increased
use of pesticides has resulted in increased crop production, lower maintenance costs, and control
of public health hazards. In addition, however, concerns about the potential adverse effects of
pesticides on the environment and human health also have grown.

In many respects, the greatest potential for unintended adverse effects of pesticides is
through contamination of the hydrologic system, which supports aquatic life and related food
chains and is used for recreation, drinking water, and many other purposes. Water is one of the
primary mechanisms by which pesticides are transported from applications areas to other parts
of the environment, resulting in the potential for movement into and through all components of
the hydrologic cycle [Figure 1.1).

Surface waters are particularly vulnerable to contamination by pesticides, because most
agricultural and urban areas drain into surface water systems. Once pesticides are in the moving
surface water system (streams and rivers), they can be transported downstream and widely
dispersed into other rivers, lakes, reservoirs, and ultimately, the oceans. The presence of
pesticides in surface waters has been recognized since the 1940's (Butler, 1966). With the
discovery of the adverse ecological effects of the pesticide DDT, and the growing awareness of
environmental issues in the 1960's, the problem of pesticides in surface waters has become the
focus of much greater attention during the last few decades.

1.1 PURPOSE

‘ Pesticides in Surface Waters reviews our present understanding of pesticides in the
surface waters of the United States, with an emphasis on the integration and analysis of
igformation from studies conducted across a wide range of spatial and temporal scales. The focus
i? on pesticides in the water column. Existing information on pesticides in bed sediments and
aquatic biota will be assessed in a companion text in this series, Pesticides in Bed Sediments and
Aquatic Biota in Streams (Nowell, 1996). The main objectives of Pesticides in Surface Waters

are (1) to evaluate and assess the occurrence and distribution of pesticides in the various matrices

3
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Figure 1.1. Potential routes for pesticide movement into and through components of the hydrologic
cycle. Reprinted from Majewski and Capel (1995).

within the water column—water, suspended solids, surface microlayer, and dissolved organic
carbon; (2) to evaluate the occurrence and distribution of pesticides in surface waters in relation
to pesticide use; (3) to review the factors that affect the behavior and fate of pesticides in surface
waters; and (4) to assess the significance of the observed pesticide levels to the health of humans
and aquatic biota.

This overview of studies of pesticides in surface waters is one in a series on present
knowledge of pesticide contamination of the hydrologic system, which are being conducted as
part of the Pesticide National Synthesis project of the U.S. Geological Survey (USGS), National
Water Quality Assessment (NAWQA) Program. Other works in the series focus on pesticides in
the atmosphere, ground water, and stream bed sediment and aquatic biological tissues. These
national topical reviews of published studies on pesticides complement more detailed studies
conducted in each NAWQA study area in major hydrologic basins, which are typically 10,000 to
30,000 ml2 or 25,000 to 75,000 km? (Gilliom and others, 1995).

1.2 PREVIOUS REVIEWS

Previous reviews of existing information on various aspects of pesticide contamination
of surface waters have been published. A number of these reviews are listed in[Table 1.1} along
with a brief description of their scope. Most of the reviews focus on a particular pesticide or class
of pesticides, a particular body of water, or a particular set of fate or behavior processes. Several
of the reviews listed in Table 1.1 are described briefly below, as examples of the types of reviews
that have been published previously.
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Table 1.1. Selected reviews of pesticide occurrence and behavior in surface waters

Topics Discussed
Review (see Reference List) Focus of Review Oﬁmnc? and g‘é’“gﬁ:&ﬂ ggng cgg
stribution or Effects
Reviews of Environmental Observations
Wolman, 1971 General discussion of pollution of United States rivers. v 67
Johnson and Ball, 1972 }hﬁ?(ﬁcd perspective on pesticide pollution in the Great v 41
es.
Terry and Hughes, 1976 Pollution effects on surface and ground waters. v 141
Huggett and Bender, 1980 Kepone in the James River. v 17
Rice and Evans, 1984 Toxaphene in the Great Lakes. v 90
Strachan and Edwards, 1984 Organochlorine pollutants in Lake Ontario. V 53
Kutz and Carey, 1986 Pesticides and toxic substances in the environment. v 11
Logan, 1987 Nonpoint source chemical loadings to Lake Erie. v 59
Hellawell, 1988 General discussion of toxic substances in rivers and ) 106
streams.
Buchman, 1989 Trace contaminants, coastal and estuarine Oregon. v 102
Ciba-Geigy, 1992a Atrazine in the Mississippi River, near Baton Rouge-St. v 3
Gabriel, Louisiana.
Ciba-Geigy, 1992b Atrazine in Chesapeake Bay. V 32
Ciba-Geigy, 1992c Atrazine in surface waters of 11 states, 1975-91. v 9
Ciba-Geigy, 1992d Atrazine in the Mississippi, Missouri, and Ohio Rivers, ) 7
1975-91.
Ciba-Geigy, 1992e Inﬂuenftf:e of agricultural management practices on pesticide v (runoff) 95
runoff.
Ciba-Geigy, 1992f Atrazine in surface waters of Illinois, 1975-88. V 18
Ciba-Geigy, 1994a Atrazine in surface waters of Iowa, 1975-93. */ 37
Reviews of Environmental Processes and Effects of Pesticides
Butler, 1966 Pesticides in estuaries and their effects on fisheries. v 5
Pionke and Chesters, 1973 Pesticide-sediment-water interactions. v (runoff) v 150
Hurlbert, 1975 Secondary effects of pesticides on aquatic ecosystems. v 197
Chemical mechanisms affecting fate of organic pollutants v v 47

Faust, 1977
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Table 1.1. Selected reviews of pesticide occurrence and behavior in surface waters—Continued

Topics Discussed
Review (see Reference List) Focus of Review Occurrence and lg':;’ifg:::;é?: g:g;iig:
Distribution o;' Effects

Metcalf, 1977 Biological fate and transformation of pollutants in water. v 50

Wauchope, 1978 Pesticides in agricultural runoff. v 69

Norris, 1981 Phenoxy herbicides and TCDD in forests. V ) 212

Lick, 1982 The transport of contaminants in the Great Lakes. v 116

Willis and McDowell, 1982 Pesuﬁides in agricultural runoff and effects on water v (runoff) v 37
quality.

Bedding and others, 1983 Behavior and fate of pesticides in the hydrologic v 210
environment. Treatment techniques.

Biggar and Seiber, 1987 Fate of various pesticides and pesticide classes in the V v more than
environment. 500 (book)

Bowmer, 1987 Herbicides in surface water. v v 310

Eadie and Robbins, 1987 Role of particulates in movement of contaminants in the v 76
Great Lakes.

Elzerman and Coates, 1987 Equilibria and kinetics of sorption on sediments. v 137

Leonard, 1988 Herbicides in surface waters. v 136

Ritter, 1988 Management practices to reduce impacts of nonpoint v 34
source pollution from agriculture.

Berryhill and others, 1989 Impa?t of conservation tillage and pesticide use on water v 13
quality.

Eidt and others, 1989 Agricultural and forestry use of pesticides—effects on v 69
aquatic habitats.

Bennett, 1990 Fate of pesticides in water and sediment. Assessment v 95
techniques.

Bollag and Liu, 1990 Biological transformation processes of pesticides. v 217

Green and Karickhoff, 1990 Sorption estimates for modeling. v 46

Leonard, 1990 Movement of pesticides into surface waters. v (runoff) v 173
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Table 1.1. Selected reviews of pesticide occurrence and behavior in surface waters—Continued

- Topics Discussed
i i ; Environmental | Number of
Review (see Reference List) Focus of Review ochil;;el;ﬁeio?d Fate, Transport, References
or Effects
Madhun and Freed, 1990 Impact of pesticides on the environment. v 246
Miyamoto and others, 1990 The fate of pesticides in aquatic ecosystems. Chemical V 103
reactions of pesticide classes.
Wolfe and others, 1990 Abiotic transformations in water, sediments, and soil. v 210
Day, 1991 Pesticide transformation products in surface waters. v 75
Chapra and Boyer, 1992 Fate of various environmental pollutants. y 207
Ciba-Geigy, 1992g Drinking water treatment technology overview. v 8
Neary and others, 1993 Fate and effects of pesticides in southern forests. v v 44
Reviews of Environmental Fate and Behavior of Specific Pesticides
Weber, 1970 Adsorption of triazines by clay colloids; factors affecting V 106
plant availability.
Que Hee and Sutherland, 1981 Phenoxy herbicides—characteristics, mode of action, V V more than
behavior. Summary of environmental occurrence. 500 (book)
Demoute, 1989 Environmental fate and metabolism of pyrethroids. v 14
Trotter, 1989 Canadian water quality guidelines for carbofuran; v ) 127
properties, toxicity, and occurrence.
Pauli and others, 1990 Canadian water quality guidelines for metribuzin; V V
properties, toxicity, and occurrence.
Trotter, 1990 Canadian water quality guidelines for atrazine; properties, ) v 235
toxicity, and occurrence.
Trotter and others, 1990 Canadian water quality guidelines for glyphosate; v ) 120
properties, toxicity, and occurrence.
Howard, 1991 Handbook of environmental fate and exposure data for v v more than
pesticides. 500 (book)
Kent, 1991 Canadian water quality guidelines for metolachlor; v v 140
properties, toxicity, and occurrence.
Kent and Pauli, 1991 Canadian water quality guidelines for captan; properties, v v 192
toxicity, and occurrence.
Kent and others, 1991 Canadian water quality guidelines for dinoseb; properties, v Xl 127
toxicity, and occurrence.
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Table 1.1. Selected reviews of pesticide occurrence and behavior in surface waters—Continued

Topics Discussed

: ; ; Environmental | Number of
Review (see Reference List) Focus of Review o‘l;jci.;g_ﬁ;-,ucg :r:,d Fate, Transport, | R eferences
or Effects
Pauli and others, 1991a Canadian water quality guidelines for cyanazine; V v
properties, toxicity, and occurrence.
Pauli and others, 1991b Canadian water quality guidelines for simazine; properties, v v 177
toxicity, and occurrence.
Trotter and others, 1991 Aquatic fate and effects of carbofuran. v v 110
Fischer and Hall, 1992 Environmental concentrations and toxicity data on v v 92
diflubenzuron (dimilin).
Kent and others, 1992 Canadian water quality guidelines for triallate; properties, V v
toxicity, and occurrence.
Moore, 1992 Canadian water quality guidelines for organotins; v v
properties, toxicity, and occurrence.
The marine biocide tributyltin. V v 43

Huggett and others, 1992
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Introduction 9

Howard (1991) has compiled data on the physical and chemical properties and the
environmental behavior of 70 pesticide compounds. Included are tabulations of detections of
each compound in the different environmental matrices, including surface water. However, a
number of the most commonly used agricultural pesticides are not included in Howard's review,
including 17 of the 20 highest-use herbicides, 7 of the 20 highest-use insecticides, and 6 of the
10 highest-use fungicides (Gianessi and Puffer, 1991, 1992a,b). Leonard (1990) has thoroughly
reviewed the processes involved in the movement of pesticides from agricultural fields to surface
waters. Topics considered in Leonard's review include entrainment of pesticides in runoff, the
magnitude of runoff losses of various pesticides, the effects of different agricultural practices on
runoff losses, and the various computer models used to simulate runoff losses of pesticides. Also
included is a tabulation of reported concentrations of pesticides in runoff and seasonal losses of
pesticides from agricultural plots. Ciba-Geigy Corporation has reviewed studies in which
atrazine concentrations were measured in surface waters, primarily in rivers, streams, and
reservoirs in the central United States, in a series of technical reports (Ciba-Geigy, 1992a,b,c,d.f,
1994a). Data from government agencies, utilities, universities, and monitoring programs
conducted by Ciba-Geigy and Monsanto Company, are tabulated and cover 1975 to 1993. In
these reports, the primary focus is on relating the observed concentrations, and estimated annual
mean concentrations at the various sites, to the regulatory criteria for drinking water.

Neary and others (1993) reviewed recent research conducted in the southeastern United
States on pesticide use in forests. Results were evaluated from a number of studies that monitored
water quality in streams draining forested watersheds where known amounts of pesticides were
applied. The authors concluded that current practices result in short-term perturbations in aquatic
habitats, and direct effects on aquatic biota are minimal, especially for herbicide use. The indirect
and cumulative effects of pesticides used in forests on stream biota are not well known, however,
and the authors recommend further study. Day (1991) reviewed studies of the effects of pesticide
transformation products on aquatic biota. Data from a number of studies on transformation
products indicate that they can be more, less, or similar in toxicity to the parent compounds. Most
of the data evaluated were from laboratory studies, and the general lack of data on environmental
concentrations of pesticide transformation products was noted. Observed synergistic and
interactive effects of pesticides and their transformation products on biota are discussed. Finally,
Environment Canada has published reviews on the properties, use, toxicity, and environmental
occurrence of a number of pesticides under the general title Canadian Water Quality Guidelines
(see [Table 1.1] 2nd column). Pesticides evaluated in this series include atrazine, captan,
carbofuran, cyanazine, dinoseb, glyphosate, metolachlor, metribuzin, organotin compounds,
simazine, and triallate.

Together, the reviews listed in Table 1.1 provide a relatively complete overview of the
range of factors that affect the sources, transport, and fate of pesticides in surface waters. They

do not, however, provide a broad perspective on the occurrence, distribution, and significance of
pesticides in surface waters.

1.3 APPROACH

This book focuses primarily on studies of pesticides in the surface waters of the United
States. Studies from outside the United States, and laboratory and process studies, were
selectively reviewed to help explain particular phenomena or occurrences. The goal was to locate
all significant studies within this scope that have been pubhshcd in an accessible report format,
mcludmg journal articles, federal and state reports, and university report series. The studies
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10 PESTICIDES IN SURFACE WATERS

reviewed were located through bibliographic data searches (National Technical Information
Service, Chemical Abstracts, AGRICOLA, and Selected Water Resources Abstracts),
compilations of state and local agency reports, and bibliographies from reviewed manuscripts.
Studies at all spatial scales, from individual sites to multistate regional and national studies, were
included. Although all of the reports and papers identified in these databases were evaluated,
other studies exist in the literature that were not identified in the bibliographic searches. For
example, although many reports from studies conducted by state and local agencies are included,
many of the unpublished reports could not be obtained for this book. Many state surface water
monitoring programs have expanded their list of analytes to include more pesticides in the 1990's,
but much of this data is not yet available. Therefore, the book primarily reflects the information
available in the open scientific literature as of the end of 1992.

The studies were evaluated and are presented in four main sections. First, all reviewed
studies are characterized and tabulated with selected study features such as location, spatial scale,
time frame, number of sites, sampled media, and target analytes. This serves as an overview of
the reviewed studies and provides the basis for characterizing the nature, degree, and emphasis
of study effort that has accumulated.

Second, a national overview of the occurrence and geographic distribution of pesticides
in surface waters is developed from the observations reported in the reviewed studies, with
particular emphasis on the large-scale studies. Although limited by the biases inherent in the
reviewed studies, this overview provides a perspective on the degree to which contamination of
surface waters may be a problem and on past and present assessment and research priorities.

Third, the primary factors that affect pesticide concentrations in surface waters are
reviewed. Information on the various sources of pesticides to surface waters and on the behavior
and fate of pesticides in surface waters is included in this section. Definitions and terminology
used to describe the various processes affecting pesticides in surface waters also are presented.
This provides a basis for understanding observed patterns in occurrence and distribution and for
addressing specific key topics.

Finally, results from reviewed studies are used to address key topics related to the
occurrence of pesticides in surface waters. These topics represent basic points that must be
understood to evaluate the causes, degree, and significance of surface water contamination. Some
of these topics are addressed more thoroughly than others, reflecting the strengths and
weaknesses of existing information. In some cases, gaps in existing knowledge are identified,
suggesting future research priorities.
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CHAPTER 2

Characteristics of Studies Reviewed

2.1 INTRODUCTION

All studies included in this book investigated pesticide occurrence in one or more water
column matrix (water, suspended solids, surface microlayer, and dissolved organic carbon).
Studies reviewed are summarized in[Tables 2.1/2.3, and 2.3 (located at end of chapter), according
to three main categories: (1) national and multistate monitoring studies, (2) state and local
monitoring studies, and (3) process and matrix distribution studies.

National and multistate monitoring studies (Table 2.1) are occurrence surveys for specific
compounds or compound classes at several to many locations in multiple states. Relatively few
of these large-scale studies have been conducted. The sampling sites included in these studies are
shown in through 2.4 for the studies conducted in the 1950's—1960's, 1970's, 1980's,
and during 1990-1992, respectively. In the early studies (1950's—1970's), the targeted pesticides
were primarily the organochlorine insecticides (OCs), and the geographic emphasis was either the
entire United States, the western United States, or the Great Lakes. More recent large-scale
studies from the 1980's and 1990's have emphasized the current high-use herbicides in the
Mississippi River Basin.

State and local monitoring studies (Table 2.2) are occurrence surveys for specific
compounds or compound classes, usually at several to many sites within a specific area, and are
typically smaller than the state in which they were conducted. This group includes a few studies
with one location sampled over several months to years, as well as studies with many locations
sampled for several days, weeks, or months. The geographic distribution of reviewed state and

local studies is shown i

Process and matrix distribution studies (Table 2.3) generally measured concentrations of
one or more pesticides in surface water environments not considered to be ambient or natural.
Included are studies of pesticide runoff from field plots, investigations of surface waters to which
pesticides have been applied directly for pest control, studies of forest streams immediately after
aerial applications of pesticides, and so forth. Field studies that evaluated the water-solid
distribution of pesticides also are included in this section. Most of these studies involved
relatively specialized sampling at one or several sites for several days, weeks, or months. The
geographic distribution of the process and matrix distribution studies reviewed is shown in
Figure 2.5b. Laboratory studies, studies using artificial water bodies or ecosystems, and review
articles are cited as needed, but are not included in Table 2.3.

11
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EXPLANATION

w Federal Water Quality
Administration Study, 1957-1968

® Public Health Service
Mississippi River Study, 1964-1967

0
I
A USGS Westemn Streams Study, 1965-1971 (I) !

500 KILOMETERS -

Figure 2.1. Sampling sites of selected national and multistate studies conducted mostly during the 1950's—1960's. References: ¥ — Weaver and
others (1965), Breidenbach and others (1967), Green and others (1967), and Lichtenberg and others, 1970; ® -~ Schafer and others (1969);
A - Brown and Nishioka (1967), Manigold and Schuize (1969), and Schulze and others (1973).

© 1998 by CRC Press, LLC

cl

SHILVYM 30V44HNS NI S3QI0ILS3d



EXPLANATION

@ Canadian Center for Inland Waters
Great Lakes Study, 1974

A USGS/EPA National Study, 1975-1980
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Figure 2.2. Sampling sites of selected national and multistate studies conducted mostly during the 1970's. References: ® — Glooschenko and
others (1976); A — Gilliom and others (1985).
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EXPLANATION

4 EPA National Urban Runoff Program
(NURP), 1980-1983

B University of New Orleans
Mississippi River Study, 1984

€ Canadian Inland Water
Directorate Great Lakes Study, 1986

V¥ USGS Mississippi River Study, 1987-1989

® USGS Midwestem Rivers
Reconnaissance Study, 1989-1990

Figure 2.3. Sampling sites of selected national and multistate studies conducted mostly during the 1980's. References: A — Cole and others
(1984); M~ DelLeon and others (1986); ® — Stevens and Neilson (1989); ¥ — Pereira and Rostad (1990), Pereira and others (1990, 1992);
@ — Goolsby and Battaglin (1993), Thurman and others (1991, 1992), and Goolsby and others (1991a,b).
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EXPLANATION

A USGS Mississippi River
Basin Study, 1991

© USGS Mississippi River
Study, 1991-1992

¥ USGS Midwestern Reservoirs
Study, 1992

500 KLOMETERS . .»~

Figure 2.4. Sampling sites of selected national and multistate studies conducted during 1990-1992. References: A — Goolsby and Battaglin
(1993); ® — Pereira and Hostettler (1993); ¥ — Goolsby and others (1993).
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16 PESTICIDES IN SURFACE WATERS

Grea't7 Lakes

Hawaii - 2

Great Lakes
11

y Mississippi
River >

Figure 2.5. Geographic distribution of reviewed (A) state and local monitoring studies (Table 2.2) and
(B) process and matrix distribution studies (Table 2.3).
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Characteristics of Studies Reviewed 17
2.2 GENERAL DESIGN FEATURES

Characteristics of the studies included in and are summarized in
fTable 2.4.| Most of the data are from studies classified as state and local monitoring studies.
Studies in all categories generally have been short-term, seldom lasting more than 2 years.
Study designs ranged from monitoring a single pesticide at a single site to regional studies of
multiple pesticide classes. There was little consistency in sampling methodologies, sampling site
selection, timing of sample collection, detection limits, or target analytes (other than the OCs).

2.3 TARGET ANALYTES

Most of the pesticides investigated in the studies tabulated in Tables 2.1, 2.2, and 2.3 can
be classified into six major groups: OCs, organophosphorus insecticides (OPs), other insecticides
and fungicides, triazine and acetanilide herbicides, phenoxy acid herbicides, and other
herbicides. Analytes targeted in the reviewed studies (Tables 2.1 and 2.2) are listed in
(most compounds listed in this table, and throughout this book, are referred to by their common
names; chemical names, using standard International Union of Pure and Applied Chemistry
(IUPAC) nomenclature, are listed in the Appendix for all pesticides mentioned in the text, tables,
and figures of this book). The distribution of sampling effort devoted to each of these six groups,
in terms of study years, is plotted as a function of time in[Figure 2.6] In compiling the data for
Figure 2.6, one study year was assigned for each year in which samples were collected, regardless
of starting month. The number of analytes, number of sampling sites, and the sampling intensity
were not factored into the compilation, but Figure 2.6 gives a general indication of the trends in
monitoring over the last several decades.

Studies in the late 1950's and the 1960's focused on the OCs and a few phenoxy acid
herbicides (2,4-D, 2,4,5-T, and silvex [2,4,5-TP]) and OPs (parathion, malathion, methyl
parathion, ethion, and diazinon). A great deal of effort has been expended on monitoring residues
of OCs since the 1960's (Figure 2.6), even after many of these compounds were banned or their
use greatly restricted in the United States. Attention remains focused on the organochlorines for
a number of reasons. First, many are listed as priority pollutants by the U.S. Environmental
Protection Agency (USEPA), with monitoring required by law in certain cases. Second, they are
still detected in the bed sediments of rivers and lakes and in the soil. Third, several have known
adverse ecological and human-health effects and can bioaccumulate in fish and other organisms.
Finally, they continue to be used in other parts of the world and have the potential for long-range
atmospheric transport.

The trend in the 1970's and 1980's was a pronounced increase in the number of different
types of pesticides being monitored in surface waters. This trend has been driven by a number of
factors. Most of the organochlorines have been replaced with organophosphates or other
insecticides. Use of herbicides, particularly the triazines (such as atrazine and cyanazine) and
acetanilides (such as alachlor and metolachlor), has increased dramatically since the 1960's.
Many of these compounds are much more likely to appear in the water column of surface waters
than the organochlorines, due to their greater water solubility and lower tendency to sorb to soil
and sediments (Goss, 1992). By the 1980's, approximately the same amount of time was devoted
to monitoring triazine and acetanilide herbicides, OPs, and OCs. Insecticides and herbicides in
other classes also were targeted in more studies. Increasing environmental regulation and
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Table 2.4. General characteristics of studies included in @I and @

Study Type
Study Characteristics National and Multistate Monitoring [State and Local Monitoring Studies| Process and Matrix Distribution
Studies (Table 2.1) (Table 2.2) Studies (Table 2.3)

Number of Studies 27 109 101
Number of Sites

Range 6-177 1-142 no data

Median 30 6 no data
Study Duration (months)

Range 1-150 1-132 1-72

Median 12 12 12
Surface Water Type

Streams 16 80 52

Lakes and Reservoirs 5 31 20

Estuaries 1 16 10

Forest Streams 0 0 15

Agricultural Runoff 2 9 36

Urban Runoff 1 5 2

Wetlands 0 1 0

QOceans 1 3 2

Drinking Water 1 6 2
Compound Class

Organochlorine Insecticides 12 88 31

Organophosphorus Insecticides 5 40 12

Other Insecticides & Fungicides 1 12 12

Triazine and Acetanilide Herbicides 8 29 30

Phenoxy Herbicides 4 30 12

Other Herbicides 1 21 22
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Table 2.5. Detection frequency of targeted pesticides in surface waters

[Data from studies in [Table 2.1| (national and multistate studies) and [Table 2.2|(state and local studies). o, alpha;
B, beta; v, gamma; §, delta. nr, not reported]

Sampling Sites Samples

Number of Percent of
Total samples samples
samples with with
detections  detections

Number of Percent of
sites with  sites with
detections  detections

Pesticide Total
sites

INSECTICIDES
Organochlorine Compounds:
Aldrin 951 65 7 3910 224 6
Chlordane 838 154 18 3,366 948 28
DDT! 1,185 258 22 5,569 945 17
DDT-total (sum of DDT, DDD, 75 56 75 77 42 55
DDE)
Dieldrin 1,016 459 45 4,995 1,412 28
Endosulfan 469 9 2 1,614 42 3
Endrin 944 136 14 4,255 359 8
HCH (all isomers)2 1,498 462 31 7,144 2,087 29
Heptachlor 948 102 11 3,877 287 7
Kepone 75 nr nr 750 nr nr
Methoxychlor 268 33 12 772 33 4
Mirex 212 2 1 512 13 3
Perthane 81 0 0 285 0 0
Toxaphene 215 16 7 1,490 84 6
Organophosphorus Compounds:
Azinphos-methyl 79 0 0 402 0 0
Chlorpyrifos 108 7 6 987 13 1
Crufomate 33 0 0 33 0 0
DEF 4 2 50 4 2 50
Diazinon 193 36 18 1,836 256 14
Dichlorvos (DDVP) 2 0 0 30 0 0
Dimethoate 33 0 0 33 0 0
Disulfoton 40 0 0 349 0 0
Disyston 4 0 0 4 0 0
Ethion 326 0 0 1,046 0 0
Ethoprop 33 0 0 33 0 0
Fenitrothion 42 0 0 42 0 0
Fensulfothion 9 0 0 9 0 0
Fenthion 232 0 0 538 0 0
Fonofos 94 14 15 945 63 7
Imidan 33 0 0 33 0 0
Malathion 426 16 4 2,415 104 4
Methamidophos 10 0 0 100 0 0
Methidathion 2 2 100 nr nr nr
Methy! parathion 387 13 3 2,215 14 1
Methyl trithion 80 0 0 185 0 0
Parathion 326 4 1 1,493 5 0
Phorate 121 0 0 1,008 0 0
Phosphamidon 33 0 0 33 0 0
l}onnel 35 0 0 63 0 0
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Table 2.5. Detection frequency of targeted pesticides in surface waters—Continued

Sampling Sites Samples
Nt Pmental N P
. sites with  sites with k k
sites detections  detections 2P les with with
detections  detections
Sulprofos 33 0 0 33 0 0
Terbufos 94 10 11 945 2 0
Trithion 314 1 0 805 2 0
Other Insecticides®:
Aldicarb 4 0 0 4 0 0
Carbaryl 24 6 25 333 32 10
Carbofuran 84 25 30 396 119 30
Deet 26 22 85 nr nr nr
Dibutyltin (DBT) 10 1 10 22 4 18
Fenvalerate 4 4 100 nr nr nr
Methomyl 8 0 0 8 0 0
Oxamyl 4 0 0 4 0 0
Permethrin 11 4 36 316 3 1
Propargite 7 3 43 316 3 1
Tributyltin (TBT) 10 8 80 22 15 68
HERBICIDES
Triazines and Acetanilides:
Acrolein 17 nr nr 121 nr nr
Alachlor 372 272 73 1,549 802 52
Ametryn 123 11 9 947 212 22
Atratone 15 0 0 27 0 0
Atrazine 497 440 89 4,650 3,928 84
Cyanazine 366 242 66 1,473 755 51
Cyprazine 15 0 0 27 0 0
Hexazinone 26 5 19 nr nr nr
Metolachlor 362 280 77 1,452 827 57
Metribuzin 349 147 42 1,469 245 17
Prometon 270 74 27 828 140 17
Prometryn 62 9 15 523 4 1
Propachlor 12 7 58 450 48 11
Propazine 244 70 29 827 28 3
Simazine 209 119 57 632 312 49
Simetone 15 0 0 27 0 0
Simetryn 22 0 0 36 0 0
Terbutryn 4 0 0 16 0 0
Phenoxy Acids:
2,4-D 215 110 51 1,721 359 21
2,4-D (methyl ester) 6 0 0 84 0 0
2,4-DP 50 2 4 141 4 3
2,4,5-T 166 70 42 1,347 214 16
2,4,5-TP (silvex) 196 27 14 1,576 79 5
Other Herbicides:
Bensulfuron-methyl 3 2 67 54 16 30
Butylate 94 8 9 945 49 5
Chloramben 30 0 0 30 0 0
Dacthal 119 nr nr 1,074 nr nr
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Table 2.5. Detection frequency of targeted pesticides in surface waters—Continued

Sampling Sites Samples
Number of Percent of
Pesticide Total Number ?‘f Percent ?]f Total samples samples
sites sites v‘vnt sites v.vn samples with with
detections  detections . .
detections  detections
Dicamba 68 17 25 181 17 9
Dinoseb 4 0 0 16 0 0
Diquat 9 0 0 9 0 0
EPTC 15 7 47 316 63 20
Fluometuron 26 7 27 nr nr nr
Linuron 37 9 24 395 2 1
Molinate 27 7 26 16 16 100
Norflurazon 26 5 19 nr nr nr
Paraquat 9 0 0 9 0 0
Pendimethalin 15 14 93 316 25 8
Picloram 38 15 39 71 18 25
Propham 8 0 0 8 0 0
Thiobencarb 27 2 7 16 16 100
Trifluralin 104 24 23 1,087 113 10
FUNGICIDES
Captan 30 0 0 580 0 0
Chlorothalonil 4 0 0 16 0 0
HCB 50 43 86 255 216 85
PCNB 4 0 0 16 0 0
PCP 11 8 73 11 8 73
TRANSFORMATION PRODUCTS
Azinphos-methyl oxon 6 0 0 20 0 0
Carbofuran phenol 1 1 100 9 9 100
2-Chloro-2,6"- 26 8 31 nr nr nr
diethylacetanilide

Cyanazine amide 26 16 62 nr nr nr
DDD 876 139 16 3,941 543 14
DDE 1,128 219 19 4,869 939 19
Deethylatrazine 291 254 87 685 559 82
Deisopropylatrazine 242 154 64 685 249 36
Desmethyl norflurazon 26 2 8 nr nr nr
Endosulfan sulfate 50 0 0 154 0 0
Endrin aldehyde 50 0 0 154 0 0
ESA (alachlor metabolite) 76 60 79 304 222 73
Heptachlor epoxide 922 181 20 3,714 552 15
2-Hydroxy-2'6"-diethylacetanilide ~ 26 19 73 nr nr nr
2-Ketomolinate 1 1 100 nr nr nr
4-Ketomolinate 1 1 100 nr nr nr
Oxychlordane 14 14 100 14 14 100
Paranitrophenol 1 1 100 9 9 100
Photomirex 14 0 0 14 0 0
Terbufos sulfone 33 0 0 33 0 0

IDetection frequencies for DDT, DDD, and DDE include both p,p"-, and o,p-isomers, as many studies did not
rreport which isomer was targeted.

2HCH data for all isomers, including a, B, v (lindane), and 8.

Includes compounds used as acaricides, miticides and nematocides.
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Triazine and acetanilide herbicides
200 - [NEN Phenoxy herbicides -
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Figure 2.6. Distribution of pesticide study efforts by decade. Each year in which samples were collected
in a specific study is defined as one study year, regardless of starting month. Data are from national and
multistate studies in[Table 2.1 and from state and local studies in[Table 2.2

changing public perceptions of pesticides have resulted in a steady increase in the total effort
expended on the monitoring of pesticides in surface waters.

2.4 GEOGRAPHIC DISTRIBUTION

In[Figures 2.1 through 2] sampling sites are shown for reviewed national and multistate
studies conducted during the 1950's—-1960's, 1970's, 1980's, and during 1990-1992, respectively.
The most extensive data collection efforts have been in the Mississippi River Basin, the Great
Lakes, and rivers of the western United StatesFigure 2.5 shows that the geographic distribution
of reviewed state and local studies is uneven, with no reviewed studies conducted in some states
and numerous reviewed studies conducted in others. Iowa, California, Florida, and the Great
Lakes had the greatest number of reviewed studies. The reviewed studies span scales from a few
hectares (runoff to streams from field plots) to the entire nation.

2.5 TEMPORAL DISTRIBUTION

From the late 1950's through the 1980's, two long-term national-scale studies of pesticide
residues in rivers and streams were conducted by the Federal Water Pollution Control
Administration (FWPCA), later called the Federal Water Quality Administration, or FWQA
(Weaver and others, 1965; Breidenbach and others, 1967; Green and others, 1967; Lichtenberg
and others, 1970), and by the U.S. Geological Survey, or USGS (Gilliom, 1985; Gilliom and
others, 1985). The USGS also monitored pesticide concentrations in streams throughout the
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western United States from 1965 to 1971 (Brown and Nishioka, 1967; Manigold and Schulze,
1969; Schulze and others, 1973). In the 1980's and 1990's, the general trend has been toward
smaller-scale studies conducted within individual states or specific river basins. No national-
scale studies were undertaken during the 1980's, although several large multistate studies were
done in the Mississippi River Basin (Pereira and Rostad, 1990; Pereira and others, 1990, 1992;
Goolsby and others, 1991a,b; Thurman and others, 1992; Goolsby and Battaglin, 1993; Goolsby
and others, 1993). The number of research oriented studies ([Table 2.3)) rose during the 1980's as
well, comprising almost half of the studies reviewed from this period. Along with the trend
toward smaller geographical areas, the duration of studies also has decreased. The median
duration of sample collection in the state and local studies is 12 months, while the national
programs of the 1960's and 1970's sampled the same sites over a multiyear period. A notable
exception to this trend is the ongoing program of Baker, Richards, and coworkers (Richards and
Baker, 1993), that has been sampling the tributaries of Lake Erie and the drainage basins in Ohio
and in parts of Indiana and Michigan continuously since 1981. This data set is probably the most
complete and consistent of all of the data reviewed here. Monitoring by Ciba-Geigy Corporation
for atrazine throughout the Mississippi River Basin also has provided long-term records at some
sites.

2.6 MATRICES SAMPLED

This book includes only studies with research related to pesticides in water-column
matrices. A companion review (Nowell, 1996) examines research on pesticides in bed sediments
and aquatic macrobiota. Matrices in this review include unfiltered water (whole water), filtered
water, suspended solids (biotic or abiotic particles separated from the water by filtration or
centrifugation), colloidal/dissolved organic carbon, and the surface microlayer. By far the most
common matrix, especially in monitoring studies, was unfiltered water. However, a number of
process studies examined other surface water matrices (Table 2.3), and these studies have greatly
added to our understanding of the distribution and fate of pesticides in surface waters.

2.7 ANALYTICAL LIMITS OF DETECTION

A major problem in comparing results from different studies is dealing with unknown or
variable detection limits. Analytical limits of detection were reported in about 90 percent of the
national and multistate monitoring studies reviewed, but in fewer local and state monitoring
studies. In some studies, limits of detection for some compounds could be inferred from the
reported data when less-than values were given, or from other studies by the same agency in
which the detection limits were stated. In other cases, the lowest reported value for a compound
or group of similar compounds can be used as an estimate of the detection limit, although this
does not necessarily indicate the actual detection limit.

The analytical detection limits for all pesticides in surface water samples are partially
determined by the volume or mass of the sample. If a lower detection limit is required, sample
size generally can be increased, provided the sampling and extraction efficiencies remain the
same. The national studies summarized by Breidenbach and others (1967) used 1,000 L of water
to isolate the OCs and had detection limits of 0.001 to 0.002 pg/L. Many other studies used only
1 L of water and had much higher detection limits.
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Table 2.6. Example of the effect of detection limits on the frequency of detection of pesticides in surface
waters

[Sampling sites for Schulze and others (1973) are shown in . Sampling sites for Gilliom and others

(1985) are shown in . ug/L, micrograms per liter]
Study
Schulze and others, 1973 Gilliom and others, 1985
Sampling period 1968-71 1975-80
Number of sites 20 186
Number of samples 600 1,764
2,4-D
Detection limit (ug/L) 0.02 0.5
Percent samples with detections 17 0.2
Percent sites with detections 90 24
2,4,5-T

Detection limit (ug/L) 0.005 0.5
Percent samples with detections 18 0.1
Percent sites with detections 100 0.6

Detection limits can influence the results and, ultimately, the interpretation of a study. As
an example, two large-scale studies (Schulze and others, 1973; Gilliom and others, 1985) that
both targeted the phenoxy acid herbicides 2,4-D and 2,4,5-T are compared in Table 2.6. In the
study by Schulze and others (1973), 20 sites were sampled from 1968 to 1971, and detection
limits were 0.02 and 0.005 pg/L for 2,4-D and 2,4,5-T, respectively. In the study by Gilliom and
others (1985), 186 sites were sampled from 1975 to 1980, and detection limits were 0.5 pg/L for
both compounds. All of the sites from the earlier study were included in the later study (Figures]

and@. As shown in Table 2.6, detection frequencies for both compounds were much higher
in the study with the lower detection limits. The large difference in detection limits between these
two studies is almost certainly the major reason for the very different results for the detection
frequency of 2,4-D, since agricultural use of 2,4-D in the United States was very stable during
this period (Eichers and others, 1970; Andrilenas, 1974; Eichers and others, 1978; Gianessi and
Puffer, 1991). Use of 2,4,5-T is less well documented during the late 1970's, but substantial
quantities were being used as late as 1981 (Gilliom and others, 1985). Furthermore, all of the
concentrations reported for these two compounds in the earlier study were lower than the
detection limits in the later study. Results from the study with the lower detection limits suggest
that 2,4-D and 2,4,5-T were widespread, low-level contaminants in surface waters throughout the
western United States for at least part of the year, whereas the other study suggests that these
compounds were present in only a few samples at a few sites. The effect of variable detection
limits should be kept in mind in reviewing the aggregate statistics and in the discussion of these
studies. The national study conducted during 1975-1980 (Gilliom and others, 1985) is not
included in the summary statistics of the detection frequencies of pesticides in surface waters
(Table 2.5), since the relatively high detection limits and the large number of samples in this
study would result in a somewhat misleading picture when combined with other studies from the
same period.

© 1998 by CRC Press, LLC



Characteristics of Studies Reviewed 25

2.8 INFLUENCE OF STUDY DESIGN

Interpretation of the results of the reviewed studies can be affected by study design. The
choice of analytes, sampling sites, sampling frequency, timing of sampling, matrices sampled,
and study duration all have an important influence on the conclusions that can be drawn from a
study. Consideration of these study-design components is especially important when comparing
the results of different studies. As shown in the preceding section, analytical detection limits can
have a large effect on the interpretation of results. Two examples of the effects of other
study-design components are described below.

Sampling frequency and the timing of sampling are important considerations when
comparing the results of two large-scale studies conducted during the 1960's. The FWQA
sampled approximately 70 rivers at over 100 sites throughout the United States from 1964 to
1968 ([lable 2.1)). These were synoptic studies, in which one sample was taken at each site each
year. From 1964 to 1967, samples were collected in September, when most rivers were in a low-
flow period. In contrast, in the USGS studies of streams of the western United States conducted
from 1965 to 1971 (Table 2.1), samples were collected monthly, so that both low- and high-flow
periods were sampled. Because of the differences in the timing and frequency of sampling, the
detection frequencies reported in these two studies cannot be directly compared. Both the FWQA
studies and the USGS studies of western streams also are examples of studies in which the choice
of the matrix sampled is an important consideration. In these studies, unfiltered water samples
were analyzed to include suspended sediment in the samples. The organochlorine compounds
targeted in these studies have a tendency to sorb to particles in the water column (see Section
4.2). This has several implications for interpretation of results from these studies. First, much of
the variation in detection frequencies and concentrations observed from year to year and between
sites in these studies may have reflected differences in suspended sediment concentrations at the
time of sampling. Second, the environmental significance of the concentrations of
organochlorine compounds observed in these studies is unclear, since the concentrations in the
dissolved and sorbed phases were not determined (see Section 6.2). Finally, detection
frequencies and concentrations observed in these studies cannot be directly compared with the
results of later studies that analyzed filtered water samples.

The viewpoints and purposes of those conducting studies and of those providing funding
for studies can also influence the way in which studies are designed and conducted. In many of
the studies reviewed, the government agency responsible for managing a resource also conducted
or funded studies evaluating the effects of pesticides used in its management program. Other
studies were funded, and in some cases conducted, by pesticide manufacturers. Much of the
research conducted by pesticide manufacturers is done to satisfy pesticide registration
requirements or to demonstrate that a specific pesticide can be used without negative
environmental effects. Whether our understanding of problems associated with pesticide use has
been influenced by the viewpoints and purposes of those conducting studies is not clear, but it is
important that this potential bias is recognized when interpreting the results of the studies. As an
example, in the studies conducted by Ciba-Geigy Corporation on atrazine occurrence in streams
(Ciba-Geigy, 1992a,b,c,d,f, 1994a), the focus was clearly on comparing observed annual mean
concentrations with the USEPA-established maximum contaminant level for atrazine. No
transformation products of atrazine were monitored, and concentrations of other herbicides
present at the same time were not reported. No effects on aquatic organisms were investigated.
The data set resulting from the Ciba-Geigy studies is one of the best available for examining
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long-term trends in atrazine occurrence and for evaluating the significance of atrazine
concentrations with respect to drinking water (see Section 6.1). However, because the studies
were designed to focus exclusively on the occurrence of atrazine, no information was obtained

on the potential presence of atrazine degradation products or other pesticides in the surface
waters sampled.
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- Table 2.1. National and multistate monitoring studies reviewed

[Matrix: w, whole (unfiltered) water; d, drinking water; f, filtered water; s, suspended sediments. Bold face type in compound column indicates a positive
detection in one or more samples. Abbreviations used for compounds: Azinphos-m., Azinphos-methyl; DAR, deethylatrazine/atrazine ratio; Deethylatr.,
deethylatrazine; Deisoatr, deisopropylatrazine; Diethylacetan., diethylacetanilide; Hept. epox., heptachlor epoxide; Methox., methoxychlor; M. parathion,
methyl parathion; M. trithion, methy] trithion. tr, trace concentration reported, above detection limit but below reporting level. Technical (following a compound
name), a mixture of isomers and related compounds. nr, not reported. a, alpha; B, beta; v, gamma; §, delta. FWQA, Federal Water Quality Administration.
USEPA, U.S. Environmental Protection Agency. USGS, U.S. Geological Survey. <, less than; >, greater than. ~, number is approximate. pg/L, micrograms per
liter. no det., no samples with concentrations above the detection limit]

Study Sites Samples
) Detection Percfent Number Percent of| Maximum Comments
Reference(s) [Matrix Sampling Location(s) Compounds limit(s) Number| of sites " " | samples | concen-
dates of sites| with ) with tration
(ng/L) detections| samples detections| (ug/L)
Weaver and 9/64 United Dieldrin 0.002-0.01 96 74 96 74 0.07 | FWQA study (then
others, 1965 States: Endrin 0.002-0.01 96 46 96 46 >0.09 | called Public Health
96 siteson | DDT 0.002-0.01 96 44 96 44 0.087 | Service). Synoptic
rivers DDE 0.002-0.01 96 39 96 39 0.018 | survey of rivers
throughout | DDD 0.075 96 1 96 1 0.083 | throughout the United
the United | Aldrin 0.002-0.01 96 10 96 10 0.085 | States. One sample
States and | Heptachlor 0.002-0.01 96 17 96 17 tr | taken at each site in
on the Great | Hept. epox. 0.075 96 0 96 0 nodet. | September 1964 during
Lakes HCH 0.025 96 2 96 2 tr | low flow. Compounds
estimated to constitute
>60 percent of
chlorinated pesticide
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use at the time. Data are
analyzed in terms of
geographic distribution.
Generally, higher levels
of chlorinated pesticides
were observed in the
North Atlantic, lower
Mississippi, and
California basins.
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Table 2.1. National and multistate monitoring studies reviewed—Continued

Study Sites Samples
. Percent Percent of| Maximum
. Detection . Number Comments
Reference(s) [Matrix Sag;f;‘s“g Location(s) | Compounds limit(s) lg‘f“s':z;r °£vsi‘t:1es of sa“w"i‘t"lfs CU":tcig‘:l'
g/l idetections| samples detections| (ug/L)

Breidenbach| w |1957—65 | United Dieldrin 0.002 99 47 99 47 0.1 |FWQA study (then
and others, States: Endrin 0.002 99 16 99 16 0.12 | called Federal Water
1967 99 siteson | DDT 0.002 99 25 99 25 0.15 | Pollution Control

rivers DDE 0.002 99 5 99 5 0.009 | Administration). Syn-
throughout | DDD 0.002 99 17 9 17 0.026 | optic survey of rivers
the United | Aldrin 0.002 99 0 99 0 no det. | throughout the United
States and | Heptachlor 0.002 99 24 99 24 0.16 | States in 1965, and
on the Great | Hept. epox. 0.002 99 25 99 25 0.067 | summary of data from
Lakes HCH 0.002 99 5 99 5 0.004 | previous sampling,
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1957-65. Concentra-
tion data and detection
frequency shown for
1965 survey. One
sample taken at each
site in September 1965
during low flow.
Compounds constituted
>60 percent of chlorin-
ated pesticide use.
Endrin and dieldrin
detections decreased
from 1964 synoptic
survey. DDT group
essentially unchanged.
Endrin occurrence in
lower Mississippi
declined after reaching
maximum in autumn of
1963.
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- Table 2.1. National and multistate monitoring studies reviewed—Continued

Study Sites Samples
) Detection Per(fent Number Percent of| Maximum Comments
Reference(s) |[Matrix Sampling Location(s) Compounds limit(s) Nurr'lber of s‘ltes of smples concen-
dates of sites| with with tration
(ng/L) detections| samples detections| (ng/L)

Brown and 10/65—- | Western Aldrin 0.005 11 36 128 3 0.005 [ USGS western streams
Nishioka, 9/66 United DDD 0.005 11 55 128 10 0.015 | study. Data from 10/65
1967 (monthly)| States: DDE 0.005 11 64 128 14 0.02 | t09/66 for 11 sites on

11 siteson |DDT 0.01 11 82 128 11 0.11 | streams throughout the
major rivers | Dieldrin 0.005 11 91 128 23 0.015 | western United States.

Endrin 0.005 11 45 128 6 0.04

Heptachlor 0.005 11 73 128 11 0.015

Hept. epox. 0.005 11 100 128 16 0.09

Lindane 0.005 11 100 128 36 0.02

24,-D 0.1 11 0 62 0 no det.

2,4,5-T 0.005 11 0 62 0 no det.

Silvex 0.005 11 0 62 0 no det.
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Table 2.1. National and multistate monitoring studies reviewed—Continued

Study Sites Samples
. Detection Perc?ent Number Percent of| Maximum Comments
Reference(s) [Matrix Sampling Location(s) Compounds limit(s) Nurqber of sies of samples concen-
dates of sites| with with tration
(ug/L) detections| samples detections| (pg/L)
Green and w | 9/66 United Dieldrin 0.002 109 60 109 60 0.17 | FWQA study (then
others, 1967 States: Endrin 0.002 109 25 109 25 0.069 | called Federal Water
109 sites on | DDT 0.002 109 30 109 30 0.12 | Pollution Control
rivers DDE 0.002 109 10 109 10 0.004 | Administration). Synop-
throughout | DDD 0.002 109 50 109 50 0.013 | tic survey of rivers
the United | Aldrin 0.002 109 1 109 1 tr | throughout the United
States and | Heptachlor 0.002 109 1 109 1 0.004 | States. One sample
on the Great | Hept. epox. 0.002 109 20 109 20 0.019 | taken at each site in
Lakes HCH 0.002 109 16 109 16 0.13 | September 1966 during
Chlordane 0.001-0.005 109 6 109 6 0.075 | low flow. Compounds
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constituted >60 percent
of chlorinated pesticide
use. Dieldrin continues
to dominate detections.
Endrin levels decreased
from 1964 synoptic sur-
vey, but increased
slightly from 1965 sur-
vey. Heptachlor detec-
tions down significantly
from 1965 survey.
Detections most
common in the
Northeast and
Mississippi River
Valley. Evidence that
impoundments result in
lower levels of organo-
chlorines in downstream
waters because of
sedimentation.
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Table 2.1. National and multistate monitoring studies reviewed—Continued

Study Sites Samples
) Detection Perc.ent Number Percent of| Maximum Comments
Reference(s) [Matrix| Sa(;nphng Location(s) Compounds limit(s) Nun:nber of sﬁes of samples concen-
ates of sites| with with tration
(ug/L) detections| samples detections| (ug/L)

Manigold 196668 | Western Aldrin 0.005 20 40 ~330 3 0.04 [ USGS western streams
and United DDD 0.005 20 45 ~330 10 0.04 | study. Summary of data
Schulze, States: DDE 0.005 20 45 ~330 15 0.06 | from 10/66 to 9/67.
1969 20siteson |DDT 0.005 20 90 ~330 25 0.09

major rivers | Dieldrin 0.005 20 60 ~330 7 0.07
and Endrin 0.005 20 20 ~330 1 0.07
irrigation Heptachlor 0.005 20 55 ~330 8 0.04
canals Hept. epox. 0.005 20 10 | ~330 0.6 0.04
Lindane 0.005 20 30 ~330 2 0.02
24-D 0.02 20 70 ~330 12 0.35
245-T 0.005 20 45 ~330 8 0.07
Silvex 0.005 20 25 ~330 4 0.21
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Table 2.1. National and multistate monitoring studies reviewed—Continued

Study Sites Samples
. Percent Percent of| Maximum
. Detection . Number
Reference(s) |Matrix Sa:inp ling Location(s) Compounds limit(s) Nun?ber of sites of | SamP les concen- Comments
ates of sites| with ) with tration
(ug/L) detections| ~ 2P es detections| (ug/L)
Schaferand | w | 196467 | Mississippi | Aldrin 0.06 6 83 67 39 nr | Study to establish
others,1969| d and Endrin 0.06 6 67 67 7 nr | methods for organo-
Missouri | Dieldrin 0.1 6 83 67 43 nr | chlorines in surface
Rivers HCH (o, B, 5) 0.06 6 100 34 85 nr | waters and finished
Lindane 0.06 6 100 34 74 nr | drinking water. Sam-
Methox. 25 6 0 67 0 or | ples of raw and finished
Chlordane 0.12 6 50 46 24 nr | drinking water taken at
Heptachlor 0.1 6 33 67 3 nr | 10 sites along
DDE (p,p") 05 6 100 67 22 nr | Mississippi and
DDT (p,p") 0.5 6 100 67 22 nr | Missouri Rivers.
Toxaphene 0.1 6 33 67 7 nr | Detection frequencies
25 6 0 67 0 nr | shown are for raw river
water. Detection fre-
quency in finished water
samples was zero for
toxaphene and metho-
xychlor; 10 to 25 per-
cent for aldrin, endrin,
chlordane, DDE, and
DDT; and 40 to 75
percent for dieldrin and
the HCHs.
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Table 2.1. National and multistate monitoring studies reviewed—Continued

Study Sites Samples
) Detection Per(fent Number Percent of| Maximum Comments
Reference(s) [Matrix| Sampling Location(s) Compounds limit(s) Nurr}ber of spes of samples concen-
dates of sites| with with tration
(/L) detections| samples detections| (ng/L)

Lichtenberg 1964-68 | United Dieldrin 0.001-0.002 | ~100 nr 529 38 041 | FWQA study. Summary
and others, States: Endrin 0.001-0.002 | ~100 nr 529 13 0.13 | of data for 1964—68.
1970 ~100sites | DDT 0.001-0.002 | ~100 nr 529 16 0.32 | Detailed data reported

throughout | DDE 0.001-0.002 | ~100 nr 529 5 0.05 | for 1967—68 only.

the United | DDD 0.001-0.002 | ~100 nr 529 13 0.84 | Percent detections

States, Aldrin 0.001-0.002 | ~100 nr 529 <1 0.09 | shown reflect 5-year

mostly on | Heptachlor 0.001-0.002 | ~100 nr 529 3 0.05 | totals. Organophos-

rivers Hept. epox. 0.001-0.002 | ~100 nr 529 5 0.07 | phates included in
Lindane 0.001-0.002 | ~100 nr 529 2 0.02 | 1967-68 data only;
HCH 0.001-0.002 | ~100 nr 529 7 0.11 | some question about
Chlordane 0.005 | ~100 nr 529 <1 0.17 | applicability of method.
M. parathion 0.01-0.025 | ~100 0 529 0 no det. | Marked decrease in
Parathion 0.01-0.025 | ~100 0 529 0 nodet. | detections of most
Fenthion 0.01-0.025 | ~100 0 529 0 nodet. | organochlorines
Ethion 0.01-0.025 | ~100 0 529 0 nodet. | observed after peak in
Malathion 0.01-0.025 | ~100 0 529 0 | nodet. | 1966.
Carbophenothion | 0.01-0.025 | ~100 0 529 0 [ nodet.
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Table 2.1. National and multistate monitoring studies reviewed—Continued

Study Sites Samples
Detection Perc‘ent Number Percent of| Maximum Comments
Reference(s) (Matrix Sampling Location(s) Compounds limit(s) Nurr}ber of sites of sam‘ples concen-
dates of sites| with with tration
g/l detections samples detections| (ug/L)

Schulzeand | w |[10/68— | Western Aldrin 0.005 20 5 600 0.2 0.01 | USGS western streams
others, 9/71 United DDD 0.005 20 55 600 8 0.08 | study. Summary of data
1973 States: DDE 0.005 20 40 600 11 0.1 | for 1968-71. Marked

20 siteson | DDT 0.005 20 90 600 16 0.46 | decrease in detections of
major rivers | Dieldrin 0.005 20 45 600 6 0.03 | insecticides between
Endosulfan 0.005 20 5 600 0.2 0.02 | 1968 and 1971.
Endrin 0.005 20 5 600 0.5 0.03 | Phenoxy herbicide
Heptachlor 0.005 20 0 600 0 no det. | detections peaked in
Hept. epox. 0.005 20 0 600 0 nodet. | 1969, then declined by
Lindane 0.005 20 55 600 7 0.16 | ~50 percent by 1971.
Chlordane 0.1 20 5 600 0.02 0.02
Toxaphene 0.5-1.0 20 0 600 0 no det.
2,4-D 0.02 20 90 600 17 0.99
Silvex 0.005 20 55 600 8 0.14
24,5-T 0.005 20 100 600 18 04
M. parathion 0.01 20 20 | ~385 2 1
Parathion 0.01 20 15 ~385 1 0.16
Diazinon 0.01 20 25 ~385 2 0.1
Malathion 0.01 20 0| -~285 0 no det.

© 1998 by CRC Press, LLC

Ve

SH3LVM 30V4HNS NI S3AI0ILS3d



Table 2.1. National and multistate monitoring studies reviewed—Continued

Study Sites Samples
) Detection Pero:ent Number Percent of| Maximum Comments
Reference(s) [Matrix Sa;“aph“g Location(s) | Compounds limits) [ umber| of sites | 07| samples | concen-
tes of sites| with with tration
(ug/L) detection: samples detections| (ng/L)
Glooschenko 1974 Upper Great | Lindane 0.005 33 100 33 100 no det. | Water, seston, and
and others, summer | Lakes: (tr) (tr) sediments were
1976 17 sites, Heptachlor 0.005 33 3(tr) 33 3(tr) no det. | analyzed at 33
Lake Hept. epox. 0.005 33 0 33 0 nodet. | locations. Water
Superior; 2 | Dieldrin 0.005 33 3(tr) 33 3(tr) no det. | contained no analytes
sites, North | Aldrin 0.005 33 0 33 0 no det. | above the indicated
Channel; 5 | Endrin 0.01 33 0 33 0 no det. | detection limits. Seston
sites, DDE (p,p") 0.005 33 3 (tr) 33 3(tr) | nodet. | contained traces of
Georgian DDD (p,p") 0.005 33 0 33 0 no det. | dieldrin at 24 of 31 sites
Bay; DDT (p,p') 0.005 33 0 33 0 | nodet. | and DDE at 12 of 33
9 sites, Lake| DDT (o,p") 0.005 33 0 33 0 nodet. | sites. Traces of dieldrin,
Huron Chlordane (o) 0.010 33 0 33 0 no det. | and measurable
Chlordane (y) 0.010 33 0 33 0 no det. | amounts of DDD,
Endosulfan (o) 0.010 33 0 33 0 no det. | DDE, and DDT were
Endosulfan (B) 0.010 33 0 33 0 no det. | detected in sediments at
Methox. (p,p") 0.010 33 0 33 0 | nodet. | 1to 13 sites. None of
Phorate 0.003 33 0 33 0 nodet. | the organophosphorus
Diazinon 0.005 33 0 33 0 nodet. | compounds were
Disulfoton 0.003 33 0 33 0 no det. | detected in any of the
Ronnel 0.005 33 0 33 0 no det. | media.
M. parathion 0.005 33 0 33 0 no det.
Malathion 0.005 33 0 33 0 no det.
Parathion 0.005 33 0 33 0 no det.
Crufomate 0.025 33 0 33 0 no det.
M. trithion 0.01 33 0 33 0 no det.
Ethion 0.005 33 0 33 0 no det.
Carbophenothion 0.01 33 0 33 0 no det.
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Table 2.1. National and multistate monitoring studies reviewed—Continued

Study Sites Samples
. Detection Perc_em Number Percent of| Maximum Comments
Reference(s) [Matrix Sa(‘i“P]‘“g Location(s) | Compounds limits) | omber| of sites |1 .7 | samples | concen-
ates of sites| with with tration
(hg/l) detections samples detections| (ug/L)

Glooschenko| f |1974 Upper Great | Imidan 0.05 33 0 33 0 no det.
and others,| s | summer | Lakes— Azinphos-m. 0.05 33 0 33 0 no det.
1976— Continued | Azinphos-ethyl 0.05 33 0 33 0 no det.
Continued Phosphamidon 0.03 33 0 33 0 no det.

Dimethoate 0.005 33 0 33 0 no det.
Fenitrothion 0.005 33 0 33 0 no det.

Cole and w | 1980-82 | United Acrolein nr 17 nr | ~121 nr | nodet. | Survey of priority
others, States: Aldrin nr 17 18 ~121 6 0.1 | pollutant concentra-
1983; 21 cities (17 | Chlordane nr 17 24 4?2 17 10.0 | tions in urban runoff

Cole and 1980-83 | included in | DDD nr 17 0 ~121 0 nodet. | from cities across the
others, report) DDE nr 17 6 ~121 6 0.027 | United States. Data
1984 DDT nr 17 6 ~121 1 0.1 | shown are from final

Dieldrin nr 17 12 ~121 6 0.1 | report (Cole and others,
Endosulfan (o) nr 17 18 49 19 0.2 | 1984). Detection limits
Endosulfan (8) nr 17 0 ~121 0 no det. | not reported.
Endosulfan nr 17 0 ~121 0 no det.
sulfate

Endrin nr 17 0 ~121 0 no det.

Endrin aldehyde nr 17 0 ~121 0 no det.

HCH (o) nr 17 24 106 20 0.1

HCH (B) nr 17 12 ~121 5 0.1

HCH (5) nr 17 12 ~121 6 0.1

Lindane nr 17 24 100 15 0.1

Heptachlor nr 17 18 ~121 6 0.1

Hept. epox. nr 17 12 ~121 2 0.1

Toxaphene nr 17 0| ~121 0 | nodet.
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- Table-2.1. National and multistate monitoring studies reviewed—Continued

Study Sites Samples
. Percent Percent of| Maximum
. Detection . Number
Reference(s) [Matrix Sa:lnplmg Location(s) Compounds limit(s) Nun?ber of gltes of sam.ples concfen- Comments
ates of sites| with with tration
(kg/L) detection: samples detections| (ng/L)
Gilliomand | w |1975-80 | United Aldrin 0.01 177 23 | 2946 0.2 nr | USGS nationwide study
others, 1985 quarterly] States: Dieldrin 0.03 177 23 | 2,945 0.2 nr | of pesticides in major
(Nov, 160 to 180 [ Chlordane 0.15 177 0.6 [ 2,943 0 nr | rivers of the United
Feb, sites on DDD 0.05 177 40 | 2,720 0.3 nr | States. Water sampled
May, major DDE 0.03 177 06 | 2,715 0 nr | four times per year and
Aug) rivers DDT 0.05 177 2.8 | 2,721 0.4 nr | bed sediments two times
throughout | Endrin 0.05 180 1.1 | 2,950 0.1 nr | per year. Less than 10
the United | Hept. epox. 0.01 177 45 | 2,946 03 nr | percent of samples
States Lindane 0.01 177 85 | 2945 1.1 nr | contained detectable
Methox. 0.1 172 0| 2,761 0 nr | levels of any of the
Toxaphene 0.25 177 28 | 2946 0.4 nr | analytes. This was
Diazinon 0.1 174 9.8 | 2,859 1.2 nr | partly due to high
Ethion 0.25 174 06 | 2,823 0.1 nr | detection limits in this
Malathion 0.25 174 0.6 | 2,859 0.1 nr | study. Much lower
M. parathion 0.25 174 2.7 | 2,861 0.1 nr | detection frequencies
M. trithion 0.5 174 0] 2,822 0 nr | than in the 1968-71
Parathion 0.25 174 0.6 | 2,856 0 nr | study (Schulze and
Trithion 0.5 174 1.1 | 2819 0.1 nr | others, 1973). Gradual
Atrazine 0.5 144 24 | 1,363 4.8 nr | decline in occurrence of
24-D 0.5 186 24 | 1,764 02 nr | organochlorines
24,5-T 0.5 186 06 | 1,765 0.1 nr | evident. No clear trends
Silvex 0.5 167 0.6 | 1,768 0.1 nr | for herbicides or
organophosphate
insecticides observed.
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Table 2.1. National and multistate monitoring studies reviewed—Continued

Study Sites Samples
. Percent Percent of| Maximum
. Detection . Number
Reference(s) [Matrix| Sampling Location(s) Compounds limit(s) Nun}ber of sites of | 2P les concen- Comments
dates (ug/L) of sites w@ samples w1t_h tration
detections| detections| (ug/L)

Staplesand | w [ 1975-82 | United States (Median) | Retrieval of data on
others, Acrolein Variable nr nr 798 0.25 <14.0 | concentrations of
1985 Aldrin Variable nr nr | 7,891 40 0.001 | priority pollutants in

Chlordane Variable 5,250 40 0.02 | ambient waters from
(technical) USEPA's STOrage and
Chlordane (cis) Variable nr nr 827 56 0 | RETrieval water
Chlordane Variable nr nr 820 56 0 | quality database
(trans) (STORET) for the
DDD Variable nr nr | 3,533 45 0 | years 1975-82. Note
DDE Variable nr nr | 5,333 48 0.001 | that median
DDT Variable nr or | 5,718 44 0.001 | concentrations are
Dieldrin Variable nr or | 7,609 40 0.001 | shown, not maximum.
Endosulfan Variable nr nr | 2,887 53 0 | Data must be viewed
(technical) with caution, as samples
Endosulfan () Variable 864 0.5 <0.1 | are not necessarily
Endosulfan (B) Variable 871 0.85 <0.1 | representative of
Endosulfan- Variable 850 0 <0.2 | ambient conditions
sulfate across the entire United
Endrin Variable nr nr | 8,789 32 0.001 | States and seasonality
Endrin aldehyde Variable nr nr 770 0 <0.2 | is not taken into
Heptachlor Variable or nr | 4,650 34 0.001 | account. Levels in
Hept. epox. Variable nr nr | 4,632 36 0.001 | biota, sediments, and
HCH (o) Variable nr nr | 1,470 8 >0.18 | effluents also are
HCH (B) Variable nr nr | 1,010 1.3 <0.05 | discussed.
HCH (5) Variable nr nr 880 0.8 <0.1
Lindane Variable nr or | 4,505 27 0.02
Toxaphene Variable nr nr | 7,325 32 0.05
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Table 2.1. National and multistate monitoring studies reviewed—Continued

Study Sites Samples
. Percent Percent of| Maximum
. Detection . Number i Comments
Reference(s) |Matrix| Sa(rir;f:sng Location(s) Compounds limit(s) b;?lslil?;r ofysig:es of savr:,;fllles ct(::ggg
(/L) detections “™P'®S |qetections| (ug/L)
Deleonand | w |1984 Mississippi | Atrazine nr 11 nr 11 nr 1.1 | Highest concentrations
others, 1986 summer | River: Propazine nr 11 nr 11 nr nr | (atrazine and alachlor)
11 sites Alachlor nr 11 nr 11 nr nr | atsite downstream of
along entire | Propachlor Memphis, Tennessee.
length Trifluralin Metals and other or-
ganics also monitored.
or 11 nr 11 nr 0.84 | Pesticide data reported
or 11 nr 11 nr nr | for only 4 of 11 sam-
nr 11 nr 11 nr or | pling sites.
Stevensand | w | 1986 Great Lakes: | HCH (o) 0.00001 95 100 95 100 0.011 [ Survey of concentra-
Neilson, f | spring Lakes Lindane 0.00001 95 100 95 100 0.003 | tions of organochlorine
1989 Huron, Erie, | Chlordane (cis) 0.00001 95 70 95 70 1E-04 | compounds in the Great
Ontario, and | Chlordane 0.00001 95 16.0 95 16.0 1E-04 | Lakes. Large volume
Superior (trans) extractor used to
Heptachlor 0.00001 95 0 95 0 nodet. | achieve low detection
Hept. epox. 0.00001 95 100 95 100 3E-04 | limits. Spatial patterns
Endosulfan (a) 0.00001 95 0 95 0 no det. | and sources discussed.
Endosulfan () 0.00001 95 0 95 0 no det. | Whole-water and
Aldrin 0.00001 95 0 95 0 | nodet. | centrifuged samples
Dieldrin 0.00001 95 100 95 100 0.001 | were compared.
Endrin 0.00001 95 13 95 13 1E-04 | Concentration data and
DDE (p,p") 0.00001 95 53 95 53 | 1E-04 | detection frequency
DDT (p,p") 0.00001 95 0 95 0 | nodet. | shown are for all
DDT (o,p) 0.00001 95 0 95 0 | nodet. | samples, regardless of
DDD (p,p") 0.00001 95 0 95 0 nodet. | lake.
Methox. (p,p") 0.00001 95 0 95 0 | nodet.
Mirex 0.00001 95 0 95 0 no det.
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Table 2.1. National and multistate monitoring studies reviewed—Continued

Study Sites Samples
. Detection Pergent Number Percent of| Maximum Comments
Reference(s) |Matrix Sampling Location(s) Compounds limit(s) Nurr}ber of S.lteS of samp les concen-
dates of sites| with with tration
(/L) detections samples detections| (ug/L)

Pereira and 7/87-6/89% Mississippi | Simazine 0.005 17 nr 85 nr 0.13 | Data from five separate
Rostad, River Atrazine 0.005 17 nr 85 nr 0.69 | sampling cruises are
1990; Basin: Deethylatr. 0.005 17 nr 85 nr 0.08 | summarized: 7/87—
Pereira and Ohio, Deisoatr. 0.005 17 nr 85 nr 0.05 | 8/87, 11/87-12/87,
others, Mississippi, | Alachlor 0.005 17 nr 85 nr 0.9 | 5/88-6/88, 3/89-4/89,
1990; Tlinois, 2,6-Diethyl- 0.005 17 nr 85 nr 0.9 | and 5/89-6/89. Loads at
Pereira and Missouri, | aniline each sampling point and
others, 1992] and 2-Chloro-2,6"- 0.005 17 nr 85 nr 0.4 | amount entering Gulf of

Arkansas diethylacetan. Mexico estimated.

Rivers 2-Hydroxy-2',6'- 0.005 | 17 nr 85 nr 0.05 | Atrazine load entering
diethylacetan. Gulf of Mexico estimated
Metolachlor 0005 | 17 ar |85 nr 0.3 | 2 0:4 percent of amount
Cyanazine 0005 | 17 ar| 85 nr 0.6 | 2pplied in basin in 1987

© 1998 by CRC Press, LLC

and 1.7 percent applied in
1989. Load estimates
indicate a point source of
alachlor, 2,6-diethyl-
aniline, and the acetani-
lides near St. Louis,
Missouri; <0.5 percent
of total detected in sus-
pended solids. Cross
channel mixing down-
stream from river con-
fluences shown to be
slow, implying that
samples must be repre-
sentative of entire river
width. Concentration data
shown are for the 5/88 to
6/88 sampling trip only.
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Table 2.1. National and multistate monitoring studies reviewed—Continued

Study Sites Samples
) Detection Per(fem Number Percent of| Maximum Comments
Reference(s) |Matrix| Sampling Location(s) Compounds limit(s) Nun}ber of sﬁes of samp. les concen-
dates of sites | with with tration
(hg/L) detections| 2P les detections| (ng/L)
Goolsby and 1989 Midwestern | Alachlor 0.05 132 86 396 nr 51.0 | Samples taken during
others, (spring, | United Atrazine 0.05 132 98 396 nr 108.0 | preplanting,
1991a,b; summer, | States: Deethylatr. 0.05 132 86 396 nr 404.0 | postplanting, and
Thurman autumn) | 149 sites on | Deisoatr. 0.05 132 54 396 nr 3.2 | postharvest periods.
and others, streams in | Cyanazine 0.20 132 63 396 nr 61.0 | Concentration data and
1991; 122 drainage| Metolachlor 0.05 132 83 396 nr 40.0 | detection frequencies
Goolsby basins Metribuzin 0.05 132 53 396 nr 7.6 | shown are for post-
and Propazine 0.05 132 40 396 nr 1.4 | planting samples (May-
Battaglin, Prometon 0.05 132 23 396 nr 0.93 | June). Concentrations
1993 Simazine 0.05 132 55 396 nr 7.0 | generally low in March
Ametryne 0.05 132 0 396 nr nodet. | and April, higher in
Prometryn 0.05 132 0 396 nr nodet. | May and June, and
Terbutryn 0.05 132 0 396 nr | nodet. | decreased considerably

© 1998 by CRC Press, LLC

by October and
November. Concentra-
tions of atrazine, sima-
zine, and alachlor
frequently exceeded
USEPA maximum
contaminant levels in
May and June. DAR
may be used as an
indicator of ground
water movement into
surface waters.
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Table 2.1. National and multistate monitoring studies reviewed—Continued

Study Sites Samples
Detection Percent Number Percent of| Maximum c ©
i i - ommen
Reference(s) [Matrix| Sampling Location(s) Compounds limit(s) Nun?ber of §1tes of sam‘ples con(fen
dates (ug/L) of sites | with samples with tration
K detectionsL P detections (ng/L)
Ciba-Geigy, | w |[1975-91 | Midwestern | Atrazine 0.05-0.25 53 98 | 1,761 87 30.0 | Review of monitoring
1992¢ rivers and data from Ciba-Geigy
lakes: Corp., Monsanto
53 sites on Company, USGS, and
43 water Topeka, Kansas water
bodies utility, 1975-91. Report

© 1998 by CRC Press, LLC

is from Ciba-Geigy
Corp. Duration of
monitoring was 1 to 2
years at all sites. Data
from 1975-76,
1985-87, or 1990-91,
depending on site.
Concentration data
shown are from all sites
and samples. Time-
weighted annual means
were below 3 pg/L at
94 percent of sites.
Eighty-nine percent of
individual samples
were below 3 pug/L.
Maximum concen-
trations occurred in June
(41 percent), May (28
percent), or July (13
percent).
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Table 2.1. National and multistate monitoring studies reviewed—Continued

Study Sites Samples
. Percent Percent of| Maximum
. Detection . Number Comments
Reference(s) [Matrix| Sa(linplmg Location(s) Compounds limit(s) Nun'.lber of §1tes of samples concfen-
ates (e/L) of sites| with samples with tration
H detections PI€S | detections (ug/L)
Ciba-Geigy, 1975-91 | Mississippi, | Atrazine 0.1-0.2 10 100 | ~1,120| 82-100 17.0 | Review of monitoring
1992d Missouri, | Atrazine 0.1-0.2 5 100 83 62-100 14.0 | data from Ciba-Geigy
and Ohio | Atrazine 0.1-0.2 3 100 145 77-100 4.8 | Corp. and Monsanto
Rivers Company. Report is

© 1998 by CRC Press, LLC

from Ciba-Geigy Corp.
Duration of monitoring
varied among sites.
Some were monitored in
1975-76 and again in
the mid-1980's. One site
on the Mississippi River
(Vicksburg, Mississippi)
was monitored
continuously from
1975-89. Three sets of
concentration data
shown are for the three
rivers. Annual mean
concentrations for
Mississippi River sites
ranged from 0.26 to

2.2 pg/L. Annual mean
concentrations for
Missouri River sites
ranged from 0.5 to

3.77 pg/L. Annual mean
concentrations for Ohio
River sites ranged from
0.38t00.84 pg/L.
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Table 2.1. National and multistate monitoring studies reviewed—Continued

Study Sites Samples
‘ Detection Per(fent Number Percent of| Maximum Comments
Reference(s) [Matrix| S2"PI"8| | ocation(s) | Compounds limits) | omber| of sites 17 " | samples | concen-
dates of sites| with with tration
(kg/L) detections| S2™P les detections| (ng/L)

Goolsby and| f |4/91-3/92 Mississippi | Alachlor 0.002 9 100 381 ~85 2.0 | Summary of three
Battaglin, River and | Ametryne 0.05 8 25 381 <2 nr | separate studies that
1993 tributaries: | Atrazine 0.002 9 100 381 ~99 11.0 | focused on different

3siteson | Azinphos-m. 0.01 8 0 316 0 | nodet. | aspects of pesticide
Mississippi; | Butylate 0.002 8 86 316 ~15 0.1 | occurrence in mid-
6siteson | Carbaryl 0.002 7 86 316 ~10 0.1 | western streams and
major Carbofuran 0.002 8 100 311 ~30 0.11 | major rivers: a regional
tributaries | Chlorpyrifos 0.005 8 86 316 ~4 0.11 | reconnaissance study of
Cyanazine 0.01 9 100 381 ~85 7.0 | 122 river basins, a
DDE 0.005 7 86 316 ~4 0.02 | study of the temporal
Deethylatr. 0.02 8 100 381 ~90 0.8 | variability of pesticide
Deisoatr. 0.05 8 100 381 ~15 0.6 | concentrations in 9 river
Diazinon 0.002 8 86 316 ~45 0.1 | basins (April-July,
Dieldrin 0.02 7 71 316 ~8 0.03 | 1990), and a study of
Disulfoton 0.02 7 0 316 0 nodet. | pesticide occurrence in
EPTC 0.002 8 100 316 ~20 0.11 | the Mississippi River
Ethoprop 0.005 8 0 316 0 | nodet. | and major tributaries.
Fonofos 0.005 8 100 316 ~20 0.03 | The concentration and
Lindane 0.005 8 0 316 0 | nodet. | frequency of detection
Linuron 0.01 8 14 316 <l nr | data shown are from the
Malathion 0.005 8 29 316 <2 0.01 | Mississippi River
M. parathion 0.005 8 14 316 <1 0.008 | study. Concentration
Metolachlor 0.002 9 100 381 ~90 3.0 | data are approximate.
Metribuzin 0.005 9 100 381 ~40 0.03
Parathion 0.002 8 0 316 0 | nodet.
Pendimethalin 0.01 8 86 316 ~8 0.015
Permethrin 0.01 7 28 316 <2 0.018
Phorate 0.02 8 0 316 0 | nodet.
Prometon 0.002 8 100 381 ~25 0.15
Prometryn 0.05 8 63 381 <2 0.08
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Table 2.1. National and multistate monitoring studies reviewed—Continued

Study Sites Samples
) Detection Perc.ent Number Percent of| Maximum Comments
Reference(s) [Matrix| Sa(;np ling Location(s) Compounds limit(s) Nun.lber of s'ltes of samp les concen-
ates of sites| with with tration
g/L) detections| samples detections| (pg/L)
Goolsby and| f [4/91-3/92 Mississippi | Propachlor 0.002 8 86 316 ~15 0.1
Battaglin, River and | Propargite 0.01 8 43 316 <2 0.08
1993— tributaries | Propazine 0.05 8 63 381 <2 0.07
Continued —Continued Simazine 0.002 9 100 381 ~80 0.4
Terbufos 0.02 8 29 416 <1 0.011
Trifluralin 0.005 8 100 316 ~25 0.015
Goolsby and| w |4/92- Midwestern | Alachlor 0.05 76 48 304 32 ~2.0 | USGS study of
others, 1993 11/92 United Ametryn 0.05 76 3 304 1 nr | occurrence of herbicides
States: Atrazine 0.05 76 92 304 83 ~10.0 | and degradation
76 reservoirs Cyanazine 0.05 76 65 304 54 nr | products in reservoirs
Deethylatr. 0.05 76 78 304 71 ~1.50 | throughout the
Deisoatr. 0.05 76 70 304 63 ~1.0 | midwestern United
Metolachlor 0.05 76 62 304 53 nr | States. Seventy-six
Metribuzin 0.05 76 12 304 6.5 nr | reservoirs sampled
Prometon 0.05 76 15 304 12 nr | bimonthly from 4/92 to
Propazine 0.05 76 10 304 45 nr | 3/93. Data reported are
ESA 0.1 76 79 304 73 ~12.0 | preliminary results for
(Alachlor 4/92 to 11/92. Results
metabolite) indicate that a number
of these compounds are
present at higher
concentrations in
reservoirs than in
streams at certain times
of the year. The ESA
metabolite of alachlor
appears to be relatively
stable in the reservoirs.
Concentration data
shown are approximate.
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Table 2.1. National and multistate monitoring studies reviewed—Continued

Study Sites Samples
Percent Percent of| Maximum
. Detection . Number
Reference(s) [Matrix Sampling Location(s) Compounds limit(s) Nurx}ber of sites of samples concen- Comments
dates of sites| with les with tration
(ke/L) detections| 2P |detections (ng/L)
Periera and f |1991-92 | Mississippi | Atrazine 0.005 26 100 ~78 nr 4.7 | Samples were collected
Hostettler, River Deethylatr. 0.005 26 100 ~78 nr 0.86 | on three sampling
1993 Basin: Deisoatr. 0.01 26 85 ~78 nr 0.33 | cruises. Concentration
12 siteson | Ametryn 0.005 26 0 ~78 0 | nodet. | and detection frequency
Mississippi | Alachlor 0.005 26 96 ~78 nr 0.56 | data shown are from the
River; 2-Chloro-2',6'- 0.005 26 31 ~78 nr 0.04 | July-August 1991
14 siteson | diethylacetan. cruise. Analytes
tributaries | 2-Hydroxy-2'6'- 0.005 26 73 ~78 nr 0.09 | included pesticides
diethylacetan. used on major crops
Carbofuran 0.005 26 0 ~78 nr nodet. | (corn/soybean, rice,
Cyanazine 0.025 26 92 ~78 0 0.98 | cotton, forestry) grown
Cyanazine- 0.025 26 62 ~78 nr 0.22 | in different regions of
amide the basin and several
Deet 0.005 26 85 ~78 nr 0.2 | degradation products.
Diazinon 0.005 26 15 ~78 r 0.02 | Loads from tributaries
Fluometuron 0.005 26 27 ~78 nr 0.41 | and in the Mississippi
Hexazinone 0.005 26 19 ~78 nr 0.07 | River estimated for a
Metolachlor 0.005 26 100 ~78 nr 1.9 | number of the
Metribuzin 0.005 26 54 ~78 nr 0.08 | pesticides. Ratios of
Molinate 0.005 26 23 ~78 nr 2.6 | parent and degradation
4-Ketomolinate 0.005 26 27 ~78 nr 1.6 | product concentrations
Norflurazon 0.01 26 19 ~78 nr 0.3 | imply that alluvial
Desmethyl- 0.01 26 8 ~78 nr 0.12 | aquifers serve as storage
norflurazon areas and sources to the
Prometone 0.005 26 81 ~78 nr 0.07 | rivers.
Prometryn 0.005 26 15 ~78 nr 0.08
Simazine 0.005 26 100 ~78 nr 0.26
Thiobencarb 0.005 26 4 ~78 nr 0.06
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Table 2.2. State and local monitoring studies reviewed

[Matrix: w, whole (unfiltered) water; d, drinking water; m, surface microlayer; s, suspended sediments. Bold face type in compound column indicates a positive
detection in one or more samples. Abbreviations used for compounds: Azinphos-m., Azinphos-methyl; Deethylatr., deethylatrazine; DEA, deethylatrazine;
Diethylacetan., diethylacetanilide; Hept. epox., heptachlor epoxide; Methox., methoxychlor; M. parathion, methy] parathion; M. trithion, methy] trithion. PAHs,
polycyclic aromatic hydrocarbons; PCBs, polychlorinated biphenyls. max, maximum; nr, data not reported. o, alpha; B, beta; y, gamma. USEPA, U.S.
Environmental Protection Agency. USGS, U.S. Geological Survey. <, less than; >, greater than. pg/kg, microgram(s) per kilogram; pg/L, microgram(s) per liter;
kg, kilogram(s); kg/yr, kilogram(s) per year; km, kilometer(s); km?, square kilometer(s); L, liter; 1b, pound(s); mg/L, milligram(s) per liter; mi, mile; ng/g,
nanogram(s) per gram. no det., no samples with concentrations above the detection limit. ?, number is uncertain; ~, number is approximate]

Study Sites Samples
Percent of[Maximum|
. Detection Percent of[Number|

Reference(s) IMatnx Sa;l;plmg Location(s) Compounds | limit(s) Nun3ber sites with| of sam.ples concen- Comments

tes (/L) of sites detections|samples w1t!1 tration
detections| (ug/L)

Mackand |w 9/63 New York: DDT (total) nr or 100 or 100 0.33 | Samples of fish and water of
others, Four lakes surface waters of New York
1964 analyzed for DDT content.

Nicholson |w 1960-62 | Northern Toxaphene nr or 100 84 100 0.41 | Organochlorine concentra-
and Alabama: DDT nr or 0 84 0| nodet. | tions in streams in cotton
others, Tributaries |HCH nr or 100 84 100 nr | growing area monitored for
1964 of Tennessee 4 years. Use estimates for

River basin included. Detections/
concentrations related to use
and solubility. Samples of
treated and untreated water
analyzed. Neither toxaphene
nor HCH removed by
treatment.
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Table 2.2. State and local monitoring studies reviewed— Continued

Study Sites Samples
. Percent of[Maximum
. Detection Percent of [Number]

Reference(s) [Matrix Sampling Location(s) Compounds | limit(s) Nun.nber sites with| of | P les concen- Comments

dates (ug/L) of sites detections|samples w1r.!1 tration
detections| (ug/L)
Casper, w 9/64— Texas: Aldrin nr nr 0 nr 0 [ nodet. | Monitoring of insecticide
1967 10/68 Galveston Lindane nr nr 33 nr 33 <1.0 | levels in water and oysters of

Bay, Chlordane or nr 22 nr 22 <1.0 | Galveston Bay after in-

Gulf of DDE nr nr 33 nr 33 <1.0 | creases in insecticide use in

Mexico DDT nr nr 22 nr 22 <1.0 | the Houston area for mos-
Endrin or nr 0 nr 0 [ nodet. [ quitocontrol. Noevidence of
Dieldrin nr nr 0 nr 0| nodet. | increased residues in water
Heptachlor nr nr 44 nr 44 <1.0 | oroysters. Concentrations
Hept. epox. nr nr 11 nr 11 <1.0 | reported as <1.0 pg/L
Methox. or or 11 nr 11 <1.0 | represent positive detections
Trithion nr nr 0 nr 0 [ nodet. | below the reporting limit.
Malathion nr nr 0 nr 0 | nodet.

Fahey and |w 12/63- | Michigan: Dieldrin 0.1 13 0 22 0 | nodet. | Monitoring of water, soil, and
others, 3/64 Battle Creek sediments following applica-
1968 area, tion of dieldrin in an urban

Kalamazoo area for control of Japanese
River, beetles.
ponds, creeks
Forbes, w 1967 Florida: DDT 0.01 3 0 nr 0 | nodet. | Concentration data are for
1968 Farm canals | Parathion 0.01 3 0 nr 0| nodet. [ lake. No DDT or parathion
and Lake detected in lake, but DDT
Apopka, was detected in several
near samples of canal water.
Zellwood, Maximum concentrations
Florida were 0.25 and 0.18 pg/L in
the canals.
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Table 2.2. State and local monitoring studies reviewed—Continued

Study Sites Samples
. Percent of Maximum
. Detection Percent of [Number|

Reference(s) [Matrix| Sampling Location(s) Compounds | limit(s) Nun}ber sites with| of | 2P les concen- Comments

dates (ug/L) of sites detections|samples w1t!1 tration
H P18 detections (ug/L)

Dupuy and |w 1968 Texas: Aldrin 0.01 30 nr 153 0.7 0.01 | Survey of organochlorine and
others, Eastern DDD 0.01 30 33 153 14 0.09 | phenoxy pesticides in Texas
1970 Texas rivers | DDE 0.01 30 60 153 29 0.09 | surface waters. Four to five

DDT 0.01 30 67 153 34 0.21 | samples taken at most sites
Dieldrin 0.01 30 27 153 or 0.045 | throughout 1968.

Endrin 0.01 30 nr 153 nr 0.07

Heptachlor 0.01 30 0 153 0| nodet

Hept. epox. 0.01 30 0 153 0| nodet.

Lindane 0.01 30 20 153 25 0.11

24-D 0.01 30 87 153 34 14

Silvex 0.01 30 23 153 nr 0.13

2,4,5-T 0.01 30 77 153 38 0.15

Hannon w 1967-68 | South Lindane 0.02 12 nr 12 nr nr | Study of ecological distribu-
and Dakota: Heptachlor 0.02 12 nr 12 or or | tion of organochlorines in
others, Lake Poinsett | Hept. epox. 0.02 12 or 12 nr nr | lake. Water, bed sediments,
1970 Aldrin 0.02 12 nr 12 nr nr | and various organisms

Dieldrin 0.02 12 nr 12 nr nr | sampled. Bioconcentration
DDT (p,p’) 0.08 12 nr 12 or nr | factors calculated at the
DDD (p,p") 0.08 12 nr 12 or or | different trophic levels.
DDE (p,p") 0.02 12 nr 12 nr or

Toxaphene nr 12 or 12 nr nr

Endrin 0.40 12 0 12 0 nr

Methox. 0.40 12 0 12 0 nr
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Table 2.2. State and local monitoring studies reviewed—Continued

Study Sites Samples
- Detection N Percent of[Number| Percent of Maximum Comments
Reference(s) [Matrix| Sampling Location(s) Compounds | limit(s) un.lber sites with| of | S2P les concen-
dates (hg/L) of sites detections|samples w1t!1 tration
detections| (ng/L)

Johnson w 1968-70 | Iowa: Dieldrin 0.005 10 90 179 40 0.063 | Report of routine monitoring
and 10 rivers DDT 0.005 10 90 179 19 0.023 | of organochlorines in Iowa
Morris, DDE 0.005 10 90 179 14.5 0.017 | rivers. Differences in con-
1971 centrations and in seasonal

appearance of compounds
observed between agricul-
tural and non-agricultural
basins. Dieldrin detected
most frequently and at
highest concentrations.

Knutson w 196669 | Kansas: Dieldrin 0.1 nr 67 54 22 0.051 | Study related insecticide use
and Smokey Hill | Endrin 0.1 or 67 54 or 0.013 | and resulting residues in soil,
others, River, Cedar | Heptachlor 0.1 nr 67 54 nr 0.001 | ground water, crops, and
1971 Bluff Hept. epox. 0.1 nr 33 54 or 0.006 | surface waters. Detections in

Reservoir Aldrin 0.1 nr 33 54 or 0.014 | surface waters were
Diazinon 0.1 nr 0 54 0| nodet. | infrequentand at low levels.
Parathion 0.1 nr 0 54 0| nodet
M. parathion 0.1 nr 0 54 0| nodet

Roweand |w 10/68- | Louisiana: Dieldrin 0.1? 13 nr 148 nr 0.2 | Survey of dieldrin and endrin
others, 5/69 3 estuarine Endrin 0.1? 13 nr 148 nr 0.2 | in water, sediments, and
1971 areas: Grand oysters. Dieldrin detected in

Bayou, 70 percent of oysters, endrin

Hackberry detected in 100 percent of

Bay, Creole oysters. Concentration data

Bay shown are from water
samples.
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Table 2.2. State and local monitoring studies reviewed— Continued

Study Sites Samples
. Percent of|Maximum
. Detection Percent of |Number|

Reference(s) [Matrix Saglaphng Location(s) Compounds | limit(s) Nun}ber sites with| of san'{ples concen- Comments

tes (ug/L) of sites detections|samples w1t%1 tration
detections| (ug/L)

Bevenue w 1970-71 | Hawaii: DDE 0.0005? 46 nr 46 or 0.001 | Random sampling of diverse
and Water from | DDD 0.0005? 46 nr 46 or 0.018 | surface waters. Drinking
others, lakes, DDT 0.0005? 46 nr 46 100 0.064 | water also sampled, mostly
1972 streams, Dieldrin 0.0005? 46 nr 46 100 0.019 | from ground water.

bays, Lindane 0.0005? 46 nr 46 nr 0.003
harbors, Chlordane 0.0005? nr nr nr or 0.018
canals, and

lagoons on

four islands

Bradshaw |w 3/10- Utah: Aldrin nr 16 100 or nr 1.2 | Temporal patterns of
and 710 15 Utah Heptachlor nr 16 88 nr nr 2.9 | occurrence correlated with
others, biweekly| Lake and Hept. seasonal agricultural use.
1972 710~ tributaries; €pox.

2m one outlet HCH nr 16 100 nr nr nr
weekly site Methox. nr 16 94 nr or 52
DDT (total) nr 16 100 nr or 4.1

Morris and |[w 1968-71 | Iowa: Dieldrin nr 10 100 nr nr 0.065 | Maximum concentrations
others, Mississippi, |DDT or 10 90 nr or 0.055 | shown are maximum
1972 Missouri, DDE nr 10 100 nr nr 0.03 | detected in any of the rivers

Iowa, Cedar, over the 4-year period.
Skunk, Sediments and catfish also
Raccoon, analyzed, with much higher
Little Sioux, concentrations detected.
and

Nishnabotna

Rivers

© 1998 by CRC Press, LLC

PeMBIABY SeIpNIS JO SoNSUBIoRIBYD

1S



Table 2.2. State and local monitoring studies reviewed—Continued

Study Sites Samples
. Percent of(Maximum
. Detection Percent of[Number|

Reference(s) Matrix| Sa(xinaplmg Location(s) Compounds | limit(s) Nuu'lber sites with| of | 52D les concen- Comments

tes (ug/L) of sites detections|samples w1t¥1 tration
detections| (pg/L)
Schacht, w 1970-72 | Great Lakes: | Hept. epox. 0.0002 nr 100 13 85 0.005 | Concentrations of organo-
1974 Hlinois Dieldrin 0.0002 nr 100 13 92 4 | chlorine compounds moni-
waters of Methox. 0.0010 nr 100 11 100 0.023 | tored in water, sediments,
Lake DDE (o,p") 0.0003 nr 0 11 0 0.089 | and fish of Lake Michigan,
Michiganand | DDD (o,p") 0.0003 nr 100 11 45 | nodet. | two tributary rivers, and
tributaries DDT (o,p") 0.0003 nr 100 13 85 0.002 | sewage treatment plant
DDE (p,p") 0.0003 nr 100 13 100 6 | effluents. Values shown are
DDD (p,p") 0.0003 nr 100 13 100 0.013 | for river samples. Concentra-
DDT (p,p) 0.0010 or 100 13 100 0.02 | tions in open water of Lake
DDT (total) nr nr 100 13 100 0.007 | Michigan (4 miles offshore)
Heptachlor 0.0003 nr 0 13 0 0.038 | were nearly all below detec-
Aldrin 0.0003 nr 0 13 0 0.058 | tion limits. Sediment levels
Endrin 0.0003 nr 0 13 0 [ nodet. | in the rivers were much
Lindane 0.0003 nr 0 13 0| nodet. | higher. Samples also
nodet. | analyzed for PCBs and
nodet. | phthalates.

Klaassen w 1970-71 | Kansas: Endrin 10 or 0 nr 0| nodet. | Concentrations measured in
and Tuttle Creek | Aldrin 10 nr 0 nr 0| nodet. | water, bed sediments, and
Kadoum, Reservoir Dieldrin 10 nr 50 or 17 10.0 | biota. Limited detections in
1975 Heptachlor 10 nr 0 nr 0| nodet. | water or sediments, but most

Hept. epox. 10 nr 0 nr 0 | nodet. | biota had residues. Note
DDT (o,p") 10 nr 50 nr 17 10.0 | relatively high detection
DDT (p,p") 10 nr 0 nr 0| nodet. [ limits.

DDE (O,P') 10 nr 0 nr 0 no det.

© 1998 by CRC Press, LLC

cs

SH3LVYM 30V4HNS NI S3AI0ILS3d



Table 2.2. State and local monitoring studies reviewed—Continued

Study Sites Samples
. Percent of|Maximum|
. Detection Percent of [Number|

Reference(s) Matrix| Sa:;phng Location(s) Compounds limit(s) Nun?ber sites with| of san{p les concen- Comments

tes (/L) of sites detections|samples with tration
detections| (ug/L)

Mattraw, w 1968-72 | Southern Aldrin 0.005 nr 0 365 0 [ nodet. [ Marked decline in frequency

1975 Florida: Chlordane 0.005 nr 0 188 0| nodet. [ ofdetection of DDT, DDD,
Rivers, DDT 0.005 nr nr 369 11 nr | and DDE from 1968 to 1972.
lakes, canals | DDE 0.005 nr nr 382 or nr | Percent detections for DDT,
(number of | DDD 0.005 nr nr 382 nr or | DDD, and DDE went from
sites Dieldrin 0.005 or or 368 11 or | 81,41, 23, respectively, in
unknown) Endrin 0.005 nr 0 368 0| nodet. | 1968to1.2,3.8, 3.1, respect-

Heptachlor 0.005 nr 0 366 0 [ nodet. | ively,in 1972. Majority of
Hept. epox. 0.005 nr 0 157 0| nodet. | detections were at the
Lindane 0.005 nr nr | 367 nr nr | 0.005 pg/L level.
Toxaphene 0.005 nr 0 146 0 | nodet.

Palmerand |s 1974 | Chesapeake |DDT nr nr 100 20 95 | 2.0W | Study of transport of DDT,
others, Bay chlordane, and PCBs by
1975 Chlordane nr nr 100 | 20 100 | 20® | suspended sediment in

Chesapeake Bay. Results
indicate that Susquehanna
River is the major source of
these compounds to the bay.
Resuspension of bottom
sediments also resulted in
elevated concentrations of
these compounds.

IDetection limits and concentration data for suspended sediment are in pg/kg, not pg/L.
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Table 2.2. State and local monitoring studies reviewed—Continued

Study Sites Samples
. Detection N Percent of [Number Percenlt of[Maximum Comments
Reference(s) [Matrix| Sampling Location(s) Compounds | limit(s) un.lber sites with| of | S2TPes | concen-
dates (ug/L) of sites detections|samples w1t!1 tration
detections| (ng/L)
Brodtmann, | w 1974 Louisiana: Lindane nr nr nr| 527 100 { 0.0029 | Samples taken using a con-
1976 weekly | Mississippi | Chlordane (y) nr nr nr| 527 100 | 0.0012 | tinuous liquid/liquid extrac-
River at New | Heptachlor nr nr nr| 527 ~55 | 0.0025 | tion apparatus, each sample
Orleans Hept. epox. nr nr nr [ 527 100 | 0.0018 | representing a 7-day period.
Dieldrin or nr nr| 527 100 | 0.0098 | All concentration data shown
Endrin nr nr nr| 527 100 | 0.0072 | taken from monthly means.
DDD (p,p") r nr nr| 52°? 100 | 0.0039 | Estimates of loads show that
DDT (p,p") nr nr nr | 527 ~90 | 0.0036 | 49.71b of the eight pesticides
(combined weight) are dis-
charged to the Gulf of
Mexico each day (9 tons per
year).

Junk and w 1974-75 | Iowa: Atrazine nr nr 100 ~40 100 42.0 | Concentrations monitored as
others, Various DDE nr nr 100 [ 40 100 3.9 | part of validation study of
1976 rivers and Dieldrin nr nr 100 { ~40 100 0.08 | analytical technique. Data

treated shown are from South Skunk

drinking River and Indian Creek

water during summer and autumn
of 1974. Raw water and
finished drinking water
analyzed for same com-
pounds.Water treatment was
not effective in removal.

Kelloggand | w 1971-73 | Iowa: Dieldrin 0.01 nr nr 5 100 0.05 | Concentrations in water
Bulkley, (April | Des Moines (1971) showed seasonal trend, with
1976 to River Dieldrin 0.01 nr nr 14 50 0.04 | highest concentrations in

Octo- (1972) May and June following
ber) Dieldrin 0.001 nr nr 32 100 0.03 | application of aldrin. Water
(1973) concentrations were
compared to concentrations
in catfish.
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Table 2.2. State and local monitoring studies reviewed—Continued

Study Sites Samples
. Percent of[Maximum
. Detection Percent of [Number|
Reference(s) Matrix Sag;f:lng Location(s) Compounds | limit(s) Nun}ber sites with| of | S2™P les concen- Comments
S of sites . with tration
(ug/L) detections{samples detections| (ug/L)

Tanitaand |w 474 Hawaii: o-HCH 0.0001 1?7 100 12 33 | 0.0004 | Termite control suspected as
others, 6/14 Marina Lindane 0.0001 1? 100 12 33 [ 0.0007 | source of dieldrin and chlor-
1976 receiving Aldrin 0.0001 1? 100 12 25| 0.0052 | dane. Concentration data

urban runoff | Heptachlor 0.0001 1? 100 12 25| 0.0002| shown are for unfiltered
DDE 0.0001 1? 100 12 43 | 0.0047 | water. Chlordane not
DDD 0.0001 1? 100 12 18 0.224 | quantified because of
DDT 0.0001 1? 100 12 83 | 0.0022 | interferences. Detection limit
Dieldrin 0.0001 1? 100 12 100 | 0.0015| not certain.
Hept. epox. 0.0001 1? 100 12 18 0.13
Chlordane (o) | 0.0001 1? 100 12 90 nr
Chlordane (y) | 0.0001 1? 100 12 68 nr

Joyceand |w 8/15- Florida: 24-D 0.01 nr 100 45 67.0 1.3 | 2,4-D residues measured along
Sikka, 1776 St. Johns a 312-mi stretch of St. Johns
1977 River River in coastal Florida. All

concentrations were well
below criteria limits for
drinking water. 2,4-D
concentrations measured in
Blue Crabs were detected
only in May.

Sullivan w 3/74- Michigan: Methox. nr nr 0| -~60 0 | nodet. | Monitoring urban watershed
and s 974 Rouge River (Detroit) for residues from
Atchison, spraying program for con-
1977 trol of Dutch Elm disease.

No detections in water or
suspended sediment samples.
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Table 2.2. State and local monitoring studies reviewed—Continued

Study Sites Samples
. Percent of[Maximum
. Detection Percent of [Number

Reference(s) [Matrix Sampling Location(s) Compounds | limit(s) Nun:nbe sites with| of | S2™P les concen- Comments

dates of sites . with tration
(ug/L) detections|samples detections| (ug/L)

Ellis, 1978 |w 9/80 Colorado: Aldrin 0.01 nr 0 nr 0 | nodet. | USGS study of water quality
Urban storm | Chlordane 0.1 nr 100 nr 100 1.7 | of urban storm runoff. Sites
runoff in DDD 0.01 nr 0 nr 0| nodet. | were in residential and
Denver area | DDE 0.01 nr 50 nr 33 0.02 | residential/commercial areas

DDT 0.01 nr 0 0| nodet. | of suburban Denver. Data
Diazinon 0.01 nr 100 nr 100 0.78 | collected for use with a
Dieldrin 0.01 nr 50 nr 33 0.01 | storm water management
Endrin 0.01 nr 0 nr 0| nodet. | model. Nutrients, major
Ethion 0.01 nr 0 nr 0| nodet. | ions, metals, and bacteria
Heptachlor 0.01 nr 50 nr 33 0.26 | also measured.

Hept. epox. 0.01 nr 50 nr 33 0.04

Lindane 0.01 nr 100 nr 100 0.05

Malathion 0.01 nr 50 nr 67 35

M. parathion 0.01 nr 0 nr 0| nodet.

M. trithion 0.01 nr 0 nr 0 | nodet.

Parathion 0.01 nr 0 nr 0 [ nodet.

Toxaphene nr nr 0 nr 0| nodet.

Trithion 0.01 nr 0 nr 0| nodet.

2,4-D 0.01 nr 100 nr 100 715

2,4,5-T 0.01 nr 50 nr 33 0.04

Silvex 0.01 nr 50 nr 67 32
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Table 2.2, State and local monitoring studies reviewed—Continued

Study Sites Samples
. Percent of[Maximum
: Detection Percent of[Number|
Reference(s) Matrix Saénalt)ehs ng Location(s) Compounds | limit(s) Ij;]:::zr sites with| of Saglil:}lles ?:;::— Comments
(ng/L) detections|samples detections| (ug/L)
Kurtz, 1978 | w 1974-75 | Pennsylvania: | Streams: Survey of Pennsylvania
d Nineteen DDE 0.001 19 nr 38 nr 042 | streams, drinking water
streams; 110 | DDD 0.001 19 nr 38 nr 0.09 | supplies, and reservoirs for
community DDT 0.001 19 11 38 r 0.11 | DDT and PCB contamina-
water DDT (total) 19 11 38 nr 0.62 | tion. Streams sampled once
supplies; 3 Drinking water: in 1974 and once in 1975.
reservoirs DDE 0.001 110 nr 110 nr 0.006 | Reservoirs and water sup-
DDD 0.001 110 or 110 or 0.009 | plies sampled once. Three of
DDT 0.001 110 or 110 or 0.06 | 19 streams, 4 of 110 water
DDT (total) 110 nr 110 or 0.075 | supplies, and O of 3 reser-
voirs had trace or measurable
levels of DDT or PCBs.
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Table 2.2. State and local monitoring studies reviewed—Continued

Study Sites Samples
. Percent of[Maximum
. Detection Percent of [Number

Reference(s) [Matrix Sampling Location(s) Compounds | limit(s) Nun}ber sites with| of Sam.ples concen- Comments

dates (ug/L) of sites detections|samples w1t¥1 tration
detections| (ug/L)

Schacht w 518 Ilinois: Lindane 0.01 5 0 5 0 no det] Survey of water quality in
and Rock River | Heptachlor 0.01 5 0 5 0 nodet{ Rock River and tributaries.
others, Aldrin 0.01 5 0 5 0 nodet| Pesticide samples collected
1978 Hept. epox. 0.01 5 0 5 0 nodet{ 5/29/78. All pesticides were

Chlordane (o) 0.02 5 0 5 0 nodet{ below detection limits.
Chlordane (y) 0.02 5 0 5 0 no det1 Sediments and biota also
Dieldrin 0.02 5 0 5 0 nodet| sampled. Concentrations of
Endrin 0.01 5 0 5 0 no det] nutrients, suspended sedi-
Methox. 0.1 5 0 5 0 no det] ments, and metals
DDE (o,p") 0.01 5 0 5 0 no det{ monitored.
DDE (p,p") 0.01 5 0 5 0 no det
DDD (o,p") 0.01 5 0 5 0 no det
DDD (p,p") 0.01 5 0 5 0 no det
DDT (o,p") 0.01 5 0 5 0 no det.
DDT (p.p") 0.01 5 0 5 0 no det
Toxaphene nr 5 0 5 0 no det
Silvex 0.02 5 0 5 0 no det|
2,4-D 0.02 5 0 5 0| nodet]
Organophos- 0.1 5 0 5 0 no det.
phates (total)

Kent and w 1974 Idaho: DDD nr nr 0 4? 0 no det] Organochlorines detected in
Johnson, American DDE nr nr 0 47 0 no det{ sediments and fish, but notin
1979 Falls DDT nr nr 0 4? 0 nodet| water.

Reservoir Aldrin nr nr 0 4? 0 no det.
Dieldrin nr nr 0 4? 0 no det
Endrin nr nr 0 4? 0 no det
Heptachlor nr nr 0 4? 0 no det
Hept. epox. nr nr 0 4? 0 no det.
Lindane nr nr 0 47 0 no det
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Table 2.2. State and local monitoring studies reviewed— Continued

Study Sites Samples
. Percent of[Maximum
. Detection Percent of |Number]|

Reference(s) Mmﬁ Sa.:in;phng Location(s) Compounds limit(s) Nun.lber sites with| of samp les concen- Comments

tes (ug/L) of sites detections|samples thp tration
detections| (ug/L)

Rihanand |w 1975 (?) | Mississippi: Aldrin nr 10 100 10 100 0.000 | Study of organochlorine
others, 10 streams | Heptachlor nr 10 90 10 90 5 | pesticide levels in northern
1979 and lakes of | Lindane nr 10 100 10 100 0.000 | Mississippi rivers and lakes.

northern DDT nr 10 100 10 100 2
Mississippi 0.000
16

0.012

Wallerand |w 1972-73 | Lake Ontario | DDE 0.0005 or 100 nr 100 0.045 | Summary of data collected

Lee, 1979 DDD 0.0005 nr 75 nr 75 0.014 | during the International Field
DDT 0.0005 nr 100 nr 100 0.013 | Year for the Great Lakes.
DDT (total) 0.0005 or nr nr nr 0.057 | Average total DDT
Dieldrin 0.0005 or 100 nr 100 0.013 | concentration is ~10 times
the USEPA objectives.
Detection limits not certain.

Wangand |w 6/17- Florida: DDT 0.01 or 0 18 0 | nodet. |River drained Lake
others, m1m17 St. Lucie DDD 0.01 or 0 18 0| nodet. | Okeechobee. Residues
1979 estuary DDE 0.01 nr 0 18 0| nodet. | detected in sediments, but

not in water samples.

Dudley and 7 Indiana: Dieldrin 02 nr 0 nr 0 | nodet. | Watershed is 80 percent
Karr, and Black Creek | DDE 0.2 nr 0 nr 0 | nodet. | agricultural (row crops).
1980 6/78 watershed Atrazine 100 nr 0 nr 0| nodet. | Sampling in 1977 followed

Alachlor 100 nr 0 nr 0| nodet. | 2-week period without
Carbofuran 100 nr 0 nr 0| nodet. | stormrunoff. 1978 sampling
Malathion nr nr 0 nr 0| nodet. | for2,4,5-T was done after
245-T 0.2 13 100 13 100 7.7 | fishkill following 2,4,5-T
application to stream banks.
Concentrations ranged from
0.2to 7.7 ug/L. Note high
detection limit for atrazine,
alachlor, and carbofuran.
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Table 2.2. State and local monitoring studies reviewed—Continued

Study Sites Samples
. Percent ofMaximum
. Detection Percent of[Number]|

Reference(s) IMa ix| SAMPNg| 1 otion(s) | Compounds | limit(s) |\"O%| sites with| of | S2mPles | concen- Comments

dates (ng/L) of sites detections|samples w1t‘h tration
detections| (ug/L)

Setmire w 9/76— California: Aldrin 0.01 nr 0 nr 0 | nodet. | Urban runoff from a suburban,
and 511 Urban Chlordane 0.1 nr 100 nr 100 1.4 | single-family residential
Bradford, runoff, DDD 0.01 nr 100 nr 50 0.02 | area monitored. Samples
1980 suburban DDE 0.01 nr 100 nr 25 0.03 | taken in September of 1976

San Diego DDT 0.01 nr 100 nr 50 0.12 | and February and May of
(Tecolote Diazinon 0.01 nr 100 nr 100 0.51 1977. Metals, chemical
Creek) Dieldrin 0.01 nr 100 nr 50 0.07 | oxygen demand, nutrients,

Endrin 0.01 nr 0 nr 0 | nodet. [ bacteria, and suspended

Ethion 0.01 nr 0 nr 0 | nodet. | sediment also monitored.

Heptachlor 0.01 nr 100 nr 100 0.06

Hept. epox. 0.01 nr 0 nr 0| nodet.

Lindane 0.01 nr 100 nr 100 0.03

Malathion 0.01 nr 100 nr 100 2.6

M. parathion 0.01 nr 0 nr 0| nodet

M. trithion 0.01 nr 0 nr 0 nodet.

24D 0.01 nr 100 nr 100 0.38

245-T 0.01 nr 100 nr 75 0.14

Silvex 0.01 nr 0 nr 0| nodet.

Toxaphene 1? nr 0 nr 0 | nodet.

Wangand |w 1977-78 | Florida: DDT (o,p) 0.01 nr 0 nr 0 | nodet. | Water and sediment samples
others, Indian River |ppT @p) 0.01 nr 0 nr 0| nodet. | collected near major tribu-
1980 DDE (p,p") 0.01 nr 0 nr 0 | nodet. | taries, sewage plant outfalls,

’ 0.01 nr 0 nr 0| nodet. | and municipal areas. Com-
DDD (p,p) pounds were detected in
most sediment samples, but
not in water column.
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Table 2.2. State and local monitoring studies reviewed—Continued

Study Sites Samples
. Percent of[Maximum
. Detection Percent of [Number]

Reference(s) [Matrix| Sa;nplmg Location(s) Compounds | limit(s) Nun?ber sites with| of | "D les concen- Comments

ates (/L) of sites detections|samples Wlt!l tration
H detections| (ug/L)

Wu and w 6/77- Maryland: Bulk water: Study of atrazine concentra-
others, m 11777 Rhode River | Atrazine 0.001 r no 65 100 0.19 | tions in bulk water and
1980 det. surface microlayer in an

6/78— Surficial estuarine environment.
11/78 microlayer: Enrichment factors (surface
Atrazine 0.001 or 65 100 3.3 | concentration/bulk concen-
no tration) of 1.1 to 110 were
det. observed. In ~66 percent of
the samples, the enrichment
factor was 1 to 10.

Zahnow w 8/77- Chesapeake | Linuron 0.2 22 0 79 0 | nodet. | Study to determine whether
and 9/78 Bay: linuron used on area crops is
Riggle- Rhode River, entering Chesapeake Bay.
man, Choptank No residues detected.

1980 River,
Tuckahoe
Creek

Erickson w 1980 Montana: Diazinon 220 nr 0 84 0 | nodet. | Samples taken over an
and Lower Endosulfan 40 nr 0 84 0| nodet. | 11-month period. Note high
Essig, Flathead Dicamba 250 nr 0 84 0| nodet. | detection limits for all
1981 River Perthane 250 nr 0 84 0| nodet. | analytes.

Metham- 200 nr 0 84 0| nodet.
idophos

24D 50 0 84 0| nodet.

2,4-D (methyl 50 0 84 0| nodet.
ester)
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Table 2.2. State and local monitoring studies reviewed—Continued

Study Sites Samples
Percent of|[Maximum
. Detection Percent of[Number]

Reference(s) !Matrix Sampling Location(s) Compounds | limit(s) Nun}ber sites with|  of sam.ples eoncen- Comments

dates (ug/L) of sites detections|samples| w1t!1 tration
detections| (ug/L)

Leungand |w 1971-73;| Iowa: Dieldrin 0.001 nr 100 | -~12 100 0.05 | Study to determine whether
others, w 1978 Des Moines 0 dieldrin concentrations
1981 River at decreased after registration

Boone, Iowa withdrawn in 1975. Thirty to
70 percent found in filtered
water. Fish also sampled.
Concentrations decreased
greatly from 1971 to 1973,
but not significantly from
1973 to 1978.

Lunsford, |w 1976-78 | Virginia: Kepone 0.01- 75 nr ~75 nr 1.2 | Study of kepone distribution in
1981 James River 0.02; 0 the water column of the

estuary 0.05 in estuary. Results are eval-

1978 uated with respect to spatial
and temporal variability.
Highest levels observed in
summer months, possibly
because of increases in
phytoplankton containing

© 1998 by CRC Press, LLC

kepone residues. Water
concentrations were 1 to 5
orders of magnitude below
reported sediment
concentrations in the estuary.
Significant correlation
between water column
concentrations and
underlying bed sediment
concentrations.
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Table 2.2. State and local monitoring studies reviewed—Continued

Study Sites Samples
. Percent of[Maximum
. Detection Percent of Number|
Reference(s) Matrix Sag\aﬂmg Location(s) Compounds | limit(s) Nun'.nber sites with| of sam'ples oonf:en- Comments
s (ng/L) of sites detections|samples Wlt!l tration
detections| (ng/L)

Murray and | w 18- Texas: (mean) | Total DDT, PCB, and phthalate
others, 519 Galveston DDT (total) 0.00001 or 75 29 nr | 0.00038 | concentrations were meas-
1981 Bay ured in water and bed

sediments at eight sites
throughout the bay.

Page, 1981 |w 1977-79 | New Jersey HCH (o) or or or 604 39 0.1 | Survey of occurrence of 56

Lindane nr nr nr 604 34 0.8 | organic compounds (13
HCH (8) nr nr or 604 60 3.1 | pesticides) in surface water
Heptachlor or or nr 604 21 5.9 | and ground water through-
Aldrin nr nr or 604 24 0.6 | out New Jersey. Sites were
Hept. epox. nr nr nr 604 40 0.5 | chosen to be representative
Chlordane nr or or 603 56 0.8 | of all land uses in the state.
DDE (o,p") or or or [ 603 44 0.1 | Timing of sampling of sur-
Dieldrin nr or or | 604 39 0.1 | face waters not given.
Endrin nr or nr 604 14 0.1 | Authors conclude that
DDT (o,p") nr nr nr 604 18 0.1 | ground water is as contam-
DDD (p,p") or nr or | 604 27 0.1 | inated as surface waters.
DDT (p,p") nr nr nr| 604 17 0.1
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Table 2.2. State and local monitoring studies reviewed—Continued

Study Sites Samples
i Detection Numbe: Percent of|[Number Percen]t of [Maximum Comments
Reference(s) [Matrix Sa:xap ng Location(s) Compounds | limit(s) UMDCT Gites with| of | S2TP.©S | concen-
tes (ug/L) of sites detections|samples w1t%1 tration
detections| (ng/L)

Warryand [s  |4/79- |Great Lakes, (ng/kg)’ (ug/kg)! | Samples collected every 2
Chan, 4/80 New York: | Mirex 1.0 or 50 4 61 | 2580 | weeks to quantify inputs of
1981 Niagara Methox. 1.0 or 50 44 41 91.0 | organochlorines to Lake

River Chlordane (o) 1.0 or 100 44 41 16.0 | Ontario from Niagara River.
Chlordane (y) 1.0 or 100 44 61 58.0 | Concentrations on suspended
Chlordane 1.0 or 100 44 66 58.0 | sediment varied with sea-
(total) son. Total DDT highest in
DDT (p.p) 1.0 nr 100 4 80 15.0 | May and June. Much of the
DDE (p.p) 1.0 nr 100 4 93 51.0 | mirex, DDT, and PCBs
DDD (p,p) 1.0 nr 50 4 36 19.0 | associated with suspended
DDT (o,p) 1.0 or 100 4“4 5 15.0 | sediment appears to emanate
DDT (total) 1.0 or 100 44 100 66.0 | from sources between Grand
Endosulfan (o)) 1.0 nr 50| 44 30 14.0 | Island and Lake Ontario,
Endosulfan (B) L0 or 0 4 0| nodet | rather than from Lake Erie.
Dieldrin 1.0 or 100 4 61 150 | Concentrations (in
Endrin 1.0 or 0 4 0| nodet. | micrograms per kilogram)
Aldrin 10 nr 0 4 0| nodet. | arebased on dry weight of
Heptachlor 1.0 or 0 44 0| nodet | sediment.
Hept. epox. 1.0 or s0| 44 16 12.0
Lindane 0.1 or 50| #4 16 1.0
Wu, 1981 (w 5/77- | Chesapeake | Atrazine nr nr 100 ~12 100 0.1 | Eighty percent of atrazine in
s 917 Bay: 0 the dissolved phase. Surface
m 518~ Rhode River microlayer atrazine concen-
9/78 trations commonly 10 times
higher than bulk-water con-
centrations. Atrazine
detected throughout year in
estuarine water, as well as in
precipitation.

IDetection limits and concentration data for suspended sediment are in pg/kg, not pg/L.
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Table 2.2. State and local monitoring studies reviewed—Continued

Study Sites Samples
Percent of|Maximum
. Detection Percent of Number]|

Reference(s) [Matrix Sampling Location(s) Compounds | limit(s) Nun}ber sites with|  of sam.ples concen- Comments

dates (ug/L) of sites detections|samples wnp tration
detections| (ug/L)

Bushway |w 6/81- Maine: Azinphos-m. 0.23 nr 0 20 0 | nodet. | Study of pond and stream
and 8/81 Five ponds | Azinphos-m.- 0.23 or 0 20 0 | nodet. | waters of a blueberry grow-
others, in coastal oxon ing area. Neither compound
1982 area nor metabolite found in

surface waters. Compound
found in one ground water
site and in effluent of blue-
berry processing plant, but
not metabolite.

Leungand |w 977- Towa: Atrazine nr or 100 | ~120 nr 0.22 | Samples taken upstream,
others, s 11/78 Des Moines (mean) | downstream, and in the
1982 River, Alachlor nr or 100 | ~120 nr 0.09( | reservoir. Atrazine, ala-

Saylorville mean) | chlor, and cyanazine were
Reservoir Cyanazine nr nr 100 | ~120 nr 0.09 | detected in the dissolved
(mean) | phase only. Dieldrin
Dieldrin 0.001 100 | ~120 nr 0.03 | detected in both dissolved
(max) | and particulate phases. DDE
DDD (p,p") nr 0] ~120 0| nodet. | detected almost entirely in
DDE (p,p") 0.001 100 | ~120 or 0.13 | particulate phase. Approxi-
(max, s) mately 67 percent of the
DDT (p,p") nr or 0| ~120 0| nodet. | dieldrin entering the reser-
Hept. epox. nr nr 0| ~120 0| nodet. | voir remained there. Net
Endrin or or 0| ~120 0 | nodet. | deposition in the reservoir
24-D or or 0] ~120 0| nodet. | during the study period
2,4,5-TP nr nr 0| ~120 0| nodet. | estimated as 281 kg (atra-
Lindane nr nr 0| ~120 0| nodet. | zine), 251 kg (alachlor), 26
Methox. nr nr 0| ~120 0| nodet. | kg(cyanazine), 16 kg (diel-
Propachlor nr nr 0| ~120 0| nodet. | drin), and 20 kg (DDE).
Toxaphene nr nr 0| ~120 0| nodet. | (Deposition defined as total
input minus total outfall.)
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Table 2.2. State and local monitoring studies reviewed—Continued

Study Sites Samples
. Percent of[Maximum
. Detection Percent of[Number
Reference(s) [Matrix| Sa;nap ling Location(s) Compounds | limit(s) Nun.xber sites with| of | 2P les concen- Comments
tes (ug/L) of sites detections|samples w1t!1 tration
detections| (ug/L)
Fuhrerand |w 5/80- Oregon, Aldrin 0.01 15 0 27 0 | nodet. | USGS study to evaluate
Rinella, 12/80 | Washington: | Ametryn 0.1 15 0 27 0 | nodet. | potential effects of dredging.
1983 Columbia Atratone 0.1 15 0 27 0| nodet.
River and Atrazine 0.1 15 0 27 0| nodet.
several other | Chlordane 0.1 15 0 27 0| nodet.
rivers Cyanazine 0.1 15 0 27 0 | nodet.
Cyprazine 0.1 15 0 27 0| nodet.
DDD 0.01 15 0 27 0| nodet.
DDE 0.01 15 0 27 0| nodet.
DDT 0.01 15 0 27 0| nodet.
Dieldrin 0.01 15 0 27 0| nodet.
Endosulfan 0.01 15 0 27 0| nodet.
Endrin 0.01 15 0 27 0 nodet.
Heptachlor 0.01 15 0 27 0| nodet.
Hept. epox. 0.01 15 0 27 0| nodet.
Lindane 0.01 15 0 27 0| nodet.
Methox. 0.01 15 0 27 0 | nodet.
Mirex 0.01 15 0 27 0| nodet
Perthane 0.1 15 0 27 0| nodet.
Prometone 0.1 15 0 27 0| nodet.
Prometryn 0.1 15 0 27 0 | nodet.
Propazine 0.1 15 0 27 0| nodet.
Silvex 0.01 15 0 27 0| nodet.
Simazine 0.1 15 0 27 0 | nodet.
Simetone 0.01 15 0 27 0 | nodet.
Simetryn 0.1 15 0 27 0| nodet.
Toxaphene nr 15 0 27 0| nodet.
2,4-D 0.01 15 20 27 11 0.04
2,4-DP 0.01 15 nr 27 or 0.04
2,4,5-T 0.01 15 0 27 0| nodet.
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Table 2.2. State and local monitoring studies reviewed—Continued

Study Sites Samples
. Percent of| Maximum
. Detection Percent of[Number]
Reference(s) 'Malrix Sa‘xinaphng Location(s) Compounds | limit(s) Nurr.nber sites with| of sarqples concen- Comments
tes (ng/L) of sites detections|samples mtp tration
detections| (ug/L)
Kauss, w 1980 (w) | Great Lakes: | Aldrin 0.001 3 0 nr 0 | nodet. |Summary of studies of contami-
1983 s 1979 (s) | Niagara Dieldrin 0.001 3 nr nr 4-7 0.002 | nant levels in Niagara River
River HCH (o) 0.001 3 nr or ~70 0.03 | water, suspended sediments,
HCH (B) 0.001 3 or nr 9-10 0.005 | and bed sediments. Values
Lindane 0.001 3 nr nr 13-16 0.005 | shown are for water samples.
Point sources along river
Chlordane (a) 0.001 3 nr nr 4-7 0.001 | (dumps, chemical manufac-
Chlordane (y) 0.001 3 nr nr 4-7 0.015 | turing sites) may be respon-
DDT (o,p) 0.005 3 nr nr 0-2 0.005 | sible for some of the detec-
DDT (p,p) 0.005 3 nr nr 0-5. 0.01 | tions. Pesticides detected in
DDD (p,p") 0.005 3 or or 04 | 0.005 | suspended sediments (number
DDE (p,p") 0.001 3 nr nr 02| 0.003 | of sites and concentration
DDT (total) 0.005 3 nr nr nr 0.01 | range): dieldrin—5 of 9,2 to
Endrin 0.001 3 nr nr 0-2 0.012 | 26 pg/kg; HCH (0)—4 of 9,6
Heptachlor 0.001 3 0 nr 0| nodet. | to 110 pg/kg; HCH (y)—1 of
Hept. epox. 0.001 3 nr nr 7-21 0.03 | 9,38 pg/kg; chlordane ()—6
HCB 0.001 3 0 nr 0| nodet. | of9,1 to 193 pg/kg; chlor-
Mirex 0.005 3 0 nr 0| nodet. [ dane(y)—50f9,5t0
Endosulfan 0.001 3 nr r 0-2 0.005 | 70 pg/kg; DDT (o,p"»—2 of
() 10, 20 to 21 pg/kg; DDT
Endosulfan 0.001 3 nr nr 0-2 0.005 | (p,p)—20f10,70to
(B) 74 pglkg, DDD (p,p—4 of
10, 2-65 pg/kg; DDE (p,p"):
10 of 10, 1 to 36 pg/kg; DDT
(total)—10 of 10, 1 to 190
pg/kg; endrin—3 of 9, 5to 13
pg/kg; hept. epox.—7 of 10, 1
to 36 pg/kg; HCB—8 of 10, 1
to 250 pg/kg; mirex—6 of 10,
4 to 640 pg/kg; endosulfan
()—7 of 10, 1 to 15 pg/kg;
endosulfan (B)}—6 of 10, 1 to
45 pglkg.
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Table 2.2. State and local monitoring studies reviewed—Continued

Study Sites Samples
. Percent of[Maximum
. Detection Percent of [Number

Reference(s) [Matrix| Sampling Location(s) Compounds | limit(s) Nun.lbe sites with| of sam'ples concen- Comments

dates (ug/L) of sites detections|samples with tration
detections| (ng/L)

Kuntzand |w 4/79- | Great Lakes: Water (means) | Organochlorine pesticide (and
Warry, s 12/81, | Niagara River | Aldrin 0.0001 nr nr 75 nr |<0.0001 | PCB) concentrations were
1983 biweekly Dieldrin 0.0001 nr nr 75 93 | 0.0006 | measured in water and

HCH (o) 0.0001 or nr 75 100 0.011 | suspended sediments at
Lindane 0.0001 or or 75 99 | 0.0021 | Niagara-on-the-Lake (Lake
Chlordane (o) [ 0.0001 nr nr 75 64 | 0.0003 | Ontario end of Niagara
Chlordane () 0.0001 nr or 75 68 | 0.0005 | River). Loading estimates
DDT (o,p") 0.0001 nr nr 75 nr | <0.0001 indicate that suspended
DDT (p,p") 0.0001 nr nr 75 40 | 0.0002 | sediments were responsible
DDD (p,p") 0.0001 nr or 75 nr | 0.0001 | for ~40 percent of the
DDE (p,p) 0.0001 nr nr 75 61 | 0.0003 | loading to Lake Ontario of
Endrin 0.0001 nr or 75 11 {<0.0001 | PCBs, DDT, and HCB, and
Heptachlor 0.0001 nr 0 75 0 | nodet. [ considerably less for other
Hept. epox. 0.0001 nr nr 75 47 | 0.0005 | organochlorines.
HCB 0.0001 nr nr 75 95| 0.0008 { Comparisons of suspended
Mirex 0.0001 nr nr 75 or | <0.0001 sediment concentrations with
Endosulfan (o)| 0.0001 nr nr 75 13 | 0.0001 | bed sediment concentrations
Endosulfan (8)( 0.0001 or or 75 15| 0.0001 { in Lake Erie indicate that
Methox. 0.0001 nr nr 75 nr | 0.0001 | Lake Erie was not the major
source of PCBs, mirex, and
chlorobenzenes to Lake
Ontario and that these
compounds entered the
system along the Niagara
River. Detection limits
inferred from data.
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Table 2.2. State and local monitoring studies reviewed—Continued

Study Sites Samples
S . Detection N Percent of [Number Percenlt of Maximum Comments
Reference(s) [Matrix] ":;Ph“g Location(s) | Compounds | Limit(s) [ "0%|sites with| of | S2mples | concen-
]M tes (ng/L) of sites detections|samples wnp tration
detections| (pg/L)
Kuntzand |w 419- Great Lakes: Suspended | (ng/kg)’ ‘means, in| Continued—
Warry, s 12/81, | Niagara sediment: uglkg)] Concentrations on suspended
1983 biweekly| River Aldrin 1.0 nr nr 70 nr 2.0 | sediment (in micrograms per
Continued Dieldrin 1.0 nr nr 70 80 4.0 | kilogram) are based on dry
HCH (o) 1.0 or nr 70 75 12.0 | sediment weight. Detection
Lindane 1.0 nr or 70 33 2.0 | limits inferred from data.
Chlordane (o) 1.0 nr nr 70 67 30
Chlordane (y) 1.0 or nr 70 79 6.0
DDT (o,p") 1.0 nr nr 70 30 6.0
DDT (p,p") 1.0 nr nr 70 86 11.0
DDD (p,p’) 1.0 or nr 70 62 4.0
DDE (p,p") 1.0 nr nr 70 92 23.0
Endrin 1.0 nr nr 70 nr <1.0
Heptachlor 1.0 nr nr 70 or 1.0
Hept. epox. 1.0 nr nr 70 37 1.0
HCB 1.0 nr nr 70 100 124.0
Mirex 1.0 nr nr 70 76 12.0
Endosulfan (o) 1.0 nr or 70 36 40
Endosulfan (8) 1.0 nr nr 70 nr <1.0
Methox. 1.0 nr nr 70 51 7.0
IDetection limits and concentration data for suspended sediment are in pg/kg, not pg/L.

© 1998 by CRC Press, LLC

PemsIAsY S8IpNiS JO Solis1elorIRyD)

69



Table 2.2. State and local monitoring studies reviewed—Continued

Study Sites Samples
i Detection Percent of [Numbe: Percenlt of [Maximum Comments
Reference(s) [Matrix Sa:lap ng Location(s) Compounds | limit(s) Nun}ber sites with| of | S2TPeS | concen-
tes (ug/L) of sites detections|samples w1t!1 tration
detections| (pg/L)
Lurry, 1983 [ w 1/80— Louisiana: Aldrin 0.001 11 0 33 0 [ nodet. | USGS study to evaluate
3/81 Calcasieu Chlordane 0.1 11 0 33 0| nodet. | potential effects of dredging.
River (11 DDD 0.001 11 0 33 0| nodet. | 2,4-D detected in 20 of 33
sites) and DDE 0.001 11 0 33 0| nodet. | river samples.
effluent DDT 0.001 11 0 33 0| nodet.
samples Diazinon 0.01 11 55 33 18 0.06
Dieldrin 0.001 11 nr 33 nr 0.003
Endosulfan 0.001 11 0 33 0| nodet.
Endrin 0.001 11 0 33 0| nodet.
Ethion 0.01 11 0 33 0| nodet.
Heptachlor 0.001 11 0 33 0| nodet.
Hept. epox. 0.001 11 0 33 0| nodet.
Lindane 0.001 11 0 33 0| nodet
Malathion 0.01 11 0 33 0| nodet
Methox. 0.01 11 0 33 0| nodet.
M. parathion 0.01 11 0 33 0| nodet
M. trithion 0.01 11 0 33 0| nodet.
Mirex 0.01 11 0 33 0| nodet.
Parathion 0.01 11 0 33 0| nodet.
Perthane 0.01 11 0 33 0| nodet.
Toxaphene 0.1 11 0 33 0| nodet
Trithion 0.01 11 0 33 0| nodet.
2,4-D 0.01 11 73 33 61 0.37
2,4,5-T 0.01 11 0 33 0| nodet
Silvex 0.01 11 0 33 0| nodet.
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Table 2.2. State and local monitoring studies reviewed—Continued

Study Sites Samples
Percent of|[Maximum
. Detection Percent of[Number|

Reference(s) Matrix| Sampling Location(s) Compounds | limit(s) Nun}ber sites with| of | S2™P les concen- Comments

dates (ng/L) of sites detections|samples with tration
detections| (ug/L)

Ray and w 7/80 Texas: HCB 0.00001 nr 50 nr 50 | 0.00035 | Survey of water and sediment
others, Nueces PCP nr nr 100 or 100 0.068 | contamination of estuary by
1983 Estuary, near | DDT (total) nr nr 100 or 100 | 0.0031 | organochlorines. Other

Corpus HCH (o) 0.00005 nr 88 or 88 | 0.00049 | organochlorines also
Christi Lindane 0.00001 nr 63 nr 63 | 0.00013 | included as analytes.
Chlordane or nr 100 or 100 | 0.00093
Dieldrin 0.00001 nr 88 or 88 | 0.00013
Toppin, w 1978-80 | Vermont: Aldrin 0.01 9 0 29 0 | nodet. | Assessment of water quality
1983 Lower Chlordane 0.1 9 0 29 0| nodet. | before proposed dam
Black River { DDD 0.01 9 0 29 0 | nodet. | construction. Concentrations

DDE 0.01 9 0 29 0| nodet. | ofall pesticides were below
DDT 0.01 9 0 29 0| nodet. | detection limit.

Dieldrin 0.01 9 0 29 0 | nodet

Endosulfan 0.01 9 0 29 0| nodet.

Endrin 0.01 9 0 29 0| nodet.

Heptachlor 0.01 9 0 29 0| nodet.

Hept. epox. 0.01 9 0 29 0| nodet.

Lindane 0.01 9 0 29 0| nodet.

Methox. 0.01 9 0 29 0| nodet.

Mirex 0.01 9 0 29 0 [ nodet.

Perthane 0.1 9 0 29 0| nodet.

Toxaphene nr 9 0 29 0| nodet.
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Table 2.2. State and local monitoring studies reviewed—Continued

Study Sites Samples
. Detection N Percent of [Number| Percent of Maximum Comments
Reference(s) Matrix S?;Ph“g Location(s) | Compounds | limit(s) | 0% sites with| of | S2mPles | concen-
tes (ag/L) of sites detections|samples wnp tration
detections| (ug/L)
Wang, 1983 (w 1977-78 | Florida: DDT 0.01 13 0 ~50 0 | nodet. | Low concentrations of DDT
Indian River | Malathion or 13 0 ~50 0| nodet. | detected in sediments, but
Lagoon Parathion nr 13 0 ~50 0| nodet. | notin water. Persistence of
malathion and parathion
investigated. Malathion
degradation attributed to
hydrolysis; parathion
degradation attributed to
biological interaction.
Wangsness, |w 10/86 Indiana: Aldrin 0.01 4 0 nr 0 | nodet. [ USGS report. Diazinon was
1983 12/86 Eagle Creek | Chlordane 0.1 4 0 nr 0| nodet. | the only pesticide detected.
watershed, DDD 0.01 4 0 nr 0| nodet.
Indianapolis | DDE 0.01 4 0 nr 0| nodet
area: 4 sites | DDT 0.01 4 0 nr 0| nodet
in October; | Dieldrin 0.01 4 0 nr 0| nodet.
3 sites in Endosulfan 0.01 4 0 nr 0| nodet
December Endrin 0.01 4 0 nr 0| nodet
Heptachlor 0.01 4 0 nr 0| nodet.
Hept. epox. 0.01 4 0 nr 0| nodet.
Lindane 0.01 4 0 nr 0| nodet
Methox. 0.01 4 0 nr 0| nodet.
Mirex 0.01 4 0 nr 0| nodet
Perthane 0.10 4 0 nr 0| nodet
Toxaphene nr 4 0 nr 0| nodet.
Diazinon 0.01 4 25 nr 14 0.09
Ethion 0.01 4 0 nr 0| nodet
Malathion 0.01 4 0 nr 0| nodet
M. parathion 0.01 4 0 nr 0| nodet
M. trithion 0.01 4 0 nr 0| nodet.
Parathion 0.01 4 0 nr 0| nodet
Trithion 0.01 4 0 nr 0| nodet.
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Table 2.2. State and local monitoring studies reviewed—Continued

Study Sites Samples
Percent of[Maximum
. Detection Percent of[Number|
Reference(s) Matrix Sampling Location(s) Compounds | limit(s) Nun}ber sites with|  of sarnples concen- Comments
dates (ng/L) of sites detections|samples with tration
H P! detections (ng/L)
Fishel, w 3/80- Pennsylvania: | Aldrin 0.01 nr 0 31 0 [ nodet. |2,4-D concentrations were the
1984 3/81 Susquehanna | Ametryn 0.1 nr 100 49 nr 0.1 | most variable of all the
River Atratone 0.1 nr 100 49 nr 0.1 | pesticides. No direct relat-

Atrazine 0.1 nr 100 49 nr 3.4 | ionship observed for any of
Chlordane 0.1 nr 100 31 nr 0.1 | thepesticides with discharge,
Cyanazine 0.1 nr 100 49 nr 0.1 | suspended sediment concen-
Cyprazine 0.1 nr 100 49 nr 0.1 | tration, or particle size.
DDD 0.01 nr 0 31 0 | nodet. | Atrazine concentrations
DDE 0.01 nr 0 31 0| nodet. | highest during spring and
DDT 0.01 nr 0 31 0| nodet. | early summer following
Diazinon 0.01 nr nr 31 nr 0.02 | application.
Dieldrin 0.01 nr 0 31 0| nodet.
Endosulfan 0.01 nr 0 30 0| nodet.
Endrin 0.01 nr 0 31 0| nodet.
Ethion 0.01 nr 0 31 0| nodet.
Heptachlor 0.01 nr 0 31 0| nodet.
Hept. epox. 0.01 nr 0 31 0| nodet.
Lindane 0.01 nr 0 31 0| nodet.
Malathion 0.01 nr 0 31 0| nodet.
Methox. 0.01 nr 0 31 0| nodet.
M. parathion 0.01 nr 0 31 0| nodet.
M. trithion 0.01 nr 0 31 0 | nodet.
Mirex 0.01 nr 0 30 0| nodet.
Parathion 0.01 nr 0 31 0| nodet.
Perthane 0.01 nr 0 30 0| nodet.
Prometone 0.1 nr 0 49 0| nodet.
Prometryn 0.1 nr 0 49 0| nodet.
Propazine 0.1 nr 0 49 0| nodet.
Silvex 0.01 nr 0 29 0| nodet.
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Table 2.2. State and local monitoring studies reviewed—Continued

vL

Study Sites Samples
. Detection Percent of [Number| Percenlt of Maximum Comments
Reference(s) Matrix Sadn;;t):mg Location(s) Compounds | limit(s) Nun}ber sites with| of | Sampes | concen-
s (ng/L) of sites detections|samples| w1t!1 tration
detections| (pg/L)
Fishel, w 3/80- |Pennsylvania: | Simazine 0.1 nr 100 49 nr 0.2
1984— 3/81 Susquehanna | Simetone 0.1 nr 0 49 0| nodet.
Continued River Simetryn 0.1 nr 0 49 0| nodet.
Toxaphene nr nr 0 31 0| nodet.
24-D 0.01 nr 100 29 75 041
2,4-DP 0.01 nr 100 49 nr 0.02
2,4,5-T 0.01 nr 0 29 0 | nodet.
Fuhrer, w 4/82 Oregon: Aldrin 0.01 nr 0 nr 0 | nodet. [ Samples taken as part of study
1984 Chetco and | Chlordane 0.1 nr 0 nr 0| nodet. | toevaluate potential effects
Rogue DDD 0.01 or 0 nr 0| nodet. | ofdredging and disposal of
Rivers, DDE 0.01 nr 0 nr 0| nodet.| dredged material. Concen-
southwest DDT 0.01 or 0 or 0| nodet.| trations of all pesticides were
Oregon Dieldrin 0.01 nr 0 nr 0| nodet.| below detection limit.
Endosulfan 0.01 nr 0 nr 0| nodet.
Endrin 0.01 r 0 nr 0] nodet.
Heptachlor 0.01 nr 0 nr 0| nodet
Lindane 0.01 nr 0 nr 0| nodet.
Mirex 0.01 or 0 nr 0| nodet.
Perthane 0.1 nr 0 nr 0| nodet.
Silvex 0.01 or 0 nr 0| nodet.
Toxaphene r or 0 nr 0| nodet.
24D 0.01 nr 0 nr 0| nodet.
2,4-DP 0.01 nr 0 nr 0| nodet.
24,5-T 0.01 nr 0 nr 0| nodet.
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Table 2.2. State and local monitoring studies reviewed—Continued

Study Sites Samples
Percent of Maximum
. Detection Percent of Number

Reference(s) [Matrix Sa:;lt)hng Location(s) Compounds | limit(s) Number| ;o with| of | S20P les | concen- Comuments

es (ug/L) of sites detections|samples wnt?\ tration
detections| (ng/L)

Granstrom |w 1979-80 | New Jersey: | Aldrin nr 12 0 37 0 | nodet. | Survey of contamination of
and Delaware and | Chlordane (y) nr 12 0 37 0| nodet. | water and bed sediments.
others, Raritan Canal | DDD (p,p") nr 12 nr 37 11 0.021 | PCBs and volatile organic
1984 DDE (p,p") nr 12 0 37 0 | nodet. | compounds also measured.

DDT (o,p) nr 12 nr 37 14 0.15
DDT (p,p") nr 12 0 37 0| nodet
Dieldrin nr 12 0 37 0| nodet
Endrin nr 12 0 37 0 | nodet.
HCH (o) nr 12 0 37 0 nodet.
HCH (8) nr 12 nr 37 49 0.06
Lindane nr 12 nr 37 nr 0.095
Heptachlor nr 12 0 37 0 [ nodet.
Hept. epox. nr 12 0 37 0 | nodet.
Methox. nr 12 0 37 0 [ nodet.
Mirex nr 12 0 37 0| nodet.
Toxaphene nr 12 0 37 0| nodet
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Table 2.2. State and local monitoring studies reviewed—Continued

Study Sites Samples
IM . Detection N Percent of[Number| Percenlt of[Maximum Comments
Reference(s) Matrix| 2 °PiP8| | ocation(s) | Compounds | limit(s) [ |sites with| of | Sawples | concen-
dates (ug/L) of sites detections|samples Wlt!] tration
detections| (ng/L)
Oliverand |w 8/81- Great Lakes, (medians)| Large volume (16 L) whole
Nicol, 1984 9/83 New York: |HCH ((o) 0.00002 nr nr 104 100 0.01 | water samples taken weekly
weekly | Niagara Lindane 0.00002 nr or 104 99 | 0.0014 | over the 2-year period at the
River Chlordane (y) | 0.00002 nr or 104 99 [ 0.0001 | mouth of the river (outlet to
Chlordane (o) | 0.00002 or or 104 98 | 0.0001 | Lake Ontario) and analyzed
DDE (p,p") 0.00002 or nr| 104 100 | 0.00017 | for 31 organochlorines. Two
DDT (p,p") 0.00005 nr or | 104 36 | 0.00005 | samples also collected at
Mirex 0.00006 nr or 104 12 | 0.00006 | source of river (Lake Erie
HCB 0.00001 nr or 104 100 | 0.00061 | end). Most analytes detected
more frequently and at
higher concentrations at the
river mouth, indicating
significant inputs along the
Niagara River. Approximate
yearly loads were calcu-
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lated. For pesticides, the
loads were: (o-HCH
(>2,000 kg/yr), y-HCH (200
to 2,000 kg/yr), y- and
a-chlordane and DDE (20 to
200 kg/yr), and DDT and
mirex (~20 kg/yr).
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Table 2.2. State and local monitoring studies reviewed—Continued

Study Sites Samples
. Percent of [ Maximum
. Detection Percent of[Number|
Reference(s) IMalrix Sampling Location(s) Compounds | limit(s) Nun.lber sites with|  of sam_ples concen- Comments
dates (ug/l) of sites detections|samples wnp tration
detections| (ng/L)
Rogers, w 2/81- New York: Aldrin 0.01 11 0 11 0 | nodet. | Basin is primarily urban.
1984 2/83 Saw Mill Chlordane 0.1 11 0 11 0 | nodet. | Metals, nutrients, and
River DDD 0.01 11 0 11 0 | nodet. | priority pollutants also
DDE 0.01 11 0 11 0| nodet. | analyzed. Organochlorine
DDT 0.01 11 0 11 0| nodet. | compounds were detected in
Dieldrin 0.01 11 0 11 0| nodet. | sediments along entire river.
Endosulfan 0.01 11 0 11 0 | nodet. | No pesticides detected in
Endrin 0.01 11 0 11 0 | nodet. | water samples.
Heptachlor 0.01 11 0 11 0 | nodet.
Hept. epox. 0.01 11 0 11 0 | nodet.
Lindane 0.01 11 0 11 0| nodet
Methox. 0.01 11 0 11 0 | nodet
Mirex 0.01 11 0 11 0| nodet.
Perthane 0.1 11 0 11 0| nodet
Toxaphene nr 11 0 11 0 | nodet
Takita, w 6/81— Pennsylvania: | Alachlor nr 22 nr 88 42 11.0 | Samples collected at or near
1984 9/81 Susquehanna | Atrazine nr 22 nr 88 or 2.5 | mouths of 15 tributaries and
River and 15 | HCH () nr 22 nr 88 35 5.2 | at3 sites on Susquehanna
tributaries; Chlordane nr 22 nr 88 nr 0.29 | River. Three additional sites
Codorus Diazinon nr 22 nr 88 or 0.42 | on Codorus Creek to assess
Creek Lindane or 22 nr 88 16 0.16 | urban runoff in York,
Pennsylvania. Monthly
sampling. Priority pollutants
and metals also analyzed.
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Table 2.2. State and local monitoring studies reviewed—Continued

Study Sites Samples
. Percent of[Maximum
. Detection Percent of [Number]

Reference(s) [Matrix Sampling Location(s) Compounds | limit(s) Nun}ber sites with| of sa.m.ples concen- Comments

dates (ng/L) of sites detections|samples w1t!1 tration
H P'®5| detections (ug/L)

Thompson, |w 8/81, Utah: Aldrin 0.01 nr 0 nr 0 | nodet. | Water from six storm conduits
1984; 8/82 Jordan River: | Chlordane 0.1 nr 0 nr 0 | nodet. | also analyzed for priority
Stephens, 5 sites on DDD 0.01 nr 0 nr 0 | nodet. | pollutants; no pesticides
1984 Jordan River; | DDE 0.01 nr 13 nr nr 0.01 | detected.

3 sites on DDT 0.01 nr 0 nr 0 | nodet.
tributaries Dieldrin 0.01 nr 0 nr 0| nodet.
Endosulfan 0.01 nr 0 nr 0 | nodet.
Endrin 0.01 nr 0 nr 0| nodet.
Heptachlor 0.01 nr 0 nr 0 | nodet.
Hept. epox. 0.01 nr 0 nr 0| nodet.
Lindane 0.01 nr 0 nr 0| nodet.
Mirex 0.01 nr 0 nr 0| nodet.
Silvex nr nr 38 nr nr 0.02
Perthane 0.1 nr 0 nr 0| nodet.
24-D nr nr 38 nr nr 0.06
2,4-DP nr nr 0 nr 0| nodet.
2,4,5-T nr nr 0 nr 0| nodet.

Baker, 1985 | w 1980-83 | Indiana, Ohio | Atrazine nr nr nr nr nr 18.0 [ Study provides baseline levels
for a proposed program
encouraging conservation
tillage.
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Table 2.2. State and local monitoring studies reviewed—Continued

Study Sites Samples
. Detection Percent of[Number Percenlt of Maximum Comments
Reference(s) [Matrix Sa(rjnplmg Location(s) Compounds | limit(s) Nun‘lber sites with| of | S2TP'eS | concen-
ates of sites . with tration
]M (ug/L) detections(samples| detections| (ug/L)

Butlerand |w 1973-84 | Kansas: Alachlor nr ~10 or | 1,035 5.0 or | Summary of results of
Arruda, Riversand | Aldrin nr ~10 or | 1,035 02 nr | monitoring program begun
1985 lakes HCH (o) nr [ ~100 or | 1,035 03 or | in 1973. Sampling

throughout | Atrazine or | ~100 or | 1,035 17 nr | frequency varied, but was

state Chlordane or | ~100 or | 1,035 04 or | semiannual or annual for
Dacthal or | ~100 or | 1,035 1.3 or | rivers during most of the
DDE nr [ ~100 or | 1,035 0.5 nr | 1980's. Lakes were sampled
Diazinon nr | ~100 or | 1,035 03 or | one tosix times from 1975 to
Dieldrin nr | ~100 or | 1,035 02 nr | 1982. Detection frequency
Metolachlor nr | ~100 or (1,035 40 nr | data shown are for rivers
Chlorpyrifos or | ~100 or | 1,035 0.1 or | from 1977 to 1984. Atrazine,
HCB or [ ~100 or | 1,035 04 nr | alachlor, metolachlor,
Lindane or | ~100 or | 1,035 1.5 or | metribuzin, and 2,4-D were
Malathion or [ ~100 or | 1,035 0.7 nr | detected most often in rivers
Metribuzin or [ ~100 or | 1,035 24 nr | and lakes during this period.
Propazine nr | ~100 or | 1,035 0.5 nr | Compounds listed are
Propachlor or | ~100 or | 1,035 1.1 nr | apparently those with at least
24D or | ~100 or | 1,035 4.0 nr | one detection. Compounds
245-T nr | ~100 or | 1,035 0.8 or | targeted but not detected are
Silvex or | ~100 or | 1,035 0.1 nr | notreported.
1-Hydroxy- or | ~100 or | 1,035 14 nr

chlordene
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Table 2.2. State and local monitoring studies reviewed—Continued

Study Sites Samples
. Detection N Percent of [Number Percent of Maximum Comments
Reference(s) [Matri S2PHP8| 1 ocations) | Compounds | limit(s) |0l sites with| of | S2nPles | concen-
dates (ug/L) of sites detections|samples with tration
H detections| (ng/L)

McFall and |w 5/80- |Louisiana: HCH (o) nr nr nr 10 nr 0.004 | Eight samples taken during
others, 6/80 Lake HCH () nr nr nr 10 nr 0.006 | ebb tide, two during flood
1985 Ponchartrain | Lindane nr or or 10 nr 0.028 | tide. Concentrations lower

Inner Heptachlor nr nr nr 10 nr 0.009 | during ebb tide. All
Harbor, Aldrin nr nr nr 10 nr 0.006 | maximum concentrations
Navigation | Hept. epox. nr nr nr 10 nr 0.004 | shown occurred in one of the
Canal Endosulfan nr nr nr 10 nr 0.003 | two flood tide samples.
(o) None of the positive
Dieldrin nr nr nr 10 nr 0.006 | detections for pesticides
DDE (p,p") nr nr nr 10 nr | 0.001 | (gas chromotography-
Endrin nr nr 0 10 0 | nodet. | electron capture detection
Endosulfan (8) nr nr 0 10 0| nodet. | analysis) were confirmed
DDD (p,p") nr nr nr 10 or [ 0.006 | when analyzed by gas
chromotography/mass-
spectrometry.

Oltmann w 10/81- | California: Aldrin 0.01 or 25 86 or 0.02 | Urban runoff monitored from
and 4/83 Urban Chlordane 0.1 or 100 86 69 1.2 | four catchments with differ-
others, runoff, DDE 0.01 nr 100 86 43 0.06 | entland uses (industrial,
1985; Fresno DDT 0.01 nr 50 86 nr 0.01 | single-dwelling residential,
Oltmann Diazinon 0.01 nr 100 86 100 18.0 | multiple-dwelling residen-
and Dieldrin 0.01 nr 100 86 14 0.02 | tial, commercial). Pesticide
Schulters, Endosulfan 0.01 nr 75 86 12 0.07 | concentrations also meas-

1989 Endrin 0.01 nr 25 86 nr 0.01 | wured in rain and street-
Lindane 0.01 nr 100 86 93 0.27 | surface particulates. Chlor-
Malathion 0.01 nr 100 86 100 14.0 | dane, diazinon, malathion,
Methox. 0.01 nr 75 86 nr 0.19 | and lindane occurrences due
M. parathion 0.01 nr 50. 86 nr 0.03 | in part to urban use. Para-
Parathion 0.01 or 100 86 59 2.5 | thionand 2,4-D used heavily
Silvex 0.01 or 50 86 nr 0.07 | in agriculture in surrounding
Trithion 0.01 nr 25 86 nr 0.1 | area. Chlordane detected
24D 0.01 nr 100 86 74 3.7 | less frequently in industrial
catchment than in others.
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Table 2.2. State and local monitoring studies reviewed— Continued

Study Sites Samples
. Percent ofMaximum
. Detection Percent of Number]|

Reference(s) lMatrix Sampling Location(s) Compounds | limit(s) Nun}ber sites with| of samples concen- Comments

dates (he/L) of sites detections|samples wnp tration
detections| (ug/L)

Pope and w 1983 Kansas: Alachlor 0.25 19 11 39 nr 0.63 | Synoptic study. Most lakes
others, 19 water Aldrin 0.025 19 0 39 0 | nodet. | sampled twice—spring/
1985 supply lakes, | Atrazine 12 19 21 39 13 0.63 | early summer and late

eastern Chlordane 0.25 19 0 39 0| nodet. | summer/autumn. Pesticides
Kansas, 2 to | Dacthal 0.05 19 0 39 0| nodet. | detected at 8 of the 19 lakes.
4 sites per DDE (o,p") 0.1 19 nr 39 2.5 0.12 | One detection only for
lake DDE (p,p") 0.1 19 nr 39 25 0.12 | 24,5-T, 2,4-D, metolachlor,
Dieldrin 0.15 19 0 39 0| nodet. | and DDE. Five lakes with
Metolachlor 0.25 19 nr 39 2.5 0.54 | atrazine detections and three
Endrin 0.1 19 0 39 0| nodet. | lakes with alachlor
Lindane 0.03 19 0 39 0| nodet. | detections.
Methox. 0.20 19 0 39 0 | nodet.
Propachlor 0.25 19 0 39 0| nodet.
Metribuzin 0.1 19 0 39 0| nodet.
Toxaphene nr 19 0 39 0| nodet.
24-D 0.4 19 nr 39 2.5 0.5
Silvex 0.2 19 0 39 0| nodet.
2,4,5-T 0.2 19 nr 39 2.5 0.21
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Table 2.2. State and local monitoring studies reviewed—Continued

Study Sites Samples
. Detection Numbe: Percent of[Number Percenlt of[Maximum Comments
Reference(s) Matrix| S2PPI8( | ocation(s) | Compounds | limit(s) | 0| sites with| of | S2WPles | concen-
dates (ug/L) of sites detections|samples w1tp tration
K detections| (pg/L)

Yamaneand | w 9/80— Hawaii: Aldrin 0.01 nr 100 nr 50 0.13 | Urban storm drains monitored
Lum, 8/88 Storm-water | Chlordane 0.1 nr 100 nr 100 2.2 | for pesticides, metals, and
1985 runoff DDD 0.01 nr 0 nr 0 { nodet. | nutrients. More than 300

DDE 0.01 nr 100 nr 25 0.01 | total samples, but pesticides
DDT 0.01 nr 0 nr 0| nodet. | analyzed in only a few.
Diazinon 0.01 nr 100 or 100 3.6 | Heptachlor, malathion, and
Dieldrin 0.01 nr 100 nr 63 0.03 | lindane exceeded USEPA
Endosulfan 0.01 nr 0 nr 0| nodet. | criteria for protection of
Endrin 0.01 nr 0 nr 0 | nodet. | aquatic life in some samples.
Ethion 0.01 nr 0 nr 0| nodet.

Heptachlor 0.01 nr 100 nr 100 0.58

Hept. epox. 0.01 nr 100 nr 25 0.01

Lindane 0.01 nr 100 nr 63 0.02

Malathion 0.01 nr 100 nr 100 1.7

Methox. 0.01 nr 50 nr 13 0.03

M. parathion 0.01 or 0 nr 0| nodet.

M. trithion 0.01 nr 0 nr 0 | nodet.

Mirex 0.01 nr 0 nr 0| nodet.

Parathion 0.01 nr 0 nr 0| nodet.

Perthane 0.1 nr 0 nr 0 | nodet.

Toxaphene 0.1 nr 0 nr 0| nodet

Trithion 0.01 nr 0 nr 0 | nodet.

24-D 0.01 nr 100 nr 100 0.25

2,4-DP 0.01 nr 0 nr 0| nodet.

24,5-T 0.01 or 50 nr 50 0.04

Silvex 0.01 nr 100 nr 100 0.03
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Table 2.2. State and local monitoring studies reviewed—Continued

Study Sites Samples
S . Detection Percent of Number| Percenlt of Maximum Comments
Reference(s) Matrix| ampling Location(s) Compounds | limit(s) Nun.lber sites with| of | S2TPeS | concen
r dates (ug/L) of sites detections|samples w1t!1 tration
detections| (pg/L)

Yorkeand |w 1979-80 | Pennsylvania: | Aldrin 0.01 nr 0 26 0 | nodet. | USGS study of effects of low-
others, Schuylkill Chlordane 0.1 nr 0 26 0| nodet. | level dams on water quality.
1985 River, DDD 0.01 nr 0 26 0| nodet.

Pottstown, DDE 0.01 nr 0 26 0| nodet.
and DDT 0.01 nr 50 26 or 0.01
Manayunk | Dieldrin 0.01 nr 0 26 0| nodet
Endosulfan 0.01 nr 0 26 0 [ nodet
Endrin 0.01 nr 0 26 0| nodet
Heptachlor 0.01 nr 0 26 0| nodet.
Hept. epox. 0.01 nr 0 26 0| nodet.
Lindane 0.01 nr 0 26 0| nodet.
Methox. 0.01 nr 0 22 0| nodet
Mirex 0.01 nr 0 24 0 | nodet
Perthane 0.1 nr 0 26 0| nodet.
Toxaphene 0.1 nr 0 26 0| nodet
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Table 2.2. State and local monitoring studies reviewed—Continued

Study Sites Samples
. Percent of{Maximum
. Detection Percent of[Number|

Reference(s) [Matrix Sampling Location(s) Compounds | limit(s) Nun?ber sites with| of | S2™P les concen- Comments

dates (ug/L) of sites detections|samples w1tp tration
detections| (ng/L)

Andrews w 1973-82 | Texas: Aldrin 0.01 5 40 157 nr 0.01 | Concentrations of chlordane,
and (quart- | Colorado Chlordane 0.1 5 40 157 nr 0.26 | DDT, dieldrin, endrin,
Schertz, erly) River (4 DDD 0.01 5 60 157 or 0.01 | ethion, heptachlor, and
1986 sites); DDE 0.01 5 60 157 nr 0.03 | lindane exceeded

Concho DDT 0.01 5 60 158 nr 0.03 | recommended criteria for
River (1 site) | Diazinon 0.01 5 100 158 39 0.36 | aquatic life in at least one
Dieldrin 0.01 5 40 158 nr 0.01 | sample. Diazinon and 2,4-D
Endrin 0.01 5 40 156 nr 0.01 | detected most often.
Endosulfan 0.001 5 40 62 nr 0.01 | Summary data only; no
Ethion 0.01 5 40 115 or 0.85 | information on trends in
Heptachlor 0.01 5 40 157 nr 0.01 | concentrations.
Hept. epox. 0.01 5 40 157 nr 0.01
Lindane 0.01 5 80 157 nr 0.02
Malathion 0.01 5 60 157 nr 0.02
Methox. 0.01 5 40 56 nr 0.01
M. parathion 0.01 5 40 157 nr 0.01
M. trithion 0.01 5 40 115 nr 0.01
Mirex 0.01 5 40 45 or 0.01
Parathion 0.01 5 40 157 nr 0.01
Toxaphene or 5 40 135 nr nr
Trithion 0.01 5 40 115 nr 0.01
24-D 0.01 5 100 131 31 0.21
245-T 0.01 5 100 131 27 0.31
Silvex 0.01 5 40 131 nr 0.01
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Table 2.2. State and local monitoring studies reviewed—Continued

Study Sites Samples
Sampli Detection N Percent of[Number]| Percenlt of Maximum Comments
Reference(s) [Matrix| a;nap e Location(s) Compounds | limit(s) uu}ber sites with| of samples | concen-
tes (ng/L) of sites detections|samples| Wlt!’ tration
detections| (pg/L)

Briggsand |w 11/78- [ Rhode Island: | Aldrin 0.01 nr 0 35 0 | nodet. | Samples taken twice yearly
Feiffer, 9/83 Blackstone, | Chlordane 0.1 nr 0 35 0| nodet. | during high and low flow.
1986 Branch, DDD 0.01 nr 0 35 0| nodet.

Patuxent, DDE 0.01 or 0 35 0| nodet.
Pawcatuck |DDT 0.01 nr 0 35 0 | nodet.
Rivers Dieldrin 0.01 nr 50 35 nr 0.01
Endosulfan 0.01 nr 0 34 0| nodet.
Endrin 0.01 nr 0 35 0| nodet.
Heptachlor 0.01 nr 0 35 0 nodet.
Hept. epox. 0.01 nr 0 35 0| nodet.
Lindane 0.01 nr 17 35 nr 0.02
Methox. 0.01 nr 0 28 0| nodet.
Mirex 0.01 or 0 28 0| nodet.
Perthane 0.1 nr 0 34 0| nodet.
Toxaphene nr nr 0 35 0| nodet.
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Table 2.2. State and local monitoring studies reviewed— Continued

Study Sites Samples
Percent of[Maximum
. Detection Percent of [Number|
Reference(s) [Matrix Sa(rinp]mg Location(s) Compounds | limit(s) Nurr}ber sites with| of | S2™P les concen- Comments
ates (ug/l) of sites detections|samples w1t!1 tration
K P! detections (ug/L)
Graczyk, w 1976 Wisconsin, Aldrin 0.01 3 0 3 0 | nodet. | 1976 sample taken at St. Croix
1986 1981 Minnesota: | Chlordane 0.1 3 0 3 0| nodet. | Falls. Two samples taken in
St. Croix DDD 0.01 3 0 3 0| nodet. | 1981 from Namekagon
River Basin | DDE 0.01 3 0 3 0 | nodet. | River, above and below
DDT 0.01 3 0 3 0| nodet. | drainage from cranberry
Diazinon 0.01 3 0 3 0 | nodet. | bogs. All pesticides were
Dieldrin 0.01 3 0 3 0| nodet. | below detection limits in all
Endrin 0.01 3 0 3 0 | nodet. | samples.
Endosulfan 0.01 3 0 3 0| nodet.
Ethion 0.01 3 0 3 0| nodet.
Heptachlor 0.01 3 0 3 0| nodet.
Hept. epox. 0.01 3 0 3 0| nodet.
Lindane 0.01 3 0 3 0 | nodet.
Malathion 0.01 3 0 3 0 | nodet.
M. trithion 0.01 3 0 3 0 | nodet.
Parathion 0.01 3 0 3 0 | nodet.
Toxaphene nr 3 0 3 0 | nodet.
Trithion 0.01 3 0 3 0 | nodet.
Methox. 0.01 3 0 3 0| nodet.
M. parathion 0.01 3 0 3 0| nodet.
Mirex 0.01 3 0 3 0 | nodet.
Perthane 0.1 3 0 3 0| nodet.
2,4-D 0.01 3 0 3 0| nodet.
2,4-DP 0.01 3 0 3 0| nodet.
2,4,5-T 0.01 3 0 3 0 | nodet.
Silvex 0.01 3 0 3 0 | nodet.
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Table 2.2. State and local monitoring studies reviewed—Continued

Study Sites Samples
. Percent of[Maximum|
. Detection Percent of[Number|
Reference(s) [Matrix Sactlnap ling Location(s) Compounds | limit(s) Nun;ber sites with| of | S2™P les concen- Comments
tes (ng/L) of sites detections|samples wnp tration
detections| (pg/L)
Lewis, 5/84- | Ohio: Toxaphene 0.1 nr 0| -30 0 [ nodet. | Study of impact of wastewater
1986 10/88 Little Miami | Dichlorvos 0.05 nr of -30 0| nodet. | effluent on water quality.
River, near | Phorate 0.05 nr 0| -30 0 | nodet. | Samples taken above and
Xenia Diazinon 0.05 nr 0 ~30 0 | nodet. | below municipal wastewater
M. parathion 0.05 nr 0| -30 0| nodet. | outfall. Diversity and
Ronnel 0.05 nr 0 ~30 0 | nodet. | abundance of periphyton
Malathion 0.05 nr 0| -30 0| nodet. | and invertebrates also
Parathion 0.05 nr 0| -30 0 | nodet. | monitored. No positive
DDE 0.05 or 0| -30 0 [ nodet. | detections of any pesticides.
DDD 0.05 nr 0| -30 0 | nodet.
DDT 0.05 or 0| -30 0 | nodet.
Dieldrin 0.01 nr 0| =30 0 | nodet.
HCH (o) 0.01 nr 0 ~30 0| nodet.
HCH (B) 0.01 nr 0 ~30 0 | nodet.
Lindane 0.01 nr 0| -30 0| nodet.
HCB 0.01 nr 0| -30 0| nodet.
Endrin 0.01 or 0| -30 0| nodet.
Mirex 0.1 nr 0| -30 0 | nodet.
Methox. 0.1 nr 0| -30 0| nodet.
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Table 2.2. State and local monitoring studies reviewed—Continued

Study Sites Samples
. Percent offMaximum
. Detection Percent of Number,

Reference(s) Matrix Sag‘p"“g Location(s) | Compounds | limit(s) | "0 sites with| of | SaXPles | concen- Comments

ates (ug/L) of sites detections|samples w1t!1 tration
detections| (ug/L)

Oliverand |w 4/89 Michigan: HCB 0.0001 21 100 21 100 0.09 | The entire length of the St.
Kaiser, s St. Clair HCH (o) 0.0001 21 100 21 100 nr | Clair River was sampled to
1986 River and Lindane 0.0001 21 100 21 100 nr | determine sources of agri-

tributaries Chlordane 0.0001 21 nr 21 nr nr | cultural and industrial chem-

DDD 0.0001 21 nr 21 nr nr | icals and to investigate

DDE 0.0001 21 nr 21 nr nr | sediment/water distribu-

DDT 0.0001 21 nr 21 nr nr | tions. Specific industrial
discharges were identified as
sources. Concentration data
given here are for whole
water samples.
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Table 2.2. State and local monitoring studies reviewed—Continued

Study Sites Samples
Percent of[Maximum
. Detection Percent of[Number|

Reference(s) Matrix Sa‘xjnphng Location(s) Compounds limit Nun'.lber sites with|  of sam.ples concen- Comments

ates ) of sites detections|samples wnp tration
detections| (ng/L)

Biberhofer |w 10/83 Great Lakes: | HCH-a nr| 14 100 14 100 0.009 | Survey of ambient concentra-
and Lake Ontario | Lindane nr| 14 100 14 100 0.002 | tions of organochlorines in
Stevens, Chlordane (o) nr| 14 100 14 100 0.00005 | water column of Lake
1987 Chlordane (y) nr| 14 100 14 100 0.00006 | Ontario. Thirty-six liter

Oxychlordane nr| 14 100 14 100 0.0003 | samples enabled detection
Hept. epox. nr| 14 100 14 100 0.0004 | of very low levels. Samples
Dieldrin nr | 14 100 14 100 0.0006 | taken at one meter depth.
Endrin nr| 14 100 14 100 0.0001 | Eleven sites were within
Mirex nr| 14 0 14 0 nodet. | 10 km of shore. Ratios of
Photomirex nr| 14 0 14 0 nodet. | parent compounds and
Methox. nr| 14 79 14 79 0.00009 | degradation products were
DDT (total) nr| 14 100 14 100 0.0003 | examined in some cases to
Toxaphene nr| 14 0 14 0 nodet. | determine the source to the
HCB nr| 14 100 14 100 0.0001 | lake.

Butler, w 1976-78 | Wyoming: 24,5-T 0.01 | 20 15 99 nr 0.02 | Sites selected to include most

1987 Twelve 24-D 001 | 20 65 99 29 1.2 | major drainage basins in
streams 24-DP 001 | 20 nr 99 nr 0.04 | state. Streams sampled in
Aldrin 001 | 20 0 92 0 nodet. | spring/early summer and
Chlordane 01| 20 0 92 0 nodet. | autumn each year.
Chlorpyrifos 001 [ 20 0 42 0 no det.
DDD 001 | 20 0 92 0 no det.
DDE 001 | 20 0 92 0 no det.
DDT 001 | 20 0 92 0 no det.
Diazinon 001 | 20 nr 93 nr 0.11
Dicamba 001 | 20 30 43 14 0.02
Dieldrin 001 | 20 0 92 0 no det.
Endosulfan 001 | 20 0 70 0 no det.
Endrin 0.01 [ 20 0 92 0 no det.
Ethion 001 | 20 0 93 0 no det.
Heptachlor 001 | 20 0 92 0 no det.
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Table 2.2. State and local monitoring studies reviewed— Continued

Study Sites Samples
. Percent of| Maximum
. Detection Percent of [Number

Reference(s) [Matrix Sampling Location(s) Compounds limit Nurr'lber sites with| of smples concen- Comments

dates (ug/L) of sites detections|samples wn!m tration
H detections| (ug/L)

Butler, w 1976-78 | Wyoming— | Hept. epox. 001 | 20 0 92 nr no det.
1987— Continued Lindane 001} 20 0 92 0 no det.
Continued Malathion 001 | 20 nr 93 0 0.04

M. parathion 001 | 20 0 93 0 no det.
M. trithion 001 20 0 93 nr no det.
Mirex 001 | 20 0 21 0 no det.
Parathion 001 | 20 nr 93 23 0.01
Perthane 01| 20 0 75 0 no det.
Picloram 001 | 20 40 43 0 0.09
Silvex 001 | 20 0 99 0 no det.
Toxaphene nr | 20 0 92 0 no det.
Trithion 001 | 20 0 93 0 no det.

Cooperand | w 9/76— Mississippi: DDT 0.01 nr 100 ~200 nr 0.6 | Highest concentrations follow-
others, 9/79 Bear Creek | DDD 0.01 nr 100 ~200 nr 0.2 | ing seasonal winter and
1987 biweekly) DDE 0.01 nr 100 ~200 nr 0.1 | spring rains. DDT concen-

Toxaphene 0.01 nr 100 ~200 nr 1.07 | trations have not declined
since 1970, 1976 studies.
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Table 2.2. State and local monitoring studies reviewed—Continued

Study Sites Samples
Percent of[Maximum
. Detection Percent of[Number

Reference(s) |Matrix Sa(rjnp]mg Location(s) Compounds limit Nun}ber sites with| of san{ples concen- Comments

ates (ug/L) of sites detections|samples wn!'n tration
detections| (ug/L)

Funkand |w 1984-86 | Washington: | HCH (o) 0.01 nr 0 nr 0 no det. | Study of water quality of
others, Lakes and Lindane 0.01 nr 0 nr 0 nodet. | relatively pristine lakes and
1987 rivers, North | Heptachlor 001 | nr 0 nr 0 nodet. | rivers in the North Cascades.

Cascades Aldrin 001 | nr 0 nr 0 nodet. | Levels of pesticides, metals,
DDE 001 | nr 0 nr 0 nodet. | and inorganic constituents
Dieldrin 001 | nr 0 nr 0 nodet. | measured. Samples of water,
DDD (o,p") 0.01 nr 0 nr 0 nodet. | sediments, and fishcollected.
Endrin 001 | nr 0 nr 0 nodet. | No pesticides above
DDD (p,p") 001 | nmr 0 nr 0 nodet. | reporting limit detected in
Mirex 002 | nor 0 nr 0 nodet. | water. Very low levels
Methox. 002 | nr 0 nr 0 nodet. | detected in some sediment
Toxaphene 01| nr 0 nr 0 nodet. | and fish samples.

Chlordane nr| nr 0 nr 0 no det.
Malathion 003 | nr 0 nr 0 no det.
Parathion 003 | nr 0 nr 0 no det.
Diazinon 003 ]| nr 0 nr 0 no det.
Fenthion 005| nr 0 nr 0 no det.
M. parathion 003 | nr 0 nr 0 no det.
Fensulfothion 005| nr 0 nr 0 no det.
Fenitrothion 005| nr 0 nr 0 no det.
Carbaryl nr| nr 0 nr 0 no det.
Carbofuran nr| nr 0 nr 0 no det.
Paraquat 10| nr 0 nr 0 no det.
Diquat 10| nr 0 nr 0 no det.
Atrazine 050 | nr 0 nr 0 no det.
24-D 0.10| nr 0 nr 0 no det.
Silvex 0.10 ]| nr 0 nr 0 no det.
2,4,5-T 0.10 | nr 0 nr 0 no det.
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Table 2.2. State and local monitoring studies reviewed—Continued

Study Sites Samples
. Percent of[Maximum|
. Detection Percent of [Number|

Reference(s) [Matrix Sag‘apl“‘g Location(s) | Compounds | limit | "T0€TGiteswith| of | S2mPples | concen- Comments

tes (ug/L) of sites detections|samples w1t!1 tration
detections| (pg/L)

Lym and w 1985-86 | North Dakota: | Picloram 0.10 | 10 50 20 30 5.0 | Survey of streams and ground
Messer- Des Lacs, water in areas where
smith, Souris, and picloram is used. Samples
1987 Heart Rivers collected in June and

September both years.

Ward, 1987 |w 217 Pennsylvania: | Aldrin 0.01 nr 42 100 nr 0.01 | Data tabulated for baseflow

3/79 Sevensitesin | Chlordane 0.1 nr 86 100 nr 0.2 | and stormflow samples.

PequeaCreek | DDD 001 | nr 86 100 nr 0.01 | Maximum concentrations
Basin DDE 0.01 nr 86 100 nr 0.01 | refer to data from site at
(tributary of | DDT 0.01 nr 100 100 nr 0.04 | mouth of Pequea River only,
Susquehanna | Diazinon 001 ( nr 57 100 nr 0.08 | with baseflow and
River) Dieldrin 0.01 nr 86 100 nr 0.03 | stormflow data combined.

Endrin 0.01 nr 0 100 0 nodet. | Occurrence data from all

Endosulfan 0.01 or 0 100 0 no det. | seven sites, in baseflow and

Ethion 0.01 nr 0 100 0 nodet. | stormflow.

Heptachlor 0.01 nr 14 100 nr 0.01

Hept. epox. 0.01 nr 86 100 nr 0.02

Lindane 0.01 nr 86 100 nr 0.03

Malathion 0.01 nr 0 100 0 no det.

Methox. 0.01 nr 0 100 0 no det.

M. parathion 0.01 nr 14 100 0 no det.

M. trithion 0.01 nr 0 100 0 no det.

Mirex 0.01 nr 0 100 0 no det.

Parathion 0.01 nr 0 100 0 no det.

Perthane 0.1 nr 0 100 0 no det.

Toxaphene nr| nor 0 100 0 no det.

, | Trithion 0.01 nr 0 100 0 no det.

24-D 0.01 nr 86 100 nr 1.2

2,4-DP 0.01 nr 0 100 0 no det.

24,5-T 0.01 nr 57 100 nr 0.04

Silvex 0.01 or 43 100 nr 0.09
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Table 2.2. State and local monitoring studies reviewed—Continued

Study Sites Samples
. Percent of[Maximum
. Detection Percent of[Number|

Reference(s) [Matrix Sampling Location(s) Compounds limit Nun}ber sites with|  of samples concen- Comments

dates (ug/L) of sites detections|samples w1t!1 tration
K detections| (ug/L)

Ward, w 2/77- Pennsylvania— | Ametryn 0.1 nr 0 100 0 no det.
1987— 3/79 Continued Atratone 0.1 nr 0 100 0 no det.
Continued Atrazine 0.01 nr 100 100 nr 12

Cyanazine 0.1 nr 0 100 0 no det.
Cyprazine 0.1 nr 0 100 0 no det.
Prometone 0.1 nr 29 100 nr 0.7
Prometryn 0.1 nr 0 100 0 no det.
Propazine 0.1 r 0 100 0 no det.
Simazine nr | nr 86 100 nr 54
Simetone 0.1 nr 0 100 0 no det.
Simetryn 0.1 nr 0 100 0 no det.
Alachlor 0.1 nr 0 100 0 no det.

Wnukand |w 5/86— Iowa Aldrin 004 [ 33 0 33 0 no det. | Samples of treated water were
others, d 7/86 33 public HCH (o) 004 | 33 0 33 0 nodet. | collected after rain events to
1987 water HCH (B) 0.04 | 33 0 33 0 nodet. | show pesticide residue

supplies Lindane 004 [ 33 0 33 0 nodet. | levels affected by agricul-
using surface | Chlordane 0.02| 33 0 33 0 nodet. | tural runoff. Concentration
water DDD 0.04 | 33 0 33 0 nodet. | and occurrence data shown
sources; 14 | DDE 004 | 33 0 33 0 nodet. | are for samples of treated
of the DDT 004 | 33 0 33 0 nodet. | water. In the samples
surface Dieldrin 004 | 33 0 33 0 nodet. | collected from 14 surface
water Endosulfan I 0.04 | 33 0 33 0 nodet. | water sources, the same
sources used | Endosulfan IT 0.04 | 33 0 33 0 nodet. | compounds were present
for these Endosulfan- 004 | 33 0 33 0 nodet. [ with similar concentration
public water sulfate ranges, except for trifluralin
supplies Endrin 004 | 33 0 33 0 nodet. | and butylate, which were not

Endrin- 004 ( 33 0 33 0 nodet. | observed.

aldehyde

Heptachlor 004 | 33 0 33 0 no det.

Hept. epox. 004 | 33 0 33 0 no det.

Toxaphene 05| 33 0 33 0 no det.
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Table 2.2. State and local monitoring studies reviewed—Continued

Study Sites Samples
. Detection N Percent of[Number] Percen]t of [Maximum Comments
Reference(s) Matrix| Sampling Location(s) Compounds limit un}ber sites with| of | S&mP©s | concen-
dates (ug/L) of sites detections|samples w1t!1 tration
detections| (pg/L)

Wnukand |w 5/86— Iowa Fonofos 0.1f 33 0 33 0 no det.
others, d 7/86 33 public Terbufos 01| 33 0 33 0 no det.
1987— water Chlorpyrifos 01| 33 0 33 0 no det.
Continued supplies Phorate 01| 33 0 33 0 no det.

using surface | Ethoprop 0.1 33 0 33 0 no det.
water Atrazine 01| 33 91 33 91 24
sources; 14 | Cyanazine 01| 33 78 33 78 17
of the Alachlor 01| 33 52 33 52 8.8
surface Trifluralin 01| 33 nr 33 nr 0.13
water Metribuzin 01| 33 12 33 12 045
sources used | Metolachlor 01| 33 64 33 64 21
for these Chloramben 01| 30 0 30 0 no det.
public water | Dicamba 01| 30 nr 30 nr 1.4
supplies 24-D 01| 30 nr 30 nr 03
Silvex 0.1 ] 30 0 30 0 no det.
Butylate 01| 33 nr 33 nr 0.27
Carbofuran 01| 33 27 33 27 14
Sulprofos 01| 33 0 33 0 no det.
Terbufos- 0.1] 33 0 33 0 no det.
sulfone

Arrudaand (w 4/85- Kansas: Atrazine nr| nr 100 14 79 nr | Agricultural watershed in
others, 10/85 Tuttle Creek | Alachlor nr| nr 100 14 64 nr | northeastern Kansas
1988 monthly Lake (on Big | Metolachlor nr| nr 100 14 57 nr | (249,000 km?). Organo-

Blue River) | Propachlor nr nr 50 14 nr nr | chlorines detected in fish
Metribuzin nr| nr 50 14 nr nr | samples.

Dietrich w 6/87 North Atrazine nr 2 100 nr 100 2.8 | Many other industrial chem-
and Carolina: icals measured. Primarily an
others, Haw River analytical study.

1988
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Table 2.2. State and local monitoring studies reviewed—Continued

Study Sites Samples
. Detection Percent of [Number| Percent of Maximum
Reference(s) Matrix| 2P | 1 ocaion(s) | Compounds | limit |N“T|siteswith| of | STPles | concen- Comments
dates po of sites with tration
(ug/L) detections|samples| .
detections| (ng/L)
Fujii, 1988 |w 3/85— California: Aldrin 0.01 1 0 2 0 no det. | USGS study evaluated water
9/85 Tulare Lake | Chlordane 0.1 1 0 2 0 nodet. | quality of agricultural
area DDD 0.01 1 0 2 0 nodet. | drainage water proposed for
agricultural | DDE 0.01 1 0 2 0 nodet. | diversion to Kern National
drainage DDT 0.01 1 0 2 0 nodet. | Wildlife Refuge. Two to
Dieldrin 0.01 1 0 2 0 nodet. | three samples analyzed for
Endosulfan 0.01 1 0 2 0 nodet. | triazines (March, May, June).
Endrin 0.01 1 0 2 0 nodet. | Two samples analyzed for
Heptachlor 0.01 1 0 2 0 nodet. | organochlorines (August,
Hept. epox. 0.01 1 0 2 0 nodet. | September). Two to four
Lindane 0.01 1 0 2 0 nodet. | samples analyzed for
Methox. 0.01 1 0 2 0 nodet. | organophosphates (March-
Mirex 0.01 1 0 2 0 nodet. [ September). Samples taken
Perthane 0.1 1 0 2 0 nodet. | at pumping station where
Toxaphene nr 1 0 2 0 nodet. | water would be diverted.
Diazinon 0.01 1 0 24 0 no det.
Ethion 0.01 1 0 24 0 no det.
Malathion 0.01 1 0 24 0 no det.
M. parathion 0.01 1 0 24 0 no det.
M. trithion 0.01 1 0 24 0 no det.
Parathion 0.01 1 0 2-4 0 no det.
Trithion 0.01 1 0 24 0 no det.
Ametryn 0.1 1 0 2-3 0 no det.
Atrazine 0.1 1 100 23 100 nr
Cyanazine 0.1 1 0 2-3 0 no det.
Prometone 0.1 1 100 2-3 100 0.2
Prometryn 0.1 1 0 23 0 no det.
Propazine 0.1 1 100 23 100 0.1
Simetryn 0.1 1 0 2-3 0 no det.
Simazine 0.1 1 100 23 100 0.1
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Table 2.2. State and local monitoring studies reviewed—Continued

Study Sites Samples
IM . Detection Percent of[Number Percent of Maximum Comments
Reference(s) [Matrix Sampling Location(s) Compounds limit Nunjnber sites with| of | 2P les concen-
dates (ug/L) of sites detections|samples wnp tration
H P! detections (ng/L)

Johnson w 5/85- Washington: DDT 0.01-| 14 21 56 18 0.03 | Elevated concentrations seen
and 10/85 YakimaRiver 0.02 during irrigation season.
others, Basin DDE 0.005- | 14 29 56 20 0.03
1988 0.01

DDD 0.01-| 14 nr 56 nr 0.01
0.02

Knapton w 7/86— Montana: 24-D 0.01 3 67 3 67 0.22 | USGS reconnaissance study.
and 8/86 Irrigation 2,4-DP 0.01 3 0 3 0 no det. [ Pesticide samples taken at
others, drainage, Sun | 2,4,5-T 0.01 3 0 3 0 no det. | two creek sites and one lake
1988 River area Dicamba 0.01 3 67 3 67 0.08 | site. Study focused primarily

(Benton Picloram 0.01 3 33 3 33 0.01 | on sampling of sediments
National Silvex 0.01 3 0 3 0 no det. | and biota.

Wildlife

Refuge)

Lambing w 6/86— Montana: 24-D 0.01 3 100 nr 100 0.08 | USGS reconnaissance study.
and 8/86 Lake 2,4-DP 0.01 3 0 nr 0 nodet. { Study focused primarily on
others, Bowdoin 24,5-T 0.01 3 0 nr 0 nodet. | sampling of sediments and
1988 National Dicamba 0.01 3 100 nr 100 0.03 | biota. Canal supplying

Wildlife Picloram 0.01 3 33 nr 33 0.01 | irrigation water, irrigation

Refuge Silvex 0.01 3 0 nr 0 no det. | return flow, and Lake
Bowdoin were sampled. No
substantial differences in
pesticide concentration were
noted between the supply
water and the other two sites.
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Table 2.2. State and local monitoring studies reviewed—Continued

Study Sites Samples
Percent of|[Maximum
. Detection Percent of [Number|
Reference(s) Matrix| Sa(:inp ling Location(s) Compounds limit Nun}ber sites with|  of | S les concen- Comments
ates (ug/L) of sites detections|samples with tration
detections| (ug/L)
Merriman, |w 1986 Minnesota: Aldrin 0.0001 3 0 3 0 no det. | Monitoring of a wide variety
1988 f Rainy River | Chlordane (o) 0.0001 3 0 3 0 nodet. | of hydrophobic organic
s Chlordane () 0.0001 3 0 3 0 nodet. [ compounds (PCBs,
DDD (p,p") 0.0001 3 0 3 0 nodet. | organochlorine pesticides,
DDE (p,p") 0.0001 3 0 3 0 nodet. | PAHs, chlorophenols,
DDT (o,p") 0.0001 3 0 3 0 nodet. | chlorobenzenes, dioxins) at
DDT (p,p") 0.0001 3 0 3 0 no det. | three sites on the river and in
Dieldrin 0.0001 3 0 3 0 nodet. | two paper mill effluents.
Endrin 0.0001 3 0 3 0 nodet. | Data shown are for filtered
HCH (o) 0.0001 3 0 3 0 no det. | water samples from theriver.
HCH (B) 0.0001 3 0 3 0 nodet. | All pesticides were below
Lindane 0.0001 3 0 3 0 nodet. | detection limits (DL) in
Heptachlor 0.0001 3 0 3 0 nodet. | suspended sediments
Hept. epox. 0.0001 3 0 3 0 nodet. | (DL=10 ng/g for
Methox. 0.0001 3 0 3 0 nodet. | pentachlorophenol and
Mirex 0.0001 3 0 3 0 nodet. | 4 ng/g for remainder.)
Endosulfan (o) | 0.0001 3 0 3 0 no det.
Endosulfan (B) | 0.0001 3 0 3 0 no det.
HCB 0.0001 3 67 3 67 0.0002
PCP 0.1000 3 0 3 0 no det.
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Table 2.2. State and local monitoring studies reviewed—Continued

Study Sites Samples
sanpvg e S e s I —
Reference(s) [Matrix Location(s) Compounds limit . |siteswith| of . .
dates of sites . with tration
(ug/L) detections|samples detections| (ug/L)

Radtke and |w 8/86 Arizona, Aldrin 0.01 11 0 14 0 no det. | USGS reconnaissance study
others, California, | Chlordane 0.1 11 0 14 0 nodet. | to assess the impact of
1988 Nevada: DDD 0.01 11 0 14 0 nodet. | irrigation drainage. Samples

Irrigation DDE 0.01 11 0 14 0 nodet. | of water, sediment, and biota
drainage, DDT 0.01 11 0 14 0 nodet. | were analyzed for metals,
lower Dieldrin 0.01 11 0 14 0 nodet. | nutrients, pesticides, and
Colorado Endosulfan 0.01 11 0 14 0 nodet. | other organic compounds.
River valley | Endrin 0.01 11 0 14 0 no det.

Heptachlor 0.01 11 0 14 0 no det.

Hept. epox. 0.01 11 0 14 0 no det.

Lindane 0.01 11 0 14 0 no det.

Methox. 0.01 11 0 14 0 no det.

Mirex 0.01 11 0 14 0 no det.

Perthane 0.1 11 0 14 0 no det.

Toxaphene nr | 11 0 14 0 no det.

Diazinon nr| 11 nr 14 nr 0.01

M. parathion nr| 11 nr 14 nr 0.05

Parathion nr | 11 nr 14 nr 0.11

Chlorpyrifos nr| 11 nr 14 nr 0.15
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Table 2.2. State and local monitoring studies reviewed— Continued

Study Sites Samples
. Detection Percent of Number| Percent of Maximum Comments
Reference(s) Matrix] Sag‘ph“g Locations) | Compounds | limit | UMPerlGiieswith| of | SAmples | concen-
ates (ug/L) of sites detections|samples with tration
detections| (ug/L)

Schroeder |w 8/86 California: Methomyl nr| nr 0 nr 0 no det. | USGS reconnaissance study.
and Irrigation Propham nr| nr 0 nr 0 nodet. | Pesticides analyzed at 1 to 7
others, drainage, Sevin nr| nr 0 nr 0 nodet. | sites, depending on analyte.
1988 Tulare Lake |24-D 0.01 nr 20 nr 20 0.04 | Sites included creeks, canals,

Bed area 2,4-DP 0.01 nr 0 nr 0 nodet. | and irrigation water
(Kern and Silvex 0.01 nr 0 nr 0 nodet. | evaporation ponds.
Pixley 2,4,5-T 0.01 nr 0 nr 0 no det.
National Diazinon 0.01 nr 57 nr 57 0.01
Wildlife Disyston 0.01 nr 0 nr 0 no det.
Refuges) Ethion 0.01 nr 0 nr 0 no det.
Azinphos-m. 0.1 nr 0 nr 0 no det.
Malathion 0.01 nr 0 nr 0 no det.
M. parathion 0.01 nr 0 nr 0 no det.
M. trithion 0.01 nr 0 nr 0 no det.
Parathion 0.01 nr 0 nr 0 no det.
Phorate 0.01 nr 0 nr 0 no det.
Trithion 0.01 nr 0 nr 0 no det.
Ametryn 0.1 nr 0 nr 0 no det.
Atrazine 0.1 nr 17 nr 17 0.4
Cyanazine 0.1 nr 0 nr 0 no det.
Cyprazine 0.1 nr 0 nr 0 no det.
Prometone 0.1 nr 0 nr 0 no det.
Prometryn 0.1 nr 67 nr 67 04
Propazine 0.1 nr 0 nr 0 no det.
Simazine 0.1 nr 0 nr 0 no det.
Simetone 0.1 nr 0 nr 0 no det.
Simetryn 0.1 nr 0 nr 0 no det.
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Table 2.2. State and local monitoring studies reviewed—Continued

Study Sites Samples
. Detection Percent of[Number| Percent of Maximum Comments
Reference(s) [Matrix Sampling Location(s) Compounds limit Nurr}ber sites with| of | S2P les concen-
dates (ug/L) of sites detections|samples Wlt!l tration
detections| (ug/L)
Squillace [w 5/84— Towa: Alachlor 0.05- 6 100 17 30 21 | Herbicide concentrations
and 11/85 Cedar River 0.1 monitored at six sites in
Engberg, Basin Atrazine 0.05- 6 100 17 94 16 | basin. Intensive corn
1988 0.1 growing region. Highest
Cyanazine 0.05- 6 100 17 34 8.7 | concentrations in spring/
0.1 early summer. Atrazine
Metolachlor 0.05- 6 100 17 41 11 | detected year round in
0.1 snowmelt and ground water
Metribuzin 0.05- 6 100 17 12 nr [ inputs. Herbicides primarily
0.1 in dissolved phase.
Trifluralin 0.05- 6 0 17 0 no det.
0.1
Yurewicz [w 11/87- | Tennessee: Alachlor 0.1 3 0 14 0 no det. | Atrazine detected at two of the
and 3/88 Three Ametryn 0.1 3 0 14 0 nodet. | three sites. Sampling period
others, tributaries of | Atrazine 0.1 3 67 14 64 1.6 | covers nongrowing season
1988 Reelfoot Cyanazine 0.1 3 0 14 0 nodet. | and period of low discharge.
Lake Metolachlor 0.1 3 0 14 0 no det.
Metribuzin 0.1 3 0 14 0 no det.
Prometone 0.1 3 0 14 0 no det.
Prometryn 0.1 3 0 14 0 no det.
Propazine 0.1 3 0 14 0 no det.
Simazine 0.1 3 0 14 0 no det.
Trifluralin 0.1 3 0 14 0 no det.
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Table 2.2. State and local monitoring studies reviewed—Continued

Study Sites Samples
. Detection Percent of [Number Percent of Maximum Comments

Reference(s) [Matrix Sampling Location(s) Compounds limit Nun.lber sites with| of | S2™P les concen- © "

dates of sites . with tration
(ng/L) detections|samples detections| (ug/L)

Gonzalez |w 1987 California: Tributyltin 0.017 | 10 80 22 68 1.22 | Study to determine extent of
and Ten marinas | Dibutyltin 0.033 | 10 10 22 18 0.69 | tributyltin contamination in
others, on six freshwater lakes. Marinas
1989 freshwater selected for study were the

lakes 10 largest in the state.
Tributyltin residues detected
in 4 of the 6 lakes (8 of the
10 marinas). Highest levels
found in Lake Tahoe marina,

© 1998 by CRC Press, LLC

which was subject of further
study. Residues primarily
found in marina; open water
had nondetectable levels.
Levels in the marina water
exceeded chronic toxicity
levels for aquatic organisms.
Fish in open waters of Lake
Tahoe had tributyltin levels
of concern.
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Table 2.2. State and local monitoring studies reviewed—Continued

Study Sites Samples
Percent of [ Maximum
. Detection Percent of [Number|
Reference(s) [Matrix| Sampling Location(s) Compounds limit Nun}ber sites with|  of sam‘p]es concen- Comments
dates (ug/L) of sites detections|samples w1t¥1 tration
detections| (ng/L)
Smith, 1989 | w 1987 Virginia, Alachlor 0.005 9 nr nr nr nr | Raw river water and treated
d Pennsylvania: | Atrazine 0.001 9 nr nr nr nr | drinking water analyzed for
Roanoke Butylate 0.005 9 0 nr 0 nodet. [ the presence of chemicals
River (5 sites); | Carbaryl 0.005 9 0 nr 0 nodet. | with possible health risks;
Lower Carbofuran 0.005 9 nr nr nr nr | 187 chemicals (metals, pes-
Susquehanna | Cyanazine 0.001 9 nr nr nr nr | ticides, volatile hydrocar-
River (4 sites) | Dinoseb 0.01 9 0 nr 0 no det. | bons, PAHs) were included
HCB 10 9 0 nr 0 nodet. | in the study. Results are
Metolachlor 0.001 9 nr nr nr nr | presented as assessments of
Metribuzin 0.001 9 nr nr nr nr | the upper-bound lifetime
PCP 50 9 0 nr 0 nodet. | cancerrisk. No contam-
Simazine 0.001 9 nr nr nr nr | inants other than trihalo-
Trifluralin 0.001 9 nr nr nr nr | methanes contributed signifi-
cantly to total cancer risks or
hazard indices.
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Table 2.2. State and local monitoring studies reviewed— Continued

Study Sites Samples
Percent of[Maximum
. Detection Percent of[Number|

Reference(s) Matrix| Sampling Location(s) Compounds limit Nun}ber sites with of sam.p les conf:en- Comments

dates (ug/L) of sites detections|samples with tration
detections| (pg/L)

Mayer and |w 1987-88 | Washington: | Atrazine 0.49 4 0 16 0 no det. | Study of pesticide levels in
Elkins, Padilla Bay | Chlorothalonil 0.15 4 0 16 0 nodet. | Padilla Bay and in agri-
1990 in Puget Diazinon 0.18 4 0 16 0 nodet. | cultural drainage sloughs

Sound Dicamba 6.10 4 100 16 nr 90 | discharging to bay. Water
Dinoseb 0.11 4 0 16 0 nodet. | and sediment samples taken
Methamido- 10.80 4 0 16 0 nodet. | before and after application

phos of pesticides on nearby agri-

M. parathion 0.03 4 0 16 0 no det. | cultural fields in 1987 and
Metribuzin 0.01 4 0 16 0 nodet. | 1988. Only dicamba and
Parathion 0.06 4 0 16 0 nodet. | 2,4-D were detected, and
PCNB 0.01 4 0 16 0 nodet. | only in 1987 after major rain
Simazine 0.63 4 0 16 0 nodet. | event and after application.
Terbutryn 5.76 4 0 16 0 no det. [ Concentrations of dicamba
Trifluralin 0.02 4 0 16 0 nodet. | also detected in sloughs in
24-D 0.1 4 25 16 nr 0.1 | summer 1987 sampling,

ranging from 10to 160 pg/L.
Authors concluded that

pesticides were not adversely
affecting ecology of the bay.
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Table 2.2. State and local monitoring studies reviewed—Continued

Study Sites Samples
. Detection Percent of [Number| Percent of Maximum Comments
Reference(s) [Matrix| Sampling Location(s) Compounds limit Nun.lber sites with of samp les conf:en-
dates (ug/L) of sites detections|samples with tration
detections| (ug/L)
Moyerand |w 10/85—- | Illinois: Atrazine 005 | 30 100 580 71 39 | Summary of Illinois USEPA
Cross, 10/88 Thirty sites | Cyanazine 0.05| 30 100 580 38 38 | pesticide monitoring
1990 on rivers Metolachlor 0.05| 30 100 580 46 17 | program results for 1985-88.
throughout | Alachlor 002 [ 30 100 580 46 18 | Thirty stations on rivers in
state Metribuzin 0.05| 30 83 580 10 3.7 | predominantly agricultural
Butylate 005 | 30 nr 580 0.1 0.39 | areas. Intensive monitoring
Trifluralin 001 | 30 43 580 nr 0.73 | of storm events at two
Terbufos 0.05| 30 0 580 0 nodet. | stations. Detection rates for
Chlorpyrifos 005 | 30 0 580 0 nodet. | herbicides generally
Fonofos 0.05| 30 0 580 0 nodet. [ reflected use in the state. No
Malathion 0.05| 30 0 580 0 nodet. | insecticides were detected at
M. parathion 005 | 30 0 580 0 nodet. | any of the sites.
Diazinon 0.05] 30 0 580 0 no det.
Phorate 005 | 30 0 580 0 no det.
Captan 0.05| 30 0 580 0 no det.

© 1998 by CRC Press, LLC

SH3ILVM 30V4HNS NI S3AI0ILS3d VOl




Table 2.2. State and local monitoring studies reviewed—Continued

Study Sites Samples
. Percent of[Maximum
. Detection Percent of [Number
Reference(s) [Matrix Sa(ljnp ling Location(s) Compounds limit Nun?ber sites with|  of samples concen- Comments
ates (ug/l) of sites detections|samples w1t§1 tration
detections| (ng/L)
Petersen, w 1974-85 | Arkansas: Aldrin 0.002- | 38? nr nr nr 0.01 | Summary of data collected by
1990 ~15 rivers 0.01 several agencies on water
and streams | Chlordane 0.1 | 38? 0 nr 0 nodet. | quality of ~15 rivers, creeks,
in north- DDD 0.01 | 387 nr nr nr 0.01 | bayous, and bays in north-
eastern DDE 0.002- | 38?7 nr nr nr 0.02 | eastern Arkansas. Analysis
Arkansas 0.01 of trends for many constit-
DDT 0.004- | 38? nr nr nr 0.08 | uents, but not for pesticides.
0.01 Of the 38 sites where
Diazinon 0.01 | 38? nr nr nr 0.02 | pesticides were targeted,
Dieldrin 0.002- | 38?7 nr nr nr 0.03 | dieldrin, endrin, DDT,
0.01 methyl parathion, 2,4-D, and
Endosulfan 0.01 | 38? 0 nr 0 nodet. | 2,4,5-T were detected at the
Endrin 0.002- | 38? nr nr nr 0.05 | mostsites—22,18,13,11,8,
0.01 and 6 sites, respectively.
Ethion 0.01 | 38? nr nr nr 0.01 | Maximum concentrations
Heptachlor 0.01 | 38? nr nr nr 0.01 | shown represent values from
Hept. epox. 0.01 | 38? nr nr nr 0.01 | the entire data set, including
Lindane 7-0.01 | 38? nr nr nr 0.01 | all sites, and at any time
Malathion 0.01- | 38? 0 nr 0 nodet. | during the 11-year period.
0.05
Methox. 0.01 | 38? 0 nr 0 no det.
M. parathion 0.01- | 38? nr nr nr 0.52
0.04
M. trithion 0.01 | 387 0 nr 0 no det.
Mirex 0.01 | 387 0 nr 0 no det.
Parathion 0.01 | 38? 0 nr 0 no det.
Perthane 0.10 | 38? nr nr nr 0.1
Toxaphene 1.0- | 38? nr nr nr nr
2.0
Trithion 0.01 | 387 0 nr 0 no det.
24-D ?-0.01 | 38?7 nr nr nr 0.59
2,4,5-T 0.01 | 387 nr nr nr 2.8
Silvex 0.01 | 38? nr nr nr 0.08

© 1998 by CRC Press, LLC
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Table 2.2. State and local monitoring studies reviewed—Continued

Study Sites Samples
. Detection Percent of [Number| Percent of Maximum Comments
Reference(s) [Matrix Sampling Location(s) Compounds limit Nurr}ber sites with[ of saJr[ples concen-
dates (ug/L) of sites detections|samples w1t!1 tration
M detections| (png/L)

Setmire w 10/86 California: 24,5-T 0.01 nr 0 nr 0 no det. | USGS reconnaissance study.
and Agricultural |2,4-D 0.01 nr 75 nr 75 2.6 | Sediments and biota also
others, drainage in | 2,4-DP 0.01 nr 0 nr 0 nodet. | sampled.

1990 the Salton Ametryn 0.01 nr 0 nr 0 no det.
Sea area Atrazine 0.01 nr 0 nr 0 no det.
Carbaryl 0.01 nr 0 nr 0 no det.

Cyanazine 0.01 nr 0 nr 0 no det.

DEF 0.01 nr 50 nr 50 0.06

Diazinon 0.01 nr 0 nr 0 no det.

Ethion 0.01 nr 0 nr 0 no det.

Malathion 0.01 nr 0 nr 0 no det.

Methomyl 0.01 nr 0 nr 0 no det.

M. parathion 0.01 nr 0 nr 0 no det.

M. trithion 0.01 nr 0 nr 0 no det.

Parathion 0.01 nr 0 nr 0 no det.

Prometone 0.01 nr 0 nr 0 no det.

Prometryn 0.01 nr 0 nr 0 no det.

Propazine 0.01 nr 0 nr 0 no det.

Propham 0.01 nr 0 nr 0 no det.

Silvex 0.01 nr 25 nr 25 0.04

Simazine 0.01 nr 0 nr 0 no det.

Simetryn 0.01 nr 0 nr 0 no det.

Trithion 0.01 nr 0 nr 0 no det.
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Table 2.2. State and local monitoring studies reviewed—Continued

Study Sites Samples
. Detection Percent of [Number Percent of Maximum
Reference(s) Matrix| Sampling Location(s) Compounds limit Number sites with|  of samples | concen- Comments
dates P of sites A with tration
(ng/L) detections|samples detections| (ug/L)
Butlerand |w 7/88 Colorado: 24-D 0.01 4 100 4 100 0.13 | USGS reconnaissance study
others, Gunnison 2,4-DP 0.01 4 0 4 0 nodet. | evaluating effects of
1991 River, Silvex 0.01 4 0 4 0 nodet. | irrigation drainage.
Uncompahgre| 2,4,5-T 0.01 4 0 4 0 no det.
River, Diazinon 0.01 4 0 4 0 no det.
Sweitzer Lake| Disyston 0.01 4 0 4 0 no det.
Ethion 0.01 4 0 4 0 no det.
Malathion 0.01 4 25 4 25 nr
M. parathion 0.01 4 50 4 50 nr
M. trithion 0.01 4 0 4 0 no det.
Parathion 0.01 4 100 4 100 0.33
Trithion 0.01 4 0 4 0 no det.
Aldicarb 0.5 4 0 4 0 no det.
Carbofuran 0.5 4 25 4 25 nr
Methomyl 0.5 4 0 4 0 no det.
Oxamyl 0.5 4 0 4 0 no det.
Propham 0.5 4 0 4 0 no det.
Carbaryl 0.5 4 0 4 0 no det.
Cooper, w 1982-85 | Mississippi: DDT (total) nr | nr 100 ~200 nr nr | Samples collected biweekly
1991 Moon Lake | Toxaphene nr nr 100 ~200 nr nr | for 2 years. Soils, sediments,
area Fenvalerate nr| nr 100 ~200 nr nr | and fish also analyzed.
Permethrin nr| nr 50 ~200 nr 0.13 [ Currently used pesticides
M. parathion nr| nr 100 ~200 nr 049 | detected sporadically during
study (27 total detections).
DDT concentrations signifi-
cantly greater during wet
seasons, indicating that
contaminated soil in runoff
acts as a source of DDT to
the lake.

© 1998 by CRC Press, LLC
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Table 2.2. State and local monitoring studies reviewed—Continued

Study Sites Samples
. Percent of|[Maximum|
. Detection Percent of [Number|

Reference(s) |Matn'x Sampling Location(s) Compounds limit Nun}ber sites with| of samples concen- Comments

dates (ug/L) of sites detections|samples w1t.h tration
HE P! detections (ng/L)

Domagalski | w 6/90 California: Carbofuran 0.05 1 100 16 100 0.35 | Concentrations of rice pesti-
and Sacramento | Molinate 0.1 1 100 16 100 13 | cides monitored in 45-mi
Kuivila, River Thiobencarb 0.025 1 100 16 100 0.07 | stretch of river. Samples
1991 M. parathion 0.1 1 0 16 0 nodet. | taken after release of irriga-

Carbofuran- 0.025 1 100 9 100 0.08 | tion water from rice fields.
phenol Rates of dissipation moni-
Paranitro- 0.05 1 100 9 100 0.3 | tored by using Lagrangian
phenol (M. method of sampling. Carbo-
parathion furan and thiobencarb con-
degradate) centrations remained
4-Keto- nr 1 100 16 nr nr | constant over the 96-hour
molinate period. Molinate concentra-
2-Keto- nr 1 100 16 nr nr | tions decreased slightly.
molinate Methyl parathion was not
detected and apparently
dissipated before release of
irrigation water from rice
fields. Concentrations of
transformation products of
carbofuran and molinate
remained fairly constant over
sampling period.

Nicosia w 5/89- California: Bensulfuron- 0.5 3 67 54 30 2.3 | Study of dissipation of rice
and 7/89 Sacramento methyl herbicide and levels dis-
others, River, charged in paddy water and
1991b Colusa Basin receiving waters. Compound

Drain, detected in drains in late
Sacramento May and June, but never in
Slough Drain the river, primarily because
of dilution.
LLC

© 1998 by CRC Press,
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Table 2.2. State and local monitoring studies reviewed—Continued

Study Sites Samples
. Percent of[Maximum
. Detection Percent of[Number|

Reference(s) 'Malrix Sa;np ling Location(s) Compounds limit Nun}ber sites with| of | S2P les concen- Comments

ates (ug/L) of sites detections{samples w1t!1 tration
detections| (pg/L)
Ruelle, w 6/90 South Atrazine 01] 16 50 16 50 2.1 | Wetlands sampled at time of
1991 Dakota: Cyanazine 01| 16 13 16 13 0.29 | peak duckling populations.

Wetlands on | Metolachlor 01] 16 13 16 13 0.65 | Each sample was a

five national | Alachlor 01] 16 19 16 19 1.3 | composite of subsamples

wildlife Metribuzin 01| 16 0 16 0 nodet. [ from various points in

refuges Butylate 01] 16 0 16 0 nodet. | wetland. Sediments also
Trifluralin 01| 16 0 16 0 nodet. [ sampled. Authors conclude
Terbufos 0.1 16 0 16 0 nodet. | that there is no evidence that
Fonofos 0.1] 16 0 16 0 nodet. | agricultural pesticides were
Chlorpyrifos 0.1 16 0 16 0 nodet. | having adverse impacts on
Ethoprop 0.1 16 0 16 0 nodet. | waterfowl or water quality in
Phorate 0.1 16 0 16 0 no det. | these wetlands.
Carbofuran 0.1 16 0 16 0 no det.

Lewisand |w 1988-89 | Tennessee: Alachlor 0.1 3 100 93 46 45 | Study of nutrient, suspended
others, Three Atrazine 0.1 3 100 93 94 58 | sediment, and pesticide
1992 tributaries of | Cyanazine 0.1 3 100 92 14 1.2 | inputs to Reelfoot Lake.

Reelfoot Metolachlor 0.1 3 100 91 20 0.7 | High atrazine concentrations
Lake Metribuzin 0.1 3 67 92 9 0.7 | in some samples were
Prometon 0.1 3 100 93 5 0.2 | believed to be short-term
Prometryn 0.1 3 0 93 0 nodet. [ responses to storms
Propazine 0.1 3 100 93 10 0.6 | immediately preceding
Simatryn 0.1 3 0 93 0 nodet. | sampling. Median concen-
Simazine 0.1 3 100 93 5 0.2 | trations of atrazine were 0.01
Trifluralin 0.1 3 100 93 17 1.6 | t00.03 pg/L for the three
sites. Most detections
occurred during summer
months.

© 1998 by CRC Press, LLC
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Table 2.2. State and local monitoring studies reviewed—Continued

Study Sites Samples
. Percent of[Maximum
. Detection Percent of[Number

Reference(s) [Matrix| Sampling Location(s) Compounds limit Nun}ber sites with| of | 5P les concen- Comments

dates (ug/L) of sites detections|samples w1t?1 tration
detections| (ng/L)

Rinella and |w 7/88 Oregon: Alachlor 0.1 2 0 nr 0 no det. | USGS reconnaissance study.
Schuler, Malheur, Ametryn 0.1 2 0 nr 0 nodet. | Water samples analyzed for
1992 Harney Atrazine 0.1 2 0 nr 0 nodet. | pesticides at only two sites,

Lakes Cyanazine 0.1 2 0 nr 0 nodet. | representing the terminus of
(Malheur Metolachlor 0.1 2 0 nr 0 nodet. [ the hydrologic system.
National Metribuzin 0.1 2 0 nr 0 no det.
Wildlife Prometone 0.1 2 0 nr 0 no det.
Refuge) Prometryn 0.1 2 0 nr 0 no det.
Irrigation Propazine 0.1 2 0 nr 0 no det.
drainage area | Simazine 0.1 2 0 nr 0 no det.
Simetryn 0.1 2 0 nr 0 no det.
Trifluralin 0.1 2 0 nr 0 no det.
24D 0.01 2 0 nr 0 no det.
2,4-DP 0.01 2 0 nr 0 no det.
24,5-T 0.01 2 0 nr 0 no det.
Silvex 0.01 2 0 nr 0 no det.
Dicamba 0.02 2 50 nr nr 0.1
Picloram 0.01 2 0 nr 0 no det.

Wangand |[w 3/90- Florida: Lindane 001 | nr 0 88 0 no det. | Study of organochlorine
others, 10/90 Indian River | Dieldrin 001 | nr 0 88 0 nodet. | pesticide residues in 18
1992 Lagoon DDE 0.01 nr 0 88 0 nodet. | impoundments along the

DDT 001 | nr 0 88 0 nodet. | Indian River Lagoon.
Residues detected in
sediments and sediment
interstitial water, but not in
water column.
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Table 2.2. State and local monitoring studies reviewed— Continued

Study Sites Samples
. Detection Percent of [Number Percent of Maximum

Reference(s) [Matrix| Sampling Location(s) Com, d: limit Nurr}ber sites with|  of samples | concen- Comments

dates pounds of sites A with tration
(ug/L) detections|samples .
detections| (ug/L)

Richards w 1983-91 | Indiana, Atrazine 0.05| nr 100 ~4,000 >50 226 | Summaries of data from Lake
and Ohio, Alachlor 0.05 nr 100 ~4,000 nr 75 | Erie tributaries from 1982 to
Baker, Michigan: Metolachlor 005 | nor 100 ~4,000 nr 96 | 1985, and 1983 to 1991.
1993; Lake Erie Cyanazine 005 nr 100 ~4,000 nr 86 | Mean concentrations and
Baker, 1982-85 | tributaries Simazine 005 | nor 100 ~4,000| 30-58 11 | loads for each river are cal-
1988b Carbofuran 02| or 100 ~4,000 nr nr | culated for each year of the

Terbufos 0.01 nr 100 ~4,000 0-10 2.3 | study. Peak concentrations
Chlorpyrifos 002 | nr 100 ~4,000 | <0.01-1 3.8 | seen in spring/early summer,
Phorate 0.01 nr 100 ~4,000 | <0.01-5 0.94 | shortly after application.
Linuron 02| nr 100 ~4,000 nr 160 | Concentrations generally
Metribuzin 0.1 nr 100 ~4,000 nr 25 | much higher for herbicides
EPTC 0.05 nr 100 ~4,000 6-24 21 | than insecticides. Atrazine
Butylate 005 | nr 100 ~4,000 3-22 5.7 | residues were present for the
Fonofos 0.01 nr 88 ~4,000 11-28 119 | longest time in all tributar-
Pendimethalin 005 | or 100 ~4,000 nr 3.7 | ies. Peak concentrations

© 1998 by CRC Press, LLC

higher in smaller basins, but
drop off more quickly. Maxi-
mum concentrations shown
are primarily from rivers with
very small watersheds and
discharge. Detection fre-
quency data from 1983 to
1991 summary. Range
covers detection frequency
at all sites. Phorate, EPTC,
and butylate not quantified
before 1986. Carbofuran,
pendimethalin data from
1982 to 1985 summary. High
maximum linuron value
(160 pg/L) may have been
due to spill.
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Table 2.2. State and local monitoring studies reviewed—Continued

Study Sites Samples
. Detection Percent of Number| Percent of Maximum Comments
Reference(s) [Matrix| Sampling Location(s) Compounds limit Nun‘lber sites with|  of sam.ples concen-
dates (hg/l) of sites detections|samples w1t!1 tration
b detections| (ug/L)

Squillace w 9/89- Iowa: Atrazine 005 | 32 100 nr nr 0.58 | Examination of the concentra-
and 10/89 Cedar and (tribu- | tions and sources of atrazine
others, Iowa Rivers tary) | and DEA during low-flow
1993 and Deethylatr. 0.05 | 32 100 nr nr 0.54 | periods. Tributaries contri-

tributaries (tribu- | buted 25 percent, and allu-
tary) | vial ground water aquifers
contributed 75 percent of
both compounds to the
mainstem river.

Kuivilaand |w 1/93- California: Diazinon 0.030 2 100 35 nr 1.07 | USGS study of the transport
Foe, 1995 2/93 Sacramento | Methidathion 0.035 2 100 35 nr 0.21 | and biological effects of

River, San Chlorpyrifos 0.040 2 50 35 nr 0.04 | dormant spray pesticides

Joaquin Malathion 0.035 2 0 35 0 nodet. | used on orchards. Data

River, San shown are from two sites on

Francisco the Sacramento and San

Estuary Joaquin Rivers. Distinct
pulses of diazinon and
methidathion observed in
January and(or) February in
the two rivers. Elevated
concentrations detected in
eastern San Francisco
estuary. River water with
highest diazinon
concentrations was toxic to
daphnia, with 100 percent
mortality in 7-day bioassay
tests.
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Table 2.3. Process and matrix distribution studies reviewed

[Matrix: w, whole (unfiltered) water; d, drinking water; f, filtered water; s, suspended sediments; m, surface microlayer. Abbreviations used in pesticide names:
Azinphos-m., Azinphos-methyl; BSM, bensulfuron-methyl; Deethylatr., Deethylatrazine; Deisoatr., Deisopropylatrazine; Hept. epox, Heptachlor epoxide; M.
parathion, Methyl parathion; NMF, N-methylformamide; OCs, organochlorine insecticides; PCB, polychlorinated biphenyl. o, alpha; B, beta; v, gamma; &, delta.
USGS, U.S. Geological Survey. ppb, parts per billion; ppm, parts per million. ha, hectare; h, hour (s); kg, kilogram(s); kg/ha, kilogram(s) per hectare; km,
kilometer(s); L, liter(s); mi, mile; min, minutes(s); pg/L, picogram(s) per liter; pg/L, microgram(s) per liter; <, less than; >, greater than; ?, number is uncertain;

~, number is approximate]

Reference(s) Matrix Sa:;;ﬁ:;ng Location(s) Compounds Comments
Johnson and w 7/65 Wisconsin: Toxaphene Study of toxaphene residues in lakes 3 to 9 years after treatment for
others, 1966 8 lakes rough fish control. Water concentrations ranged from 1 to 4 pg/L.
Toxic toxaphene components degraded faster than other com-
ponents. Toxaphene levels in lakes treated 3 to 9 years earlier were
1-4 ppb (water), 0.2-1 ppm (sediments), and 0.05-0.4 ppm (plants).
Sparr and others, |w 1964-65 Arkansas: Aldrin Study of runoff from rice fields. Standing water, runoff water, river
1966 Field plots near | Dieldrin water, bed sediment, and fish were analyzed. Only trace levels
Almyra, in White| Endrin detected in river water.
River watershed
Hendrick and w 1963-64 Louisiana: Aldrin Study of dissipation in rice paddy water, soils, and crawfish.
others, 1966 Field plots near | Dieldrin
Crowley
Cole and others, |w 1965-66 Pennsylvania: DDT Study of environmental distribution of DDT after aerial application to
1967 Northern forest forest. Concentrations in water, sediments, fish, and soil were
streams monitored for 380 days after application. Water concentrations up to
24 pg/L observed immediately after application, declining to
0.12 pg/L 14 days after application.
Marston and w 7/66 Oregon: Amitrole Study examined the environmental fate of amitrole after aerial
others, 1968 Astoria area application to clear-cut forested watershed. Amitrole concentrations
watershed in stream water decreased to below detectable levels within 6 days.
Trichell and others, | w 1967 Texas: Dicamba Runoff from agricultural plots studied. Effects of slope, rate of
1968 (year is Small 2,4,5-T application, and movement over untreated soil or sod examined.
uncertain) agricultural plots | Picloram Amounts in runoff from fallow and sod plots compared.
Marston and w 1/67 Oregon: Endrin Concentrations of endrin monitored in streamwater after aerial
others, 1969 (1/23-1/29) Alsea River application of endrin-coated Douglas Fir seeds following clear-
watershed cutting. Total amount entering the stream during the 6-day period
estimated as 0.12 percent of amount applied to watershed.
Maximum concentration measured was 0.1 pg/L.
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Table 2.3. Process and matrix distribution studies reviewed—Continued

Reference(s) Matrix Sa:;l::?g Location(s) Compounds Comments
Wojtalik and w 3/69-4/70 Tennessee: 24D Water, sediment, biota concentration monitored after extensive
others, 1971 Guntersville (Dimethylamine spraying for Eurasian watermilfoil. Concentrations peaked ~8 h
Reservoir salt) after spraying; declined to pretreatment levels within 1 month at
three of four sites. No adverse effects noted. Detection limit was
1pg/L.
Hall and others, |f 5/67-11/67 | Pennsylvania: Atrazine Study of runoff losses of atrazine applied at seven different rates.
1972 s 5/68-10/68 Agricultural Losses in runoff water ranged from 1.7 to 3.6 percent (2.4 percent
plots mean) of the amount applied for the different application rates. No
correlation was seen between application rate and percentage lost in
runoff water. Losses in runoff suspended sediment ranged from 0.03
to 0.28 percent (0.16 percent mean) of the amount applied with
higher percentages lost at the higher application rates. Composite
loss at the recommended rate (2.2 kg/ha) was 2.5 percent of the
amount applied. First runoff event occurred 23 days after atrazine
application, with runoff water concentrations ranging from 0.39 to
4.7 ppm. Study design maximized potential for runoff losses.
Borthwick and w 1969-71 South Carolina: | Mirex Mirex aerially applied to coastal areas to control fire ants. Study
others, 1973 Estuaries examines movement up the food chain and in water and bed
sediment samples. No mirex was detected in 4-L water samples.
Ginn and Fisher, |w 1971 Texas: Aldrin Distribution and fate of aldrin studied after application to rice. Aldrin
1974 Drainage from | Dieldrin quickly converted to dieldrin, both in water and aquatic organisms.
coastal prairie Dieldrin concentrations in estuarine water declined from 0.17 pg/L
and marshland after 4 days to 0.03 pg/L after 15 days. Dieldrin concentrations in
entering biota persisted at low levels for duration of study (several months).
Galveston Bay
Moore and others, | w 196768 Oregon: Endrin Study of movement of endrin used as seed coating after aerial seeding
1974 Forest streams of forested watersheds. Endrin detected in stream at low levels

© 1998 by CRC Press, LLC

(~0.005-0.01 pg/L) up to 20 days after application. Authors con-
clude that aerial application of endrin-coated seed did not constitute
a hazard to aquatic habitats. Use of buffer strips to avoid direct
application to streams was stressed.
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Table 2.3. Process and matrix distribution studies reviewed—Continued

Reference(s) Matrix Sa(rir;f:;ng Location(s) Compounds Comments
Ritter and others, |w 1967-70 Iowa: Atrazine Study of runoff losses of pesticides from surface-contoured and ridged
1974 s Agricultural Propachlor watersheds (field plots). Ridge planting of corn greatly reduced
plots Diazinon losses of atrazine and propachlor. No diazinon was detected in
runoff water or sediment owing to incorporation in soil and rapid
degradation. Up to 15 percent of the applied atrazine and 2.5 percent
of the applied propachlor were lost in runoff water and sediment in a
runoff event 7 to 8 days after application. Possible interference from
hydroxyatrazine in the analysis of atrazine noted.
Schultz and w 4/71-10/71 | Florida: 2,4-D (Dodecyl- Monitored effects of spraying program to control water hyacinth.
Whitney, 1974 Canal in tetradecyl-amine Water concentrations ranged from <1 to 16 pg/L. Concentrations
Loxahatchee and dimethyl-amine | decreased over 6-month period. Very low levels in fish and sediment
National salts) samples.
Wildlife Refuge
Norris and w 1971-72 Oregon: Dicamba Study of movement of dicamba in forest streams after aerial appli-
Montgomery, Farmer Creek cation. Concentrations up to 38 pg/L observed at three sites within
1975 watershed 35 h of application. Less than 0.1 percent of the amount applied
appeared in stream.
Mauck and others, | w 1971 Missouri: Simazine Study of persistence of simazine used as a preemergent aquatic
1976 Five small ponds herbicide in experimental ponds. Detectable levels were present in
near Columbia water, bed sediments, and biota 456 days after application. No
adverse effects on invertebrates or fish were noted.
Schultz and w 1971 Florida, Georgia: | 2,4-D (Dimethyl- Study of dissipation and biotic uptake of 2,4-D when applied as an
Gangstad, 1976 Seven ponds amine salt) aquatic herbicide for control of Eurasian watermilfoil and water
hyacinth. Water concentrations declined to near or below the
detection limit within 14 days.
Truhlar and Reed, | w 2/69-4/71 Pennsylvania: DDD Study of effects of differing land uses (residential, forest, general
1976 Four small DDE farming, orchard) on water quality of streams receiving runoff.
drainage basins | DDT More than 80 water samples were collected, 20 percent during base
with differing | Dieldrin flow and 80 percent during stormflow periods. DDT and metabolites
land uses Endrin were the most commonly detected pesticides; highest levels
Lindane occurred in the residential and orchard basins, even though DDT
2,4-D had not been used in the orchard basin for several years. Residues in
2,4,5-T the forest and farming basins were infrequent and low.
Silvex
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Table 2.3. Process and matrix distribution studies reviewed—Continued

Reference(s) Matrix Sa:;;:;lsng Location(s) Compounds Comments
Pierce and others, | w 1975-76 Mississippi: PCP Effects of a PCP spill into the lake monitored over a 15-month period.
1977 Small lake near PCP accumulated in sediments, but measurable concentrations of
Hattiesburg PCP remained in water column throughout the study period. Long-
term, low-level contamination attributed to influx from
contaminated areas in watershed.
Eisenreich and w 10/73-12/74 | Wisconsin: Dieldrin Study of concentration of organochlorines and other compounds in
others, 1978 m Lake Mendota | DDE wind-generated lake foam. Concentrations of these compounds were
lake foam DDD much higher in the foam than in underlying water. Average
DDT concentrations in foam (4 samples) were 0.044 pg/L for dieldrin and
~0.2 pg/L for DDT compounds. Lake water concentrations were
<0.001 pg/L.
Baker and others, |w 5/76-6/16 Iowa: Alachlor Study of pesticide losses in runoff from agricultural fields. Paraquat
1979 s Four Mile Creek | Metribuzin transported in adsorbed phase. Others primarily in dissolved phase.
basin Propachlor Flux calculations imply attenuation occurring between field and
Cyanazine stream for all compounds. Loss as percent of applied compound
Paraquat from plots: alachlor—0.48 percent, metribuzin—0.72 percent,
propachlor-0.21 percent, cyanazine—0.96 percent, paraquat—3.34
percent (all applied to bare ground, nonincorporated).
Leonard and f 7/72-10/75 | Georgia: Atrazine Study of runoff losses and persistence of herbicides applied to field
others, 1979 s Agricultural Cyanazine plots (sandy loam soils). Paraquat used primarily as a tracer of
plots Diphenamid sediment transport; application was atypical. Total losses were
Paraquat usually <2 percent of the amount applied. Large losses (7.2 and
Propazine 6.7 percent) for diphenamid and propazine were observed when
Trifluralin application was closely followed by intense rainfall. Incorporated
trifluralin losses ranged from 0.1 to 0.3 percent of the amount
applied. All compounds (except paraquat) were transported
primarily in the solution phase (83-100 percent). Herbicide
concentrations in runoff were related to soil surface concentrations
by a nonlinear power function.
Neary and others, | w 1978 North Carolina: | Picloram Residues in streamflow monitored after application (5 kg active
1979 Forest stream ingredient/ha). Two pulses (28 pg/L) observed in streamflow 1 and
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2 months after application. Drought during study may have
decreased amount lost to stream.
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Table 2.3. Process and matrix distribution studies reviewed— Continued

Reference(s) Matrix Sa:;f:sng Location(s) Compounds Comments
Pieper, 1979 w 1975 Montana: Carbaryl Evaluation of carbaryl concentrations in streams after aerial appli-
Four streams in cation to nearby forests. Concentrations ranged from 2 to 260 pg/L
Beaverhead during the first 3 h after application.
National Forest
West and others, |w 1976-78 Michigan, New | Fluridone Study of the environmental fate of fluridone (aquatic herbicide)
1979 York, Florida: applied to four lakes/ponds. A 5-day half-life was observed, with
Ponds at Ithaca, losses attributed to uptake by plants, deposition in sediments, and
New York; photolysis. A low potential for bioaccumulation was observed.
Orlando,
Florida; Lake
City, Michigan;
Gatun Lake,
Panama
Johnsen and w 1970's Arizona: Picloram Study of dissipation of picloram directly injected into a stream.
Warskow, 1980 Small stream
(Tangle Creek)
Miller and Bace, |w 1970's Mississippi: Hexazinone Surface water monitoring after aerial application of hexazinone pellets
1980 Piedmont stream (0.8 kg/ha). Concentrations observed after application: 2,400 pg/L
(30 min), 1,100 pg/L (1 h), 490 pug/L (2 h), <20 pug/L (5 days).
Contamination is due to direct deposition to stream.
Peterman and w 1976-77 Wisconsin: DDT Semiquantitative evaluation of organochlorine contamination of
others, 1980 Fox River Dieldrin water, sediments, and biota. The study analyzed 250 samples and
HCH identified 105 compounds.
Chlordane
Rohde and others, | w 1974-75 Georgia: Trifluralin Runoff monitored from small agricultural watershed. Total losses
1980 Southeastern were 0.17 percent and 0.03 percent of the applied amount in 1974
Coastal Plain and 1975, respectively. Highest concentrations occurred after first
rainfall after application. Results imply that use of buffer strips will
reduce trifluralin movement to surface waters.
Schroeder and w 576 Wyoming: 2,4-D Monitoring study of concentrations of 2,4-D after aerial spraying for
Sturges, 1980 Loco and Sane control of big sagebrush. A buffer strip of 30 meters helped to
Crecks, near minimize contamination from spray drift. Maximum concentration
Saratoga of 2,4-D was 5 pg/L, which decreased to <1 pg/L within a few days.
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Table 2.3. Process and matrix distribution studies reviewed—Continued

Reference(s) Matrix Sa(rir;;::;ng Location(s) Compounds Comments
Stanley and Trial, |w 1979 Maine: Carbaryl Carbaryl concentrations were monitored in the water of 18 streams
1980 18 streams after aerial application of nearby forests. Peak concentrations ranged
from 0.4 to 16 pg/L. Concentrations rapidly decreased with rate
constants of 0.005 to 0.068 per h. The disappearance rate represents
the rate at which carbaryl was flushed from the system, as well as
disappearance caused by degradation or volatilization.
Carroll and others, [ w 1976-77 Louisiana: Permethrin Study of runoff losses and persistence of permethrin under field
1981 1977-78 Agricultural (cis- and trans-) conditions (cotton). In 1976 (low rainfall year), runoff concentra-
plots tions were all <0.2 pg/L, and total runoff losses were <0.01 percent.
In 1977 (high rainfall year), concentrations exceeded 0.39 pg/L in 3
of 15 events, and total runoff losses were <1 percent. Authors
conclude that even under severe runoff conditions, runoff concen-
trations were not high enough to be harmful to aquatic species.
McDowell and w 1973-75 Mississippi Toxaphene Concentrations of toxaphene in runoff from cotton fields monitored
others, 1981 f over three growing seasons. Ninety-three percent of total lost in
runoff associated with suspended sediment in 1975. Total losses
were estimated as 1 percent (1974) and 0.5 percent (1975) of the
amount applied in the watershed.
Morris and w 1977-78 Oklahoma: 2,4-D (butoxyethyl Monitoring study after direct application of 2,4-D ester for control of
Jarman, 1981 Kerr Lake ester) Eurasian watermilfoil. 2,4-D ester detected in only 2 of 240
2,4-Dichlorophenol samples, 2,4-dichlorophenol (degradation product) was not detected
in 158 samples. Detection limit for 2,4-D ester is <3 pg/L.
Rohde and others, | w 1974-75 Georgia: Atrazine Study of persistence of atrazine in soil and movement in surface
1981 Agricultural runoff and subsurface drains for different application rates. Very
plots little atrazine in surface runoff if no runoff occurs within 26 days of
application. No atrazine was detected in water flowing in subsurface
drains (no detection limit given). Surface runoff losses accounted
for 0.2 to 0.3 percent of the amount of applied atrazine in 1974 and
1.1 to 1.6 percent of the amount of applied atrazine in 1975.
Gangstad, 1982 |w 1970's Various large 2,4-D Analysis of data from four reservoirs after application of 2,4-D for
TEServoirs control of Eurasian watermilfoil. Author suggests that use of 2,4-D
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in reservoirs at normal rates will not result in concentrations above
the established criteria of 100 pg/L.
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Table 2.3. Process and matrix distribution studies reviewed—Continued

Reference(s) Matrix Sa:;f:sng Location(s) Compounds Comments
Gold and Loudon, | w 3/81-11/82 | Michigan: Atrazine Comparison of losses of nutrients and atrazine from tile-drained fields
1982 Agricultural under conservation and conventional tillage. Overall atrazine losses
plots for the two systems were 1.0 percent (conservation) and 2.2 percent
(conventional) of the amount applied.
Jaffe and others, |f 9/71-1/72 Tennessee: HCB Study of distribution of organochlorines in river. Vertical and hori-
1982 s Wolf River near | Heptachlor zontal distribution in the water column determined. Distribution
Memphis Aldrin between water and suspended sediment also determined.
Chlordane
Dieldrin
Endrin
Mayack and w 4/79-1/80 Georgia Hexazinone (plus two | Study of impact of hexazinone on stream and forest invertebrates after
others, 1982 Stream draining | metabolites) application to a forested watershed. Less than 5 percent of the
forested watershed represented by the sampling point was treated with
watershed hexazinone. Hexazinone residues in streamflow ranged from <1 to
44 ug/L. Peaks in residues were infrequent and of short duration,
partly attributed to dilution with water from untreated portions of the
watershed. No accumulation of hexazinone was observed in stream
organisms, nor were there observable changes in species
composition or diversity.
Norris and others, | w 971-1/72 Oregon: Silvex Study of the environmental fate and distribution of herbicides used for
1982 Boyer Ranch Picloram brush control on hilly pastures. Picloram and 2,4-D discharge in
stream, near 24D streamflow represented 0.35 and 0.014 percent of the amount
Roseburg applied, respectively.
Stoltz and w 7/80-9/80 Idaho: Methoxychlor Methoxychlor added directly to canal for control of black flies.
Pollock, 1982 Irrigation canals Treatment resulted in initial concentration of 300 pg/L. Samples
taken 75 mi downstream; maximum concentration of 1.4 pg/L.
Authors conclude that treatment poses no problems for fish in
receiving river (Snake River).
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Table 2.3. Process and matrix distribution studies reviewed—Continued

Reference(s) Matrix Sa:;f;;ng Location(s) Compounds Comments
Hickman and w 1980-81 Oregon: Diclofop-methyl Study of runoff from agricultural fields in a high-winter-rainfall zone.
others, 1983 s Runoff from Trifluralin Losses of diclofop-methyl were much higher in 1980 (3.9-7.1
agricultural percent of amount applied) than in 1981 (<0.1-0.7 percent). Greater
watersheds in loss in 1980 attributed to timing of first runoff event with respect to
western Oregon application, higher soil moisture in 1980, differences in magnitude
of storm events, and soil crust formation in 1980. Loss of trifluralin
in runoff represented 0.9 percent at site with no subsurface drainage
and <0.1 percent at site with subsurface drainage. Relatively high
trifluralin loss (0.9 percent) attributed to rainfall within 7 h of
application. Subsurface drainage reduced runoff losses for both
compounds.
Hoeppel and w 1981 Georgia: 2,4-D (DMA) Study of dissipation of two forms of 2,4-D directly applied to lake for
Westerdahl, 1983 Lake Seminole |2,4-D (BEE) control of Eurasian watermilfoil. Concentrations in water, sediment,
near 2,4-dichlorophenol and fish were measured at four sites in the lake. Water concentra-
Reynoldsville | Dimethylnitros-amine | tions at all four sites were below the detection limit (10 pug/L) 13
days after application. Concentrations of degradation products were
below the detection limit (10 pg/L) at all sites throughout the study.
Lietman and w 5/79-12/80 | Pennsylvania: Ametryn USGS study of effects of differing land uses (residential, forest, corn
others, 1983 f Six sites in Atrazine cultivation, pasture) on water quality of streams receiving runoff.
Pequea Creek | Atratone
Basin Cyanazine
Cyprazine
Prometryn
Prometone
Propazine
Simazine
Simetone
Simetryn
Alachlor
Neary and others, |w 4/79-5/80 | Georgia: Hexazinone Residues in runoff water monitored for 26 storm events throughout
1983 Four forested year. Concentrations in runoff highest in first rainfall after applica-
watersheds tion (average concentration was 442 ng/L). Concentrations declined
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rapidly after 1 month (4 storms). Total losses averaged 0.53 percent
of the amount applied.
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Table 2.3. Process and matrix distribution studies reviewed—Continued

Reference(s) Matrix Sa(rir:taehsng Location(s) Compounds Comments
O’Connor and w 1966-78 Virginia: Kepone Study of distribution of kepone in estuarine system. Sediment also
others, 1983 James River analyzed. A model of the estuarine system is developed, and a
estuary comparison is made between the observed distribution and model
predictions. Discharge of kepone to Chesapeake Bay is shown to
have ceased with termination of kepone production.
Smith and others, | w 1980-81 Louisiana: Azinphos-m. Runoff from plots monitored after rain events. Concentrations of
1983 Two sugar cane | Fenvalerate fenvalerate exceeded acutely toxic levels for aquatic organisms in
plots some cases.
Wu and others, 1976-78 Maryland: Atrazine Study of runoff from eight watersheds (16-253 ha). Atrazine loading
1983 Rhode River Alachlor represented from 0.05 to 2 percent of amount applied in basins.
watershed Alachlor loading was <0.1 percent of amount applied. Concentra-
tions in runoff were much lower than concentrations reported in
previous studies of smaller field plots.
Glotfelty and w 5/80-10/80 | Chesapeake Bay: | Atrazine Study of herbicide movement from fields to estuary. Studies of runoff
others, 1984 4/81-10/81 Wye River Simazine from typical field and adsorption to sediment included. Simazine
5/82-10/82 estuary and atrazine detected in all Wye River samples. Highest
concentrations occurred after critical rain events. Concentration
ranges: atrazine, 0.9 to 14.6 pg/L; simazine, 0.1 to 1.5 pg/L. Runoff
effectively ceased 4 to 6 weeks after application.
Mayeux and w 4/79 Texas: Picloram Study of runoff losses of picloram after application to Bermudagrass
others, 1984 Rangeland covered watershed. About 6 percent of the amount applied was
watersheds near detected in the stream receiving runoff.
Riesel
Nutter and others, | w 4/79-9/80 Georgia: Hexazinone Evaluation of CREAMS model predictions of hexazinone movement
1984 Forested in forested watersheds. Model underpredicted stream residues after
watersheds ~175 days, possibly because the model did not account for movement
within the soil. Measured concentrations of hexazinone in the
stream remained at 10 to 20 pg/L for ~275 days.
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Table 2.3. Process and matrix distribution studies reviewed—Continued

Reference(s) Matrix Sa:;f:sng Location(s) Compounds Comments
Oliver and s 5/81-11/81 | Great Lakes: HCH (o) Study of organochlorine concentrations in settling particulates in Lake
Charlton, 1984 |w 5/82-11/82 Lake Ontario Lindane Ontario, and relations with Lake Ontario bed sediment concen-
Niagara River | DDE trations and Niagara River water concentrations. For HCH and
vicinity DDT chlordane, only a small percentage (<10 percent) of the amount
Mirex entering from the Niagara River appears in the settling particulates.
Chlordane (o) Higher amounts of mirex (>35 percent of input from Niagara River),
Chlordane (y) DDT (>32 percent), and DDE (19 percent) appear in the settling
particulates. A general lack of agreement was observed between
measured field partition coefficients and coefficients derived from
semiempirical equations on the basis of physical and chemical
properties of the compounds.
Baker and others, |w 5/83-10/83 | Great Lakes: DDE Study of benthic nepheloid layer in western Lake Superior and its
1985 s Lake Superior | HCB effects on concentrations and residence time of organochlorines in
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the lake. DDE found to be an effective tracer of sediment resus-
pension. Variations in relative amounts of PCB congeners present in
the nepheloid layer indicate that loss of organochlorines to bottom
sediments is not necessarily a permanent sink, but rather a selective
removal process.
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Table 2.3. Process and matrix distribution studies reviewed—Continued

Sampling

Reference(s) Matrix dates Location(s) Compounds Comments
El-Shaarawi and |w 1978-84 New York: Aldrin Statistical evaluation and loading estimates for organics and trace
others, 1985 Great Lakes, DDD (p,p") elements from existing data. Significantly higher concentrations
Niagara River | DDE (p,p) were observed in the lower river (Lake Ontario end) compared to the
DDT (o,p" upper river (Lake Erie end) for a number of compounds.
DDT (p.p")
Dieldrin
Endosulfan (o)
Endosulfan (8)
Endosulfan sulfate
Endrin
HCB
HCH (o)
HCH (B)
Lindane
Heptachlor
Hept. epox.
Mirex
Oxychlordane
Kaiser and others, | f 5/83-6/83 Great Lakes: HCB Studies investigated distribution of hydrophobic organochlorines
1985; Platford |s Detroit River DDE among the filtered water, dissolved organic carbon, and surface
and others, m microlayer phases. Also investigated distribution between bottom
1985 sediments and sediment porewater.
Neary and others, |w 5/78-9/79 North Carolina: | Picloram Study of movement of picloram manually broadcast as pellets in a
1985 Forest stream mixed-oak forest. Stream concentrations of picloram monitored for
~18 months after application. Picloram detected sporadically at low
levels, although maximum concentration was detected in small
stream ~14 months after application (10 pg/L). Authors conclude
that the observed levels would cause no adverse affects on water
quality.
Cunningham and |w 1981 Florida: Diflubenzuron Field study examining dissipation of compound and degradation
Myers, 1986 Saltmarsh near | 4-Chlorophenyl-urea | product in a mosquito breeding supratidal lagoon. Measurable
Cocoa Beach (degradation concentrations still existed in water and bed sediments after 14 days.
product)
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Table 2.3. Process and matrix distribution studies reviewed—Continued

Reference(s) Matrix Sa:;f:;ng Location(s) Compounds Comments
Lewis and others, |w 6/84-11/84 | Georgia: 2,4-D (BEE) Study of seasonal effects on microbial transformation rates.
1986 1/85-2/85 Chalet Stream
2/86
Neary and others, |w 4/79-5/80 Georgia: Hexazinone Study of runoff (stormflow) concentrations after treatment with
1986 Four 1-ha hexazinone. Concentrations peaked in first storm event after
watersheds in application (442 pg/L), then declined to undetectable levels within
northern 7 months.
Georgia
piedmont
Yoo and others, |w 4/85-10/85 | Alabama: Aldicarb Study of runoff losses with three different tillage practices. Pendi-
1986 Agricultural Pendimethalin methalin concentration in runoff highest (14 pg/L) in first rain event,
plots (cotton) Paraquat decreased rapidly in subsequent events. Aldicarb detected in first
event only (10-51 pg/L). No paraquat detected in runoff.
Hardy and others, |m 1985 Washington: HCH (o) Study of the occurrence of organic compounds and trace elements in
1987 Puget Sound Lindane the surface microlayer of Puget Sound and toxicity to fish eggs.
HCH (5) About 28 percent of the samples contained quantifiable organo-
DDT chlorine pesticides. Compounds listed were those detected.
Aldrin
(and other OCs)
LeBel and others, |w 1982-83 Great Lakes: HCH (o) Raw and treated water analyzed as part of a validation study of large
1987 d Four sites in XAD columns capable of analyzing 1,500 liter samples. Other
Great Lakes industrial organic compounds analyzed as well. HCH detected at
used for nanograms per liter levels in raw and treated water at all sites.
drinking water
supplies
Lum and others, |s 1981-86 Great Lakes: Mirex Study of the relative importance of migrating eels and suspended
1987 Niagara River, sediments in the transport of mirex from Lake Ontario to the St.
St. Lawrence Lawrence River estuary. Transport of mirex out of the lake by
River migrating eels is estimated to be almost twice that because of
suspended particulate flux.
Wang and others, |w 9/84-6/85 Florida: Fenthion Study of deposition and persistence of fenthion aerially applied for
1987b Indian River mosquito control near the estuary. Concentrations in estuary
Lagoon declined to <0.01 pg/L 24 h after application in four separate tests.

© 1998 by CRC Press, LLC

Tidal flushing may have transported some of the residue away from
the test site.
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Table 2.3. Process and matrix distribution studies reviewed—Continued

Sampling

Reference(s) Matrix dates Location(s) Compounds Comments
Wang and others, [w 1984-85 Florida: Fenthion Study of concentrations and dissipation rates following aerial appli-
1987a Salt marsh, Malathion cation for mosquito control. Concentrations decreased to less than
Indian River Dibrom the detection limit (0.01-0.05 pg/L) within 48 h. Only 0.1 to
County 0.4 percent of applied fenthion deposited on water surface. Approx-
imately 19 percent of applied malathion and 93 percent of applied
dibrom reached water surface.

Deubert and f 1987-88 Massachusetts: | Parathion Study of residues of parathion released from cranberry bogs. More
Kaczmarek, weekly Cranberry bogs than 90 percent of the initial amounts disappear from ditch water
1989 and drainage within 3 to 4 days after application. Residues in water at the outlets

of watersheds downgradient from the bogs (0.2-0.9 pg/L, mean
0.39) were lower than in the bogs themselves (0.1-5.8 pg/L,
mean 1.1).

Lau and others, |f 1/86 Great Lakes: HCB Study of relative amounts of chlorinated contaminants transported by

1989 s St. Clair and Organochlorines water, suspended sediments, and bed sediments. Results indicate
Detroit Rivers that suspended sediments can transport a significant portion,
especially near sources of industrial discharges.

Lavy and others, |w 5/84-5/86 West Virginia: Hexazinone Study of movement of hexazinone in a forested watershed and
1989 Forested watershed resulting stream concentrations. Automatic samplers enabled daily

water sampling from the stream. Stream water concentrations
ranged from ~0.1 to 16 pg/L during the 24-month period.
Approximately 1.8 percent of applied hexazinone was detected in
stream water during the first year and 1.2 percent in the second year.
Mass entering the stream and stream concentrations 20 to 24 months
after application were comparable to mass and concentrations
measured 6 to 12 months after application. Concentrations remained
well below levels known to affect fish throughout study.

Michael and w 4/81-1/82 Alabama: Picloram Study of movement of picloram after aerial application to forested
others, 1989 Forested coastal watershed. Soils, forest runoff, and stream water were analyzed.

plain area, east- Picloram observed in stream water after 200 days; concentrations
central Alabama ranged from <2 to 241 pg/L.
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Table 2.3. Process and matrix distribution studies reviewed—Continued

Reference(s) Matrix Sa;l;l:el;ng Location(s) Compounds Comments
Miltner and w 1984 Ohio: Atrazine Study of efficacy of water treatment for removal of hydrophilic
others, 1989 Influent water to | Alachlor pesticides from surface waters. Samples of pretreatment and
treatment plants | Simazine posttreatment river water and lab spiked river water were analyzed.
on the Maumee | Metribuzin Conventional treatment demonstrated poor removal of most of these
and Sandusky | Metolachlor compounds. Tests with granular or powdered activated carbon
Rivers Carbofuran showed much better removal.
Linuron
Neary and w 1984 Florida: Sulfometuron- Study of movement of the herbicide from a forested watershed to
Michael, 1989 Forested methyl surface water and ground water. Concentrations were monitored for
watershed near 203 days after application. Low concentrations (<7 pg/L) were
Gainesville observed in streamflow after the first rainfall only (3 days after
application).
Spalding and w 5/88 Nebraska: Alachlor Study of pesticide levels in Platte River tributary during spring runoff
Snow, 1989 Shell Creek Atrazine event. Twelve samples taken over 40-hr period. Concentrations up
Butylate to 89 pug/L (atrazine) were detected. Maximum concentrations of
Cyanazine atrazine, alachlor, and cyanazine occurred in early stages, preceding
Disulfoton peak discharge. Concentration peaks coincide with suspended
EPTC solids, but not with nitrate. Compounds shown were those detected.
Metolachlor Compounds analyzed for, but not detected, included carbaryl,
Metribuzin carbofuran, chlorpyrifos, diazinon, endrin, fonofos, isofenphos,
Propachlor lindane, methoxychlor, parathion, terbufos, and toxaphene.
Trifluralin
Troelstrup and w 5/92 Minnesota: Atrazine Study examined a wide range of variables and perturbations in
Perry, 1989 10/92 Southeast area small-stream ecosystems. Results indicate that monitoring of water
streams, Root quality must consider a finer spatial scale than that suggested by the
River and aquatic ecoregion approach.
tributaries
Watson and w 6/85-9/85 Montana: Picloram Fate and transport study to determine persistence and surface water
others, 1989 6/86-9/86 Two mountain concentrations resulting from roadside applications. Mass balance
stream included. Picloram in streams less than detection limit (0.5 pg/L)
watersheds throughout study.
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Table 2.3. Process and matrix distribution studies reviewed—Continued

Reference(s) Matrix Sa(xj’r;ﬂ;ng Location(s) Compounds Comments
Yin and Hassett, |w 10/83-10/84 | Great Lakes: Mirex Study of speciation of mirex in surface waters. Particulate fraction
1989 s (bi- Lake Ontario, small. In the water phase, 8 to 22 percent was free dissolved, with
monthly) Oswego River remainder bound to dissolved organic carbon. Total mirex
concentration ranges: Oswego River (8-21 pg/L) and Lake Ontario
(10-21 pg/L).
Bengtson and w 1987 Louisiana: Atrazine Examination of runoff as a function of subsurface (tile) drainage.
others, 1990 Agricultural Metolachlor Runoff losses of atrazine and metolachlor were reduced by 55 and
plots 51 percent, respectively, with subsurface drainage.
Bero and Gibbs, | — 1945-80 New York: DDT Discussion of mechanisms of chemical transport in the Hudson River.
1990 Hudson River | Chlordane Historical data and estimates of fluxes of DDT and chlordane in the
river are presented.
Blevins and w 1984-85 Kentucky: Atrazine Study of runoff losses of sediment, nutrients, and atrazine from plots
others, 1990 Agricultural using three different tillage systems. Total atrazine losses were 0.01
plots to 0.04 and 0.19 to 0.64 percent of the amount applied in 1984 and
1985, respectively. Atrazine losses were lowest with chisel-plow
tillage, highest with conventional tillage.
Buttle, 1990 f 1987 Ontario, Canada: | Metolachlor Study of metolachlor losses from field plots using different agricul-
S Agricultural tural practices. Incorporation and contour plowing reduced runoff
plots losses. Total losses from four plots were all <1 percent of the
amount applied. Sediment transported 20 to 46 percent of the
metolachlor lost in runoff.
Felsot and others, |f 1983-85 Illinois: Alachlor Study of the influence of tillage system and contouring practice on
1990 s Agricultural Carbofuran runoff losses (silt loam soil). Conservation tillage systems reduced
plots Terbufos losses of all three herbicides. Contouring alone significantly reduced
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Terbufos sulfoxide
Terbufos sulfone

losses, regardless of tillage. Terbufos and metabolites were
transported mainly in the sediment phase; alachlor and carbofuran
were transported in solution phase.
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Table 2.3. Process and matrix distribution studies reviewed—Continued

Reference(s) Matrix Sa(xir;;t;hsng Location(s) Compounds Comments
Nicosia and w 1988 (spring/ | California: Carbofuran Study to determine and compare discharge of carbofuran from rice
others, 1990 summer) Agriculwral fields and sugar beet fields and to examine disappearance of soil-
drainage canals incorporated carbofuran from rice paddy soil and water. Rice fields
from rice fields, contributed approximately 11 times more carbofuran to drains than
Sacramento beet fields. A total of 2 to 11 percent of applied carbofuran was
Valley discharged in runoff water in the 3-month period after fields were
flooded. Soil half-lives of carbofuran were 1.5 months or longer,
based on data from the 70-day period after flooding. Half-lives in
paddy water ranged from 18 to 26 days in the three fields studied.
Southwick and w 4/87-8/87 | Louisiana: Atrazine Study of concentrations of herbicides in runoff from field plots with
others, 1990 Agricultural Metolachlor and without subsurface drainage. Runoff concentrations of both
plots compounds were significantly higher from plots without subsurface
drainage in the first runoff event. Runoff losses for the season were
more than twice as high for both compounds from the plots without
subsurface drainage. This was due to both reduced runoff from
drained fields and to the reduced concentrations of the herbicides in
the first runoff event. Average runoff losses of atrazine for the
season were 1.4 percent and 3.2 percent of the amount applied for
drained and nondrained fields, respectively. Metolachlor losses were
1.1 percent and 2.4 percent for drained and nondrained fields,
respectively.
Trim and Marcus, | — 1978-88 South Carolina: | Pesticides in general | Study of fish kills from 1978 to 1988. Those attributable to agri-
1990 Coastal zone cultural use of pesticides reduced dramatically because of changes
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in land-use and agricultural practices. Pesticides were responsible
for ~19 percent of fish kills in tidal saltwaters during this period.
Pesticides were rarely detected in the ambient monitoring program
in effect. The results of the study indicate that regulations and
ongoing monitoring have reduced point source impacts and that
ambient trend data are not useful for early detection of potential
problems or for identification of sources.
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Table 2.3. Process and matrix distribution studies reviewed—Continued

Reference(s) Matrix Sa:;fel;ng Location(s) Compounds Comments
‘Wauchope and w 1986 Small agricultural | Sulfometuron- methyl | Effects of herbicide formulation and grass cover on amounts lost in
others, 1990 s plots Cyanazine runoff studied. Total losses of both compounds were 1 to 3 percent
of amount applied, regardless of formulation or presence of grass
cover. Grass cover retarded initiation of runoff, reducing losses
when runoff water volumes held constant. Results compared to
GLEAMS (Ground Water Loading Effects of Agricultural
Management Systems) model simulations, with excellent
agreement.
West and others, |w 1987-88 Florida: Fluridone Study of persistence of fluridone (aquatic herbicide sonar) in pond
1990 Two ponds NMF (degradation water and potential formation of N-methylformamide (NMF). No
product) NMF detected at any time after application (detection limit is
2 ug/L). Fluridone concentrations gradually declined from ~100 to
<2 ug/L after 324 days. Pellet formulation maintained concentration
of ~20 pg/L throughout most of the study period before dissipating
by 324 days.
Evans and others, | — 1982 Great Lakes: Toxaphene Study of biomagnification of organochlorines in food web. Benthic
1991 Lake Michigan |DDT organisms, plankton, fish (sculpin), suspended particulates, and bed
DDE sediments were analyzed. DDE was the most strongly biomagnified
compound. The role of benthic and epibenthic organisms in
recycling of OCs is discussed.
Fleck and others, |w 11/88-12/88 | California: Endosulfan Study of off-target movement of aerially applied endosulfan, via spray
1991 Runoff from drift and rain runoff. Runoff concentrations ranged from 2.2 to
artichoke fields, 13 ng/L. Authors conclude that these concentrations could result in
Monterey adverse impacts on water quality, unless diluted sufficiently with
County uncontaminated water.
Kelly and others, |w 1980's Great Lakes: Dieldrin Assessment of atmospheric and tributary inputs of a number of toxic
1991 Lake Erie DDT substances to Lake Erie. Results indicate that ~30 percent of the
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total input of DDT and dieldrin is via the atmosphere. The Detroit
River is the source of ~50 percent of the DDT and dieldrin inputs to
the lake. Other tributaries (7 Canadian, 14 U.S.) contribute

~25 percent of the total DDT and ~13 percent of the total dieldrin
inputs. Lake Erie provides a net source of DDT to the atmosphere
throughout the year via volatilization.
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Table 2.3. Process and matrix distribution studies reviewed—Continued

Reference(s) Matrix Sa;gfilsng Location(s) Compounds Comments
Nicosia and w 4/88-7/88 California: Carbofuran Study of carbofuran discharges from flooded rice fields and dissipa-
others, 1991a Rice fields tion and fate of incorporated carbofuran. Total discharge in runoff
water ranged from 1.7 to 11 percent of the amount applied in three
fields within 60 days of application. Soil incorporation may reduce
the amount of carbofuran released to paddy water.
Nicosia and w 4/89-17/89 California: Bensulfuron-methyl | Study of dissipation in rice paddy water and levels in drains and river
others, 1991b Rice fields in (BSM) water receiving paddy water. Exponential decline in concentration
Sacramento of BSM in paddy water observed. Dissipation half-life for three
Valley, fields averaged 2 days. Low level residues (0.5-2 pg/L) were
agricultural detected in agricultural drains for as long as a month after
drains, and application. No BSM was detected in the Sacramento River,
Sacramento presumably because of dilution.
River
Segawa and others,| w 2/90-6/90 California: Malathion Monitoring of malathion residues after 1989-90 aerial spraying for
1991 Rivers, ponds, | Maloxon (degradation| Mediterranean fruit flies. Concentrations of malathion and maloxon
reservoir in Los | product) in ponds within the sprayed area averaged 49.4 pg/L. and 0.8 pg/L,
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Angeles County

respectively. Concentrations of malathion and maloxon in swim-
ming pools within the sprayed area averaged 9.4 pg/L and

16.5 pg/L, respectively. Malathion concentrations in surface waters
within the sprayed area, but not directly sprayed, ranged from <0.1
to 6.2 ug/L. Concentrations of malathion in rain runoff samples
collected within and outside the sprayed area ranged from <0.1 to
44 ng/L. Authors conclude that runoff resulting from rainfall may be
a problem, as water quality criteria were exceeded in several areas.
No monitoring of biota was conducted to assess the effects of these
concentrations.

0ElL

SH3LVM 30V4HNS NI S3AI01LS3d



Table 2.3. Process and matrix distribution studies reviewed—Continued

Reference(s) Matrix Sa(xil;[t:lsng Location(s) Compounds Comments
Spencer and w 1980's(?) California: DCPA Multiyear, systematic study of pesticide runoff from large fields of
Cliath, 1991 Runoff from Dinitramine cotton, sugar beets, lettuce, alfalfa, onions, and melons. Runoff
farm plots Prometryn concentrations dependent on chemical properties, agricultural
Trifluralin practices, and rate of application. Generally, 1 to 2 percent of
Chlorpyrifos applied herbicides and <1 percent of applied insecticides lost in
Methidathion runoff.
Fenvalerate
Permethrin
Parathion
M. parathion
Diazinon
Malathion
Methomyl
Sulprofos
Endosulfan
Ethylan
EPTC
Wang, 1991 w 9/86-10/86 | Florida: Malathion Malathion concentration in water monitored after aerial and ground-
Indian River level spraying of an impoundment adjacent to the waterway for
mosquito control. Samples collected for 48 h after application.
Maximum concentrations were 5 pg/L after aerial spray and
1.3 pg/L after ground-level spray. Concentrations gradually declined
to <0.01 pg/L within 48 h (aerial) and 12 h (ground).
Heinis and Knuth, | w 1990's(?) Minnesota: Esfenvalerate Esfenvalerate applied to surface of littoral enclosures in natural pond
1992 Littoral water. Samples of water, bed sediments, macrophytes, and fish were
enclosures in taken. Ninety percent of active ingredient was lost within 24 h.
pond
Mudambi and w 1982 Great Lakes: Mirex Study of mirex-photomirex relationships in Lake Ontario.
others, 1992 1984 Lake Ontario, | Photomirex Photomirex/mirex ratios in sediments and water column of Lake
Oswego River, Ontario and the St. Lawrence River much higher than in mirex
New York source sediments, indicating that photomirex is formed in the water
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column. Measured ratios in water, biota, and sediment indicate that
mirex and photomirex enter the food chain from the upper layer of
the water column.
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Table 2.3. Process and matrix distribution studies reviewed—Continued

Reference(s) Matrix Sa:;f:;ng Location(s) Compounds Comments
Pantone and w 1988-89 Minnesota: Atrazine Comparison of runoff losses with preemergence and postemergence
others, 1992 s Agricultural plot application of atrazine. Significant differences in runoff losses were
observed; losses from postemergence plots were 2 to 20 times lower,
depending on time after application. Differences were primarily due
to decreased volume and flow rate of runoff water from
postemergence plots.
Paterson and w 7/89-10/89 | lowa: Alachlor Mass-balance study of herbicides on field plots. Losses in runoff,
Schnoor, 1992 Field plots near | Atrazine leaching, plant uptake, and transformations were measured. Pest-
Amana icides were applied to a barren plot, a corn-planted plot, and a plot
with poplar trees as a riparian buffer. Runoff losses of alachlor and
atrazine accounted for 12 and 10 percent of the applied amounts,
respectively. Maximum concentrations of alachlor and atrazine in
runoff were 375 and 200 pg/L, respectively.
Squillace and w 5/84-11/85 |Iowa: Alachlor Concentrations of herbicides measured at six sites in the basin.
Thurman, 1992 |f Cedar River Atrazine Atrazine transport from the basin estimated as 1.5 to 5 percent of the
watershed Cyanazine amount applied. Overland flow responsible for ~94 percent of river
Metolachlor load of atrazine and ground water inputs responsible for ~6 percent.
Metribuzin Atrazine concentrations correlated with river discharge per unit
drainage area.
Moody and w 5/90 Mississippi River | Alachlor Spatial variability of concentrations of triazine herbicides measured in
Goolsby, 1993 Ametryn lower Mississippi River after intense rainstorm passed through the
Atrazine basin. Samples taken every 16 km from Baton Rouge to Ohio River
Cyanazine confluence from May 26-29, 1990. Slugs of water with increased
Deethylatr. atrazine concentration observed because of inputs from tributaries.
Deisoatr. Cross-channel gradients in atrazine concentration existed below
Metolachlor major tributaries.
Metribuzin
Prometon
Prometryn
Propazine
Simazine
Terbutryn
Kolpin and f 1990 Towa: Atrazine Atrazine concentrations measured at two points in the stream seven
Kalkhoff, 1993 Roberts Creek, | Deethylatr. times from May through November. Results indicate that decrease
northeastern Deisoatr. in atrazine concentrations occurs over the 11-mi stretch, and authors
| JIowa attribute loss to degradation via photolysis.
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CHAPTER 3

Overview of Occurrence and Distribution
of Pesticides in Relation to Use

3.1 OCCURRENCE

The studies reviewed in this work show that pesticides have been detected in every region
of the United States where surface waters have been analyzed ([Cables 2.1], B.2, and .3). The 98
pesticides and 20 pesticide transformation products targeted in the studies in Tables 2.1 and 2.2
are listed in Of these 118 compounds, 76 have been detected in one or more surface
water bodies in at least one study. In terms of pesticide classes, 31 of 52 targeted insecticides, 28
of 41 herbicides, 2 of 5 fungicides, and 15 of 20 pesticide transformation products were detected
in surface waters.

In order to examine general patterns of occurrence of pesticides in surface waters, results
from the state and local studies are combined with data from national and multistate studies.
Table 2.5 shows the frequency of detection for pesticides targeted in these studies. It should be
noted that the data shown in Table 2.5 pertain only to those compounds that have been selected
for analysis and reported in the scientific literature, and do not imply that other pesticides and
other transformation products are not present in surface waters. It is likely that if other pesticides
were targeted for analysis in areas where they are used, many of them would be observed in
surface waters. Even for the pesticides listed in Table 2.5 with zero or few detections, these results
do not necessarily imply absence from surface waters throughout the United States.

Although no individual study analyzed for every pesticide, or even representative
pesticides from every class, the studies, taken together, show that a wide variety of pesticides are
present, at least for certain times of the year, in surface waters throughout the United States. The
process and matrix distribution studies (Table 2.3) do not provide much information on the
occurrence and distribution of pesticides in surface waters, as they generally do not address
ambient conditions. The state and local studies (Table 2.2) provide considerable information on
the occurrence and distribution of pesticides, but the results of these studies are difficult to
compare because of the large variability in sampling sites, dates of sampling, analytical methods,
target analytes, and detection limits. The best existing data to assess the occurrence and
distribution of pesticides in surface waters, and the relation to pesticide use on a broad scale, are
the national and multistate studies (Table 2.1). The studies that will be used for this purpose are
briefly described below.

From 1957 to 1968, the Federal Water Quality Administration, or FWQA (U.S.
Department of the Interior), collected samples from about 100 rivers in the United States

[23) for analysis of pesticides and other organic compounds (Weaver and others, 1965;
Breidenbach and others, 1967; Green and others, 1967; Lichtenberg and others, 1970). All rivers
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134  PESTICIDES IN SURFACE WATERS

were sampled during September each year, except in 1968 when samples were collected in June.
The study primarily targeted the organochlorine insecticides (OCs), with selected
organophosphorus insecticides (OPs) added in 1967 and 1968. With this extensive data set, the
temporal, seasonal, and geographic variations in pesticide concentrations were evaluated.

The U.S. Geological Survey (USGS) conducted a long-term study of nine OCs and
selected transformation products and three phenoxy acid herbicides from 1965 to 1971 at about
20 sites (Figure 2.1) on major rivers and streams of the western United States (Brown and
Nishioka, 1967; Manigold and Schulze, 1969; Schulze and others, 1973). Samples were collected
monthly throughout the year. Near the end of the study, three OPs—methyl parathion, parathion,
and diazinon—were added as analytes. DDT was the insecticide most commonly detected, and
2,4-D was the herbicide most commonly detected. All stations had at least one detection of one
of the target analytes, and some had very frequent detections.

A cooperative study conducted by the USGS and the U.S. Environmental Protection
Agency (USEPA) examined pesticides in water and bed sediments of rivers throughout the
United States between 1975 and 1980 (Gilliom, 1985; Gilliom and others, 1985). The study
examined 21 pesticides and transformation products (11 OCs, 6 OPs, 1 triazine herbicide, and 3
phenoxy acid herbicides) at more than 150 sites (Figure 2.2). They observed pesticides in water
in less than 10 percent of the samples, but detection limits in this study were relatively high (see
Section 2.7). Almost all of these detections were for the OCs.

In the four Great Lakes shared by Canada and the United States, Canadian scientists
conducted large surveys of pesticides in 1974 (Glooschenko and others, 1976) and in 1986
(Stevens and Neilson, 1989). The 1974 study targeted 15 OCs and 17 OPs at 34 sites in Lakes
Superior and Huron . Very few of the targeted analytes were observed in the water
column. The 1986 study targeted 17 organochlorine pesticides and transformation products at 95
sites in the lakes , with much lower detection limits. Dieldrin, o-HCH, v-HCH, and
heptachlor epoxide were detected at every site. Chlordane (cis and trans) and p,p’-DDE also were
detected frequently.

During the early 1980's, the USEPA's National Urban Runoff Program (NURP) (Cole
and others, 1984) extended their range of analytes to include selected pesticides and the priority
pollutants for a limited period in 19 cities (Figure 2.3). Eighty-six samples of urban runoff water
were analyzed for OCs, acrolein, and pentachlorophenol. The most frequently detected
compound was a-HCH (20 percent of the samples), and the only compound that exceeded a
freshwater acute toxicity criteria was pentachlorophenol (in one sample). These results are
difficult to relate to pesticide use, but are the only national data on the occurrence of pesticides
in urban runoff water.

Starting in 1975, and continuing through the 1980's, Ciba-Geigy Corporation
(Ciba-Geigy 1992a,c,d, 1994a) monitored atrazine concentrations at a number of sites on streams
and rivers throughout the Mississippi River Basin. Many of the sites were sampled during
1975-1976, and again during the mid-1980's. One site on the Mississippi River (at Vicksburg,
Mississippi) was continuously sampled from 1975 to 1989, with a sampling frequency of one to
five samples per month. Data from this site, which serves to integrate the atrazine inputs
throughout most of the Mississippi River Basin, represent the longest continuous record of
pesticide concentrations found in any of the studies reviewed. The Ciba-Geigy reports also
include data from Monsanto Company, which conducted a monitoring program beginning in
1985 in several streams and lakes in the Mississippi River Basin. The focus of the Monsanto
program was on concentrations of alachlor and other herbicides in raw and finished water at 24
midwestern water utilities. The atrazine data from both companies' monitoring programs, along
with results of monitoring by federal and state agencies, water utilities, and universities, are
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summarized in several Ciba-Geigy technical reports (Ciba-Geigy, 1992a,c,d, 1994a). The
emphasis of these reports is on relating the detected concentrations to the USEPA maximum
contaminant level (MCL) for atrazine of 3 mg/L (annual mean concentration). Atrazine was
detected frequently at nearly all the sites sampled, with a detection frequency of 60 to 100 percent
of samples, depending on the site. Annual mean concentrations were less than the MCL at
94 percent of the sites over the entire sampling period.

In the late 1980's and continuing into the 1990's, the USGS has conducted a number of
large-scale studies of current-use pesticides in the Mississippi River Basin. All of these studies
targeted triazine and acetanilide herbicides, and some included other high-use pest1c1des In 1989
and 1990, rivers and streams with relatively small watersheds (100 to 60,000 mi ) were sampled
in spring (preplanting), summer (postplanting), and autumn (postharvest, low river discharge) at
147 sites throughout the Midwest (Goolsby and Battaglin, 1993), as shown in‘Fiéure 2.3. Water
was analyzed for 11 triazine and acetanilide herbicides and 2 atrazine transformation products.
Atrazine was detected at every site, and 10 of the 13 compounds were detected at one or more
sites. In 1991 and 1992, three sites on the mainstem of the Mississippi River and sites on six
major tributaries (Platte, Missouri, Minnesota, Illinois, Ohio, and White Rivers) were sampled
one to three times per week for 18 months (Goolsby and Battaglin, 1993; Larson and others,
1995), as shown in The water was analyzed for 27 high-use pesticides (15 herbicides
and 12 insecticides). Triazine and acetanilide herbicides were observed most frequently. The OPs
and most of the other compounds were rarely observed. In 1992, a survey of 76 reservoirs in the
midwestern United States was conducted (Goolsby and others, 1993). See Figure 2.4. The
reservoirs were sampled in late April to mid-May, late June to early July, late August to early
September, and late October to early November. Eleven triazine and acetanilide herbicides and
selected transformation products were targeted and observed in the reservoirs. Atrazine was
detected in 92 percent of the reservoirs during the summer months.

The studies previously summarized will be used to relate agricultural use of specific
compounds to their occurrence and geographical distribution in surface waters. For a few
compounds, the relation is strong and well defined. For most, however, the relation is weak or
nonexistent because of the lack of adequate data (pesticide use or surface water observations) or
the fact that environmental processes prevent significant amounts of certain pesticides from
reaching or persisting in surface waters.

3.2 NATIONAL PESTICIDE USE

Pesticides are introduced purposely into the environment for many reasons. They are
commonly used in agriculture, forestry, transportation (weed control along roadsides and
railways), urban and suburban areas (control of pests in homes, buildings, gardens, and lawns),
lakes and streams (control of aquatic flora and fauna), and various commercial and industrial
settings. Total annual pesticide use in the United States increased steadily during the 1960's and
early 1970's, but has been quite stable for the past 20 years at approximately 1.1 billion pounds
of active ingredient (Ib a.i.). The majority of pesticide use is in agriculture, which accounts for
70 to 80 percent of total pesticide use each year since 1978 (Aspelin, 1994). From a national
perspective, agricultural pesticide use provides the greatest potential for contamination of surface
waters. It is the primary focus in this book for most of the comparisons between pesticide use and
pesticide occurrence in surface waters. Non-agricultural uses of pesticides are also substantial,
however, and may be the dominant source to surface waters in some areas. For certain pesticides,
non-agricultural use accounts for a large proportion of the total use, and exceeds agricultural use
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in some cases. In general, however, much less data are available on non-agricultural use of
pesticides than on agricultural use. A national survey of non-agricultural pesticide use—the 1993
Certified/Commercial Pesticide Applicator Survey (C/CPAS)—has been conducted by USEPA,
and is soon to be published. This survey will provide crucial information on the types and
amounts of pesticides being applied in non-agricultural settings. Included in the survey are data
on aquatic pest control, ornamental and turf pest control, rights-of-way pest control, public health
pest control, and pest control in commercial, industrial, and institutional settings (Aspelin, 1994).
In the following sections, the available data on pesticide use in five major areas—agriculture,
urban use, forestry, roadways and rights-of-way, and aquatic use—are discussed.

AGRICULTURAL USE

Pesticides used agriculturally in quantities of 8,000 Ib a.i. or more in 1988-1991
(Gianessi and Puffer, 1991, 1992a,b) are listed in Table 3.1. Also included in this table are use
estimates reported for 1966 (Eichers and others, 1970) and 1971 (Andrilenas, 1974). One
hundred pesticides (57 herbicides, 31 insecticides, 12 fungicides) were used in quantities greater
than 500,000 Ib a.i. during 1988-1991 for agricultural purposes. Agricultural pesticide-use data
for the major pesticide groups are summarized in Several major trends in agricultural
pesticide use are evident from Table 3.2. Herbicide use has increased substantially since the
1960's and now accounts for approximately 75 percent of the total agricultural use of pesticides.
Total insecticide use has declined slightly, and a major shift in the types of compounds used has
taken place, as organophosphorus and other insecticides have largely replaced the
organochlorine compounds. Fungicide use has increased slowly in the last 2 decades, but still
represents only a small fraction—approximately 6 percent—of total agricultural pesticide use.
Trends in agricultural use of the different classes of compounds, and of specific compounds, are
discussed in Section 3.3.

From a national perspective, agricultural use of pesticides is heaviest in fairly well
defined areas, corresponding to regions of the most intense agricultural activity and to regions
where specific crops are grown. This is illustrated in in which expenses for
agricultural chemicals (excluding fertilizer) in 1987 are plotted for the entire United States.
Pesticide use on a county basis (in Ib a.i. applied per square mile) is shown in [Figures 3.2|through
3.36 for the conterminous United States. These maps were generated from data compiled by
Gianessi and Puffer (1991, 1992a,b) and reflect estimated agricultural use in 1988-1991. Total

Table 3.1. Estimates of agricultural pesticide use in the United States

[Compounds are listed in order of 1988-91 use, except for organochlorine insecticides, which are listed in order of
1971 use. Estimates are in pounds active ingredient X 1000. 1966 data from Eichers and others (1990); 1971 data
from Andrilenas (1974). 1988-1991 data from Gianessi and Puffer (1991, 1992a,b). y, gamma; 2, lambda. —, no
use reported]

Compound | 1966 | 1971 |1988-91 Compound 1966 1971 |1988-91
INSECTICIDES Heptachlor 1,536 1,211 —
Organochlorine: Endosulfan 791 882 | 1,992
Toxaphene 34,605 | 37,464 — HCH, y 704 650 66
DDT 27,004 | 14,324 — Dieldrin 724 332 —
Aldrin 14,761 7,928 — DDD 2,896 244 —
Methoxychlor 2,578 3,012 109 Strobane 2,016 216 —
Chlordane 526 1,890 — Dicofol — — | 1,718
Endrin 571 1,427 — Others 347 293 —
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Table 3.1. Estimates of agricultural pesticide use in the United States—Continued

Compound 1966 | 1971 [1988-91 Compound 1966 1971 [1988-91

Organophosphorus: Tefluthrin — — 197
Chlorpyrifos 16,725 Cypermethrin — — 188
Methy] parathion 8,002 | 27,563 | 8,131 Trimethacarb — — 131
Terbufos — — | 7,218 A-Cyhalothrin — — 110
Phorate 326 4,178 | 4,782 Cyfluthrin — — 105
Fonofos — — | 4,039 Oxythioquinox — — 102
Malathion 5,218 3,602 | 3,188 Amitraz — — 75
Disulfoton 1,952 4,079 | 3,058 Fenvalerate — — 73
Acephate — — | 2,965 Metaldehyde — — 44
Dimethoate — — | 2,960 Tralomethrin — — 43
Parathion 8,452 9,481 | 2,848 Diflubenzuron — — 42
Azinphos-methyl 1,474 2,654 | 2,477 Bifenthrin — — 28
Diazinon 5,605 3,167 | 1,710 Abamectin — — 12
Ethoprop — — | 1,636 Cyromazine — — 9
Ethion 2,007 2,326 | 1,249 Others 502 37 —
Profenfos — — | 1,224 HERBICIDES
Methamidophos — — | 1,135 Triazine and Acetanilide:

Phosmet — — | 1,055 Atrazine 23,521 57,445 | 64,236
Dicrotophos — 807 963 Alachlor — 14,754 | 55,187
Sulprofos — — 874 Metolachlor — — | 49,713
Fenamiphos — — 763 Cyanazine — — | 22,894
Mevinphos — — 463 Metribuzin — — | 7,516
Methidathion — — 402 Propazine 580 3,171 4,015
Oxydemeton- — — 370 Propachlor 2,269 23,732 3,989

methyl Simazine 193 1,738 | 3,964
Naled — — 224 Prometryn — — | 1,807
Trichlorfon 1,060 617 16 Terbutryn _ — 1,113
Dichlorvos 912 2,434 — Ametryn — —_ 186
Ronnel 391 479 — Others — 450 | 1,022
Others 2,710 9,319 —_ Phenoxy;

Other Insecticides!: 2,4-D 40,144 34,612 | 33,096
Carbaryl 12,392 17,838 | 7,622 MCPA 1,669 3,299 4,338
Carbofuran — 2,854 | 7,057 2,4-DB — — 1,368
Propargite — — | 3,786 2,4,5-T 760 1,530 —
Aldicarb — — | 3573 Other Herbicides:

Cryolite — — | 2,970 EPTC 3,138 4,409 | 37,191
Methomyl — 1,077 | 2,952 Trifluralin 5233 | 11,427 | 27,119
Thiodicarb — — | 1,714 Butylate — 5915 | 19,107
Permethrin — — | 1,122 Pendimethalin — — | 12,521
Oxamyl — — | 726 Glyphosate — — | 11,595
Fenbutatin oxide — — 560 Dicamba 222 430 | 11,240
Formetanate HC1 — — 414 Bentazon — — 8,211
Esfenvalerate — — 287 Propanil 2,589 6,656 | 17,516
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Table 3.1. Estimates of agricultural pesticide use in the United States—Continued

Compound 1966 1971 |1988-91 Compound 1966 1971 {1988-91
Other 21,479 | 27,686 | 5,635 Alanap 999 3,332 —
MSMA — — | 5,065 Nitralin 14 2,706 —
Molinate — — | 4,408 Fluorodifen — 1,330 —
Ethalfluralin — — | 3,518 Norea 239 1,323 —
Triallate — — | 3,509 FUNGICIDES
Paraquat — — | 3,025 Chlorothalonil — — | 9,932
Chloramben 3,765 9,555 | 3,019 Mancozeb — — 8,66
Picloram — — | 2,932 Captan 6,869 6,490 | 3,710
Clomazone — — | 2,715 Maneb 4,443 3,878 | 3,592
Bromoxynil —_ — | 2,627 Ziram — — | 1,889
Linuron 1,425 1,803 | 2,623 Benomyl — — | 1,344
Fluometuron — 3,334 | 2,442 PCNB — — 800
Dacthal — — | 2,219 Iprodione — — 741
Diuron 1,624 1,234 | 1,986 Fosetyl-Al — — 689
Norflurazon — — | 1,768 Metiram — — 641
DSMA — — | 1,705 Metalaxyl — — 635
Acifluorfen — — | 1475 Thiophanate- — — 527
Diclofop — — | 1,452 methyl
Oryzalin — — | 1,426 Triphenyltin- — — 415
Thiobencarb — — [ 1,359 hydroxide
Cycloate — — 17 Ferbam 2,945 1,398 337
Benefin — — [ 1167 DCNA 286
Bromacil — — 1155 Dodine? 1,143 1,191 275
Asulam — — | 1,088 Propiconazole — — 274
Imazaquin ' — — | 1,073 Thiram i — 238
Diphenamid — — 929 Triadimefon — — 149
Vernolate — | 3739 | 855 Anilazine — — | 14
Sethoxydim — — 792 Thiabendazole — — 139
Fluazifop-butyl — _ 731 Myclobutanil — — 124
Napropamide — — 699 Etridiazole — — 104
Naptalam 999 | 3332 | 655 Vinclozolin — —{ 103
Pebulate 150 | 1,062 | 653 Streptomycin — — 88
Bensulide — — | 633 Triforine — — | 8l
Profluralin — — 621 Fenarimol — — 58
Tebuthiuron — — 608 Oxytetracycline — — 37
Oxyfluorfen — — | 599 Carboxir; — — 15
Dieathatyl ethyl —_ — | 502 Dinocap 1143 | 1,191 14
Dalapon 38 | 1,043 | 453 Zineb 6903 | 1969 | —
Amiben 3,765 9,555 — Others 3,334 10,814 —

lncluding acaricides, miticides, and nematocides.
2Use for these two compounds was reported as combined totals for 1966 and 1971.
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Overview of Occurrence and Distribution of Pesticides in Relation to Use 139

agricultural pesticide use is divided into total herbicide, insecticide, and fungicide
use in [Figures 3.3, 3.4, and[3.5] respectively. These figures do not include the use of oil (as an
insecticide) or sulfur and copper (as fungicides). Maps showing agricultural use of selected
pesticides, by county, in the 48 conterminous United States are shown in through
3.36. Individual pesticides were selected to show the geographic use patterns of the major, high-
use compounds, as well as compounds whose use is specific to certain regions or crops. To
represent the geographic patterns with the most detail, the use levels shown by the different
gradations of shading are different in each of the maps of total use of pesticides, herbicides,
insecticides, and fungicides (Figures 3.2 through 3.5). The different scales are necessary because
of large differences in the amounts of the three types of pesticides used agriculturally. For the
maps of individual pesticides (Figures 3.6 through 3.36), the scale is the same on all the maps,
so that agricultural use of all the compounds can be compared, regardless of pesticide type. Thus,
in the maps for individual pesticides, many of the maps of insecticide and fungicide use are
relatively light compared to the maps for herbicides, reflecting the generally lower amounts of
these compounds applied agriculturally. Because the data used for these maps are tabulated by
county, a certain amount of distortion may occur in some of the large counties that have distinct
land-use areas. For instance, certain counties in southern California and Arizona contain irrigated
areas of intense agriculture, as well as large expanses of desert with virtually no farming. On the
pesticide use maps, one shading is used for the entire county, even though the actual use may be
restricted to a relatively small area. This problem occurs more in the western states, where
counties are generally much larger than in the eastern part of the United States. Despite this, the
maps provide a good overview of the general-use patterns of agricultural pesticides across the
United States, and can be used to help identify areas that have the greatest potential for
contamination of surface waters. They will be referred to throughout this book to relate the
occurrence of specific pesticides in surface waters to agricultural use (see page 176 for a list of
general observations made from the maps).

Table 3.2. Summary of estimated agricultural pesticide use in the United States

[Estimates are in pounds active ingredient X 1000. 1966 data from Eichers and others (1970); 1971 data from
Andrilenas (1974); 1988-1991 data from Gianessi and Puffer (1991, 1992a,b)]

1966 1971 1988-91
Use Percent of Use Percent of Use Percent of
Total Use Total Use Total Use
HERBICIDES
Triazine and Acetanilide 27,000 23 100,000 42 220,000 48
Phenoxy 43,000 37 39,000 16 39,000 8
Other 46,000 40 100,000 42 200,000 44
Total Herbicide Use 116,000 100 239,000 100 459,000 100
INSECTICIDES
Organochlorine 89,000 64 70,000 46 3,900 4
Organophosphorus 37,000 27 61,000 40 70,000 65
Other! 12,000 9 22,000 14 34,000 31
Total Insecticide Use 138,000 100 153,000 100 107,900 100
FUNGICIDES
Total Fungicide Use? | 27,000 | 100 | 27,000 | 100 | 38000 | 100

;Use data for other insecticides does not include use of oil.
Excluding fungicidal use of sulfur and copper.
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EXPLANATION

1 Dot = $500,000
U.S. total (from sample data) = $4,690,243,000

Figure 3.1. Geographic distribution of expenditures for agricultural chemicals, excluding fertilizer, in 1987. Reprinted from U.S. Department of
Commerce (1990).
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PESTICIDE USE (excluding oil and sulfur)

EXPLANATION

Total active ingredient used in county
(in pounds per square mile)

0 500 MILES

[ ] 0orno data 1,001 - 10,000
[ ] <100 10,001 - 100,000 0 500 KILOMETERS

[ 1101-1000 W > 100,000

Figure 3.2. Annual estimated agricultural pesticide (herbicides, insecticides, and fungicides) use in the conterminous United States, by county,
1988-1991. Noncrop and postharvest uses of pesticides, insecticidal use of oil, and fungicidal use of copper and sulfur are not included. Data are
from Gianessi and Puffer (1991, 1992a,b).
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HERBICIDE USE

EXPLANATION

Total active ingredient used in county
(in pounds per square mile)

500 MILES

] oorno data 1,001 - 10,000 0 500 KILOMETERS
[ ] <100 10,001 - 100,000

[1101-1,000 W > 100,000

Figure 3.3. Annual estimated agricultural herbicide use in the conterminous United States, by county, 1988—-1991. Noncrop use of herbicides is

not included. Data are from Gianessi and Puffer (1991).
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INSECTICIDE USE (excluding oil)

EXPLANATION

Total active ingredient used in county
(in pounds per square mile)

500 MILES

[ o0ornodata 1,001 - 10,000 0 500 KILOMETERS
[ ] <100 10,001 - 100,000
[ ]101-1000 W >100,000

Figure 3.4. Annual estimated agricultural insecticide use in the conterminous United States, by county, 1988-1991. Noncrop use of insecticides

and insecticidal use of oil are not included. Data are from Gianessi and Puffer (1991).
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FUNGICIDE USE (excluding sulfur)

EXPLANATION

Total active ingredient used in county
(in pounds per square mile)
500 MILES

D 0 or no data
] <100
[ ] 101-1,000

1,001 - 10,000

10,001 - 100,000 0 500 KILOMETERS
M - 100,000

Figure 3.5. Annual estimated agricultural fungicide use in the conterminous United States, by county, 1988—1991. Noncrop use, seed treatments,
postharvest use, and fungicidal use of copper and sulfur are not included. Data are from Gianessi and Puffer (1992b).

© 1998 by CRC Press, LLC

144"

SH3ILVM 3OV4HNS NI S3AI0ILS3d



ANNUAL ALACHLOR USE 1988 - 1991

EXPLANATION

Total active ingredient used in county
(in pounds per square mile)

0 500 MILES

] o0ornodata 11-30
D <1 31-100 0 500 KILOMETERS

1-10 -0

Figure 3.6. Annual estimated agricultural use of the herbicide alachlor in the conterminous United States, by county, 1988-1991. Data are from
Gianessi and Puffer (1991).
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ANNUAL ATRAZINE USE 1988 - 1991

EXPLANATION

Total active ingredient used in county
(in pounds per square mile)

0 500 MILES

D 0 or no data
Ij <1
C11-10 [ ST

Figure 3.7. Annual estimated agricultural use of the herbicide atrazine in the conterminous United States, by county, 1988—-1991. Data are from
Gianessi and Puffer (1991).

0 500 KILOMETERS
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ANNUAL BUTYLATE USE 1988 - 1991

EXPLANATION
Total active ingredient used in county
(in pounds per square mile)
0 500 MILES

(] 0ornodata 11-30
[ <1 B 31100 0 500 KILOMETERS

Cl1-10 M -0

Figure 3.8. Annual estimated agricultural use of the herbicide butylate in the conterminous United States, by county, 1988-1991. Data are from
Gianessi and Puffer (1991).
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Figure 3.9. Annual estimated agricultural use of the herbicide cyanazine in the conterminous United States, by county, 1988—-1991. Data are from

ANNUAL CYANAZINE USE 1988 - 1991

EXPLANATION

Total active ingredient used in county
(in pounds per square mile)

500 MILES

D 0 or no data
D <1
[]1-10 M -0

0 500 KILOMETERS

Gianessi and Puffer (1991).
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EXPLANATION

Total active ingredient used in county
(in pounds per square mile)

] 0ornodata 11-30
(] <1 31 - 100

Cl1-10 M 00

Figure 3.10. Annual estimated agricultural use of the herbicide 2,4
Gianessi and Puffer (1991).
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ANNUAL EPTC USE 1988 - 1991

EXPLANATION

Total active ingredient used in county
(in pounds per square mile)

D 0 or no data 500 MILES
D <1
[ ]1-10 M- 00 0 500 KILOMETERS

Figure 3.11. Annual estimated agricultural use of the herbicide EPTC in the conterminous United States, by county, 1988-1991. Data are from
Gianessi and Puffer (1991).
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ANNUAL GLYPHOSATE USE 1988 - 1991

EXPLANATION

Total active ingredient used in county
(in pounds per square mile)

130 500 MILES

31-100
- 0 500 KILOMETERS
> 100

D 0 or no data
‘—__I <1

1-10

Figure 3.12. Annual estimated agricultural use of the herbicide glyphosate in the conterminous United States, by county, 1988-1991. Data are
from Gianessi and Puffer (1991).
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ANNUAL MCPA USE 1988 - 1991

EXPLANATION

Total active ingredient used in county
(in pounds per square mile)
500 MILES

I:l 0 or no data 11-30

D <1 BB 51100 0 500 KILOMETERS
“11-10 M -0

Figure 3.13. Annual estimated agricultural use of the herbicide MCPA in the conterminous United States, by county, 1988-1991. Data are from

Gianessi and Puffer (1991).
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ANNUAL METOLACHLOR USE 1988 - 1991

EXPLANATION

Total active ingredient used in county
(in pounds per square mile)

500 MILES

D 0 or no data
D <1
Cl1-10 Moo

0 500 KILOMETERS

Figure 3.14. Annual estimated agricultural use of the herbicide metolachlor in the conterminous United States, by county, 1988—1991. Data are

from Gianessi and Puffer (1991).
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ANNUAL MOLINATE USE 1988 - 1991

EXPLANATION
Total active ingredient used in county
(in pounds per square mile)

500 MILES

(] oornodata 11-30
(] <1 B 51 - 100 0 500 KILOMETERS

1-10 [ S

Figure 3.15. Annual estimated agricultural use of the herbicide molinate in the conterminous United States, by county, 1988—-1991. Data are from

Gianessi and Puffer (1991).
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ANNUAL SIMAZINE USE 1988 - 1991

EXPLANATION
Total active ingredient used in county
(in pounds per square mile)

500 MILES
11-30

31-100
0 500 KILOMETERS
M -0

D 0 or no data
D <1

11-10

Figure 3.16. Annual estimated agricultural use of the herbicide simazine in the conterminous United States, by county, 1988—-1991. Data are from
Gianessi and Puffer (1991).
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ANNUAL TRIFLURALIN USE 1988 - 1991

EXPLANATION

Total active ingredient used in county
(in pounds per square mile)

11-30 500 MILES

31-100
[ ST 0 500 KILOMETERS

D 0 or no data
D <1
1-10

Figure 3.17. Annual estimated agricuitural use of the herbicide trifluralin in the conterminous United States, by county, 1988-1991. Data are from

Gianessi and Puffer (1991).
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ANNUAL ALDICARB USE 1988 - 1991

EXPLANATION

Total active ingredient used in county
(in pounds per square mile)

[_] 0ornodata 11-30 500 MILES

[ <1 31-100
J1-10 M 00

0 500 KILOMETERS

Figure 3.18. Annual estimated agricultural use of the insecticide aldicarb in the conterminous United States, by county, 1988—1991. Data are from
Gianessi and Puffer (1992a).
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ANNUAL CARBARYL USE 1988 - 1991

EXPLANATION

Total active ingredient used in county
(in pounds per square mile)
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Figure 3.19. Annual estimated agricultural use of the insecticide carbaryl in the conterminous United States, by county, 1988—1991. Data are from

Gianessi and Puffer (1992a).
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ANNUAL CARBOFURAN USE 1988 - 1991

EXPLANATION

Total active ingredient used in county
(in pounds per square mile)
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(] oornodata 11-30
(] <1 31-100
1-10 [ S

0 500 KILOMETERS

Figure 3.20. Annual estimated agricultural use of the insecticide carbofuran in the conterminous United States, by county, 1988—1991. Data are

from Gianessi and Puffer (1992a).
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ANNUAL CHLORPYRIFOS USE 1988 - 1991

EXPLANATION

Total active ingredient used in county
(in pounds per square mile)
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D 0 or no data 11-30

HPY ] 31-100
& 1-10 — 0 500 KILOMETERS

Figure 3.21. Annual estimated agricultural use of the insecticide chlorpyrifos in the conterminous United States, by county, 1988-1991. Data are

from Gianessi and Puffer (1992a).
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ANNUAL DIAZINON USE 1988 - 1991

EXPLANATION

Total active ingredient used in county
(in pounds per square mile)
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D 0 or no data 11-30
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Figure 3.22. Annual estimated agricultural use of the insecticide diazinon in the conterminous United States, by county, 1988-1991. Data are
from Gianessi and Puffer (1992a).
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ANNUAL DISULFOTON USE 1988 - 1991

EXPLANATION

Total active ingredient used in county
(in pounds per square mile)
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Figure 3.23. Annual estimated agricultural use of the insecticide disulfoton in the conterminous United States, by county, 1988-1991. Data are

from Gianessi and Puffer (1992a).
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ANNUAL MALATHION USE 1988 - 1991

EXPLANATION

Total active ingredient used in county
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Figure 3.24. Annual estimated agricultural use of the insecticide malathion in the conterminous United States, by county, 1988-1991. Data are
from Gianessi and Puffer (1992a)
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ANNUAL METHIDATHION USE 1988 - 1991

EXPLANATION

Total active ingredient used in county
(in pounds per square mile)
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D 0 or no data 11-30
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Figure 3.25. Annual estimated agricultural use of the insecticide methidathion in the conterminous United States, by county, 1988-1991. Data are

from Gianessi and Puffer (1992a).
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Figure 3.26. Annual estimated agricultural use of the insecticide methomyl in the conterminous United States, by county, 1988—-1991. Data are

ANNUAL METHOMYL USE 1988 - 1991

EXPLANATION

Total active ingredient used in county
(in pounds per square mile)
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1-10 M- o0 0 500 KILOMETERS

from Gianessi and Puffer (1992a).
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ANNUAL METHYL PARATHION USE 1988 - 1991

EXPLANATION
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Figure 3.27. Annual estimated agricultural use of the insecticide methyl parathion in the conterminous United States, by county, 1988—1991. Data

are from Gianessi and Puffer (1992a).
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ANNUAL OXAMYL USE 1988 - 1991

EXPLANATION
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Figure 3.28. Annual estimated agricultural use of the insecticide oxamyl in the conterminous United States, by county, 1988—1991. Data are from
Gianessi and Puffer (1992a).
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ANNUAL PERMETHRIN USE 1988 - 1991

EXPLANATION
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Figure 3.29. Annual estimated agricuitural use of the insecticide permethrin in the conterminous United States, by county, 1988-1991. Data are

from Gianessi and Puffer (1992a).
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ANNUAL PHORATE USE 1988 - 1991

EXPLANATION
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(in pounds per square mile)
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Figure 3.30. Annual estimated agricultural use of the insecticide phorate in the conterminous United States, by county, 1988-1991. Data are from
Gianessi and Puffer (1992a).
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ANNUAL PROPARGITE USE 1988 - 1991

EXPLANATION
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Figure 3.31. Annual estimated agricultural use of the insecticide propargite in the conterminous United States, by county, 1988-1991. Data are

from Gianessi and Puffer (1992a).
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ANNUAL TERBUFOS USE 1988 - 1991

EXPLANATION

Total active ingredient used in county
(in pounds per square mile) ;
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Figure 3.32. Annual estimated agricultural use of the insecticide terbufos in the conterminous United States, by county, 1988-1991. Data are

from Gianessi and Puffer (1992a).
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ANNUAL CAPTAN USE 1988 - 1991

EXPLANATION
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(in pounds per square mile)

500 MILES

[_] 0orno data 11-30
[ ] <1 31-100 0 500 KILOMETERS

[ 1-10 M-

Figure 3.33. Annual estimated agricultural use of the fungicide captan in the conterminous United States, by county, 1988—1991. Data are from

Gianessi and Puffer (1992b).
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ANNUAL CHLOROTHALONIL USE 1988 - 1991
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Figure 3.34. Annual estimated agricultural use of the fungicide chlorothalonil in the conterminous United States, by county, 1988-1991. Data are
from Gianessi and Puffer (1992b)
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ANNUAL MANCOZEB USE 1988 - 1991

EXPLANATION
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Figure 3.35. Annual estimated agricultural use of the fungicide mancozeb in the conterminous United States, by county, 1988—-1991. Data are
from Gianessi and Puffer (1992b).
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ANNUAL MANEB USE 1988-1991
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Figure 3.36. Annual estimated agricultural use of the fungicide maneb in the conterminous United States, by county, 1988-1991. Data are from

Gianessi and Puffer (1992b).
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176  PESTICIDES IN SURFACE WATERS

Several general observations concerning patterns of agricultural pesticide use can be
made from the maps:

1. Pesticides are used for agricultural purposes in virtually every county in the

conterminous United States (Eiéure 3.2).

2. The largest areas of heavy use occur in the Midwest, California, Florida, the lower
Mississippi River Valley, and coastal areas of the Southeast (Figure 3.2).

3. Interms of the mass applied, herbicide use is much higher than insecticide or fungicide
use in most areas of the country E, and[3.5).

4. Heaviest use of a number of the high-use herbicides, including alachlor, atrazine,
butylate, cyanazine, EPTC, and metolachlor, occurs in the corn belt of the midwestern
United States (Figure 3.6|through[39]B.11], and 3.14].

5. Fungicide use is much more fragmented than herbicide or insecticide use, with heavy
use on specific crops in relatively small areas. Heaviest fungicide use occurs primarily
in parts of Alabama, California, Florida, Georgia, Michigan, and Washington,
(Figure 3.5).

6. The geographic range of use varies widely between pesticides. Some compounds have
widespread use in most areas of the United States, such as the herbicides 2,4-D, EPTC,
and glyphosate, and the insecticides carbaryl, carbofuran, chlorpyrifos, and methyl
parathion (Figures 3.10, 3.11] B.12], B.19, B.20) .21}, and [3:27). Others, such as the
herbicide molinate and the insecticides methidathion and oxamyl, are used almost
entirely in relatively small regions, corresponding to areas where specific crops are
grown (Figures 3.15|[3.25} and [3.28)).

The limitations in the agricultural-use data must be considered when attempting to relate
occurrence of a specific pesticide in surface waters to its use in a particular area. The data from
1964 to 1976 were reported geographically in terms of regional use only (Eichers and others,
1970; Andrilenas, 1974). Use totals were estimated for each of the 10 U.S. Department of
Agriculture (USDA) farm production regions, which contain 2 to 11 states each. Total use was
obtained by extrapolating data for specific pesticide and crop combinations from a statistically
chosen sample of farms within each region, based on the proportion of total regional acreage of
that crop represented by the sampled farms. The validity of the estimates depends on how
representative the sampled farms were in terms of pesticides used and application rates, but the
regional totals were judged to be reasonably accurate by the authors of the reports. An important
point to realize, however, is that use of particular pesticides within these large regions was highly
variable geographically. Thus, use within a particular river basin in a region may not be well
accounted for by these data. Only broad, general patterns can be distinguished when detections
and concentrations of pesticides in surface waters are compared with regional agricultural use.

The use data from 1988 to 1991, on the other hand, are reported for each county in the
conterminous 48 states (Gianessi and Puffer, 1991, 1992a,b). Since many of the surface water
bodies considered in this book have drainage areas much larger than most counties, variation in
use within basins can be accounted for with this more detailed use data. Thus, recent observations
of pesticides in surface waters can be compared with much more detailed—and probably more
accurate—pesticide-use data than observations from the 1960's and 1970's. However, the use of
this data also has limitations. Pesticide use totals for each county were obtained by using
estimates for the percentage of each crop treated with a particular pesticide and the average
application rate on that crop. Appropriate revisions were made by Gianessi and Puffer (1991,
1992a,b) so that the data reflect practices for 1988-1991. Crop acreage in each county, however,
was estimated from the 1987 Census of Agriculture. Any change in crop acreage, pesticides used
on particular crops, or application rates since the time the data were collected will affect the
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accuracy of the use totals. For example, the recommended application rates for atrazine
decreased considerably between 1990 and 1992, and the use of cyanazine has reportedly
increased by as much as 25 percent in the midwestern United States during the same period
(Goolsby and others, 1994). The 1988-1991 use estimates for these compounds may be some-
what inaccurate for comparisons with recent observations of pesticides in surface waters, but
they are the most recent estimates available.

PESTICIDE USE IN URBAN AREAS

Pesticide use in urban areas of the United States has undergone major changes over the
last several decades. The growth of suburban areas, the rise of the lawn care industry, the
development of new herbicides and insecticides, and the virtual replacement of OCs with
alternative compounds, have influenced both the amounts and types of pesticides applied in
urban areas. The amounts applied are large—the professional applicator and consumer markets
for pesticides were each estimated at $1.1 billion in sales, at the manufacturers level, in 1991,
compared to $4.9 billion in sales in the agricultural market (Hodge, 1993). A 1981 survey of
professional pesticide applicators identified 1,073 pesticide products containing 338 different
active ingredients. Total use by professional applicators in 1981 (applications to lawns, trees, and
structures) was estimated at 47 million 1b a.i. Immerman and Drummond, 1984). Data from a
1990 USEPA survey of households across the United States indicate that approximately
73 percent of households (69 million out of 94 million) used some type of pesticide during 1990
(Aspelin and others, 1992). This survey includes both indoor and outdoor use. Estimates of the
volume of home and garden pesticide use indicate that it has been relatively stable in recent years,
with 65 to 88 million 1b a.i. applied each year from 1979 to 1993 (Aspelin, 1994). Again, these
estimates include both indoor and outdoor use.

Major pesticides used in urban areas are shown in [Table 3.3, based on data from the
National Home and Garden Pesticide Use Survey, which estimated household use (outdoor only)
in 1989-1990 (Whitmore and others, 1992). This survey was not designed to collect quantitative
information on the actual amounts of individual pesticides used, but rather on the number of
pesticide products each surveyed household had on hand and the number of times they were used
in the previous year. Use by professional pest control firms in 1981 was estimated in the National
Urban Pesticide Applicator Survey (NUPAS) conducted by the USEPA (Immerman and
Drummond, 1984). The compounds listed in the NUPAS reflect use in three sectors of the
professional applicator industry—lawn care, tree care, and treatment of structures. Treatment of
structures with insecticides, much of which may have been indoors, accounted for more than
50 percent of the total amount of pesticides used by professional applicators in 1981. The data
from the NUPAS (not shown) is somewhat out of date, but it is the most recent compilation
available on use by professional applicators in urban areas. Both the home and garden survey and
the NUPAS indicate that insecticide use accounted for the largest portion of urban pesticide use.
More recent estimates (1991) indicate that herbicides and insecticides now account for
approximately 50 percent and 30 percent, respectively, of total pesticide sales in the professional
market, whereas insecticide sales account for approximately 75 percent of total pesticide sales in
the consumer market (Hodge, 1993). A comparison of the most widely used agricultural
pesticides (fTable 3.1]) with the most widely used home and garden pesticides (Table 3.3) shows
that the types of pesticides used in agriculture differ considerably from those used in urban areas.
The overlap in the top 50 agricultural pesticides and the top 50 urban-use pesticides is only
20 percent.
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Table 3.3. Rankings of urban pesticides by estimated outdoor use during 1989-1990 and detection
frequency in reviewed studies

[Ranking of pesticide use from the National Home and Garden Pesticide Use Survey (Whitmore and others, 1992).
Only compounds with reported outdoor home and garden use are included. Percent detections are based on data
from studies included in m and[2.7] Blank cells indicate compound was not targeted in any of the reviewed

studies]
Pesticide Rag(r::;h(l glﬂ;s::)?de Pt?rcent of Sites Pergent of Samples
o with Detections with Detections
Applications)
INSECTICIDES
Organochlorine:
Dicofol 21
Methoxychlor 22 12 4
Lindane 29 31 29
Endosulfan 32 2 3
Paradichlorobenzene 34
Chlordane 35 18 28
Heptachlor 40 11 7
Pentachlorophenol 45 73 73
Organophosphorus:
Diazinon 1 18 14
Chlorpyrifos 4 6 1
Acephate 11
Malathion 13 4 4
Dichlorvos 16 18 5
Disulfoton 18 0 0
Oxydemeton-methyl 30
Azinphos-methyl 38 0 0
Phosmet 42
Dimethoate 43 0 0
Phosalone 44
Isofenphos 46
Other insecticides':
Propoxur 2
Allethrin (total) 3
Pyrethrins 5
Resmethrin 6
Sumithrin 7
Carbaryl 8 25 10
Tetramethrin 9
Metaldehyde 10
Permethrin 12
Diethyltoluamide 14
MGK 264 15
Hydramethylon 17
Cyfluthrin 19
Rotenone 20
Fenvalerate 23 100
Fenbutatin-oxide 24
Allethrin (isomer unspecified) 25
Methoprene 26
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Table 3.3. Rankings of urban pesticides by estimated outdoor use during 1989-1990 and detection
frequency in reviewed studies—Continued

Rank within Pesticide

.. Percent of Sites Percent of Samples
Pesticide Group .(Ol'ltdoor with Detections with Detectioﬁs
Applications)
Bendiocarb 27
Dienochlor 28
Methomyl 31 0 0
‘Warfarin 33
Tricosene 36
Methiocarb 37
Brodifacoum 39
Bromadiolone 40
HERBICIDES
Triazine and Acetanilide:
Prometon 14 27 17
Atrazine 22 87 78
Phenoxy:
2,4-D 1 51 21
MCPP 2
Mecoprop 11
Other herbicides:
Glyphosate 3
Acifluorfen 4
Dicamba 5 25 9
Oryzalin 13
Chlorflurenol, methyl ester 15
Triclopyr 17
Oxyfluorfen 19
Diquat dibromide 20
Trifluralin 21 23 10
Fluazifop-butyl 23
Dacthal 24
Pendimethalin 25 93 8
MSMA 26
Dichlobenil 29
Benefin 30
Paraquat 31 0 0
Metam-sodium 32
Bensulide 33
Endothall, di-Na salt 36
Amitrole 37
DSMA 38
FUNGICIDES
Captan 1 0 0
Triforine 2
Folpet 2
Benomyl 4
Zineb 4
Chlorothalonil 6 0 0
Maneb 7
Dinocap 8
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Table 3.3. Rankings of urban pesticides by estimated outdoor use during 1989-1990 and detection
frequency in reviewed studies—Continued

Rank within Pesticide Percent of Sites P tof S 1
Pesticide Group (Outdoor . . ereent of Samples
o with Detections with Detections
Applications)
Thiram 9
Thymol 10
Anilazine 11
PCNB 12 0 0

TOther Insecticides: Includes miticides, acaricides, and nematocides.

PESTICIDE USE IN FORESTRY

Pesticides have been used in the forests of the United States for decades. During the
1950's and 1960's, pesticides used were primarily chlorinated insecticides, such as DDT and
endrin, which have since been banned in the United States. During the 1970's and 1980's, new
insecticide compounds and biological agents replaced the organochlorines for control of insects,
and the use of herbicides for vegetation control became more common in forestry. Since the early
1990's, use of pesticides, particularly herbicides, has apparently declined in some sectors of the
forestry industry. The amount of pesticides applied in forestry, however, has always been a small
fraction of the amount used in agriculture. Similarly, the area treated with pesticides each year is
much smaller in forestry than in agriculture.

Data on the actual amounts of pesticides applied and the areas involved are difficult to
obtain because of the lack of a national database of non-agricultural pesticide use and the varied
ownership of forested land. Forested land in the United States is owned or administered by the
U.S. Forest Service (USFS), the Bureau of Land Management, states, counties, municipalities,
farmers, individual land owners, and private companies. In Minnesota, for example, ownership
of forested land involved in silviculture (i.e., trees destined for harvesting) during 1990-1991
was distributed as follows: state—33 percent, county—28 percent, national forest—22 percent,
forest industry—10.6 percent, and Native American—6.4 percent (Minnesota Environmental
Quality Board, 1992). Comprehensive data are available on pesticide use by the National Forest
Service, which administers 191 million acres of the approximately 800 million acres of forested
land in the United States (U.S. Forest Service, 1993). Pesticides were used on less than 0.2
percent of national forest land in 1993 and on less than 1 percent each year since the mid-1970's
when detailed reporting was begun (U.S. Forest Service, 1978, 1985, 1989, 1990, 1991, 1992,
1993). Whether this level of use is representative of use on the remainder of forested land in the
United States is not clear. Only two states—California and Virginia—have collected statistics on
pesticide use on all forested land within their borders, and these statistics are compared with
USFS data in [Table 3.4] In California, approximately 75,000 Ib a.i. of pesticides were applied to
0.2 percent of its forested land in 1991 (Johnson, 1988; California Department of Food and
Agriculture, 1991). These figures apparently do not include treatment with bacterial or viral
insecticides. In Virginia, approximately 79,000 Ib a.i. of herbicides were applied to 0.4 percent
of its forested land in 1993 (Artman, 1994). In addition, approximately 0.5 to 1.5 percent of
forested land in Virginia has been treated for gypsy moth suppression each year from 1990 to
1993 (U.S. Forest Service, 1994b). Data from these two states also indicate that the pesticide
chemicals used on these forested areas are essentially the same compounds used on USFS land
(Table 3.4). On the basis of the data from these two states, it appears that pesticide use on national
forest land is representative of use on the remainder of forested land in the United States, and that
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a small percentage of the total forested area in the United States is treated with any type of
pesticide in a given year. Pesticide use on 0.2 to 1.5 percent of forested land would imply that
between 1.6 and 12 million acres (of about 800 million acres total) are treated with some type of
pesticide in a given year (even this may be a high estimate, as land receiving applications of more
than one pesticide is counted more than once in the USFS data). For comparison, agricultural
applications of atrazine and alachlor covered approximately 50 million and 27 million acres,
respectively, during 1988-1991 (Gianessi and Puffer, 1991).

Pesticide chemicals used most commonly in forestry in recent years are shown in
Table 3.4. The total mass of herbicides, insecticides, fungicides, and fumigants applied on
national forest land is shown in for 1977-1993. While these values probably
represent only a fraction of the total amount applied on United States forests, they can be used to
indicate the general trends in pesticide use in forestry.

The herbicides with highest use in the late 1970's and early 1980's were 2,4-D, picloram,
and hexazinone. Use of these compounds has declined in recent years, however, and triclopyr is
now the herbicide with highest use. Overall, there has been a significant decline in herbicide use
over the last decade in the national forests. This is partially due to a 1984 ban on aerial application

Table 3.4. Estimated pesticide use on forested land

[Estimates are in pounds active ingredient x 1000, unless otherwise indicated. National forest data from U.S. Forest
Service (1993); California data from California Department of Food and Agriculture (1991); Virginia data from
Artman (1994). Insecticides: Bt, Bacillus thuringiensis var kurstaki. ~. number is approximate; nd, no data
availabale; —, no use reported]

. Pes'tlmde use in Pesticide use on all forested land in selected state
Pesticide national forests
1992 California (1991) | Virginia (1993)
HERBICIDES:
Triclopyr 47 19 2
2,4-D 12 9 —
Hexazinone 18 20 8
Glyphosate 17 6 50
Picloram 8 — —
Imazapyr 2 —_ 18
Fosamine 2 — 1
Dacthal 2 — —
Dicamba 1 — —
Diuron 1 —_ —
INSECTICIDES:
Bt ~300,000 acres nd ~96,000 acres
Dimilin 60 acres nd 3
(~113,000 acres)
Carbaryl 97 nd nd
Malathion 5 nd nd
FUNGICIDES/FUMIGANTS:
Dazomet 35 —_ nd
Methy! bromide 40 16 nd
Borax 27 —_ nd
Chloropicrin 27 3 nd
Chlorothalonil 5 — nd
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of herbicides in national forests and the increased costs of preparing the required environmental
impact statements (Wehr and others, 1992). A number of national forests, particularly in the
upper Midwest, have suspended all herbicide use for the past several years. The decline in
herbicide use in the national forests has probably not occurred in other sectors of the forestry
industry, although data on this are scarce.

In contrast to herbicide use, insecticide use in forestry is focused much more on
controlling outbreaks of specific pests in localized areas and is not a routine part of normal
silvicultural practice. As in agriculture, there has been a dramatic change in the types of
insecticides used in forestry over the last 30 years. DDT and other OCs were used extensively in
the 1950's and 1960's. During the 1970's and 1980's several OP compounds (malathion,
azinphos-methyl, trichlorfon, and acephate) and carbamate compounds (carbaryl and
carbofuran) were used. More recently, a bacterial agent (Bacillus thuringiensis var. kurstaki [Bt])
has become the main insecticide used to control outbreaks of several major insect pests, including
the gypsy moth, spruce budworm, and various cone and seed insects. Use of Bt accounted for 25
to 90 percent of the total acreage treated with insecticides on USFS land each year from 1984 to
1993. The apparent decline in insecticide use shown in Figure 3.37 is largely due to the
replacement of many of the more traditional insecticides by Bt. (Amounts of Bt used are not
included in Figure 3.37.) Carbaryl still is used in relatively large quantities by the USFS,
primarily for control of grasshoppers and crickets on rangeland. Diflubenzuron (dimilin) is used
for control of gypsy moths in the eastern United States (Artman, 1994), although use data from
the USFS do not reflect this.

Fungicides and fumigants used most commonly in forestry include methyl bromide,
dazomet, chloropicrin, and borax. Use of these compounds, primarily on nursery stock and in
seed orchards, has remained relatively stable in the national forests over the last 15 years
(Figure 3.37). Whether this is true for other forested land is not known.

T T T T

\ —}— Herbicides

X —@— Insecticides

600 |- —— Fungicides
—X— Total pesticides

800

Pounds of active ingredient applied
(x 1,000)

1 1 1 &
1978 1980 1982 1984 1986 1988 1990 1992
Year

Figure 3.37. Pesticide use on national forest land, 1977-1993. Insecticide amounts do not include use of
Bacillus thuringiensis var. kurstaki (Bt). Data are from U.S. Forest Service (1978, 1985, 1989, 1990,
1991, 1992, 1993, 1994a).
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PESTICIDE USE ON ROADWAYS AND RIGHTS-OF-WAY

A variety of herbicides is used in roadway applications to control weeds and grasses for
safety and aesthetic purposes and as firebreaks in some areas. The particular compound applied
in a given location is often a local choice based on the type of weeds and the weather. Some of
the most frequently used herbicides include 2,4-D and other phenoxy herbicides, picloram, and
triclopyr. Occasionally, insecticides, such as fonofos, are applied to roadsides to help control the
movement of pests, such as grasshoppers, during infestations. Some states have programs in
which the majority of roadsides are sprayed with herbicides each year. Other states have a more
conservative approach to pesticide use, in which only problem areas—perhaps 5 percent of the
total roadside area—are sprayed. In some locations, particularly in some national forests, the use
of herbicides along roadsides is prohibited. Data on the amounts of pesticides applied to
roadways and rights-of-way generally are not available at this time. Pesticide use on rights-of-
way is included in the USEPA's C/CPAS.

AQUATIC PESTICIDE USE

In some instances, pesticides are applied directly to surface waters for control of algae,
macrophytes, insects, fish parasites, and sometimes even fish themselves. The most commonly
used aquatic pesticides are herbicides to control algae and macrophytes (such as water hyacinth,
hydrilla, and Eurasian watermilfoil). Many states have extensive ongoing programs for control
of aquatic plants in reservoirs and canals. A summary of registered aquatic herbicides and their
target plants has been compiled (Westerdahl and Getsinger, 1988). Commonly used compounds
include acrolein, diquat, endothall, glyphosate, dalapon, 2,4-D, MCPA, fluridone, diuron,
simazine, hexazinone, chlorthiamid, dichlobenil, and copper sulfate—probably the most
common one (Bowmer, 1987). Quantitative data on national aquatic pesticide use are generally
not available at this time. Most aquatic applications of pesticides are carried out by federal, state,
and local government agencies, or through permits issued by these agencies. Documentation of
aquatic pesticide use on a national scale is poor, since management programs through the United
States operate independently, with no organized system of information exchange. Aquatic
pesticide use will be included in the USEPA's C/CPAS.

In the past, measures used to control mosquitoes in parts of the United States included
spraying surface water breeding areas with DDT, and later with OPs such as fenthion and
malathion (Wang and others, 1987b; Metropolitan Mosquito Control District, 1993). More
recently, bacterial agents, such as Bacillus thuringiensis var. israelensis (Bti), and growth
regulators, such as methoprene, have been used increasingly to control mosquito larvae in surface
water bodies without the potential negative impacts of more traditional chemical insecticides.
These materials are applied to known breeding areas, such as marshes and areas of standing water
in a variety of forms, including briquets, pellets, and granules.

Fish parasites, such as the lamprey, are somewhat controlled in the Great Lakes by the
use of the insecticide 3-trifluoromethyl-4-nitrophenol (TFM), which is applied during spawning
times in the lakes' tributaries (Carey and Fox, 1981). Rough fish are sometimes controlled with
piscicides, such as synthetic pyrethroids (permethrin, cypermethrin, and others), antimycin, and
rotenone. Also, it should be noted that physical controls (such as water drawdown) and biological
controls (such as grass carp and specific viruses and bacteria) are commonly used to control pests
in surface waters.

Pesticides are often used in aquaculture, although water bodies used for this purpose are
not normally considered part of the natural surface water system. Aquaculture is the farming of
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aquatic organisms (such as catfish, shrimp and salmon) for human consumption. The herbicides
2,4-D, diquat, endothall, fluridone, simazine, and xylene, and the piscicides antimycin and
rotenone are approved for use in aquaculture (Fong and Brooks, 1989), although little data are
available on the amounts used in this application.

3.3 OCCURRENCE AND DISTRIBUTION IN RELATION TO USE

INTRODUCTION

The geographic distribution of pesticides in surface waters can be best evaluated—with
varying degrees of success—by comparing results from individual national and multistate
occurrence studies to national and regional use patterns for specific compounds. The majority of
the occurrence data for these comparisons are for the OCs and the triazine and acetanilide
herbicides, although there are limited data for comparisons with other classes of pesticides.
Studies listed in are used as the basis for most of the comparisons. For high-use
pesticides not addressed in large-scale studies, applicable smaller-scale studies ([Cable 2.2) will
be used when possible. The regional and national use patterns are dominated by agricultural
applications, which are the primary focus at this scale of analysis. The significance of other
sources of pesticides (such as urban use and forestry), and sources not directly related to use
(such as ground water, bed sediments, and the atmosphere), is discussed in Chapter 4.

ORGANOCHLORINE INSECTICIDES

The use of OCs in the United States began in the 1940's and continued into the 1970's,
with peak use occurring in the late 1950's and early 1960's. The use of most OCs in the United
States was banned or severely restricted in the early to mid-1970's, as potential human health
concerns and the adverse ecological effects of some of these compounds became apparent. The
resulting dramatic shift in agricultural insecticide use is apparent in The only
organochlorine compound still widely used in United States agriculture is endosulfan, which is
applied to cotton, fruits, nuts, berries, and vegetables throughout the United States (Gianessi and
Puffer, 1991).

In general, the organochlorines are hydrophobic compounds with extremely low water
solubility and strong sorption tendencies. Most of these are resistant to degradation in both soil
and water, and most have very long environmental lifetimes (Howard, 1991; Howard and others,
1991). In water, OCs tend to be associated with suspended sediments and bed sediments.
Exceptions to these generalizations are lindane (y-HCH), which is relatively water soluble
(6 mg/L), and endosulfan, which can undergo biodegradation and hydrolysis in water much more
quickly than most of the other OCs. The estimated half-life of endosulfan in surface water is 0.2
to 9 days (Howard and others, 1991). The OCs remain the focus of considerable attention long
after most uses were curtailed in the United States because of their continued presence in bed
sediments of surface waters, in soil contaminated from past applications, and in the atmosphere.

The continued focus on these compounds also is due to their toxicity. Most of the OCs
are classified as probable human carcinogens by the USEPA, based on results of animal studies
(Nowell and Resek, 1994). In addition, a number of these compounds accumulate in tissues of
aquatic organisms and have been shown to biomagnify in the food chain. Chronic criteria
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concentrations established by the USEPA for the protection of aquatic organisms are very low
for most OCs, well below detection limits for these compounds in many of the reviewed studies
(see Section 5.2).

Several OCs have been common contaminants in surface waters since at least the 1950's,
when the first systematic monitoring took place (Breidenbach and others, 1967). The most
commonly detected compounds during the 1960's and 1970's were dieldrin, endrin, heptachlor
epoxide, DDT and its transformation products DDD and DDE, and lindane and other isomers of
hexachlorocyclohexane (HCH). Detection frequencies for DDT, DDD, and DDE are based on
detections of both the p,p'- and o,p’-isomers, as many studies did not report detections of each
isomer separately. In the studies conducted by the FWQA from 1958 to 1968, dieldrin was
detected in 38 to 90 percent of the samples each year. Detection frequencies for other compounds
commonly detected in these studies were as follows: endrin—-13 to 40 percent, DDT-15 to
30 percent, DDD-13 to 60 percent, and DDE-5 to 40 percent. Heptachlor epoxide and HCH
were monitored from 1964 to 1968, and detected in 5 and 7 percent of samples, respectively.
Detection limits for the OCs in these studies were 0.001 to 0.002 pg/L. In the USGS studies of
streams in the western United States, conducted from 1965 to 1971, the same group of
compounds was observed, but detection frequencies were somewhat lower, and declined
markedly during the 6-year period (Table 2.1I). Results from these two studies cannot be
compared directly, however, because of differences in sampling frequency, detection limits, and
sampling sites. Many of the same compounds were detected in the Mississippi and Missouri
Rivers in another study conducted during the same period (see Schafer and others, 1969 in
Table 2.1).

Results from the USGS western streams studies (Brown and Nishioka, 1967; Manigold
and Schulze, 1969; Schulze and others, 1973) are compared with data on regional agricultural
use of selected OCs in [Figures 3.38 13.39] and B-40. Figure 3.38 compares use of DDT with the
detection frequency of total DDT (DDT, DDE, and DDD). Figure 3.39 compares use of aldrin
plus dieldrin with the detection frequency of dieldrin (dieldrin was used as an insecticide, and is
also the major transformation product of aldrin). Figure 3.40 compares the use of lindane with its
detection frequency. These three figures indicate that the regional-use data cannot adequately
relate occurrence of the OCs in surface waters with agricultural use. For every compound in these
figures, examples can be found of sites in supposedly high-use areas that had very low detection
frequencies and of sites in supposedly low-use areas with high detection frequencies. Little
correlation is evident whether the use data are expressed as total amount applied in the region,
amount applied per acre of cropland, or amount applied per acre of all land in the region. The
most likely reason for the apparent discrepancies is variability of use within the large regions
delineated in the use data. For example, sites on two rivers (the Yakima River in Washington and
the Gila River in Arizona) had consistently high detection frequencies for most of the targeted
OCs, regardless of the use-level reported. Both of these rivers drain areas in which irrigation is
used to support intensive agricultural activity, and it is likely that pesticide use within these river
basins was considerably higher than the regional average. More recent pesticide use data show
heavy use of insecticides in both areas , although different compounds are now used.

Another reason for the apparent lack of correlation between agricultural use of OCs and
occurrence of these compounds in rivers may be their tendency to associate with particles in the
water column. The studies from the 1960's and 1970's analyzed whole-water samples. That is,
samples were not filtered before analysis, and any pesticides sorbed to suspended sediments were
included in the analysis. For most of the OCs, the sorbed phase represents a significant portion
of the total amount in the water column. Thus, much of the variation in the concentrations of
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EXPLANATION
Boundaries of agricultural regions

used for estimating pesticide use 500 MILES
Detection frequency in Use, in pounds of active ‘
surface water, in percent  ingredient per acre of cropland 0 500 KILOMETERS
O Not detected [ Less than 0.0003
Less than 11 (-1 0.0003 - 0.009
@ 11-20 0.009 - 0.03
® 20-30 Greater than 0.03
@ Greater than 30

Figure 3.38. Regional agricuitural use of DDT in 1971, and detection frequency of DDT, DDD, and DDE in rivers and streams of the western
United States from 1967 to 1971. Use data are from Andrilenas (1974). Detection frequencies are from Manigold and Schulze (1969) and Schuize
and others (1973).
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EXPLANATION

Boundaries of agricultural regions
used for estimating pesticide use

Detection frequency in Use, in pounds of dieldrin+aldrin
surface water, in percent  per acre of cropland

500 MILES

O Not detected ] Less than 0.0009
O Less than 11 ] 0.0009 - 0.002
@ 11-20 0.002 - 0.04 0 500 KILOMETERS

@ 20-30 Greater than 0.04

@ Greater than 30

Figure 3.39. Combined regional agricultural use of aldrin and dieldrin in 1971, and detection frequency of dieldrin in rivers and streams of the
western United States from 1967 to 1971. Use data are from Andrilenas (1974). Detection frequencies are from Manigold and Schulze (1969) and
Schulze and others (1973).
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O Not detected [] Less than 0.00001
O Lessthan 11 (] 0.00001 - 0.00002 0 500 KILOMETERS
@ 11-20 1 0.00002 - 0.0006
€ 20-30 Greater than 0.0006
@ Greater than 30

Figure 3.40.

Regional agricuitural use of lindane in 1971, and detection frequency of lindane in rivers and streams of the western United States

from 1967 to 1971. Use data are from Andrilenas (1974). Detection frequencies are from Manigold and Schulze (1969) and Schulze and others

(1973).
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organochlorine compounds in these studies may have been due to variations in suspended-
sediment concentrations at the time of sampling. Analysis of suspended-sediment and bed-
sediment concentrations is a more appropriate method of monitoring the occurrence of OCs in
surface waters. None of the national-scale studies described above measured concentrations of
OCs in suspended sediments. In the USGS/USEPA national study (Gilliom and others, 1985)
conducted from 1975 to 1980, both whole-water and bed-sediment samples were analyzed. The
detection frequencies for the OCs were much higher in bed-sediment samples than in whole-
water samples. For several compounds (chlordane, DDT, endrin, heptachlor, and toxaphene), a
moderately strong positive correlation was evident between detection frequency in bed sediments
and regional agricultural use. The occurrence of pesticides in bed sediments of surface waters of
the United States will be discussed in a companion text (Nowell, 1996).

As mentioned earlier, agricultural use of most OCs in the United States was banned or
severely restricted in the early 1970's. Because of the persistence of many of these compounds,
they continue to be detected in surface waters of the United States. However, few large-scale
studies have been conducted in recent years in which OCs were included as analytes. In a 1986
survey of organochlorine compounds in the Great Lakes (see Stevens and Nielson [1989] in

, o-HCH, lindane, heptachlor epoxide, and dieldrin were detected in all 95 samples,

although concentrations were very low. Data retrieved from USEPA's STOrage and RETrieval
water quality database (STORET) show that a number of organochlorine compounds were
detected routinely in ambient waters between 1975 and 1982 (Staples and others, 1985), as
shown in Table 2.1.

The OCs were targeted in more than 70 of the state and local studies listed in .
Differences in detection limits, sampling frequency, and sampling sites among these studies
prevent direct comparison of their results in most cases. Taken together, however, these studies
give a general picture of which compounds have been detected most often in surface waters since
their use was restricted. Studies published since 1975, in which site- and sample-detection
frequencies were given (Table 2.2), show that a number of OCs are still present in many surface
water bodies of the United States. In these studies, a-HCH was detected most often—in
47 percent of samples and at 42 percent of sites. Chlordane was detected in 42 percent of samples
and at 23 percent of sampling sites. Other compounds commonly detected were dieldrin (22
percent of sites), lindane (27 percent of sites), heptachlor epoxide (13 percent of sites), DDT (13
percent of sites), methoxychlor (11 percent of sites), and DDE (11 percent of sites). Studies listed
in Table 2.2 that were used to calculate these detection frequencies had combined totals of 200
to 400 sampling sites and 1,000 to 3,000 samples for most of these compounds. For state and
local studies conducted from 1982 to the present, detection frequencies for these compounds are
similar. The continued detection of these compounds is not due to any significant lowering of
detection limits in the more recent studies. Detection limits in most of the studies since 1975 were
similar to, or higher than, detection limits in the large-scale studies of the 1960's and early 1970's
(Table 2.2).

Concentrations of all the OCs were nearly always low in the reviewed studies. Maximum
concentrations, when reported, rarely exceeded 1 pg/L and were usually below 0.2 pg/L in
natural surface waters. The significance of these levels is discussed further in Chapter 5. High
concentrations of these hydrophobic compounds in water would not be expected, as they tend to
associate with particles in the water column and eventually settle and accumulate in bottom
sediments. Occasional detections of higher concentrations in some of the reviewed studies may
have been due to especially high concentrations of suspended sediment, if whole-water samples
were analyzed.
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ORGANOPHOSPHORUS INSECTICIDES

The OPs came into wide-scale use in the United States in the late 1960's and 1970's. The
total amount of OPs used in agriculture in the United States has remained relatively stable over
the last two decades, as use of some compounds declined and new compounds came into wide
use (Table 3.3). The proportion of total insecticide use accounted for by OPs has increased
steadily, however, as use of OCs declined. By the late 1980's, OPs accounted for approximately
65 percent of total insecticide use, and 7 of the top 11 insecticides were OPs, in terms of mass
applied (Gianessi and Puffer, 1992a). The most commonly used OPs of recent years
(chlorpyrifos, methyl parathion, terbufos, phorate, and fonofos) are used primarily on corn,
cotton, alfalfa, sorghum, citrus crops, apples, potatoes, and peanuts. They are used on a myriad
of other crops in lesser amounts, in nearly every state in the nation. Several OPs also have
significant non-agricultural use, including diazinon, chlorpyrifos, malathion, and acephate
. Maps showing agricultural use of a number of the high-use OPs are included in
Section 3.2.

The OPs as a group vary considerably in chemical and environmental properties (Goss,
1992). A number of the high-use OPs (diazinon, ethion, disulfoton, fonofos, and phorate) have a
relatively high potential to move from agricultural fields to runoff water in either the dissolved
or sorbed phase. Others (such as chlorpyrifos and malathion) are unlikely to be transported in
runoff. Aquatic persistence is variable as well. Half-lives in surface water may be as short as 1
to 3 days for azinphos-methyl, dichlorvos, phorate, and disulfoton, but as long as weeks for
diazinon, methyl parathion, parathion, and terbufos (Howard, 1991; Howard and others, 1991).
Concern about the presence of OPs in surface waters stems from the relatively high toxicity of
some of the most commonly used compounds. Phorate, disulfoton, parathion, fonofos, azinphos-
methyl, and methyl parathion are all regarded as toxic to mammals, having an oral LDs (the
dosage of a chemical needed to produce death in 50 percent of the treated test animals) of less
than 100 mg/kg for the rat (Fukuto, 1987). USEPA criteria for safety of freshwater aquatic biota,
for both acute and chronic exposures, are less than 0.1 pg/L for those OPs (azinphos-methyl,
chlorpyrifos, malathion, and parathion) for which criteria have been established (Nowell and
Resek, 1994).

In general, OPs have not been frequently detected in surface waters. National-scale
studies from the late 1960's and the 1970's included several OPs as analytes (). In the
USGS study of western streams (Schulze and others, 1973), four OPs were targeted in samples
collected monthly from June 1970 to September 1971. Diazinon, parathion, and methyl parathion
were detected at 3 to 5 of the 20 sites, but in only 1 to 2 percent of samples, with detection limits
of 0.01 pg/L. Samples collected from over 100 sites on rivers throughout the United States in
September 1967 (low flow) and in June 1968 (high flow, after pesticide application) contained
no detectable residues of any of six targeted OPs with detection limits of 0.01 to 0.025 ug/L
(Lichtenberg and others, 1970). In the USGS/USEPA national study conducted from 1975 to
1980 (Gilliom and others, 1985), quarterly samples were collected at 160 to 180 sites on rivers
throughout the United States. Seven OPs were included as analytes, but reporting limits were
relatively high—O0.1 to 0.5 pg/L. Detection frequencies were low for all OPs, ranging from 0 to
1.2 percent of the nearly 3,000 samples. Diazinon, however, was detected at nearly 10 percent of
the sites (1.2 percent of samples). Diazinon had the lowest reporting limit (0.1 pg/L) of all the
OPs in this study, and it is difficult to say whether the apparently higher incidence of occurrence
was real or a result of this difference in reporting limits. The small number of detections of OPs
in this study generally prevented analysis of the relation between geographical occurrence and
agricultural use. A 1974 study analyzing water from 33 sites in the upper Great Lakes (Lakes

© 1998 by CRC Press, LLC



Overview of Occurrence and Distribution of Pesticides in Relation to Use 191

Superior and Huron) included 17 OPs as analytes (Glooschenko and others, 1976). No OPs were
detected in any of the samples, with detection limits ranging from 0.003 to 0.05 pg/L.

Several more recent studies have included OPs as analytes, primarily in the Midwest
(Goolsby and Battaglin, 1993; Richards and Baker, 1993; Larson and others, 1995). The data
from the Mississippi River Basin study (Goolsby and Battaglin, 1993; Larson and others, 1995)
can be used to illustrate the general patterns observed in this region, where a number of OPs are
heavily used in agriculture. Eleven OPs were targeted in this study, in which two sites on the
main stem of the Mississippi River and six sites near the mouths of major tributaries were
sampled two to three times per week from May 1991 to March 1992 | Fiéure 2.4b. Detection limits
ranged from 0.002 to 0.02 pg/L for the OPs. Detection frequencies again were very low for most
of the OPs , with four of the compounds (phorate, parathion, disulfoton, and azinphos-
methyl) not detected in any of the 316 samples. Four more compounds (methyl parathion,
terbufos, ethoprop, and malathion) were detected in less than 2 percent of samples, at only one
or two of the eight sites. Diazinon, fonofos, and chlorpyrifos were detected at most or all of the
sites, but concentrations were always low, with none higher than 0.1 pg/L. Total riverine flux for
the 11-month period, expressed as a percentage of agricultural use in each of the subbasins, also
was very low (most less than 0.1 percent of the amount applied) for nearly all detected OPs. This
was substantially lower than the percentages for many of the herbicides analyzed in the same
study. The exception to this pattern was diazinon, which had a consistently higher percentage in
several of the basins. This occurred in the basins with the highest population densities and major
urban centers, and the high flux percentages were attributed to urban use of diazinon, which was
not accounted for in the agricultural-use data used in the calculation of the percentages (see
Section 5.3).

The OPs were included as analytes in 39 of the state and local studies in[Table 2.2] In only
one of these studies has an OP concentration exceeded a human health-based water quality
criteria—maximum concentrations of terbufos in several Lake Erie tributaries were slightly
above the Health Advisory Level (HAL) of 1 pg/L for several years between 1982 and 1991
(Baker, 1988b; Richards and Baker, 1993). Taken together, the studies listed in Table 2.2 give a
general picture of the occurrence of OPs in surface waters from the 1960's to the early 1990's.
Using only those studies for which site-specific data were given, eight OPs were detected at more
than 5 percent of sampling sites. Seven of these compounds (chlorpyrifos, phorate, parathion,
terbufos, malathion, methyl parathion, and fonofos) were among the 10 highest agricultural-use
OPs in the United States in the late 1980's (Gianessi and Puffer, 1992a). Chlorpyrifos, the highest
agricultural-use OP, was detected at approximately 7 percent of sites, but was observed
consistently in less than 1 percent of samples. Diazinon, the twelfth highest agricultural-use OP,
was detected at the highest percentage of sites (22 percent), but also has significant use in urban
areas. Several of the studies in which diazinon was detected included urban storm drains as
sampling sites.

Recent studies have reported the occurrence of several OPs in rivers draining the
intensely farmed Central Valley of California (Kuivila and Foe, 1995). Distinct pulses of
elevated concentrations of diazinon and methidathion were observed in the San Joaquin and
Sacramento Rivers in January and February of 1993, following periods of rainfall in the area.
These compounds are two of several pesticides sprayed on orchards in the area during the winter
dormant period. Concentrations of diazinon in the pulses were in the 0.1 to 0.4 ug/L range in the
Sacramento River and up to 1.1 pug/L in the San Joaquin River, and elevated concentrations
continued downstream into San Francisco Bay. These levels are well above the National
Academy of Sciences' (NAS) diazinon guideline (0.009 pg/L) for the protection of aquatic life
(Nowell and Resek, 1994). Seven-day bioassay tests conducted in this study demonstrated that

© 1998 by CRC Press, LLC



192  PESTICIDES IN SURFACE WATERS

Table 3.5. Agricultural use and riverine flux as a percentage of use for 26 pesticides in the Mississippi
River Basin, 1991

[Data from Larson and others, 1995. Total reported agricultural use in the basin, in metric tons (1,000 kilograms)
(Gianessi and Puffer, 1991, 1992a). Flux calculated by substituting zero for concentrations below the detection
limit. no use, no agricultural use reported in basin; nd, no data; no det., no samples with concentrations above the
detection limit; h, herbicide; i, insecticide. <, less than]

Rivers Sampled
Pesticid Minnesota White Illinois Platte
esticide
. Flux as . Flux as . Flux as . Flux as
Use_m ercent of Use.ln ercent of Use.m ercent of Use.m
basin |P use basin [P u set basin [P use Ot basin |Pe" i‘;';t of
PESTICIDES WITH LARGE RUNOFF POTENTIAL
Atrazine (h) 290 0.62 710 0.95 2,000 1.9 1,600 0.84
Butylate (h) 160 | no det. 270 0.01 750 0.02 560 <0.01
Carbofuran (i) 11 | nodet. 42 0.05 95 0.38 190 0.09
Diazinon (i) 0.0 no use 0.08 20.0 24 4.0 39 0.02
Disulfoton (i) 0.39 | nodet. 0.0 | nodet. 0.24 | nodet. 39 | nodet.
Fonofos (i) 31 0.45 20 0.04 120 0.09 100 0.03
Linuron (h) 0.54 | nodet. 44 0.01 86 | no det. 3.7 | nodet.
Metolachlor (h) 510 0.65 430 0.48 1,800 0.93 440 0.74
Metribuzin (h) 32 0.23 54 0.21 140 0.23 38 0.33
Pendimethalin (h) 160 <0.01 41 | nodet. 290 <0.01 92 <0.01
Phorate (i) 0.0 | nodet. 0.52 | nodet. 0.67 | no det. 47 | nodet.
Propargite (i) 47 <0.01 11 0.06 73 | nodet. 66 | nodet.
Simazine (h) 0.96 52 9.5 5.0 67 0.97 4.6 24
Trifluralin (h) 510 <0.01 79 <0.01 630 0.01 240 0.01
PESTICIDES WITH MEDIUM RUNOFF POTENTIAL
Alachlor (h) 1,400 0.20 850 0.15 2,000 0.46 1,000 0.31
Azinphos-methy! (i) 0.06 | nodet. 0.72 | no det. 1.2 | nodet. 0.18 | no det.
Carbaryl (i) 8.6 nd 3.2 <0.01 30 0.01 140 <0.01
Chlorpyrifos (i) 53 0.15 60 | nodet. 280 0.07 300 0.01
Cyanazine (h) 450 1.3 210 0.76 750 3.1 460 2.6
EPTC (h) 1,500 <0.01 42 0.02 650 0.05 460 <0.01
Ethoprop (i) 0.99 .08 0.0 | nodet. 0.01 no det. 37 | nodet.
Methy! parathion (i) 8.5 .10 0.08 [ nodet. 9.4 | no det. 140 | no det.
Parathion (i) 3.3 | nodet. 0.0 | nodet. 0.0 | nodet. 110 | no det.
Propachlor (h) 22 2.0 0.0 | nouse 35 0.09 70 0.20
Terbufos (i) 56 0.05 42 | no det. 150 <0.01 260 | no det.
PESTICIDES WITH SMALL RUNOFF POTENTIAL
Malathion (i) [ 00 [nouse | 098 | 0.2 [ 090 [nodet. | 9.4 [nodet.

water sampled during the pulses was indeed acutely toxic to daphnia. The estimated total flux of
diazinon in the Sacramento River represented 0.5 to 1.7 percent of the amount of diazinon
applied in the Sacramento Valley during January and February, when the dormant season
spraying occurs. This is similar to the losses observed for preemergent herbicides in the Midwest
and agrees well with predictions of runoff losses from fields when rainfall occurs shortly after
application (Wauchope, 1978). The fact that similar losses occurred with these two very different
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Table 3.5. Agricultural use and riverine flux as a percentage of use for 26 pesticides in the Mississippi
River Basin, 1991—Continued

Rivers Sampled
Mississippi
Pesticide Missouri Ohio at Thebes, Ilinojs | ¢ Baton Rouge,
. Flux as . Flux as . Flux as . Flux as
Use'm ercent of Use‘m ercent of Use‘m ercent of Use.m ercent of
basin [P use basin [P use basin |P use basin |P use
PESTICIDES WITH LARGE RUNOFF POTENTIAL
Atrazine (h) 6,300 1.2 4,800 1.2 1,500 0.96 | 13,000 1.5
Butylate (h) 1,900 <0.01 1,900 0.03 470 | nodet. 4,200 <0.01
Carbofuran (i) 650 0.09 370 0.08 53 0.28 930 0.14
Diazinon (i) 84 0.07 6.6 1.10 18 | nodet. 110 0.13
Disulfoton (i) 200 | no det. 3.3 | nodet. 11 | nodet. 220 | nodet.
Fonofos (i) 270 0.02 160 0.01 65 0.11 660 0.02
Linuron (h) 55 | nodet. 270 | nodet. 15 | nodet. 240 | nodet.
Metolachlor (h) 3,500 0.68 3,400 0.45 1,700 0.53 | 11,000 0.80
Metribuzin (h) 210 0.41 400 0.09 72 0.10 610 0.36
Pendimethalin (h) 810 0.01 480 <0.01 330 <0.01 2,100 <0.01
Phorate (i) 100 | nodet. 6.6 | nodet. 0.32 | nodet. 120 | nodet.
Propargite (i) 300 0.05 130 | nodet. 64 0.08 490 | nodet.
Simazine (h) 52 14 220 39 39 10.5 170 1.6
Trifluralin (h) 2,400 0.01 750 <0.01 810 | nodet. 5,400 <0.01
PESTICIDES WITH MEDIUM RUNOFF POTENTIAL
Alachlor (h) 4,700 0.16 4,700 0.12 2,100 0.30 | 12,000 0.27
Azinphos-methy1 (i) 1.5 | nodet. 14 | nodet. 4.3 | nodet. 11 no det.
Carbary! (i) 810 <0.01 200 0.08 36 | nodet. 920 0.01
Chlorpyrifos (i) 1,100 | nodet. 490 <0.01 250 0.02 2,300 <0.01
Cyanazine (h) 2,000 20 1,400 0.82 1,600 0.57 6,200 1.6
EPTC (h) 4,200 <0.01 810 0.02 3,900 0.01 12,000 0.01
Ethoprop (i) 85 | nodet. 3.9 | nodet. 1.4 | nodet. 98 | nodet.
Methy! parathion (i) 120 | nodet. 19 | nodet. 15 | nodet. 150 | nodet.
Parathion (i) 360 | nodet. 0.08 | nodet. 4.3 | nodet. 580 | nodet.
Propachlor (h) 1,100 0.01 19 | nodet. 066 0.05 1,400 <0.01
Terbufos (i) 640 | nodet. 280 | nodet. 130 | nodet. 1,300 | nodet.
PESTICIDES WITH SMALL RUNOFF POTENTIAL

Malathion (i) [ 8 [ <001 | 45 [nodet. | 023 [nodet. [ 100 [nodet.

pesticide applications (herbicides on corn and soybeans, and an insecticide sprayed on orchards)
demonstrates that agricultural practices (such as application technique) and weather can be major
factors in determining the amounts of pesticides lost in runoff. Two other OPs used as dormant
sprays in this area—malathion and chlorpyrifos—were rarely detected in the rivers during this
period. Malathion is known to degrade quickly in soil, and chlorpyrifos has a much lower water
solubility (2 mg/L) than diazinon (40 mg/L) and methidathion (250 mg/L), resulting in a low
runoff potential for both compounds (Becker and others, 1989; Goss, 1992).
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From the studies reviewed, it appears that the combination of low runoff potential of
some OPs, and the short aquatic lifetime of others, has precluded any significant occurrence of
most OPs in surface waters in most areas of the United States. It should be noted, however, that
USEPA criteria levels and NAS guidelines for protection of aquatic life are very low for some of
these compounds (see Section 6.1). Detection limits in most of the reviewed studies are close to,
or in some cases above, these levels. Because of the widespread use of these compounds, their
use in non-agricultural settings, and the low detection frequency in most of the reviewed studies,
the relation between regional use patterns of OPs and their occurrence in surface waters is
unclear. An important exception is the dormant spray use of diazinon and methidathion in
California described previously, where the relation is relatively clear. It also appears that urban
uses of diazinon are resulting in detectable levels in surface waters in some areas, although this
is difficult to quantify due to the lack of data on non-agricultural use.

TRIAZINE AND ACETANILIDE HERBICIDES

Triazine and acetanilide herbicides have been used in the United States since the 1940's.
The amounts used in agriculture have risen dramatically in the last 30 years, increasing by more
than a factor of eight between 1966 and 1991 ( ). More than 215 million 1b a.i. of these
compounds were used in agriculture during 1988-1991, accounting for approximately 47 percent
of total herbicide use and 36 percent of total agricultural pesticide use. In the late 1980's, 8 of the
top 20 herbicides, in terms of mass applied, were triazines or acetanilides (Gianessi and Puffer,
1991). Estimates of individual compound use are given in |iable 3.1. Of the commonly used
triazines, atrazine, cyanazine, and simazine are used primarily on corn; metribuzin is used
primarily on soybeans; and propazine was used almost exclusively on sorghum. The use of
propazine was discontinued in the late 1980's (Gianessi and Puffer, 1991). Atrazine also is used
on sorghum. The most commonly used acetanilides (alachlor, metolachlor, and propachlor) are
primarily used on corn, soybeans, and sorghum. The heaviest agricultural use of triazine and
acetanilide herbicides is in Illinois, Indiana, Iowa, Minnesota, Wisconsin, Nebraska, Missouri,
and Ohio (the corn belt). Several of these compounds also are used extensively in Kansas, Texas,
and several states in the southeastern United States. Maps showing agricultural use for a number
of the high-use triazine and acetanilide herbicides are included in Section 3.2.

As a group, the commonly used triazine and acetanilide herbicides have moderate to high
water solubility and relatively low soil-sorption coefficients, and several are relatively persistent
in soil (Wauchope and others, 1992). As a result, they have a moderate to high potential for loss
from fields through surface runoff, primarily in the dissolved phase (Goss, 1992). In addition,
most are chemically stable in water (not hydrolyzed) and are unlikely to volatilize from water. In
general, triazines are somewhat more resistant to biodegradation than acetanilides (Muir, 1991).
Aquatic half-lives, as measured in laboratory studies, range from 10 days for propachlor to more
than 90 days for atrazine (Muir, 1991), although considerable variation can be found in the
experimental results for individual chemicals, depending on the experimental conditions.

As use of these compounds has increased, concern about their presence in surface waters
also has grown. Although triazines and acetanilides, like most herbicides, have low acute toxicity
to most animals, the potential effects on human health remain an area of concern. Alachlor is
classified as a probable human carcinogen, and several others (atrazine, cyanazine, metolachlor,
propazine, and simazine) are classified as possible human carcinogens by the USEPA (Nowell
and Resek, 1994). The USEPA has established MCLs in drinking water for alachlor, atrazine,
and simazine of 2, 3, and 4 pg/L, respectively (Nowell and Resek, 1994). Several of these
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herbicides have been detected in surface waters used for drinking water supplies (Wnuk and
others, 1987; Goolsby and Battaglin, 1993; Larson and others, 1995). In addition to concerns
about human health effects, the effects of long-term, low-level concentrations of these
compounds, or combinations of these compounds, on aquatic ecosystems is largely unknown.

Several of the recent regional studies mentioned in Section 3.1 have provided important
information on the occurrence and geographic distribution of some of the most commonly used
triazine and acetanilide herbicides. The availability of detailed agricultural-use data from
approximately the same period allows a number of conclusions to be drawn about the relation
between agricultural use of these compounds and their occurrence in surface waters. Selected
findings from these studies will be used to illustrate these conclusions.

In the 1989-1990 USGS study of numerous small river basins throughout the
Midwest (Goolsby and Battaglin, 1993), herbicides used in the basins were detected at 98 to
100 percent of the sites in the postplanting samples. This region has the highest use of triazine
and acetanilide herbicides in the United States (Figures 3.6[ ,Im] and B.16). Detection
limits in this study were 0.2 pg/L for cyanazine and 0.05 ug/L for all other analytes. Atrazine,
alachlor, and metolachlor were the most frequently detected herbicides in both years, with
detections at 81 to 100 percent of the sites in the postplanting samples. Of the herbicides targeted
in the study, these three compounds were the highest-use herbicides in this region, although use
totals for each basin were not available. Concentrations in most 1989 postplanting samples
ranged from 1 to 10 pg/L for atrazine and from 0.2 to 4 ug/L for alachlor, metolachlor, and
cyanazine. Maximum concentrations in the 1989 postplanting samples were 108 pg/L for
atrazine; 40 to 60 pg/L for alachlor, metolachlor, and cyanazine; and 1 to 8 pg/L for simazine,
propazine, and metribuzin. Concentrations were much lower in the preplanting and postharvest
samples, as were detection frequencies for most of the compounds. The results from this study
show the widespread nature of the occurrence (during 1989-1990) of these herbicides in this
region of intensive row-crop agriculture. The seasonal aspects of pesticide occurrence in streams
are discussed in Section 5.1.

Similar results were obtained in the 1992 study of the midwestern reservoirs shown in
(Goolsby and others, 1993). At least 1 of the 14 targeted triazine and acetanilide

erbicides (and their transformation products) was detected in 82 to 92 percent of the 76 sampled
reservoirs during the four sampling periods from April through November. These compounds
occurred most frequently in reservoirs in the areas of the highest herbicide use. In addition, the
locations of reservoirs in which MCLs for atrazine and alachlor were exceeded correspond to
areas of highest use of these compounds (Figure 3.41)).

Additional inferences can be made about relations between pesticide use and occurrence
of pesticides in rivers when basin-wide pesticide use totals are available. In the Mississippi River
Basin study (Figure 2.4) of large rivers (Goolsby and Battaglin, 1993; Larson and others, 1995),
pesticide use totals for each basin were combined with data on pesticide concentrations and river
discharge to calculate the total flux of each targeted pesticide at each sampling site (Table 3.5).
For most of the triazine and acetanilide herbicides, the amounts detected in the rivers generally
represented 0.2 to 2 percent of the amounts applied to fields in each basin (Figure 3.42). Atrazine,
metolachlor, metribuzin, and alachlor percentages were quite similar in each of the basins.
Approximate ranges of the percentages were 1 to 1.5 for atrazine, 0.5 to 1.0 for metolachlor, 0.2
to 0.4 for metribuzin, and 0.1 to 0.5 for alachlor. The results for these compounds imply that a
relatively constant amount of each is lost from agricultural fields to surface waters, across a wide
range of spatial scales. Percentages for cyanazine, propachlor, and simazine varied substantially
among basins. The variability in the percentages of these three compounds can be partially
accounted for in each case. The anomalously high percentages for simazine in some basins may

© 1998 by CRC Press, LLC



196  PESTICIDES IN SURFACE WATERS

100°

45°

EXPLANATION

Number of herbicides or
herbicide metabolites detected

(14 detections possible)
0
1-4
5-8
More than 8
Concentrations of one or

more herbicides exceeded
health-based limit

300 MILES
I I |
]

|
300 KILOMETERS

@ @60

Figure 3.41. Geographic distribution of herbicide and metabolite detections in midwestern reservoirs,
and locations of reservoirs in which concentrations of one or more herbicides exceeded a U.S.
Environmental Protection Agency maximum contaminant level or health advisory level for drinking water.
Samples collected from late June to early July 1992 (see Table 2.1 for the analytes targeted in this study).
Redrawn from Goolsby and others (1993).

have been due to use of simazine not accounted for in the agricultural-use data used to calculate
the percentages in this study. The USEPA estimated that non-agricultural use of simazine
accounted for 30 to 55 percent of total simazine use in the late 1980's (Gianessi and Puffer, 1991).
Cyanazine has a somewhat different use pattern than the other triazines and acetanilides, which
are applied primarily as preemergent herbicides. Cyanazine is often applied after the spring
runoff (Schottler and others, 1994), which could add variability to the amount lost to surface
waters. Propachlor had low use in most of the basins, and a lower detection frequency than the
other triazine and acetanilide herbicides, resulting in a higher level of uncertainty in the
calculated flux value for some of the basins.

A much larger fraction of the applied triazine and acetanilide herbicides was detected in
the rivers in this study than in the other herbicides monitored (butylate, linuron, EPTC,
pendimethalin, and trifluralin). This is shown graphically in[Figure 3.43| in which the fluxes of
all the herbicides monitored in this study are plotted in relation to the amount of each compound
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Figure 3.42. Riverine flux of herbicides at three sites on the Mississippi River and at sites on six major tributaries in 1991, expressed as a
percentage of the amount applied agriculturally in each basin. Data are from Larson and others (1995).
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Figure 3.43. Riverine flux of herbicides in relation to the amount applied agriculturally in the drainage basins at three sites on the Mississippi River
and at sites on six tributaries in 1991. Lines represent fluxes corresponding to 0.01, 0.1, 1, and 10 percent of the amount of herbicides applied in
the basins. @ — Triazine and acetanilide herbicides. @ — Other herbicides, with flux of 0.01 percent or greater. O — Other herbicides, with
flux less than 0.01 percent. O - Other herbicides, with no detections in any samples. Data from Larson and others (1995).
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applied in each of the basins. Fluxes of the triazines and acetanilides, expressed as a percentage
of the amount applied, were consistently higher than fluxes of the other herbicides in the study
(the three anomalously low data points for the triazine and acetanilide herbicides are for
propachlor, in basins where use was low and detections less frequent, resulting in large
uncertainty in the calculated flux). Fluxes of the triazines and acetanilides were in the 0.1 to
10 percent range, whereas fluxes of the other herbicides were all less than 0.1 percent.
Application technique may be the most important factor in the differences observed. The
triazines and acetanilides are normally applied preemergent to bare soil or residual vegetation
from the prior year's crop. Most of the other herbicides in the study are incorporated into soil
when applied (Wauchope and others, 1992). Incorporation greatly decreases the potential for loss
from agricultural fields in runoff (Leonard, 1990).

More is known about the presence of atrazine in surface waters of the Mississippi River
Basin than is known about any other pesticide in any part of the nation. Ciba-Geigy Corporation
(Ciba-Geigy, 1992a,c,d,f, 1994a) has reviewed the results of numerous atrazine monitoring
programs conducted on small and large rivers, lakes, and reservoirs of the central United States
during 1974-1993. These programs were conducted by state and federal agencies, water utilities,
universities, Monsanto Company, and Ciba-Geigy. Selected data from these reviews are
discussed in the sections on seasonal patterns and health implications in Chapters 5 and 6. Results
pertaining to occurrence and distribution of atrazine in surface waters are summarized briefly
here.

Ciba-Geigy has summarized the results of monitoring for atrazine in Iowa from 1974 to
1992 (Ciba-Geigy, 1994a) and in Illinois from 1975 to 1988 (Ciba-Geigy, 1992f). These two
states are in the heart of the corn belt, and are probably representative of conditions in Indiana,
Ohio, and parts of Nebraska, Wisconsin, Minnesota, and Michigan. Illinois and Iowa ranked first
and fourth, respectively, in atrazine use during 1988-1991 (Gianessi and Puffer, 1991). National
atrazine use (1988-1991) is shown in.

In Iowa, 69 surface water bodies were monitored at 86 sites between 1974 and 1992, with
a total of 2,780 samples analyzed (Ciba-Geigy, 1994a). The duration of monitoring at each site
varied between 1 and 13 years. Sampling frequency was variable, with many sites sampled
quarterly or monthly, whereas others were sampled as many as 10 times per month during the
spring and summer. The detection limit for many of the sites was 0.1 pg/L, but ranged from 0.02
to 3.0 ug/L. Overall, atrazine was detected in 81 percent of the samples. The maximum
concentrations of atrazine (up to 71 pg/L) occurred primarily in May, June, and July. The overall
distribution of concentrations was skewed toward the lower values, with 1.6 percent greater than
10 pg/L, 8 percent greater than 3 pg/L, and 21 percent greater than 1 pg/L.. At sites where the
sampling frequency was sufficient to calculate an annual mean concentration, 2.5 percent had
annual means higher than the MCL of 3 pg/L.

In Illinois, the data reviewed by Ciba-Geigy (Ciba-Geigy, 1992g) is less extensive, but
the results were very similar. Ciba-Geigy, Monsanto, and the Illinois Environmental Protection
Agency (IEPA) monitored atrazine concentrations in 39 rivers and streams, and 3 lakes and
reservoirs. Sampling was done over varying lengths of time during 1975-1976 and 1985-1988.
Again, atrazine was frequently detected—in 98, 91, and 80 percent of samples analyzed by
Ciba-Geigy, Monsanto, and IEPA, respectively. Detection limits were 0.1 pg/L. (Ciba-Geigy),
0.2 pg/L. (Monsanto), and 0.05 pg/LL (IEPA). Maximum concentrations at most sites occurred in
April, May, June, or July and ranged from less than 0.05 to 30 ug/L. Concentration distributions
were skewed toward lower values, with 3 percent of annual means and 7 percent of individual
sample concentrations greater than 3 ug/L. In the IEPA program, four sites in non-agricultural or
low atrazine-use watersheds served as controls. Atrazine was detected in 68 percent of samples
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at these control sites, however, with concentrations up to 5 pg/L, and annual mean concentrations
of 40 to 80 percent of the average annual mean from the other sites. Reasons for the relatively
high level of detections at these sites were not discussed in the review.

The data from Illinois and Iowa agree well with Ciba-Geigy and Monsanto data from
other states in the central United States and with atrazine data from long-term studies of Lake
Erie tributaries in Ohio (Richards and Baker, 1993). The picture that emerges is of widespread,
low-level contamination of surface waters by atrazine, often lasting throughout the year. This
appears to be true for the regions of the United States where atrazine is used commonly. During
much of the year, concentrations in nearly all monitored surface waters were well below 3 pg/L,
and usually less than 1 pg/L. In virtually all the rivers and streams monitored, however,
concentrations rose in the spring and early summer after atrazine application, often exceeding 3
ug/L for periods of days to weeks. Peak concentrations were usually higher in smaller streams
draining agricultural areas than in larger rivers that integrate the inputs from larger, more
heterogeneous areas. Annual mean concentrations seldom exceeded the MCL of 3 pg/L. The
topics of seasonal patterns, concentrations exceeding established water quality criteria values,
and the potential effects of the observed concentrations are discussed in more detail in
Sections 5.1, 6.1, and 6.2.

In summary, the relation between agricultural use of the triazine and acetanilide
herbicides and their occurrence and distribution in surface waters is relatively clear. Their use as
preemergent herbicides in the central United States results in a fairly predictable level of
contamination of surface waters. Several recent developments in the use of these compounds,
however, raise new questions. First, recommended atrazine application rates have been lowered
substantially in the last few years, from a maximum of 4 Ib a.i. per acre before 1990, to 1.6 to
2.51Ib a.i. per acre (depending on tillage practices) in late 1992 (Goolsby and others, 1994).
Second, use of cyanazine on corn and sorghum increased by more than 25 percent between 1989
and 1992, and use of metolachlor has also reportedly increased (Goolsby and others, 1994).
Finally, a new acetanilide herbicide—acetochlor—was registered conditionally for use on corn
in 1994 (U.S. Environmental Protection Agency, 1994a). An explicit condition of this
registration states that the introduction of acetochlor must result in a 33 percent reduction
(equivalent to 66.3 million Ib a.i.), within 5 years, in the use of certain herbicides (atrazine,
alachlor, metolachlor, EPTC, butylate, and 2,4-D) on corn (based on 1992 use levels). The effects
of these changes on the occurrence of herbicides in surface waters are unknown at this time.

PHENOXY ACID HERBICIDES

The only phenoxy acid herbicides with significant current agricultural use in the United
States are 2,4-D, esters of 2,4-D, and MCPA ([Table 3.1). During the 1960's and 1970's, 2,4,5-T
also was used agriculturally. Silvex (2,4,5-TP) was used in smaller amounts before 1984, when
its use was restricted in the United States. During 1989-1991, 2,4-D ranked fifth among
agricultural herbicides and MCPA ranked seventeenth in terms of mass applied. In addition, the
USEPA estimates non-agricultural use of 2,4-D to be 38 to 87 percent of agricultural use
(Gianessi and Puffer, 1991). If the high estimate for non-agricultural use is correct, total 2,4-D
use ranked second among all herbicides during 1988-1991. The total amount of phenoxy com-
pounds used in United States agriculture has remained nearly stable over the last two decades,
although their proportion of the total herbicide use has dropped as use of triazine and acetanilide
herbicides has increased (TTable 3.2)). The phenoxy compound 2,4-D is used primarily on pasture
land, hay, wheat, corn, and barley, with heaviest use in the plains states, the Midwest, and the
Southwest (Figure 3.10). MCPA is used primarily on wheat, barley, oats, and rice, with heaviest
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use in the northern plains states and California (Figure 3.13). Phenoxy compounds, primarily
2,4-D and MCPP, are also used heavily for lawn care in urban areas by both homeowners and
professional applicators. These two compounds were the herbicides used most often by
homeowners, according to a 1990 survey (Whitmore and others, 1992). Occurrence of these
compounds in surface waters as a result of application in urban areas is discussed in Sections 4.1
and 5.3.

Physical and chemical properties of phenoxy herbicides vary considerably, depending on
the structure of the particular chemical applied. 2,4-D is applied in several forms, including
esters, salts, and the acid form. Water solubility of the esters generally is very low, whereas most
of the salts are highly soluble. The acid form of 2,4-D has a relatively high water solubility of
890 mg/L (Wauchope, 1992). In general, the phenoxys do not sorb strongly to soil, and their
dissipation rate in soil is relatively fast (half-lives in soil of approximately 7 to 10 days). They
generally have a medium potential for movement in surface runoff (Goss, 1992). In water, the
esters of 2,4-D may be hydrolyzed rapidly to the acid form, depending on the pH. In neutral
water, half-lives of 2,4-D esters have been reported as ranging from 4.5 to 23 days. Hydrolysis
of the esters is faster in alkaline water and slower in acidic water. The acid form of 2,4-D is
relatively stable in water, with reported half-lives ranging from 6 to 170 days (Muir, 1991).
Under conditions in which photolysis can occur, aquatic persistence may be lower, with half-
lives of 2 to 4 days reported (Howard and others, 1991). DeMarco and others (1967) investigated
the behavior of 2,4-D in a simulated stratified impoundment. They showed that 2,4-D is much
more persistent in cold, deoxygenated water than in warm, oxygenated water, and that 2,4-D
concentrations remained constant in a biologically inactive control for more than 100 days. The
reported aquatic persistence of MCPA also is variable, with half-lives of 4 to more than 25 days
reported. The reported aquatic half-life of MCPP is 7 to 10 days, apparently because of
biodegradation (Howard and others, 1991). For the phenoxy compounds as a group, aquatic
persistence appears to vary considerably, depending on pH, temperature, season, and the
concentrations of suspended sediments and dissolved organic carbon.

Acute toxicity of phenoxy compounds to humans and aquatic organisms is relatively low
(Que Hee and Sutherland, 1981). The USEPA MCL for 2,4-D in drinking water is 70 pg/L, and
the NAS recommended maximum concentration in water for protection of aquatic life is 3 pg/L
(Nowell and Resek, 1994). No corresponding values have been established for MCPA or MCPP.

Compared to the other high-use pesticide classes, relatively few recent studies have
examined the occurrence of phenoxy compounds in surface waters. Only four large-scale studies
conducted during the 1960's and 1970's included phenoxy compounds as analytes. Three USGS
studies conducted on streams of the western United States during 1965-1966, 19661967, and
1968-1971 (Brown and Nishioka, 1967; Manigold and Schulze, 1969; Schulze and others, 1973)
and one national-scale USGS study during 1975-1980 (Gilliom and others, 1985) quantified
2,4-D, 2,4,5-T, and silvex (2,4,5-TP). The earliest USGS western rivers study, in 1965-1966
(Brown and Nishioka, 1967), did not detect any phenoxy acid herbicides in any samples from 11
sites. Monthly samples were collected from these sites and nine additional sites in the 1966-1967
and 1968-1971 studies. Detection rates were 12, 8, and 4 percent (1966-1967) and 17, 18, and
8 percent (1968-1971) for 2,4-D, 2,4,5-T, and silvex, respectively. This apparent increase in
detections of 2,4-D from the 1965-1966 study is somewhat misleading, however. The analytical
detection limit decreased from 0.1 pg/L in the 1965-1966 study to 0.02 pg/L in the later studies.
If only the concentrations above the 1965-1966 detection limit are considered, and only at the
sites common to all the studies, the detection frequencies for 2,4-D would have been 5.7 percent
and 3.3 percent of samples in the 1966-1967 and 1968-1971 studies, respectively. Half of the
increase in both of the later studies is because of detections at one site (the Yakima River at
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Kiona, Washington). In addition, sample handling techniques improved during and after the
earliest study, when there was a delay of 2 to 3 weeks (apparently unrefrigerated) between sample
collection and analysis (Brown and Nishioka, 1967). There may have been degradation of 2,4-D
between collection and analysis of some samples in the earliest study. Thus, the findings in this
series of studies indicate that 2,4-D levels in western rivers did not increase significantly during
this period, except in the Yakima River. Concentrations of 2,4-D in the Yakima River show a
distinct seasonal pattern each year from 1967 to 1971, with elevated concentrations (0.1 to
0.4 pg/L) detected from April through September (see Section 5.1).

The combined detection frequencies for 2,4-D at each site from the 1966-1967 and
1968-1971 studies may be compared with regional use of 2,4-D during this period.[Figure 3.44 |
shows the frequency of occurrence at the 20 sites, and regional agricultural use of 2,4-D in 1971,
expressed as pounds active ingredient applied per year per acre of cropland. National use of
2,4-D did not change appreciably between 1966 and 1971 ), and for Figure 3.44, the
assumption is made that 2,4-D use also did not change significantly in the different regions
shown. The frequency of 2,4-D detections in the rivers shows little correlation with the regional
use totals. Sites with low and high detection frequencies were in both the high and low use
regions. No correlation is evident whether the use data are expressed as total pounds active
ingredient applied in the region, applied per acre of cropland, or applied per acre of all land in
the region. Use data on this scale are obviously not sufficient to show a relation between use and
occurrence in these rivers. For example, using the same 2,4-D use level for the Humboldt River
Basin in northern Nevada and the Snake River Basin in southern Idaho is an oversimplification.
Data on recent use of 2,4-D, on a statewide basis, show that over 14 times more 2,4-D was
applied in Idaho than in Nevada during 1989-1991 (Gianessi and Puffer, 1991), most of it in the
area drained by the Snake River (. The relatively high use value for the mountain
states may be a good estimate for the Snake River Basin, but is probably much too high for the
Humboldt River Basin. In addition, the drainage basins of some of the rivers monitored in these
studies include land in more than one of the regions. For example, the Arkansas River sampling
site at Van Buren, Arkansas, receives inputs from areas in the mountain, northern plains, and
southern plains regions, which had quite different 2,4-D use levels, according to the 1971 data.
It is very likely that better correlation between use of 2,4-D and occurrence in these rivers would
be seen if use data for this period were available at the county or river-basin scale.

The USGS/USEPA national study from 1975 to 1980 (Gilliom and others, 1985)
quantified 2,4-D, 2,4,5-T, and silvex in approximately 1,760 samples from throughout the United
States, with detection frequencies of 0.2, 0.1, and 0.1 percent, respectively. Detection limits in
this study were 25 (2,4-D) and 100 (2,4,5-T, silvex) times higher than detection limits in the
studies depicted in Figure 3.44. These higher detection limits were undoubtedly the cause of the
very low frequency of detections in the later study. The effect of differences in the detection
limits in these studies is discussed in Section 2.7. Thirty of the state and local studies in[Table 2.2]
included 2,4-D as an analyte. Most of these also included 2,4,5-T and silvex. In these studies,
mostly from the 1980's, these compounds were detected relatively often—2,4-D was detected at
nearly 50 percent of sites (30 percent of samples), 2,4,5-T was detected at approximately
30 percent of sites (20 percent of samples), and silvex was detected at approximately 11 percent
of sites (3 percent of samples). Detection limits in most of these studies ranged from 0.01 to
0.1 ug/L for all three compounds, but were higher in a few cases. Not all studies provided data
on individual sites or samples, and the percentages given should be used only for an overview of
the relative frequency of occurrence during this period.

Results from several of these studies can be used to illustrate the situation in recent years.
In Kansas, over 100 stream sites have been monitored since 1977 for a variety of pesticides,
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Figure 3.44. Regional agricultural use of 2,4-D in 1971, and detection frequency of 2,4-D in rivers and streams of the western United States,
1967-1971. Use data are from Andrilenas (1974). Detection frequencies are from Manigold and Schulze (1969) and Schulze and others (1973).
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including 2,4-D (Butler and Arruda, 1985). Detections of 2,4-D increased during the late 1970's
and early 1980's, and 2,4-D was detected in 6 to 8 percent of samples each year from 1981 to
1984 (detection limit unknown). Sampling was done only on an annual basis, however, and no
information on concentrations is given in Butler and Arruda (1985). Kansas ranks third in
agricultural use of 2,4-D (Gianessi and Puffer, 1991).[Figure 3.10]shows national 2,4-D use. In
Texas, which ranked first in agricultural use of 2,4-D during 1988-1991, five sites on the
Colorado River were monitored from 1973 to 1982, with quarterly sampling (Andrews and
Schertz, 1986). The most commonly detected herbicide was 2,4-D, with detections at all five
sites and in 31 percent of the samples (detection limit of 0.01 pg/L). Maximum concentrations at
the five sites ranged from 0.04 to 0.21 pg/L. One of the sites (Wharton, Texas) was also a site in
the USGS studies of western streams previously discussed (Brown and Nishioka, 1967,
Manigold and Schulze, 1969; Schulze and others, 1973). 2,4-D was detected in 6 percent of
samples from 1966 to 1971 in these studies (detection limit of 0.02 pg/L), but in 26 percent of
samples from 1973 to 1982 in the Texas study. Whether the increase in detections at this site is
due to the lower detection limit in the later study is not known. Concentrations of pesticides,
including 2,4-D, were monitored at 20 sites on 12 streams from 1976 to 1978 in Wyoming, which
also has relatively high agricultural use of 2,4-D (Butler, 1987). Samples were taken in early
summer and autumn at each site. The most commonly detected herbicide was 2,4-D, with
detections at 13 sites in 29 percent of the samples. The maximum concentration was 1.2 pg/L,
but 90 percent of the concentrations were 0.08 pg/L or less. The early summer samples had more
detections and higher concentrations of 2,4-D than the autumn samples. Finally, in Pennsylvania,
where agricultural use of 2,4-D is relatively low, concentrations of pesticides, including 2,4-D,
were measured in the Susquehanna River at Harrisburg, Pennsylvania, from April 1980 to March
1981 (Fishel, 1984). Concentrations of 2,4-D were detected in approximately 75 percent of the
samples. The concentrations were low, with a maximum of 0.41 pg/L, and varied throughout the
year. Highest concentrations occurred from August through January, in contrast to atrazine,
which showed the more familiar pattern of highest concentrations in spring and early summer
(Figure 3.45). The lack of a seasonal pattern in 2,4-D occurrence may have been due to the
mixture of land uses in the Susquehanna drainage basin. Land use in the basin at the time of the
report was divided among forested land—62 percent, cropland—10 percent, pasture—7 percent,
urban-5 percent, and highways, public buildings, and recreational areas—16 percent (Fishel,
1984). 2,4-D has applications in each of these land-use categories (Tables 3.3|and, and the
distribution of concentrations observed at Harrisburg probably was affected by inputs from each.
Variable application times would result in a relatively undefined seasonal pattern of occurrence.
This situation may be common in other areas of the nation with mixed land use because of the
widespread use and the variety of applications for 2,4-D.

In summary, it appears that the most widely used phenoxy herbicide, 2,4-D, is a relatively
common contaminant in surface waters of the United States, although recent monitoring data are
sparse. Levels of 2,4-D are low, however, with most observed concentrations much less than
1 pg/L. The relation between use of 2,4-D and its occurrence in surface waters is not well defined
by the available data. This is due to the widespread use and variety of applications of 2,4-D, the
lack of detailed data on non-agricultural applications, and the relatively few recent studies in
which both application and occurrence data have been documented. Little information has been
published on monitoring for MPCA, the other phenoxy compound with significant agricultural
use.
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Figure 3.45. Seasonal patterns of 2,4-D (A) and atrazine (B) concentrations in the Susquehanna River
at Harrisburg, Pennsylvania, from March 1980 to April 1981. Data are from Fishel (1984).
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OTHER HERBICIDES, INSECTICIDES, AND FUNGICIDES

A number of high-use pesticides do not fall into the insecticide and herbicide categories
discussed previously. Some of these compounds were analytes in the Mississippi River Basin
study described previously (Section 3.1). Several of the herbicides also were included in the
long-term study of Lake Erie tributaries by Baker and others (Richards and Baker, 1993). In the
following discussion, these two studies are used to describe what is known about the occurrence
and distribution of these miscellaneous pesticides in surface waters. For a number of these
compounds, agricultural use in the area covered in these studies represents a major part of the
nationwide use (maps showing agricultural use of many of these compounds are included in
Section 3.2). For compounds not included in these studies, or for compounds whose major use is
in other areas of the United States, applicable studies from |Tables 2.2 and[2.3]are used. For
pesticides with little occurrence data, the physical and chemical properties may be used to assess
whether contamination of surface waters is likely.

Herbicides

Several of the most commonly used agricultural herbicides are not included in the triazine
and acetanilide or phenoxy acid groups discussed earlier. These include butylate and EPTC
(thiocarbamates), dicamba (benzoic acid derivative), linuron (substituted urea), and
pendimethalin and trifluralin (dinitroaniline compounds). Except for dicamba, all of these were
included as analytes in the Mississippi River Basin study as shown in [Table 3.5](Goolsby and
Battaglin, 1993; Larson and others, 1995). Butylate, EPTC, pendimethalin, and trifluralin were
detected in at least seven of the eight subbasins sampled, and in 16, 33, 9, and 35 percent,
respectively, of samples collected from May through September 1991. Linuron was detected at
only one site in one sample. Detection limits ranged from 0.002 to 0.01 mg/L for these five
compounds. Concentrations were very low, with 95 percent of samples containing less than
0.03 pg/L. The total mass transported in the rivers represented 0.05 percent or less of the EPTC
and butylate and 0.01 percent or less of the trifluralin, pendimethalin, and linuron applied in each
subbasin. Agricultural use of these herbicides in the Mississippi River Basin represents a large
part of national agricultural use: butylate-77 percent, EPTC-77 percent, pendimethalin—
65 percent, trifluralin—69 percent, and linuron—53 percent (Gianessi and Puffer, 1991). Similar
results have been obtained for butylate, EPTC, and linuron in the much smaller river basins of
Lake Erie tributaries studied by Richards and Baker (1993). In this study, covering 1983 through
1991, butylate, EPTC, and linuron were detected at low concentrations in all seven rivers
monitored. The percentages of samples with detections were 4 to 22 percent for butylate and 6
to 24 percent for EPTC (the percentage for linuron was not reported, but was less than 50
percent). The maximum concentrations were con81derably higher in these smaller rivers
(drainage basin sizes ranged from 4.4 to 6,000 mi 2), but most samples still had very low
concentrations. In each basin, 95 percent of all samples analyzed had butylate concentrations of
0.05 pg/L or less, linuron concentrations of 0.68 pg/L or less, and EPTC concentrations of
0.07 pg/L or less. These three herbicides were among the top 20 pesticides used in Ohio during
this period.

Dicamba was not an analyte in any of the large-scale studies reviewed, but was included
in several of the state and local studies. In five studies conducted in the late 1970's and
mid-1980's (Butler, 1987; Wnuk and others, 1987; Knapton and others, 1988; Lambing and
others, 1988; Rinella and Schuler, 1992), dicamba was detected at 13 of 59 sites and in 12 of 79
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samples from rivers in Iowa and several western states. Detection limits in these studies ranged
from 0.01 to 0.1 pg/L. Concentrations were low, with most below 0.1 pug/L. The maximum
concentration detected was 1.4 pg/L in an Iowa river (Wnuk and others, 1987). Dicamba has a
medium potential for movement in surface runoff (Goss, 1992) and has been observed in runoff
from field plots under simulated rainfall conditions (Trichell and others, 1968). Laboratory
studies of the persistence of dicamba in water suggest that it is fairly resistant to biodegradation
and hydrolysis, and unlikely to volatilize (Muir, 1991), although field studies do not indicate a
long aquatic lifetime. Dicamba is very mobile in soil (Norris and Montgomery, 1975) and may
undergo leaching before significant runoff occurs.

Insecticides

Some of the most commonly used insecticides (as of 1989) are not included in the
organochlorine or organophosphorus groups discussed earlier (fTables 3.1]and B.3). These
include several carbamates (carbaryl, carbofuran, aldicarb, methomyl, and oxamyl), a
thiocarbamate (thiodicarb), propargite, and the pyrethroids (permethrin and a variety of
compounds primarily for home and garden use). Several of these were included as analytes in the
Mississippi River Basin study as shown in [Table 3.5](Goolsby and Battaglin, 1993; Larson and
others, 1995). Carbofuran and carbaryl were detected at seven of eight sites, in 35 percent and 9
percent, respectively, of samples collected from May to September 1991. The detection limit was
0.002 pg/L for both compounds. Concentrations were very low: 95 percent of all samples
contained 0.08 pg/L or less of carbofuran and 0.01 pg/L or less of carbaryl. The total mass
transported in the rivers represented from less than 0.01 to 0.4 percent of the carbofuran applied
in each subbasin and from less than 0.01 to 0.08 percent of the carbaryl. Propargite was detected
at three of eight sites (1 percent of samples) with a detection limit of 0.01 pg/L. Permethrin was
detected at two of eight sampling sites (2 percent of samples) with a detection limit of 0.01 pg/L.
and a maximum concentration of 0.03 pg/L. Water samples were filtered before analysis in this
study, and any permethrin sorbed to suspended sediment would not have been included in the
analysis. Permethrin has a relatively high sorption coefficient (see section on Phase-Transfer
Processes in Chapter 4) and very low water solubility (0.006 pg/L) (Wauchope and others, 1992),
and it is likely that a significant portion would remain sorbed to particles if present in one of these
rivers. Agricultural use of these four insecticides in the Mississippi River Basin represents nearly
half of their national agricultural use: carbofuran—56 percent, carbaryl-43 percent, propargite—46
percent, and permethrin—37 percent (Gianessi and Puffer, 1992a). Although studies show that
these compounds are used substantially on other crops throughout the United States, only a few
studies actually targeted the compounds in surface waters. It is not known whether these
compounds would behave in other environmental settings as they do in the Mississippi River
Basin.

Aldicarb (Figure 3.18), another commonly used carbamate insecticide, was not targeted

in any of large-scale studies reviewed and was an analyte in only one of the studies included in

|Table 2.2.|It was not detected at any of four sites in a USGS reconnaissance study in Colorado
during 1988-1989, which had a detection limit of 0.5 ug/L. (Butler and others, 1991). Aldicarb
has received much attention as a ground-water contaminant (U.S. Environmental Protection
Agency, 1992), but apparently very little as a potential surface water contaminant. The half-life
of aldicarb in surface water is estimated to be 20 to 360 days (Howard and others, 1991), and its
physical and chemical properties suggest a medium potential for movement in surface runoff
from fields (Goss, 1992). Aldicarb is normally incorporated into soil when applied (U.S.
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Environmental Protection Agency, 1988), however, and is oxidized rather quickly in soil to the
sulfoxide and more slowly to the sulfone (Howard and others, 1991), greatly reducing the
potential for surface water contamination.

Two other carbamates with wide use, methomyl and oxamy] (Figure 3.28),
also were not targeted in any of the large-scale studies reviewed. Methomyl was an analyte in
three studies included in It was not detected in two USGS reconnaissance studies in
California and one in Colorado in the late 1980's (detection limits ranged from 0.01 to 2.0 pg/L).
The physical and chemical properties of methomyl suggest a medium potential for movement in
surface runoff from fields (Goss, 1992). A long-term field study of pesticide losses from irrigated
fields (Spencer and Cliath, 1991) has shown that the amount of methomyl lost from fields, as a
proportion of the amount applied, is similar to that of some of the triazine and acetanilide
herbicides observed in the Mississippi River Basin study. In addition, methomy! has been shown
to be resistant to both biotic and abiotic degradation in water (Walker and others, 1988). Thus,
there does appear to be a potential for contamination of surface waters by methomyl, but existing
studies are not sufficient to assess whether this has actually occurred. Oxamyl was an analyte in
the Colorado reconnaissance study, and was not detected (detection limit of 0.5 pg/L). The
estimated half-life of oxamyl in soil is very short (4 days), and it is not considered likely to be
transported in surface runoff from fields (Goss, 1992).

Fungicides

Fungicides, representing approximately 10 percent of all pesticide use (excluding
fungicidal use of sulfur and copper), have significantly different use patterns than the herbicides
and insecticides (Gianessi and Puffer, 1992b), as shown in. It should be noted that
applications of sulfur are not included in the map of total fungicide use. Sulfur accounted for
approximately 61 percent of total fungicide use in the United States during 1988-1991. Studies
of the effects of fungicidal use of sulfur on surface water quality are not included in this text,
since natural sources should far exceed contributions from use of sulfur as a fungicide. Copper,
accounting for approximately 8 percent of total fungicide use, also is not included in Figure 3.5
and is not discussed in this text. The heaviest use of fungicides, in terms of the total mass applied,
is in California and Florida, which account for 22 and 17 percent of nonsulfur fungicide use in
the United States, respectively. Other states with relatively high agricultural use of fungicides
include Georgia, Michigan, New York, Alabama, and North Carolina. Crops with highest
fungicide use include grapes, various fruits, tomatoes, sugarbeets, peanuts, potatoes, cotton, and
almonds. Compounds with the 1iihest ai ricultural use include chlorothalonil, mancozeb, captan,

maneb, ziram, and benomyl (. Maps showing agricultural use of several of these
compounds are included in Section 3.2. Several fungicides have significant noncrop uses (seed
treatments or postharvest application), which are not accounted for in Table 3.1 or Figure 3.5.
These include PCNB (pentachloronitrobenzene), carboxin, captan, thiram, and benomyl. In
addition, some fungicides have significant non-agricultural uses ([able 3.3).

In general, the major agricultural fungicides have low water solubility and moderate
sorption characteristics, and their persistence in soil is variable. Their potential for transport from
fields in runoff is estimated as medium to large (Goss, 1992). Captan and benomyl hydrolyze in
water, but other high-use fungicides are relatively stable in water (Howard, 1991; Howard and
others, 1991; U.S. Environmental Protection Agency, 1991). Several of these compounds are of
concern from a human-health standpoint. Mancozeb and maneb both degrade to ethylene
thiourea (ETU). ETU is classified as a probable human carcinogen by the USEPA (Nowell and
Resek, 1994) and is relatively stable in water (Howard and others, 1991). Benomyl is classified
as a probable human carcinogen, and captan and chlorothalonil are classified as possible human
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carcinogens by the USEPA (Nowell and Resek, 1994). Despite these classifications, little data
have been published on the occurrence of these compounds in surface waters. None of the large-
scale studies in [Table 2.1]included any of the high-use fungicides. Captan was included as an
analyte in the extensive monitoring of Illinois surface waters conducted by the IEPA from 1985
to 1989 (Moyer and Cross, 1990) and was not detected in any of the 580 samples. However,
Illinois is not a high-use area for captan (Figure 3.33), and it is hydrolyzed more readily in water
than several of the other high-use fungicides. No published studies were found in which
occurrence of these compounds in surface waters was investigated in areas of high agricultural
use.

3.4 LONG-TERM TRENDS IN PESTICIDE OCCURRENCE IN SURFACE WATERS

From the studies reviewed, little can be concluded about long-term trends in pesticide
occurrence in surface waters of the United States for several reasons. The major reason is the
general lack of consistent long-term studies in which the same sites are sampled over a number
of years. The agricultural-use data in and B.2Z]can be used to make broad
generalizations about the groups of pesticides for which occurrence has possibly increased or is
likely to have decreased in surface waters over the last 25 years. Thus, it can be expected that OC
contamination has decreased, whereas contamination by herbicides probably has increased.
Beyond that, however, not much can be said on the basis of use data because these data represent
aggregated national use and may not reflect use trends in a particular area. In addition, many
factors other than the amount applied determine whether individual pesticides will be found in
surface waters (see Section 4.1). For rivers, simply comparing pesticide concentrations observed
in recent studies with concentrations observed in previous studies may not be valid, even for data
from the same site, unless many years of data obtained with a fairly intensive sampling schedule
are available. The normal seasonal variations in concentration, combined with year-to-year
variations caused by differences in weather and agricultural practices, make comparison of recent
and past concentration data tenuous. For large lakes, comparison of recent concentration data
with older data may be more useful, as seasonal and year-to-year variations in pesticide
concentrations are likely to be less significant. For certain pesticide classes, limited data from
specific areas serve as examples of the probable underlying national trends in occurrence in
surface waters. These classes are discussed in the following sections.

ORGANOCHLORINE INSECTICIDES

The national-scale studies of the 1960's provided a glimpse of trends in the occurrence of
the major OCs in rivers. The trends during this period, however, became a moot point when use
of most organochlorines was banned or severely restricted in the early 1970's. The question now
is whether levels of organochlorines in surface waters in recent years are significantly different
from levels observed before, and shortly after, use of these compounds was curtailed. That is, has
the situation improved, or do current inputs from contaminated soil, contaminated bed sediments,
and the atmosphere continue to pose a threat?

At a few sites, relatively long-term records exist for certain OCs. Water and bed-sediment
samples from the Yakima River at Kiona, Washington, were analyzed for DDT from 1968 to
1982 by the USGS (Rinella and others, 1993) and again in 1985 by Johnson and others (1988).
Fish samples from further upstream in the Yakima River were analyzed for DDT from the
mid-1960's to the mid-1980's by the U.S. Fish and Wildlife Service (Johnson and others, 1988).
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During 1968-1970, total DDT (sum of DDT, DDD, and DDE) was detected in about half of the
water samples at concentrations ranging from 0.01 to 0.06 pug/L. Concentrations declined after
1971, and in 27 samples collected from 1974 to 1985, the total DDT concentration was always
less than 0.01 pg/L. Results from the fish analyses also show a decline in total DDT residues.
Samples collected from 1970 to 1974 had concentrations ranging from 1,400 to 2,600 pg/kg,
whereas samples collected at the same site in 1980 had a mean concentration of 380 pg/kg. Fish
collected in 1985 from the Kiona site (farther downstream), however, had mean concentrations
of 1,100 to 3,000 pg/kg for two species. Total DDT continued to be detected in more recent
sampling of the Yakima River by the USGS, using methods with a lower reporting limit of
0.001 pg/L. Concentrations of total DDT measured at Kiona, near the mouth of the river, were
generally in the 0.001 to 0.01 ug/L range, equaling or exceeding the USEPA chronic-toxicity
criterion for aquatic organisms of 0.001 pg/L in 9 of 10 samples collected year-round during
1988-1989 (Rinella and others, 1993). Concentrations were higher in upstream areas where
return flows from agricultural drains enter the Yakima River. Analysis of fish samples collected
during 1989-1990 also reveal continued contamination. Concentrations of total DDT in resident
fish from agricultural return flows and the lower Yakima River exceeded NAS guidelines
established for the protection of fish predators (Rinella and others, 1993). Current levels of DDT
in fish from the Yakima River system are among the highest in the nation, apparently a result of
the intensive agricultural activity and the heavy use of irrigation in the basin. Main stem flow in
the lower river is dominated by return flows from irrigated agricultural land, which carry large
amounts of eroded, DDT-contaminated soil. The Yakima River provides an excellent case study
of the continuing problem of surface water contamination by OCs. While the Yakima River
Basin represents somewhat of a worst-case scenario in terms of the potential for contamination,
it is not unique. In other intensively farmed areas with past use of DDT, erosion of contaminated
soil continues to serve as a source of DDT to surface waters, resulting in concentrations in water
and fish above USEPA and NAS guidelines, many years after DDT use ceased (Cooper, 1991).
A 1985 study in California (Mischke and others, 1985) concluded that erosion and mechanical
movement of DDT-contaminated soil into waterways was responsible for the continued presence
of DDT in fish from California rivers. In this study, 99 soil samples from 32 counties were
analyzed for p,p'- and o,p"-DDT, DDD, and DDE. All sampling sites were in areas where past
agricultural use of DDT was confirmed. Every sample had residues of DDT or degradation
products of DDT, with total DDT (the sum of both isomers of DDT, DDD, and DDE)
concentrations in many samples in the micrograms per gram (parts-per-million) range.

It should be kept in mind that for the persistent, hydrophobic OCs, trends may be more
easily identified by examining concentration data for sediments and biota. Sediment and tissue
concentrations are the focus of a companion review, in which trends in organochlorine
concentrations are discussed in much more detail (Nowell, 1996).

Organochlorine insecticide concentrations in the Great Lakes have received considerable
attention, primarily because of their bioaccumulation in fish and the resulting negative effects on
the commercial and recreational fishing industry. Numerous organochlorines have been detected
in the water column of the Great Lakes (Oliver and Charlton, 1984; Biberhofer and Stevens,
1987; LeBel and others, 1987; Poulton, 1987 Stevens and Neilson, 1989), but at very low levels
(nanograms per liter or lower), as shown i in[Tables 2.1/12.2] and The existing water column
data do not allow an evaluation of temporal trends, but as with rivers and streams, long-term
trends in organochlorine concentrations are better assessed from data on concentrations in bed
sediments and in tissues of fish and other biota.
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ORGANOPHOSPHORUS AND OTHER INSECTICIDES

Although many studies have targeted OPs over the past 20 years, including the long-term
study of Lake Erie tributaries (Richards and Baker, 1993), detections have been infrequent and
sporadic, making it difficult to infer any long-term trend in occurrence or concentrations. In the
USGS/USEPA nationwide study of rivers conducted from 1975 to 1980 (Gilliom and others,
1985), detections of OPs were too infrequent to test for trends in concentrations at most sites. At
seven sites where sufficient data did exist, no significant trends were evident over the study
period. Other insecticides, such as the carbamates and pyrethrins, have been targeted
infrequently, and none were targeted in any of the long-term studies reviewed. Insufficient data
are available to determine whether any trend exists in either concentrations or occurrence of these
compounds.

TRIAZINE AND ACETANILIDE HERBICIDES

Use of triazine and acetanilide herbicides has risen dramatically since the early 1970's
(TTable 3.2). Monitoring for these compounds in rivers and lakes has increased with use, but very
few studies included them as analytes before the mid-1980's. Recent studies have shown that
concentrations of these compounds in rivers are very seasonal, with a sharp increase in
concentration shortly after application followed by a relatively rapid decline to near or below
detection limits for the remainder of the year (Goolsby and Battaglin, 1993; Richards and Baker,
1993; Schottler and others, 1994; Larson and others, 1995). These seasonal peaks in
concentration are influenced strongly by the timing of rainfall with respect to application, so that
year-to-year variability at a specific sampling site can be quite large ( and[3.47) This
variability makes detection of long-term trends difficult.

The study of Lake Erie tributaries (Richards and Baker, 1993) is the longest and most
complete continuous record of triazine and acetanilide concentrations, and can be used to show
this variability more clearly. Figure 3.47 shows the monthly mean concentrations of the three
most heavily used and most frequently detected herbicides in this study—alachlor, atrazine, and
metolachlor—for 1983 to 1991 in one of the smaller basins studied. The strong effect of weather
is evident in the much lower concentrations observed in the drought year of 1988. The authors of
this study (Richards and Baker, 1993) found no statistically significant trend in the
concentrations of these three compounds over the 9-year period. For the other triazine and
acetanilide herbicides in this study, agricultural use and detection frequencies are lower, making
trend detection even less feasible.

Atrazine has been monitored at a number of sites in the central United States for as many
as 17 years, although there are gaps in the data at most sites (Ciba-Geigy 1992a,c,d.f, 1994a).
Though the sampling frequency at most locations was not high enough to provide information on
long-term trends, the sampling frequency at some sites was high enough to determine annual
mean concentrations for a number of different years. These data can be used to examine the
trends in atrazine concentrations in these regions during the sampling periods. Annual mean
concentrations of atrazine at four sites on the Mississippi River and three of its
tributaries are shown for various years during 1975-1991. These plots clearly show
that annual mean atrazine concentrations in rivers vary considerably from year to year. Much of
this variation is undoubtedly due to weather, but it also may be due to low sampling frequency
at some sites. For example, the sampling frequency at the Keokuk, Iowa, site was one sample per
month in most years and two samples per month in 1977. With monthly sampling, the timing of
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Figure 3.46. Seasonal patterns of atrazine, alachlor, and cyanazine concentrations, and river discharge

in the Minnesota River at Mankato, Minnesota, from April 1990 to October 1991. Redrawn from Schottler

and others (1994), with permission from Environmental Science and Technology. Copyright 1994,
American Chemical Society.
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Figure 3.47. Monthly, time-weighted mean concentrations of alachlor, atrazine, and metolachlor in
Honey Creek, Ohio, 1983-1991. Redrawn from Richards and Baker (1993), with permission from
Environmental Toxicology and Chemistry. Copyright 1993, Elsevier Science Ltd.

sampling during the spring and early summer can have a large effect on the calculated annual
mean, depending on whether the river was sampled during the peak atrazine concentrations. Peak
herbicide concentrations in rivers of the Midwest can occur over days to weeks (see Section 5.1),
and may or may not be caught by a single monthly sample. The most reliable mean
concentrations from the plots in are probably those from the Vicksburg, Mississippi
and the St. Gabriel, Louisiana sites on the Mississippi River. At these sites, the sampling
frequencies are higher and peak atrazine concentrations in the lower Mississippi River are spread
out over a longer time. Elevated atrazine concentrations at the Vicksburg site lasted from 1 to
4 months each year during the monitoring period, and at least five samples were taken during
each period of elevated concentrations (Ciba-Geigy, 1992d). The data from these two sites,
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Figure 3.48. Annual mean concentrations of atrazine at four sites on the Mississippi River, 1975-1991.
Number of data points included in mean is indicated above bar for each year. For annual mean
concentrations reported as less than 0.1 pg/L, a value of 0.05 pg/L was arbitrarily assigned for plotting. A
blank column indicates that no samples were collected that year or that sampling frequency was too low
to calculate an annual mean concentration. Mean concentration for 1991 in plot (A) is from samples
collected at Clinton, lowa, approximately 50 miles downstream of Dubuque. All annual mean values
were calculated as the simple mean of all observations, except for the site at Clinton, lowa, for which a
monthly, time-weighted mean concentration was calculated. Data are from Ciba-Geigy (1992d), except
for the site in Clinton, lowa, which is from Larson (1995).
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Figure 3.49. Annual mean concentrations of atrazine in three midwestern rivers, 1975-1991. Number of
data points included in mean is indicated above bar for each year. For annual mean concentrations
reported as less than 0.1 ug/L, a value of 0.05 ug/L was arbitrarily assigned for plotting. A blank column
indicates that no samples were collected that year or that sampling frequency was too low to calculate
an annual mean concentration. All annual mean values were calculated as the simple mean of all
observations. Data are from Ciba-Geigy (1994a).

which serve to integrate the inputs from the entire Mississippi River Basin, indicate that no
significant trend in atrazine concentrations occurred during this period. The plots for the sites on
the upper Mississippi River (Figure 3.484]B) and the Missouri, Nishnabotna, and Upper Iowa
Rivers (Figure 3.49) all show increased annual mean concentrations of atrazine from 1980 to
1982. Unfortunately, mean concentrations for 1983-1986 are not available for most of these
sites. Without data from these periods, it is difficult to say whether the higher annual means
during 1980 to 1982 represented a general trend toward increased atrazine concentrations in the
upper Midwest, or whether the higher annual means were due to weather patterns or inadequate
sampling frequencies. Data from later years at these sites imply that there has been no significant
overall trend during the 17-year period.

In summary, there are insufficient data to assess trends in occurrence in surface waters
for most of the triazine and acetanilide herbicides. Data from a limited number of sites in the
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Mississippi River Basin imply that atrazine concentrations have been relatively stable over the
last 15 to 20 years. However, data from the existing studies show that, as use of triazine and
acetanilide herbicides increased during the 1970's and 1980's, several of these compounds (such
as atrazine, cyanazine, alachlor, and metolachlor) have become the most commonly observed
pesticides in rivers and streams in agricultural areas, particularly in the central United States.
When these compounds are used as preemergent herbicides, as they are in large parts of the
United States, a fairly predictable fraction—0.3 to 2 percent of the amount applied—may be lost
to surface waters (Goolsby and Battaglin, 1993; Richards and Baker, 1993; Schottler and others,
1994; Larson and others, 1995). The amount will vary somewhat with weather, topography, and
soil characteristics. The trend in a particular basin, then, can be inferred from use data for specific
compounds. If, for example, atrazine use in an area decreases while cyanazine use increases, a
corresponding change in surface water occurrence of the two compounds would be expected.
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CHAPTER 4

Factors Controlling the Behavior and
Fate of Pesticides in Surface Waters

4.1 SOURCES OF PESTICIDES TO SURFACE WATERS

INTRODUCTION

As discussed in Section 3.3, pesticides are applied in a variety of agricultural and
non-agricultural settings throughout the United States. In each of these applications, a fraction of
the applied pesticide may be transported from the site of application and enter the broader
environment, where it is perceived as an environmental contaminant rather than as a useful
chemical. Pesticides may enter surface waters directly through runoff, spills, or various effluents.
Contamination also may be indirect, with pesticides first entering the atmosphere or ground water,
and then transported to surface waters. Once in surface water, some pesticides can be deposited
in sedimentation areas, which can then act as a long-term source to the water column through
resuspension, biotic uptake, and diffusion. In the following sections, the various sources of
pesticides to surface waters are discussed. The methods of application or routes of delivery of
pesticides to each source, the important processes involved in transport of pesticides from each
source to surface waters, and finally, the relative importance of each source of pesticides to
surface waters are examined.

PESTICIDES FROM AGRICULTURAL APPLICATIONS

Generally, the major source of most pesticides to surface waters is agricultural use.
Agricultural use accounts for about 75 percent of total pesticide use in the United States (Aspelin,
1994). The compounds used m vary tremendously in chemical structure, application rate,
and potential for movement to surface waters. Any of the pesticides listed in Table 3.1 potentially
could be transported from the point of agricultural application to streams and other surface waters.
. lists the compounds observed in surface waters in the studies reviewed. A comparison
of these two lists shows that many of the pesticides used in agriculture have not been detected in
surface waters. Specific pesticides have not been detected in surface waters for several possible
reasons, including low potential for transport in surface runoff because of pesticide properties or
application techniques, low application rates (grams per hectare), and a lack of studies targeting
the chemical in surface waters.

Agricultural application practices include aerial spraying, near-ground spraying from a
tractor, soil incorporation, chemigation, and direct application to plant foliage. In almost all cases,
the target for the pesticide is either the soil or the plant surface. Once a pesticide has been applied,
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a number of physical and chemical processes can diminish its presence. These processes either
destroy the chemical structure of the pesticide through transformation processes (Section 4.2) or
move the pesticide among environmental compartments through phase-transfer and transport
processes (see Transport of Pesticides in Surface Waters, Section 4.2). A pesticide potentially
can leave the agricultural field in its molecular form and enter the atmosphere, vadose zone,
ground water, or surface water. It also can leave the field in a particle-associated form in runoff
or through plant uptake followed by harvest. The specific combination of environmental
conditions, agricultural management practices, and pesticide properties determines if, when, and
how the pesticide will leave the field and move into the broader environment, including surface
waters.

Pesticides generally move from fields to surface waters in runoff or in drainage induced
by rain or irrigation. Runoff of pesticides from agricultural fields can occur by overland flow,
interflow (water that enters the shallow subsurface and then returns to the soil surface), and flow
through tile-drainage networks. Generally, the water is routed to drainage ditches or natural
topographic drains and, ultimately, to a surface water system. Leonard (1990) suggests that at the
field microscale, “pesticide extraction into runoff may be described as mechanisms of
(i) diffusion and turbulent transport of dissolved pesticide from soil pores to runoff stream;
(ii) desorption from soil particles into the moving liquid boundary; (iii) dissolution of stationary
pesticide particulates; (iv) scouring of pesticide particulates and their subsequent dissolution in
the moving water. Pesticides are also entrained in runoff attached to suspended soil particles."

Pesticides can leave the field either as a dissolved chemical or associated with soil
particles, depending largely on the properties of the compound (Wauchope, 1978). Most
pesticides observed in runoff from agricultural fields are predominately in the dissolved form,
except for pesticides with very low water solubilities (less than 1 mg/L) or strong ion-exchange
capabilities with clay minerals (ionic compounds like paraquat and MSMA).

Leonard (1990) summarized four dominant factors that affect pesticide transport in
runoff. The first factor is climate, including duration, amount, and intensity of rainfall, timing of
rainfall with respect to pesticide application, and rainwater temperature. The second factor is soil
characteristics, including soil texture and organic matter content, surface crusting and
compaction, antecedent water content (before rainfall), slope and topography of the field, and
degree of soil aggregation and stability. The third factor is the physical and chemical properties
of the pesticide. Properties that control the runoff of pesticides include water solubility, acid/base
and ionic properties, sorption properties, and persistence. The fourth factor is agricultural
management practices. Included in this factor are pesticide formulation, application rate,
application placement (soil surface, soil incorporation, or foliar), erosion control practices, plant
residue management, use of vegetative buffer strips, and irrigation practices.

Pesticides removed in runoff from a treated agricultural area constitute only a small
percentage of the total application of the compound. Leonard (1990) and Wauchope (1978), in
their reviews of the literature, concluded from field plot studies that normal runoff losses are 2
to 5 percent of application for pesticides formulated as wettable powders, approximately
1 percent of application for foliar-applied organochlorine insecticides (OCs), and less than
0.3 percent of application for the remaining pesticides. Larson and others (1995) observed the
same range of percentages for losses of 26 pesticides into large, integrating rivers into the
Mississippi River Basin ([Table 3.3).

For most surface waters downstream from agricultural areas, runoff from agricultural
fields is the major source of their pesticide load. As an example, Figure 3.46]shows the time and
concentration profile of the herbicide atrazine in the Minnesota River, which drains a large area
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of intensive row-crop agriculture (over 80 percent of the land is cultivated) (Schottler and others,
1994). The peaks in atrazine concentration for 1990 and 1991 occur soon after its application.
The riverine concentrations of atrazine then decline until a relatively constant concentration is
achieved during the low-flow period. The elevated concentrations in late spring and early
summer are attributed to inputs of atrazine from rain-induced runoff from agricultural fields. The
relatively constant low-level concentrations (about 0.5 to 1 percent of maximum concentrations)
observed during the low-flow period are thought to be due primarily to inputs from ground water,
although discharge from reservoirs, surface runoff from fields, and discharge from tile drains also
may add low levels of pesticides to streams during this period. The other source of atrazine to
this site is atmospheric deposition, but the estimated mass delivered by this route directly to the

river is relatively unimportant compared to runoff processes in this intensively farmed basin
(Capel, 1991).

PESTICIDES FROM FORESTRY APPLICATIONS

Pesticides serve a number of purposes in silviculture. Herbicides are used primarily for
site preparation and conifer release. In site preparation, herbicides are used to reduce competing
vegetation in areas where replanting is to take place. Conifer release involves application of an
herbicide several years after planting to release the growing trees from competing, overtopping
vegetation. With decreased competition for light and water, conifers can normally outgrow
competing vegetation without further treatment. Thus, herbicides usually are applied to replanted
areas only once or twice in the 25 to 50 years between planting and harvesting. Minor uses of
herbicides include manipulation of wildlife habitat and maintenance of rights-of-way.
Insecticides are used for control of outbreaks of specific pests, such as the gypsy moth, the spruce
budworm, bark beetles, cone and seed insects, and grasshoppers (on rangeland). Fungicides and
fumigants are used primarily on nursery stock.

The discussion of pesticide use in Section 3.2 implies that pesticide use in forestry may
be insignificant compared to agricultural use, both in terms of the mass of pesticide applied and
the acreage involved. Pesticide use in forests, however, needs to be considered for several
reasons. Forested lands in the United States are often relatively pristine and are highly valued for
their aesthetic and recreational uses. Forested land also serves as a habitat for wildlife and
supports a number of important fisheries. Many of the national parks and wilderness areas border
forested land, which may be treated with pesticides. The headwaters of most of the nation's major
river systems are in forested areas. Finally, pesticide use in forestry represents a significant
portion of the total use of a number of pesticides, such as triclopyr, hexazinone, and
diflubenzuron. Forestry applications, therefore, must be considered when evaluating the results
of monitoring studies and research on occurrence of these pesticides in surface waters.

Several methods of pesticide application are used in forestry. Aerial application has been
used with liquid formulations of insecticides, including Bacillus thuringiensis var. kurstaki (Bt),
and with liquid and pellet formulations of herbicides. Several variations of ground-based
application are used for liquid or pellet formulations of herbicides, including broadcast spraying
from vehicles, manual spot spraying, single-stem injection, and banded spraying along tree rows
in commercially owned forests. Typical application rates for herbicides, inferred from national
forest use data, range from approximately 1 1b a.i. per acre for triclopyr, glyphosate, and 2,4-D,
to about 2 1b a.i. per acre for hexazinone (U.S. Forest Service, 1992, 1993, 1994a).

The forest environment has a number of characteristics that can affect movement of
pesticides to surface waters. Forested land in the United States generally has higher slope and
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receives more precipitation than agricultural land. Forests generally have relatively shallow soils
with high infiltration capacity, low pH, and high organic carbon content. The presence of year-
round vegetation in forests is another important difference from agricultural land (Norris, 1981).
Pesticides applied in forests may reach surface waters by several different routes. Direct input of
herbicides to streams or lakes can result from aerial application of liquid or pellet formulations
or from spray drift from ground spraying. Pellets or liquids aerially applied to dry ephemeral
stream channels have a high probability of entering surface waters, especially if rainfall occurs
shortly after application. Pesticides may move in overland flow (surface runoff), although this is
uncommon due to the high infiltration rate of forest soils. Pesticides also may be leached and
move to surface waters in subsurface (downslope) flow (Norris, 1981).

A number of studies have monitored the levels of pesticides in forest streams in the
southeastern United States and in Canada. In nearly all cases, these studies can be described as
field experiments, in which a known amount of a pesticide was applied to a section of a
watershed, with subsequent sampling of stream water ranging from weeks to years. Pesticides
routinely used in forestry typically have not been included as analytes in monitoring of ambient
levels of pesticides in surface waters. For this reason, most of the reviewed studies of pesticide
occurrence in forest streams are tabulated in . Results from these studies are discussed
in Section 5.4 and will be described here only briefly. In nearly all the studies reviewed, the
authors conclude that use of the studied pesticide should have no adverse impacts on surface
water quality or aquatic life, provided that appropriate safeguards, such as buffer strips, are used
during application. This conclusion is based on the fact that elevated concentrations of the
pesticides appear as short-lived pulses in these small streams and are often quickly diminished
by dilution. Adverse ecological effects, when observed, have been short-term and reversible. As
mentioned earlier, normal forestry practices require pesticide applications only once or twice in
the 25- to 50-year growth period. This low frequency also helps to minimize impacts. It also
should be pointed out that mechanical alternatives to herbicide use for site preparation generally
are regarded as having much larger negative impacts on stream water quality because of
increased erosion and nutrient losses (Neary and others, 1993).

PESTICIDES FROM ROADWAYS AND RIGHTS-OF-WAY

Pesticides used on roadways and other rights-of-way are discussed in Section 3.2. The
general method of application to roadsides is spraying from a moving truck. Spraying by hand
also is used for small areas such as under guard rails and near bridges and overpasses.

Movement of pesticides used along roadsides to the greater environment can occur
through spray drift, volatilization, runoff, or leaching, although the relative contribution of each
route is largely unknown. Volatilization may occur before or after spray droplets reach the target
location. Surface runoff into the roadside drainage system is a potentially important route by
which these chemicals may reach surface waters. Depending on the soil characteristics, leaching
of the chemicals into the subsurface, followed by lateral movement in the ground water to a
discharge point, also could be a route of introduction into surface waters at some locations.

Only a few investigations on the environmental fate of pesticides applied to roadsides
have been published. McKinley and Arron (1987) investigated the behavior of 2,4-D and
picloram applied to a right-of-way in eastern Ontario, Canada. After 8 months, they found low
levels of residues in soil up to 36 m from the application site. They also detected low levels in
samples from an adjacent lake. All concentrations were well below any level of environmental
concern. The appearance of the pesticides off site and in the lake suggests at least minimal
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atmospheric drift or surface runoff. Watson and others (1989) studied the fate of picloram applied
to roadsides in a mountain valley bottom and on a mountainside. They found no evidence of the
movement of picloram from either of the application sites.

With the controlled use of pesticides along roadsides, these chemicals are probably not a
large contributor to surface waters in most areas. In some remote areas, the only source of these
chemicals to surface waters could be the roadside use of pesticides, perhaps along with
atmospheric deposition.

PESTICIDES FROM URBAN AND SUBURBAN APPLICATIONS

Pesticides are introduced into the urban environment in a variety of ways. Homeowners
and professional applicators apply herbicides, insecticides, and fungicides to lawns and gardens
as liquid sprays, dusts, and granular solids. Golf courses, cemeteries, and some parks are treated
similarly. In many parts of the United States, building foundations and the soil surrounding them
are routinely treated with insecticides for controlling termites or other destructive insects.
Controlling mosquitoes also has a high priority in some parts of the country for both public health
and aesthetic purposes. Some lakes and reservoirs in urban areas are treated with herbicides for
controlling algae or undesirable weeds (such as Eurasian watermilfoil). Controlling specific
insect pests for agricultural purposes (such as the medfly in California) has included aerial
spraying of insecticides in urban areas.

Processes affecting the movement of pesticides to surface waters in urban areas are the
same as in agricultural areas, but some important differences between the two environments
could affect this movement. Urban areas have large expanses of impermeable surfaces, such as
concrete and asphalt roads and sidewalks, from which pesticides can be removed easily by runoff
water from rain or sprinklers. These surfaces also provide a more or less continuous pathway
along which pesticides may be transported by water with virtually no loss from sorption. Thus,
if pesticides applied in urban areas reach impervious surfaces (by spray drift, direct aerial
application, or runoff from lawns and gardens), there is a relatively high probability—compared
to pesticides applied in agricultural areas—that they will be transported to surface water bodies.
In studies done with turf plots (Harrison and others, 1993), however, it has been found that very
little runoff of water occurs from well-maintained grass, even with large amounts of
precipitation. So, at least for applications to lawns, the limiting step may be reaching the
impervious surfaces. This is discussed further in Section 5.3. Storm sewer systems also provide
a direct pathway for movement of pesticides to lakes or rivers. Similarly, effluent from sewage
treatment plants may contain pesticides, particularly in urban areas where storm sewers and
sanitary sewers are combined. Effluents from sewage treatment plants often flow directly into
rivers.

There have been relatively few studies of the effects of urban pesticide use on surface
water quality. Results from selected studies are discussed in Section 5.3. Recent studies in the
Mississippi River Basin have shown rather clearly that urban use of diazinon is resulting in
measurable concentrations of this pesticide in several major rivers (Larson and others, 1995). For
the most part, however, the significance of urban areas as a source of pesticides to surface waters
is difficult to determine. Many of the compounds used in urban areas also are used in agriculture
(such as 2,4-D, dicamba, trifluralin, diazinon, and pendimethalin), so that the source of certain
pesticides detected in surface waters is often undetermined. In addition, some pesticides (such as
isazofos, isophenphos, oryzalin, and MCPP) used almost exclusively in urban areas have not
been targeted in most published studies of surface water quality. For surface waters receiving
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runoff from both urban and agricultural areas, it is likely that the urban contribution of pesticides
is a small percentage of the total pesticide input because of the much greater use of pesticides in
agriculture. The limited data available, however, indicate that surface waters within or
downstream from urban areas are likely to contain measurable residues of pesticides from urban
applications (see Section 5.3).

PESTICIDES FROM AQUATIC APPLICATIONS

Pesticides used in aquatic applications are discussed in Section 3.2. Pesticides are applied
to surface waters by a variety of methods, depending on the type of pesticide and the target
organism. Herbicides for macrophyte control are commonly introduced directly into the water in
shallow areas. An older application method—the total water column treatment method or parts-
per-million system—entailed covering the entire surface of the water body with the pesticide
formulation. More recently, a number of application techniques have been developed that allow
more efficient and safe use of aquatic herbicides. Examples include a variety of controlled-
release formulations that can provide the required concentration of herbicide for a longer time
and allow the most efficient placement of the herbicide (Murphy and Barrett, 1990). For
herbicides taken up by the roots of macrophytes, such as dichlobenil, the most efficient
placement is often the sediment-water interface. Use of controlled-release formulations and
bottom-placement introduces less of the chemical into the rest of the water column, minimizing
effects on fish and other nontarget organisms. With contact herbicides, such as diquat and
glyphosate, the chemical may be sprayed directly onto emergent or floating vegetation. Some
chemicals are applied aerially to surface waters if the area to be treated is large (Wang and others,
1987a). The choice of which herbicide compound, formulation, and application technique to use
is determined by a number of factors, including the plant species to be controlled, type of water
body (static or flowing), and water characteristics such as turbidity, pH, and temperature
(Murphy and Barrett, 1990). A practical manual for application and use of aquatic pesticides has
been prepared by Hansen and others (1983).

Aquatic pesticides are introduced directly into surface water bodies, and the processes
that control their behavior and fate are those processes that are specific to surface waters. The
two groups of controlling processes are transformation and phase transfer. Important
transformation processes, which remove the parent chemical from the environment, include
hydrolysis, photolysis, and biodegradation. Phase-transfer processes include the transfer from
the dissolved phase to the vapor phase (i.e., volatilization) and transfer from the dissolved phase
to the particulate phase (i.e., sorption), with possible subsequent deposition to the bed sediments.
These two phase-transfer processes are important in the behavior of acrolein and copper,
respectively. The mechanisms of the transformation and transfer processes are described in detail
in Section 4.2.

Each of the compounds used in aquatic applications has its target flora, and each behaves
differently in water. Generally, most are short-lived in water and do not have a long-term impact
on surface water ecosystems. For example, acrolein, used to control macrophytes, has a half-life
of 4 to 5 hours in flowing surface waters (Bowmer and Saintly, 1977). Fluridene applied to
experimental ponds in several geographic regions of the United States had a mean half-life of
5 days in the water column (West and others, 1979). The aquatic behavior of simazine (Hawxby
and Mehta, 1979) and 2,4-D and related compounds (Hoeppel and Westerdahl, 1983) have been
studied with respect to their use as aquatic herbicides. Extensive monitoring was conducted after
large-scale applications of 2,4-D to reservoirs along the Tennessee River for control of Eurasian
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watermilfoil in the late 1960's (Smith and Isom, 1967, Wojtalik and others, 1971) and to a
Georgia lake in 1981 (Hoeppel and Westerdahl, 1983). The authors of these studies report that
the applications had no adverse effects on nontarget macrophytes, phytoplankton, zooplankton,
benthic invertebrates, or fish. Concentrations of 2,4-D were very high immediately after
application—up to 4,800 mg/L at one location 8 hours after application (Wojtalik and others,
1971). One month after application, concentrations had declined to background levels. Changes
in abundance and species composition of some organisms were noted, but the authors suggest
that these changes were caused more by the reduction in Eurasian watermilfoil, which served as
a substrate and food source, than from toxic effects of the 2,4-D. Decreases in dissolved oxygen
and pH, resulting from breakup and dissolution of the watermilfoil, lasted for 1 to 2 months after
application in these studies.

PESTICIDES FROM MANUFACTURING WASTE AND ACCIDENTAL SPILLS

All manufactured pesticides potentially can be released into the environment as part of
an industrial waste stream. Although available data do not indicate that this a widespread
phenomenon, a few studies have reported the presence of pesticides in surface waters and
attributed them to manufacturing waste disposal. In the 1970's, a series of investigations for the
insecticide mirex in Lake Ontario showed that its occurrence was due to either inputs from the
manufacturing waste stream or to disposal of unused chemicals from a secondary industrial user
(Kaiser, 1974; Scrudato and DelPrete, 1982). The presence of mirex in Lake Ontario could not
be accounted for on the basis of any legitimate agricultural use of the compound. It had a narrow
registration and was used primarily to control fire ants in the southeastern region of the United
States. In another study, the concentrations of alachlor and two related compounds were
measured in several transects across the Mississippi River (Pereira and others, 1992). The fluxes
of alachlor and the other compounds (one of which is used as a starting material in the
manufacturing process) were significantly higher on one side of the river, suggesting direct
inputs from an alachlor manufacturing facility in St. Louis. Oliver and Nicol (1984),
investigating the Niagara River over a 2-year period, observed constant low-level inputs of
organochlorine compounds, presumably from waste disposal sites, and numerous unpatterned
concentration spikes, indicating direct discharges from industrial sources. Several reports of
pesticide inputs from manufacturing facilities overseas may be looked at as examples of potential
problems in the United States. In Spain, pesticides (trifluralin, atrazine, and simazine) and
pesticide precursors have been measured in the waste effluent of a pesticide-manufacturing
facility discharging directly into the Llobregat River, Barcelona, Spain (Rivera and others, 1985).
There also have been reports from other countries describing the occurrence and effects of
accidental discharges of pesticides to surface waters. In 1986, a fire at a chemical manufacturing
facility in Switzerland resulted in 20 compounds with a combined total mass of about 1.5 metric
tons entering the Rhine River (Capel and others, 1988). The immediate result was damage to the
biotic community extending approximately 400 km downstream. Other examples of pesticides
accidentally spilled into the Rhine River over the years, such as the insecticide endosulfan in
1969 (Greve and Wit, 1971), also are known. Wherever pesticides are manufactured or stored
near surface water bodies, the possibility of direct inputs of waste and of spill discharges exists.

It should be noted that there may be more data on pesticide contamination resulting from
manufacturing wastes and spills that was not accessed in this book. Much of this type of data
would be collected by local, state, and federal regulatory agencies, and may not be published in
the open literature. While the authors reviewed many agency reports, this book concentrated
primarily on the published scientific literature.
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PESTICIDES FROM GROUND WATER

The U.S. Environmental Protection Agency (USEPA) has compiled available data on
pesticides in ground water of the United States and has identified 133 compounds (117 parent
compounds and 16 transformation products) that have been detected in at least one well (U.S.
Environmental Protection Agency, 1992). The pesticides detected in more than 100 wells in this
database were alachlor, aldicarb and two transformation products, atrazine, bromacil, carbaryl,
carbofuran, cyanazine, 2,4-D, DBCP, DDT, 1,2-dichloropropane, diuron, ethylene dibromide
(EDB), linuron, methomyl, metolachlor, metribuzin, oxamyl, and simazine. The data in this
report are from 68,824 nonstatistically chosen wells. For some of the compounds on this list, such
as aldicarb, the frequent detections are partially the result of intensive sampling in a relatively
small geographic area, and they may not represent a significant potential source to surface waters
in general. In a statistically based sampling of 1,300 drinking-water wells across the United
States, DCPA (dacthal) and metabolites, and atrazine were the most commonly detected
pesticides (U.S. Environmental Protection Agency, 1990). Pesticides in these two groups have
the greatest potential for surface water contamination by ground water.

Pesticides enter the subsurface by a number of mechanisms. In alluvial aquifer systems,
the water and pesticide can move from the stream to the aquifer during periods of high flow,
which often correspond to the periods of high pesticide concentrations in surface water (Squillace
and others, 1993). Pesticides also can enter ground water through leaching and spills. Whenever
a pesticide is applied to the ground, it potentially can move through the subsurface by advective
flow with water from rain or irrigation. The rate of this leaching process is dependent on the
properties of the pesticide (particularly its water solubility and extent of sorption to the soil), the
rate of transformation of the pesticide in soil, and the characteristics of the soil itself (particularly
the particle size, mineral composition, and organic carbon content). Pesticides can also reach the
ground water through spills at distribution centers and mixing areas and through back-siphoning
down a well during tank cleaning. A detailed description of the movement of pesticides to ground
water is included in a companion book on pesticide occurrence in ground water of the United
States (Barbash and Resek, 1996).

Pesticides can enter the surface water system at points where ground water is released to
surface waters. During periods of low flow, which in the midwestern United States corresponds
to the period of minimal farming activity (October to March), the majority of the pesticides
observed in streams are assumed to be coming from ground water (Klaseus and others, 1988;
Squillace and Thurman, 1992; Squillace and others, 1993; Schottler and others, 1994). This was
illustrated in the Minnesota River (Figure 3.46), where frequent samples were obtained over a
19-month period. Atrazine was observed all year, with very low concentrations during the
base-flow period. The authors attribute the source of atrazine during the base-flow period
primarily to inputs from ground water, since the land surface was frozen and covered with snow
for much of this period. They also note, however, that water derived from tile drains, which
collect leachate from fields during at least part of this period, also may be a source of atrazine
during base flow. Squillace and others (1993, 1996) have investigated inputs of atrazine during
the base-flow period in the Cedar River in Iowa. They documented the seasonal movement of
pesticides from the river to the alluvial aquifer during the spring (termed bank storage) and the
subsequent movement of pesticides from the alluvial aquifer back to the river during the autumn
and winter months. They reported that the majority of atrazine detected in the river during
base-flow periods in 1989 and 1990 was derived from ground water discharged from the alluvial
aquifer adjacent to the river. Inputs from tributaries, which aggregate most of the water collected
in tile drains in this basin, were reported to account for 17 and 40 percent of the total atrazine
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inputs during base flow in 1989 and 1990, respectively, with the remainder coming from ground
water (Squillace and others, 1996). They further state that the atrazine entering the river during
extended periods of base flow is derived from ground water recharged at some distance from the
river, rather than bank-storage water.

The importance of ground water contributions of pesticides to surface waters varies both
geographically and seasonally. It can be important only in areas where the ground water is
released to surface waters and in lakes when a large fraction of a lake's water budget is due to
ground water inflows. In rivers, the input of pesticides by ground water is minimal or negative in
periods of high flow, but often is significant and perhaps dominant in periods of low flow. Only
pesticides with certain chemical and biological characteristics are likely to move from ground
water to surface waters. To enter and readily move through the ground water system, pesticides
must be relatively water soluble and have little affinity for solid surfaces. These characteristics
allow the pesticide to enter and readily move through the ground water system. Pesticides also
must have relatively slow transformation rates, because the residence time of the compound in
ground water is at least a few months in the case of bank storage (the time between spring
discharge and autumn base flow) and perhaps a number of years for movement through larger
aquifer systems. Pesticides that undergo relatively fast chemical or biological transformation
(half-lives of days to weeks) will largely disappear before being released to a surface water body.
Given these constraints, only a few pesticides have a strong potential to be delivered to surface
waters from ground water in appreciable quantities. The most common example in the
midcontinental United States is atrazine (Squillace and Thurman, 1992; Squillace and others,
1993; Schottler and others, 1994).

PESTICIDES FROM THE ATMOSPHERE

Numerous pesticides have been observed in various atmospheric matrices (air, aerosols,
rain, snow, and fog). Majewski and Capel (1995) have reviewed the existing observations of
pesticides in the atmosphere. The authors report that 63 pesticides and pesticide transformation
products have been identified in the atmosphere. One of the conclusions of the book is that
"nearly every pesticide that has been analyzed for has been detected in one or more atmospheric
matrix throughout the country at different times of the year." In general, the more volatile
pesticides and those that are applied aerially have a greater chance of entering the atmosphere.

Pesticides enter the atmosphere through a variety of processes during and after
application. Pesticides can be (and often are) released into the atmosphere during agricultural
application. Some are applied aerially, some are applied as a spray from a few centimeters above
the soil surface, and others are incorporated directly into the soil. With both aerial and ground-
based spraying, it is very likely that some fraction of the applied pesticide will not reach the field,
but rather remain in the atmosphere. Pesticides also can enter the atmosphere after reaching the
soil surface through vapor desorption (release of vapor-phase pesticides from the soil, often
termed volatilization from soil) and through wind erosion of soil particles with associated
pesticides. The magnitude of the movement of any particular pesticide into the atmosphere is
dependent on the pesticide's physical and chemical properties, application method, and
formulation. Pesticides also can be released into the atmosphere from plant surfaces. If a
pesticide has been applied to, or transported to, a surface water body, it can be released into the
atmosphere through direct air-water partitioning to an extent based on its Henry's Law constant.
Pesticides also can enter the atmosphere during the manufacturing process and industrial uses.
Once in the atmosphere, the pesticide can be transported by wind currents, undergo
photochemical and hydrolytic degradation, and be deposited to aquatic and terrestrial surfaces.
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The movement of pesticides from the atmosphere to surface waters can occur by several
mechanisms. A pesticide in the vapor phase can undergo direct air-water partitioning to an extent
based on its Henry's Law constant. Pesticides associated with atmospheric particles (aerosols)
can undergo dry deposition (dryfall) to a surface water body. Both vapor-phase and particulate-
phase pesticides can be scavenged from the atmosphere by rain, snow, and fog, and deposited in
surface waters. Pesticides also can undergo the same depositional mechanisms to soil and plant
surfaces and enter the terrestrial pool of pesticides. Some unknown fraction of these pesticides
eventually may be transported to surface waters.

The relative importance of atmospheric inputs of pesticides to surface waters is directly
dependent on the magnitude of the other sources of pesticides to that water body. Atmospheric
deposition of pesticides occurs globally. OCs have been detected in the Arctic (Hargrave and
others, 1988; Gregor, 1990; Muir and others, 1990), and atrazine has been detected in remote
Alpine lakes in Switzerland (Buser, 1990), although the reported water concentrations were very
low. If atmospheric deposition of pesticides to surface waters in active agricultural areas is of the
same order of magnitude as deposition to remote areas, the atmospheric contribution to surface
waters of currently used agricultural pesticides may be overwhelmed by the amount entering
surface waters directly from agricultural fields. As an example, Glotfelty and others (1990) have
shown that less than 3 percent of the atrazine found in the Wye River, a tributary to Chesapeake
Bay whose drainage basin is heavily agricultural, was contributed by atmospheric deposition.
Atmospheric deposition of atrazine to Chesapeake Bay itself was about 10 percent of the total
loading. Another example is the DDT contamination in the Great Lakes. Strachan and Eisenreich
(1990) estimated that more than 97 percent of the total DDT (sum of DDT, DDD, and DDE) and
metabolite burden in Lakes Superior, Huron, and Michigan is due to atmospheric deposition,
whereas in Lakes Erie and Ontario, whose basins are more heavily agricultural, only 22 and
31 percent, respectively, of total DDT residues are estimated to be the result of atmospheric
deposition.

PESTICIDES FROM BED SEDIMENTS

Pesticides present in bed sediments of lakes and streams, often termed in-place pollutants,
are an important and continual source of some chemicals to the overlying water. The specific
pesticides of most interest are the recalcitrant, hydrophobic, OCs that were commonly used in the
United States from the 1950's through the 1970's and are now banned or have severe use
restrictions. The OCs used most heavily in the past are listed in[Table 3.1, Nowell (1996) has
reviewed the existing literature concerning pesticides in bed sediments. Rinella and others (1993)
present an excellent case study of a common in-place pesticide—DDT and its metabolites—in
the Yakima River in Washington (see Section 3.4).

For the most part, these pesticides are in the bed sediments of lakes and streams due to
sedimentation of particle-associated pesticides from the water column to long-term depositional
areas. These particles will be transported near the sediment-water interface or resuspended and
redeposited in and out of the bed sediments until they reach a long-term depositional area. The
long-term depositional areas are particle-size dependent. Fine-grained sediments (silt and clay),
to which most hydrophobic pesticides tend to associate, accumulate in the low-energy portions
of surface water systems, such as the deepest areas of lakes and reservoirs, the shallow, back-
water areas of streams, and behind dams in reservoirs. Sediment-deposited pesticides are buried
slowly in the sediments by continual fresh sedimentation.

The in-place pesticides act as a continual source of contamination of the water column
through a variety of processes. Resuspension of the bottom materials, driven by energy inputs
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into the system such as strong wind-induced currents, lake turnover, and unusually large water
discharges in rivers, can erode the long-term sedimentation areas and move the particle-
associated pesticides into the water column. Biota, such as benthic feeding fish and benthic
worms, also can disrupt the bed sediments and introduce the particle-associated pesticides back
into the water column, although this is on a much more limited areal scale than the physical
erosion of sediments. Finally, diffusion of the pesticides from the sediment porewater to the
overlying water column also can be a release mechanism. Once a pesticide has reentered the
water column from the bed sediments, regardless of the mechanism, it will undergo sorption or
desorption in the drive to reach equilibrium. It may remain in the water column, be taken up by
biota, enter the atmosphere through volatilization, undergo transformation, or be redeposited to
the surficial sediment.

The movement of pesticides from bed sediments to the water column contributes to
measurable concentrations of these compounds in the water column and biota of many surface
water systems. Although some of the present organochlorine contamination of surface waters can
be attributed to atmospheric deposition and fresh additions of historically contaminated soil
particles, a large fraction should be attributed to the release of the in-place pesticides in many
surface water systems (Baker and others, 1985; Gilliom and Clifton, 1990). Because most
in-place pesticides are distributed widely and are present at low concentrations (micrograms per
kilogram), remediation is not practical. Sediments will continue to contribute recalcitrant,
hydrophobic pesticides to surface waters, albeit at a slow and diminishing rate over time.

4.2 BEHAVIOR AND FATE OF PESTICIDES IN SURFACE WATERS

INTRODUCTION

The behavior, transport, and fate of an organic chemical in surface waters is controlled
by the properties of the chemical and the environmental conditions in the water. The structure of
the organic chemical determines its physical, chemical, and biological properties. The surface
water environment that surrounds the organic chemical consists of physical, chemical, and
biological components. The interaction of the chemical structure and environmental conditions
controls the chemical's behavior and ultimately its effect on the environment. The environmental
processes that control an organic chemical's behavior and fate in surface water can be classified
into three types: (1) transformation processes, which change its chemical structure;
(2) phase-transfer processes, which control its movement between water, biota, suspended
sediments, bed sediments, and the atmosphere; and (3) transport processes, which move it away
from its initial point of introduction to the environment and throughout the surface water system.

TRANSFORMATION PROCESSES

The transformation of a pesticide results in changes in its chemical structure. One or more
new chemicals are produced, and the original pesticide disappears. These new chemicals can be
organic or inorganic molecules and ions. From an environmental-effects point of view, the ideal
fate for a pesticide is ultimate transformation to inorganic species, such as water, carbon dioxide,
and chloride ions (termed mineralization). Unfortunately, in many instances, the chemicals
formed from transformation reactions are long-lived intermediates, which themselves can have
a negative impact on the environment. Often the initial transformation products undergo
subsequent transformation reactions before mineralization. By this process, a large number of
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transformation products can potentially be formed, some of which may retain pesticidal
properties. Some pesticide formulations are applied as inactive agents and gain pesticidal
properties only after transformation (see Section 5.5).

Chemical transformations can be mediated by chemical, biological, or physical means. In
surface waters, chemically induced abiotic hydrolysis and oxidation-reduction reactions often
occur. Biodegradation is the general term for biologically mediated reactions. Microorganisms
can induce pesticides to undergo both hydrolytic and oxidation-reduction reactions. Photolysis is
a chemical reaction induced by the energy from sunlight.

Generally, first-order or pseudo-first-order kinetic expressions are adequate to describe
transformation processes. Unfortunately, the actual effect of the environmental conditions on the
kinetics of transformation processes can be difficult to determine (Macalady and others, 1986).
Only with very detailed laboratory and field studies can the exact transformation mechanism(s)
be identified. For most purposes, transformation reactions are grouped together in a kinetic
expression to describe the disappearance of a pesticide with a lumped, pseudo-first-order reaction
rate constant. This has been the approach generally used in interpreting or predicting the fate of
pesticides in surface water systems. Howard and others (1991) have tabulated measured or
estimated rate constants for various transformation reactions for a number of pesticides.

Hydrolysis is the chemical (sometimes biologically mediated) reaction of a pesticide with
water, usually resulting in the cleavage of the molecule into smaller, more water-soluble portions
and in the formation of new C-OH or C-H bonds. This process is important for many
organophosphorus and carbamate pesticides. The hydrolysis rate of a given organic compound
is dependent on the characteristics of the solution. The strongest factor is pH. Hydrolysis
reactions can be a result of direct attack by the water molecule (H,0), the hydronium ion (H;0%),
or the hydroxide ion (OH"). These are termed neutral, acid, and base hydrolysis, respectively. At
low pH, reactions are dominated by acid-catalyzed hydrolysis, whereas at high pH, reactions are
dominated by base-catalyzed hydrolysis. At intermediate pH values, both neutral and acid, or
neutral and base-catalyzed reactions, can be important to the overall rate of hydrolysis. It should
be noted that acid or base catalysis does not necessarily occur in all hydrolysis reactions, and that
neutral catalyzed reactions alone sometimes may govern the overall rate of reaction. In these
cases, the rate will not depend on pH. Temperature also is an important factor. Generally, a
temperature rise of 10°C increases the reaction rate twofold to fourfold. The presence of certain
metal ions, humic substances, and particles can catalyze hydrolysis for some compounds
(Armstrong and Chesters, 1968; Mabey and Mill, 1978; Burkhard and Guth, 1981). The structure
of the pesticide determines which of these processes, if any, are important in its hydrolysis
(Mabey and Mill 1978).

Organic chemicals that can undergo hydrolysis on time scales important for consideration
of this process in surface water systems (half-lives of days to years) include alkyl halides,
aliphatic and aromatic esters, carbamates, phosphoric esters, and phosphoric acid esters (Vogel
and others, 1987). Some pesticides, such as dichlorvos, undergo hydrolysis at rates too fast (half-
lives of minutes) to ever be present at significant concentrations in surface waters. Other
pesticides, such as DDT and chlordane, undergo hydrolysis at rates too slow (half-lives of years
to decades) to warrant consideration of this transformation process. Others, such as
pentachlorophenol (PCP) and benfluralin (benefin), contain no hydrolyzable functional groups
(Howard, 1991).

Oxidation-reduction reactions are chemically or biologically mediated reactions that
involve a transfer of electrons. The process requires two chemical species to react as a couple:
one chemical undergoes oxidation (loses one or more electrons) while another undergoes
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reduction (gains one or more electrons). Many oxidation reactions of pesticides in surface waters
are biologically or photolytically induced. In reduced environments, such as bed sediments and
the hypolimnion of lakes, abiotic reduction reactions can occur when organic or inorganic
reducing agents are present, such as certain transition metals (iron, nickel, cobalt, chromium),
extracellular enzymes, iron porphyrins, or chlorophylls. The rates of reduction reactions are
dependent on pH and the magnitude of the reduction potential. The reduction half-life of the
organophosphorus insecticide (OP) parathion, for example, is on the order of minutes in strongly
reducing environments.

Biodegradation is the transformation of pesticides mediated by living organisms using
enzymes. Chemical transformation reactions can cause structural changes in an organic
chemical, but biodegradation is the only transformation process able to completely mineralize the
pesticide (Alexander, 1981). Microorganisms degrade (transform) organic chemicals as a source
of energy and carbon for growth, although most of their degradative enzymes are not used
directly for growth and energy processes, but rather are part of a metabolic sequence that
terminates in energy release (Dagley, 1983). All naturally produced organic compounds can be
biodegraded, though this is a slow process for some chemicals. On the other hand, some
synthetically produced organic chemicals, including most pesticides, have structures totally
unfamiliar to microorganisms, which may not have the enzymes needed for degradation of these
compounds. This is the primary reason why some pesticides, such as DDE, hexachlorobenzene
(HCB), and mirex, are recalcitrant (very long lived) in the environment. However, even these
synthetic compounds are observed to slowly biodegrade, probably owing to a process called
cometabolism. In cometabolism, the microorganisms are using other substrates (carbon sources)
for growth and energy, and the unfamiliar synthetic compound enters into the process and is
transformed. The microorganisms derive no particular benefit from the degradation of this
compound. The rate of biodegradation of a pesticide is dependent on chemical structure,
environmental conditions, and the microorganisms present. The structure of the organic chemical
determines the types of enzymes needed to cause its transformation. Given this strong
dependence of degradation rate on chemical structure, some progress has been made in finding
predictive relations between the two (see Section 5.6). The concentration of the chemical also can
affect its rate of degradation. At high concentrations, a chemical may be toxic to microorganisms;
at very low concentrations, it can be overlooked by the organisms as a potential substrate. The
environmental conditions (temperature, pH, moisture, oxygen availability, salinity, and
concentration of other substrates) determine the species and viability of the microorganisms
present. Finally, the microorganisms themselves control the rate of biodegradation depending on
their species composition, spatial distribution, population density and viability, previous history
with the compound of interest, and enzymatic content and activity (Scow, 1990).

Photolytic transformations of pesticides are caused by the addition of energy from
sunlight. The earth's atmosphere filters out light with wavelengths shorter than 290 nm; only
wavelengths greater than this reach the earth's surface. Pesticides can undergo a direct reaction
with sunlight (direct photolysis) or a secondary reaction with a photoactivated, sunlight-induced,
short-lived reactive chemical species (indirect photolysis). The type of photoinduced reaction is
dependent on the structure of the pesticide and specific environmental conditions.

Direct photolysis is the result of absorption of sunlight by a pesticide, causing a chemical
transformation, such as cleavage of bonds, dimerization, oxidation, hydrolysis, or rearrangement.
This reaction will occur only if the pesticide absorbs light at wavelengths present in solar
radiation. The light absorption spectrum of most pesticides falls outside or near the fringes of the
solar spectrum; therefore, direct photolysis is not an important transformation process for many
pesticides. Notable exceptions to this are DNOC, fenitrothion, and metoxuron.
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Indirect photolysis is usually a photoinduced oxidation reaction. Sunlight excites a
photon absorber, such as nitrate or dissolved organic matter, Wthh in turn reacts with dissolved
oxygen to form potential photoreactants such as singlet oxygen ¢ 0,), hydroxy radical (COH),
superoxide anion (O,"), peroxy radical (ROO"), and hydrogen peroxide (H,0O,). These highly
reactive species randomly attack water, dissolved organic matter, dissolved oxygen, or
pesticides, if present. Another type of indirect photolysis, triplet photosensitization, occurs when
a photon absorber, such as humic acid, transfers excess energy to a pesticide molecule, which
then photodegrades. The two most important indirect photolysis reactions are singlet oxygen and
nitrate-induced photooxidation. Singlet oxygen is a very efficient photoreactant for specific types
of chemical structures, including many OPs. The more general reaction is the nitrate-induced
photooxidation that proceeds through the hydroxy radical intermediate and affects all organic
molecules. For any specific surface water, the rate of this reaction is a function of the nitrate
concentration (Hoigné and others, 1989).

PHASE-TRANSFER PROCESSES

Phase-transfer processes involve the movement of a pesticide from one environmental
matrix to another. The important processes that can occur in surface water environments include
water-to-solid transfer (sorption), water-to-biota transfer (bioaccumulation), and water-to-air
transfer (volatilization from water). In addition to these processes, air-to-solid transfer (vapor
sorption) is important in soil environments. Although the physical movement of the chemical is
involved, these transfer processes should not be confused with transport processes. Transfer
processes are important on the scale of molecular distances (nanometers to micrometers). Once
the organic chemical has passed through the physical interface (environmental compartment
boundary), it may undergo transport over much larger distances. The phase-transfer processes of
sorption and volatilization largely control the overall transport of many pesticides in surface
waters.

Pesticides are distributed between particle surfaces and the water to varying degrees. This
process, termed sorption, can play a pivotal role in the environmental behavior, transport, and
fate of a pesticide in surface water. An organic chemical sorbed to a particle surface behaves
differently than it does in the dissolved phase. Chemicals associated with particles generally are
less available for biodegradation and are not available for volatilization to the atmosphere. Some
particle-associated pesticides, such as atrazine (in soil), undergo sorbent-catalyzed hydrolysis
(Armstrong and Chesters, 1968). The extent of sorption of a pesticide is a function of its physical-
chemical properties and the properties of the particle and the solution. Relevant aspects for the
solution include pH (especially for organic chemicals having a pK, from 4 to 8), ionic strength,
concentration of dissolved organic carbon (DOC), and, to a lesser extent, temperature. The ionic
strength of the solution affects the activity coefficient of the organic chemical in water. As the
ionic strength of an aqueous solution increases, the chemical's solubility decreases and the extent
of sorption slightly increases. The presence of DOC in the water also can affect the activity
coefficient of the pesticide, decreasing the extent of sorption. Because sorption is a surface
process, the characteristics of the particles that have the greatest influence on the extent of
sorption are surface area and surface coverage by organic films. In most surface waters, the
majority of the particulate surface area is contributed by silt, clay, and colloidal size particles. In
addition to having large surface areas, these sizes of particles are generally the most enriched
with organic surface films. It has been shown that organic coatings on particles essentially
control the extent of sorption for many organic chemicals (Karickhoff, 1984; Chiou, 1990). The
hydrophobicity of an organic chemical, which can be quantified to some extent by its water
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solubility or octanol-water partition coefficient, also controls the extent of sorption. The extent
of sorption at equilibrium is commonly defined in terms of a distribution coefficient, K, defined
as the ratio of the concentrations of the pesticide between the suspended sediments and the water.
An organic carbon-normalized distribution coefficient, K., defined as Ky divided by the
fractional content of organic carbon in the suspended sediment, also is used widely. Tabulations
of K; and K. values for pesticides can be found in Howard (1991) and Wauchope and others
(1992). For a wide range of pesticides and other organic chemicals, their sorption distribution
coefficients have been shown to be correlated strongly with their water solubilities. This provides
a tool for predicting the extent of sorption of a particular chemical in a particular environment
where the organic coatings of the particles dominate the sorptive process. A number of structure-
activity relations have been derived for these types of predictions (Lyman, 1990). Sorption is an
extremely complex process. With limited information on sorption and relatively few
environmental observations of the process, researchers have often assumed that sorption of
organic chemicals is completely reversible, linear (with respect to chemical concentration), and
at equilibrium in surface waters. Studies have shown, however, that sorption and desorption are
not completely reversible, at least in the laboratory (DiToro and Horzempa, 1982; Karickhoff and
Morris, 1985), and that chemical equilibrium may not be reached for biotic particles in surface
waters (Swackhamer and Skogland, 1993). For most environmental situations, organic
contaminants are present at concentrations low enough that a linear K4 value adequately
describes its sorptive behavior. Given the numerous uncertainties in environmental observations
of organic chemicals, the quantification of nonequilibrium, nonlinear, and nonreversible sorptive
behavior has been difficult.

Some pesticides concentrate in the living tissues of aquatic organisms, such that the
concentration in the organism is greater than in the water. The pesticide can accumulate in tissues
by two routes. One route is through the process called bioconcentration, which is direct water/
tissue partitioning governed by the same mechanisms as sorption of pesticides to organic matter
on particles. The second route is through the organism's diet. When one organism eats another
that has accumulated pesticides in its tissue, some fraction of that pesticide burden is available
for accumulation by the consumer. The combination of these two routes, both of which are
thought to be important in the environment, is termed bioaccumulation. It has been observed by
many investigators that bioconcentration can be related to hydrophobicity for many persistent
chemicals. Thus, numerous structure-activity relations have been developed that relate
bioconcentration to a chemical's water solubility or octanol-water partition coefficient (Bysshe,
1990). The two most important parameters determining the extent of bioconcentration for a
particular compound are the lipid content of the organism and the rate at which the chemical is
metabolized in the organism. Differences of up to two orders of magnitude in bioconcentration
can be expected for a single compound because of variations in biotic species, sex, life stage, and
size (Seiber, 1987; Bysshe, 1990). Kenaga and Goring (1980) suggest that bioconcentration is
not an important process in the overall environmental behavior of chemicals with water
solubilities greater than about 1 mg/L.

Pesticides can be transferred from the dissolved aqueous phase to the vapor phase in the
atmosphere as a result of volatilization from water. This transfer is controlled by the chemical
nature of the air-water interface and the mass transfer (advective) rates of the chemical in water
(velocity of water flow, etc.), the pesticide's molecular diffusion coefficients in air and water, and
its Henry's Law constant. Thomas (1990) has suggested that the importance of volatilization for
a given chemical can be generalized from its Hem'y S, Law constant alone. For pesticides that have
a Henry's Law constant less than 3 x 10”7 atm-m3/mole, volatilization from surface water is
unimportant. For pesticides that have a Henry's Law constant greater than 1 x 10~ atm-m>/mole,
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volatilization is significant for all waters. Many of the volatile pesticides used as fumigants have
Henry's Law constants in the range where volatilization can be a significant process in their
environmental behavior. In contrast to this, only a few of the high-use herbicides exhibit any
tendency toward volatilization from surface water. The organochlorine pesticides fall between
these two extremes and may or may not volatilize from water, depending on the environmental
conditions and the relative concentrations of the compound in the water and in the atmosphere.

Just as pesticides distribute themselves between the water and particle surfaces in water,
they also distribute themselves between the air and particle surfaces in soils. The extent of this
vapor sorption (i.e., air-to-solid transfer) is a function of the chemical's properties, the soil
particle's properties, and the water content of the soil. Chiou (1990) has shown that in dry soils,
vapor sorption interactions are stronger between the pesticide and the inorganic surface of the
particle (particularly clay surfaces) than with the organic matter on the particle surface. As the
water content of the soil increases, the inorganic surface becomes hydrated and the water out-
competes the pesticides for the inorganic sorption sites. The extent of vapor sorption decreases
and the interactions with the organic carbon surface coatings become the dominant mechanism.
Pesticides sorbed by dry soils are released by the addition of water. At about 90-percent relative
humidity, the extent of vapor sorption is close to that of sorption in aqueous systems, if the same
chemical and particle are compared. It has been suggested that the K, concept, when based on
vapor concentration, can be used to describe vapor sorption (Spencer, 1987). The process of
vapor sorption is important in determining the pesticide's dominant environmental matrix in the
soil and the routes by which it can leave the soil (into the air through volatilization or into water
or solid phases during a runoff event).

TRANSPORT OF PESTICIDES IN SURFACE WATERS

The transport of a pesticide in surface waters depends on the form in which the compound
exists in the water and the hydrodynamics of the system. As discussed in the preceding section,
a pesticide molecule can exist either in the dissolved phase or it can be associated with a particle
or colloid. In the dissolved phase, transport of the pesticide will be governed essentially by water
flow. In the associated phase, transport will be governed by the movement of the particle or
colloid. Pesticides in the associated phase can undergo a variety of transport processes,
depending on the type of substrate with which it is associated. Transport of pesticides associated
with dissolved organic matter or colloids is primarily governed by water flow, similar to that of
dissolved pesticides. Pesticides associated with particles (sands to clays), fecal pellets, or
coagulations of very fine particles tend to settle out in lakes and reservoirs, and in low-energy
sections of streams, such as backwaters and behind large objects. Because of the propensity of
hydrophobic organic pesticides to associate with natural organic matter, they tend to accumulate
in bed sediments with a relatively high organic matter content (more than 1 percent). As
discussed in Section 4.1, these sediment deposition areas can serve as long- or short-term sinks
for pesticides until the sediments are disturbed by the hydrodynamics of the system.

In streams, high-energy events, such as spring runoff and large storms, can transport bed
sediments and their associated pesticides downstream. When particle-associated pesticides are
reintroduced into the water column, they may become redistributed between the dissolved and
particulate phases in the attempt to reach sorptive equilibrium. The newly dissolved pesticides
will be transported with the flow of water, while the pesticides still associated with particles can
again return to the bed sediments, once the energy level of the stream subsides to a point where
the particles settle out of the water column. Thus, pesticides with low water solubility and a high
affinity for surfaces, such as the OCs, tend to remain in the bed sediments of streams for long
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periods of time and are transported slowly from the system. Pesticides with relatively high water
solubility and little affinity for solids, such as triazine and acetanilide herbicides, are transported
in a flowing stream at a rate approximating the river's velocity.

In slow-moving surface water systems, such as lakes and reservoirs, the hydrodynamic
conditions controlling the transport of pesticides are different from those of faster moving
systems such as streams, although the sorptive interactions in slow- and fast-moving waters are
essentially the same. Lakes and reservoirs generally lack the strong one-dimensional flow of a
river. In a lake or reservoir, the ratio of water inputs (i.e., tributary inflow, overland runoff, direct
precipitation, and ground water inputs) to water outputs (i.e., outflow, evaporation, and ground
water outflow) determines the hydraulic residence time of the system. Lakes and reservoirs
commonly have hydraulic residence times of months to tens of years. Pesticides that exist
primarily in the dissolved-phase will be transported with the lake currents and have an average
residence time similar to the hydraulic residence time in the lake, if they are not chemically or
biologically transformed. Pesticides associated with particles also may be transported with the
lake currents, but also can undergo sedimentation just as in flowing water systems. The dynamics
of particle and pesticide interactions at the sediment-water interface (benthic nephloid layer) of
a lake or reservoir are very complex. A settling, organic-rich particle may be degraded as it falls
through the water column or at the sediment-water interface, releasing any associated pesticides
to the water column. If the particle is deposited to the sediment-water interface, it can undergo
physical and biological mixing into the sediments and be buried. As in streams, these buried
sediments can act as a long-term, low-level source of pesticides to the water column. The
sediments of lakes and reservoirs also can be resuspended by strong bottom currents or storm
events, resulting in the reintroduction of particle-associated pesticides into the water column in
a short timespan. These reintroduced pesticides can undergo new sorptive processes, redistribute
themselves between the dissolved and associated phase, and be transported through and out of
the lake or reservoir accordingly.
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CHAPTER 5

Analysis of Key Topics—Sources, Behavior, and Transport
5.1 SEASONAL PATTERNS OF PESTICIDE OCCURRENCE

Most agricultural pesticides, particularly herbicides, are applied during distinct and
relatively short seasonal periods. Preemergent herbicides are applied just before planting, for
example, and postemergent herbicides are applied a few weeks after the crop begins to sprout.
Some crops receive an autumn application of herbicides to kill the plant before the crop is
harvested. Some insecticides also are applied at certain times of the year to control specific pests.
Sometimes pesticides not routinely used are applied to control an unexpected pest. Seldom in
agricultural applications is the same pesticide used continually for long periods of time (i.e.,
months) during a growing season on the same crop. The seasonal application of a pesticide is the
primary source for transport to surface waters, if residues in soil from applications in previous
years are minimal when compared to the amount being applied.

The first runoff-inducing rain or irrigation event after application of a pesticide can
potentially move significant quantities of the pesticide to surface waters. This has been observed
for numerous compounds, especially the preemergent herbicides, in many river systems in the
midwestern United States. Schottler and others (1994) observed a strong seasonality in the
occurrence of herbicides in the Minnesota River (Figure 3.46), as did Larson and others (1995)
and Goolsby and Battaglin (1993) for a number of herbicides in a wide range of stream sizes in
the Mississippi River Basin. The seasonal pattern of occurrence for herbicides, such as atrazine
and alachlor in midwestern rivers, is well known and somewhat predictable. In late winter and
early spring, the concentrations of pesticides are low, often below the detection limit. The source
of compounds detected during this time is primarily ground water (Squillace and others, 1993),
although discharge from reservoirs, surface runoff from fields, and discharge from tile drains also
may add low levels of pesticides to streams. Application of herbicides in the Midwest starts in late
April to mid-May, depending on weather conditions. Elevated herbicide concentrations are
observed in streams draining agricultural areas for a few days to a few weeks, depending on the
timing and number of rain events and the size of the drainage basin. During this period, about 0.2
to 2 percent of the applied chemical may be moved to surface waters. As the crops grow and the
rains subside, the movement of pesticides to surface waters is diminished and riverine
concentrations decline throughout the summer. For some compounds, such as atrazine, a low-
level, relatively constant concentration is reached and maintained throughout much of the autumn
and winter. For others, such as metribuzin, alachlor, and EPTC, the concentration drops below
detection levels and remains there until the chemicals are applied again the following spring. The
low-level herbicide concentrations observed during the low-flow period (autumn through winter)
may result from inflow of ground water from alluvial aquifers that were filled up during the
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high-flow period when pesticide concentrations were also relatively high. The cycle then repeats
itself the next spring.

The seasonal cycle of herbicide concentrations in midwestern reservoirs is somewhat
different than in rivers. Many reservoirs in the Midwest receive much of their water from surface
water sources during the spring runoff period, when concentrations of herbicides in tributary
streams are relatively high. The water is stored for use during the remainder of the year. For
compounds that are relatively stable in water, concentrations may remain elevated in reservoirs
much longer than in streams, since they are not flushed from the system as quickly. Thus,
concentrations of pesticides in reservoirs can remain relatively high long after inputs from
agricultural fields have declined or ceased. This effect was observed in the 1992 study of
midwestern reservoirs (Goolsby and others, 1993) described earlier (Section 3.3). In mvi__l_l
detection frequencies for herbicides and selected degradation products in reservoirs and streams
are compared. The number of reservoirs with detections was nearly constant for most of the
analytes from the June-July sampling period through the October-November sampling period. In
contrast, the number of streams with detections dropped considerably between the early summer
sampling and the late autumn sampling for most analytes. The same contrast was seen in the
concentrations of the analytes. In[Figure 5.2] concentrations of atrazine, alachlor, and several
transformation products in midwestern streams and reservoirs are compared. The stream
concentrations follow the pattern described above, with low levels in the preplanting and
postharvest periods, and elevated concentrations during the postplanting period. The
concentrations in the reservoirs, on the other hand, were much more stable from the early summer
period through late autumn, except for alachlor. Alachlor apparently degraded more quickly in
the water column of the reservoirs than the other compounds. The seasonal pattern in reservoirs
has implications for users of drinking water derived from reservoirs in this region. Compliance
with the Safe Drinking Water Act (SDWA) requires that the annual average concentration of a
number of pesticides, obtained with quarterly sampling and analysis, remain below a maximum
contaminant level (MCL) established for each specific chemical. For most streams supplying
drinking water, the normal seasonal pattern in this region results in annual average
concentrations below the various MCLs. For reservoirs, the longer period of elevated
concentrations increases the likelihood that at least two of the four quarterly samples may have
elevated concentrations of some pesticides.

The storage of water with relatively high levels of herbicides in reservoirs also can affect
the seasonal pattern of herbicide concentrations in rivers downstream from the reservoir.
Depending on the timing of releases of water from the reservoir, downstream concentrations of
herbicides would be expected to remain elevated for a longer time than in an unregulated stream.
In some cases, the low-level concentrations observed during autumn and winter for certain
pesticides, such as atrazine, may be partially attributed to release of water from reservoirs filled
during the spring runoff period. Peak concentrations in streams downstream from reservoirs,
however, would be expected to be lower because of dilution in the large volume of water in the
reservoir (Goolsby and others, 1993). For some compounds with relatively short aquatic
lifetimes, such as alachlor, both the duration and magnitude of elevated concentrations
downstream from reservoirs may be decreased, due to degradation within the reservoir. For the
most part, the effect of reservoirs on seasonal pesticide concentration patterns in streams has not
been specifically addressed in published studies.

Seasonal patterns of pesticides in streams may be different in different parts of the nation,
depending on the timing of pesticide application and significant rainfall or irrigation. For
example, the streams draining the Central Valley of northern California have a strong seasonal
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Figure 5.1. Detection frequencies for herbicides and selected degradation products in 76 midwestern
reservoirs in 1992 (A), and in 147 midwestern streams in 1989 (B). Data are from Goolsby and others
(1993) and Goolsby and Battaglin (1993).

appearance of methidathion and diazinon—organophosphorus insecticides (OPs) used on
orchards—in January and February during the rainy season (Kuivila and Foe, 1995), as shown in
Figure 5.3. Herbicides and insecticides used on rice in California also have a distinct seasonal
pattern of occurrence in surface waters because of release of irrigation water at specific times
(Crepeau and others, 1996), as shown in[Figure 5.4] In the Yakima River in Washington,
concentrations of 2,4-D followed a distinct seasonal pattern from 1967 to 1971, with elevated
concentrations generally occurring from May to September (Manigold and Schulze, 1969;
Schulze and others, 1973), as shown in [Figure 5.3. In general, available data show that the
seasonal input of pesticides into surface waters is dependent on the combination of the timing of
pesticide application and subsequent rainfall or irrigation, or release of water in regulated
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Figure 5.2. Temporal distribution of concentrations of atrazine, alachlor, and selected degradation
products in 147 midwestern streams in 1989, and in 76 midwestern reservoirs in 1992. Redrawn from
Goolsby and others (1993).
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Figure 5.3. Loads (fluxes) of diazinon and methidathion in the Sacramento River at Sacramento (A) and
the San Joaquin River at Vernalis (B) in January and February 1993. Redrawn from Kuivila and Foe
(1995).

systems. This is probably true for agriculturally applied pesticides throughout the United States,
although there is less published data on the seasonal concentration patterns of pesticides in
surface waters outside the midwestern and western United States.

The seasonal pattern in urban areas differs from that of agricultural areas because of
differences in the timing of pesticide application. Urban runoff in Minneapolis, Minnesota,
recently has been shown to contain the herbicides 2,4-D, MCPP, and MCPA during April
through October (Wotzka and others, 1994), as shown in Figure 5.6] The low-level appearance
of the herbicides in early spring and late autumn was attributed to use on lawns and gardens by
commercial applicators. During mid-summer, significantly higher concentrations of herbicides
were detected in runoff and attributed to applications by individual homeowners. During this
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period, inputs of the pesticides were spread out over time with no distinct seasonal pattern. The
same observations were made for the insecticide diazinon in the study of the Mississippi River
and major tributaries (Larson and others, 1995). In the three river basins with the highest
population densities and significant urban centers (the White, Illinois, and Ohio River Basins),
the observed flux of diazinon was much greater than would be expected, on the basis of known
agricultural use, and had a different seasonal pattern than exclusively agricultural pesticides,
such as atrazine, in the same rivers (Figure 53.7). The authors attributed this lack of a seasonal
pattern to continual urban use throughout the spring, summer, and autumn. These studies indicate
that seasonal patterns of occurrence for urban-use pesticides in surface waters are less distinct
and occur over a longer time than for agricultural-use pesticides.

A study of the Susquehanna River in Pennsylvania examined the concentrations of 2,4-D
and atrazine over a 12-month period (Fishel, 1984), as shown in In the Susquehanna
River Basin, there are a variety of land uses, including urban, forested, and agricultural areas (see
Section 3.3). Each of these could provide inputs of 2,4-D to the river at various times of the year.
Atrazine, on the other hand, has exclusively agricultural uses, and inputs to the river occur mainly
in the spring and early summer. Atrazine concentrations in the river show the typical seasonal
pattern observed in agricultural areas, whereas 2,4-D concentrations lack strong seasonal
patterns, probably from the multiple sources of this compound in the basin.

Resuspension of bed sediments can provide a seasonal source of hydrophobic,
recalcitrant pesticides, such as DDT and other organochlorine insecticides (OCs), to surface
waters. Bed-sediment particles can be scoured from the bottom and reintroduced into the water
column when streamflow is high enough. Pesticides sorbed to these particles may be released to
the water column in the dissolved phase before equilibrium is reestablished (see Section 4.2).
Resuspension can occur during periods of high flow resulting from spring or autumn rains,
extremely large single-storm events, or large releases of irrigation or reservoir waters. In
Chesapeake Bay, increases in organochlorine concentrations in the water column (sorbed to
suspended sediments) have been attributed to resuspension of bottom sediments by strong
currents in parts of the bay (Palmer and others, 1975). Some of these high-energy events in
surface waters have a distinct seasonal pattern.

Seasonal patterns in surface-water contamination also have been observed in areas where
soil still contains residues from past use of OCs. In the Yakima River Basin in Washington,
where irrigation is used to support intensive agricultural activity, total DDT (sum of DDT, DDD,
and DDE) concentrations in agricultural drains entering the Yakima River have been shown to
be proportional to the suspended-sediment concentration (Johnson and others, 1988; Rinella and
others, 1993). Suspended sediment and total DDT concentrations in the river increase during the
irrigation season as soil contaminated with DDT is washed into the agricultural drains. The same
pattern has been observed in the Moon Lake watershed in Mississippi, where increased total
DDT concentrations in the water column occurred during the winter and spring rainy seasons
(Cooper, 1991). Soil in this watershed contained significant amounts of DDT (as of 1985), and
analysis of sediment cores from Moon Lake showed that recently deposited sediment contained
higher amounts of DDT than sediments deposited during the time of heavy DDT use. The authors
concluded that DDT in the older sediments was slowly degrading, and the DDT in the recent
sediments was coming from eroded soil entering the lake each rainy season. The presence of
substantial residues of DDT in soil has been documented in a 1985 study in California (Mischke
and others, 1985), and it is likely that seasonal inputs of DDT and other recalcitrant pesticides
are occurring in other areas with past use of these compounds (see Section 3.4).
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5.2 SOURCES AND CONCENTRATIONS OF PESTICIDES IN
REMOTE WATER BODIES

On a national scale, the dominant source of pesticides to surface waters is agricultural
use, with additional inputs from use in urban areas. Sources in more remote areas, such as forests
and roadsides, are much more limited in both area and amount of pesticides applied. The
compounds currently used for these purposes—such as 2,4-D, picloram, triclopyr, glyphosate,
diflubenzuron, and bacterial agents—generally have short environmental lifetimes, and studies
suggest that contributions to surface water contamination from these sources are minimal (see
discussion in Sections 4.1 and 5.4.).

Thus, in remote non-agricultural areas, atmospheric deposition of relatively long-lived
pesticides to surface waters is probably more important than local use. The relative contribution
of atmospheric pesticides to a specific surface water body depends on how much of the water
budget is derived from drainage, runoff, and precipitation, and how close the water body is to the
sources of the pesticides. The magnitude of direct aerial deposition to surface waters is directly
proportional to the surface area of the body of water. Generally, lakes are more likely to be
affected by atmospheric deposition than streams because the surface areas of lakes represent a
much greater proportion of their drainage area than do the surface areas of streams. The
significance of the atmospheric input of pesticides to remote lakes and streams is not well known,
largely because of the lack of available atmospheric concentration data.

The best understanding of the atmospheric inputs of pesticides to surface water comes
from years of study of OCs in and around the Great Lakes. One of the earliest observations of
pesticides and other chlorinated hydrocarbons in surface waters in a remote area was from
Siskiwit Lake on Isle Royale in Lake Superior (Swain, 1978). Residues of numerous
organochlorine compounds were detected in the water, sediment, biota, and precipitation on this
island, which is hundreds of miles from the nearest intensive agricultural or industrial activity.
The conclusion was that all the organochlorine residues found in the lake had come from
atmospheric deposition. This conclusion was supported by observations of the same compounds
in precipitation. This finding provided the impetus for many research projects investigating the
atmospheric inputs of pesticides and other organic chemicals into the Great Lakes ecosystem.
Strachan and Eisenreich (1990) estimated that atmospheric deposition is the greatest source of
DDT into Lakes Superior, Michigan, and Huron, where the concentrations range from
subnanogram to nanogram per liter. Murphy (1984) used precipitation concentration data from
Strachan and Huneault (1979) to estimate the loadings of eight organochlorine pesticides into
four of the Great Lakes from 1975 to 1976. The depositional amounts ranged from 112 kg/yr for
hexachlorobenzene (HCB) to nearly 1,800 kg/yr for a-HCH, roughly the same as reported by
Eisenreich and others (1981). Strachan (1985) reported that precipitation at two locations at
opposite ends of Lake Superior contained a variety of organochlorine pesticides. The calculated
average yearly loadings ranged from 3.7 kg/yr for HCB to 860 kg/yr for «-HCH. Voldner and
Schroeder (1989) estimated that 70 to 80 percent of the toxaphene input to the Great Lakes was
derived from long-range atmospheric transport and wet deposition.

The OCs also have been observed in remote surface waters other than the Great Lakes. A
number of researchers have reported these chemicals in open ocean areas in the Atlantic and
Pacific (Risebrough and others, 1968; Tanabe and others, 1982; Kramer and Ballschmiter, 1988,
Iwata and others, 1993). Duce and others (1991) have reviewed the literature on the atmospheric
deposition of trace chemical species, including OCs, to the world's oceans. As an example, they
estimated atmospheric deposition of the HCHs at 2 and 30 mg/m 2/yr for the South Atlantic and
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North Pacific, respectively. They also estimated that 4.8 million kg of HCHs are deposited yearly
to ocean surfaces from the atmosphere. DDTs, toxaphene, HCHs, and HCB have been detected
in remote wetlands throughout North America (Rapaport and others, 1985; Rapaport and
Eisenreich, 1986, 1988). These researchers have used the depth profile of the accumulated
pesticides in peat to elucidate the historical atmospheric deposition of these chemicals and have
shown that the historical fluxes correlate well with historical-use patterns. In the Antarctic,
Tanabe and others (1983) quantified DDTs and HCHs in pack ice, fresh water, and seawater, and
Desideri and others (1991) quantified DDTs, HCHs, heptachlor, aldrin, and dieldrin in the same
matrices. In the Arctic Ocean, Hargrave and others (1988) quantified DDTs, HCHs, HCB,
dieldrin, endrin, heptachlor, and chlordane in either pack ice or seawater. The concentrations
were in the subnanogram per liter range. Gregor (1990) observed these compounds and
endosulfan in Canadian arctic snow. Hargrave and others (1992) and Lockerbie and Clair (1988)
also quantified these OCs in the biota of the Arctic Ocean and noted their accumulation up the
food web. Muir and others (1990) linked the presence of toxaphene in arctic water and fish to
atmospheric deposition. From these and other data, Richards and Baker (1990) made the
following observation:

...[atmospheric] transport of toxaphene and other persistent,

bioaccumulating compounds has produced dangerous

concentration levels in arctic fish and marine animals. These

compounds have never been used within 1,000 miles of the Arctic

and have not been extensively used in the United States in the last

decade. It is ironic that they may represent more of a threat to

arctic Native American populations (through dietary intake) than

drinking water, with its burden of widely used modern pesticides,

does to those living in the corn belt [of the midwestern United

States].

Very little research has been done on atmospheric inputs of pesticides to inland surface
waters of the United States outside the Great Lakes. Even less has been done on pesticides other
than organochlorine compounds. Glotfelty and others (1990) studied the inputs of atrazine,
alachlor, and other pesticides in Chesapeake Bay and one of its tributaries (the Wye River). They
estimated that about 3 percent of the atrazine load in 1982 and 20 percent of the alachlor load in
1981 in the Wye River was attributable to precipitation inputs. They also estimated that the
average summer wet depositional inputs to Chesapeake Bay for atrazine, simazine, alachlor,
metolachlor, and toxaphene were 910, 130, 5300, 2500, and 820 kg, respectively, between 1981
and 1984. This area is not remote from agricultural activity, and the bulk of these atmospheric
inputs occurred during the time of local use of the compounds (April through June). However,
elevated concentrations of simazine and atrazine in rain were observed as early as January, and
concentrations continued to rise through the early spring, before any applications of these
compounds in the Chesapeake Bay area. The authors hypothesized that the increase in
concentrations in rain during this time was due to regional atmospheric transport from
agricultural areas farther south, in Florida, Georgia, and North and South Carolina. The timing
of planting and herbicide applications in these areas corresponds to the start of the increased
concentrations in rain in the Chesapeake Bay area. This suggests that atrazine and simazine can
be transported in the atmosphere as much as 600 mi from the point of application. Concentrations
of alachlor and metolachlor in rain did not show the same pattern, being present in rain only
during the time of local use. The authors conclude that these compounds degraded more quickly
in the atmosphere and that regional transport probably does not occur. Buser (1990) quantified
atrazine, simazine, and terbuthylazine in rain, snow, and remote Alpine lakes in Switzerland. The
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concentrations of the herbicides in six mountain lakes, far from agricultural activities, were in the
subnanogram per liter range (0.08 to 1 ng/L), whereas rain and snow had concentrations of up to
193 ng/L. The author suggests that for some of the remote lakes, roadside applications may have
contributed some of the herbicides, but atmospheric deposition was probably the major source.

If atmospheric deposition contributes pesticides to the Great Lakes, to the Arctic Ocean,
to Chesapeake Bay, and to the mountain lakes in Switzerland, then it probably contributes
pesticides to most remote surface water environments. The nature of atmospheric deposition of
pesticides to remote surface waters is very different from contributions of pesticides used on
forests and roadsides. The atmospheric contribution is probably low level (nanogram-per-liter
concentrations) and occurs over a long timespan (decades for the OCs), whereas inputs from
forest and roadside applications may have higher concentrations (perhaps microgram-per-liter
concentrations) and occur over one or more shorter timespans. The continuous atmospheric input
is probably of more environmental concern because of the potential for bioaccumulation of the
organochlorines and the global nature of the sources and deposition of these compounds.
However, relatively little is known about the atmospheric contribution of pesticides to surface
waters. More than a decade ago, Eisenreich and others (1981) listed several reasons for this that
still hold true today.

1. Inadequate data on atmospheric concentrations of pesticides,

2. Inadequate knowledge of the distribution of pesticides between vapor and particulate

phases in the atmosphere,

3. Lack of understanding of the dry deposition process,

4. Lack of appreciation for the episodic nature of atmospheric deposition, and,

5. Inadequate understanding of the temporal and spatial variations in atmospheric

concentrations and deposition of pesticides.

5.3 IMPACT OF URBAN-USE PESTICIDES ON SURFACE WATER QUALITY

The only nationwide study of urban runoff—the National Urban Runoff Program
(NURP)—was conducted during 1980-1983 (Cole and others, 1984) by the U.S. Environmental
Protection Agency (USEPA). In this study, 121 water samples were collected from 61 residential
and commercial sites across the United States and analyzed for 127 of the 129 priority pollutants.
Of the 20 organochlorine pesticides included in the priority pollutants, 13 were observed in at
least one sample. The pesticides observed most often were a-HCH (20 percent of samples),
o-endosulfan (19 percent), yv-HCH, or lindane (15 percent), and chlordane (17 percent).
Concentrations were generally less than 0.2 pg/L, except for chlordane, which had a maximum
concentration of 10 pg/L.

Several smaller-scale studies during the late 1970's and early 1980's monitored the
occurrence of pesticides in runoff from urban areas. Water samples from storm sewers draining
residential and commercial areas of San Diego, California, from 1976 to 1977 (Setmire and
Bradford, 1980), Fresno, California, from 1981 to 1983 (Oltmann and Schulters, 1989), and
Denver, Colorado, during 1976 (Ellis, 1978), were analyzed for OCs, OPs, and chlorophenoxy
herbicides. The insecticides chlordane, diazinon, and malathion, and the herbicide 2,4-D were
detected frequently in all three studies. Concentrations in most samples ranged from 0.1 to
4 ng/L. For comparison, concentrations of pesticides in runoff from agricultural plots commonly
exceed 10 pg/L and can reach several hundred micrograms per liter, especially for herbicides
(Leonard, 1990).
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A more recent (1993) study in Minneapolis, Minnesota, analyzed water in storm sewers
draining a residential area for 26 pesticides currently used in urban and agricultural areas
(Wotzka and others, 1994). While most samples contained very low or undetectable levels of
most of the pesticides, storm-runoff water in June contained the herbicides MCPP, MCPA, and
2,4-D at concentrations up to 40 ug/L . These compounds are commonly used on
lawns in the Minneapolis area by homeowners and professional applicators. Maximum
concentrations of MCPP and 2,4-D in the lake receiving the storm runoff were both 0.2 pg/L.

MCPP and 2,4-D were detected in 30 and 40 percent, respectively, of runoff samples analyzed
in this study.

There have been few studies of pesticide movement in runoff from grass lawns. In the
studies that have been reported, very little runoff (of water) occurred with natural or simulated
rainfall on well-maintained turf, even from plots with considerable slope (Harrison and others,
1993). In this study, turf plots (9 and 14 percent slopes) were treated with fertilizers and
pesticides for 2 years in a manner typical of that employed by professional lawn care services.
Pesticides applied were pendimethalin, 2,4-D ester, 2,4-DP ester, dicamba, and chlorpyrifos.
Pesticides were applied in spring, early summer, late summer, and autumn, and the plots were
irrigated 1 week before and 2 days after each application. Runoff water was collected during each
irrigation event and analyzed for pesticides. No residues of pendimethalin, chlorpyrifos, or the
esters of 2,4-D or 2,4-DP were detected in any samples of runoff water. Dicamba, and the acid
forms of 2,4-D and 2,4-DP (formed by hydrolysis of the esters), often were detected in runoff
water from the first irrigation event following application of the pesticides. Concentrations often
were quite high in these samples, with 2,4-D and 2,4-DP concentrations generally in the 10 to
100 pg/L range, but occasionally reaching 200 to 300 pg/L. Dicamba concentrations generally
were lower, but reached 252 pg/L in at least one sample. These curbside concentrations agree
fairly well with the concentrations observed in the Minneapolis storm sewers mentioned above.
Several important problems with this study, however, make generalizing these results to real
lawns questionable. First, the amount of irrigation water applied in each event had to be raised to
extremely high levels to produce runoff from the plots. The amount of water applied
(150 millimeters per hour for 1 to 1.5 hours) corresponds to a storm with a return frequency of
much more than 100 years for this region. The lack of runoff at more reasonable rainfall levels
was attributed to the high capacity of the thickly grassed plots—maintained in virtually ideal
conditions—to hold water. Harrison and others (1993) state that it is not clear how well the
results reflect the response of turfgrass subject to normal use and of lawns less well-maintained.
The authors also mention that the underlying soil may have contained a zone of highly permeable
weathered limestone, which would allow infiltration of large amounts of water and lessen the
likelihood of surface runoff. Second, the detection limits for all the pesticides were somewhat
high, ranging from 2.4 to 20 pg/L. It is possible that more of the pesticides would have been
detected, or that 2,4-D, 2,4-DP, and dicamba would have been detected for a longer time after
application, if detection limits had been lower. Third, not all the data from the study are presented
in the paper. From the data shown, it appears that irrigation did not always follow application of
the pesticides by the same amount of time. In one case, runoff samples were not collected until
38 days after application (with positive detections of all three compounds), whereas in others,
samples were collected within 3 days of application. It is difficult to determine the persistence
and runoff potential of these compounds in lawns from the data shown.

Recent studies in the Mississippi River Basin have shown rather clearly that urban use of
diazinon is resulting in measurable concentrations in several major rivers, as shown in [Figure 5.7]
(Larson and others, 1995). Concentrations of diazinon in the White (Indiana), Illinois, and Ohio
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Rivers were low, generally in the 0.01 to 0.05 pg/L range, but measurable throughout the summer
and autumn. The seasonal pattern was similar to the pattern described for urban-use herbicides
in Section 5.1, and the estimated riverine flux indicated that much of the diazinon observed
originated from non-agricultural applications.

For the most part, however, the significance of urban areas as a source of pesticides to
surface waters is difficult to determine. As can be seen from a comparison of [Tables 3.1|and
many of the compounds used in urban areas also are used in agriculture (such as 2,4-D, dicamba,
trifluralin, and pendimethalin), so the source of certain pesticides detected in surface waters is
often unclear. In addition, pesticides used almost exclusively in urban areas (such as isazofos,
isophenphos, oryzalin, and MCPP) have been targeted in very few published studies of surface
water quality. For surface waters receiving runoff at least partly from agricultural areas, it is
likely that the urban contribution of pesticides is a small proportion of the total pesticide input,
because of the much greater agricultural use of pesticides. For example, the estimated
agricultural use of pesticides was 811 million 1b a.i. in 1993 versus 73 million Ib a.i. used in the
home and garden sector, and 197 million Ib a.i. used in the industrial, commercial, and
government sector (Aspelin, 1994), an unknown portion of which was in urban areas. From the
limited data available, however, it does appear that surface waters within urban areas, or
downstream from urban areas, are likely to contain measurable residues of pesticides from urban
applications.

Insecticides are used frequently in urban areas for control of specific pests, such as
mosquitoes, termites, and Mediterranean fruit flies (medflies). The chemicals used to control
mosquitoes include methoprene, the bacteria Bacillus thuringiensis var. israelensis (Bti),
temephos, resmethrin, malathion, naled, fenthion, and chlorpyrifos (Zoecon Corporation, 1990).
In recent years, the OPs and pyrethroid insecticides have been largely replaced by methoprene,
an insect growth regulator, and Bti, a selective biological larvicide. These two mosquito-specific
agents are less toxic to nontarget organisms than the more traditional insecticides listed above
(Hester and others, 1980). Chlordane was the major chemical used to control termites until it was
banned in the United States in 1988 (Howard, 1991). Chemicals used in recent years for termite
control include the OPs chlorpyrifos, isofenphos, and fenvalerate; and the pyrethroids,
permethrin and cypermethrin (Kard and McDaniel, 1993). Medflies have been controlled in
California predominantly with aerial applications of malathion (Segawa and others, 1991). In a
monitoring study of residues of malathion following aerial spraying in California, concentrations
in surface waters within the sprayed area were highly variable, but exceeded water-quality
criteria for the protection of aquatic organisms in some cases. Concentrations of malathion in rain
runoff ranged from less than 0.1 to 44 ug/L, and the authors conclude that the impact of this
runoff on surface waters may be the most significant water quality problem resulting from the
spraying program. Other than in this study, the insecticides used to control specific pests
generally have not been studied in urban surface waters, and the water quality impacts associated
with these applications are largely unknown.

5.4 IMPACT OF FORESTRY-USE PESTICIDES ON SURFACE WATER QUALITY

Several studies have monitored the levels of pesticides in forest streams, mostly in the
forests of the southeastern United States and in Canada (Table 2.3). In nearly all cases, these
studies can be described as field experiments, in which a known amount of a pesticide was
applied to a section of a watershed, with subsequent sampling of stream water for a period of
weeks to years. In some studies, forest soil, foliage, aquatic biota, ground water, or runoff water
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also were sampled. In a few cases, ecological effects or toxic effects on specific organisms were
studied (Kreutzweiser and others, 1989; Neary and others, 1993). Studies have been conducted
with most of the commonly used silvicultural herbicides (2,4-D, hexazinone, triclopyr, picloram,
and glyphosate), as well as with imazapyr, sulfometuron-methyl, amitrole, dicamba, and three of
the most commonly used insecticides (Bacillus thuringiensis var. kurstaki [Bt], diflubenzuron,
and carbaryl). See [Tables 2.2]and[Z.3]No studies of forest streams were found in which the most
common silvicultural fungicides or fumigants (dazomet and methyl bromide) were included as
target analytes. Laboratory experiments have shown that the half-life of methyl bromide in

moving surface waters is very brief (less than 2 hours) because of volatilization (Gentile and
others, 1989).

For the herbicides, results of most of the studies were quite similar. In general,
contamination of surface waters consisted of pulses of herbicide at relatively high concentrations
for short periods after application (hours to a few days), quickly diminishing to low or
nondetectable levels. Peak concentrations were below levels known to cause acute effects in
most organisms. In some cases, low-level contamination continued for long periods after
application—up to 3 years for hexazinone (Lavy and others, 1989). In several of the studies, the
pulses of highest concentrations of the herbicide were attributed to direct application to the
stream (accidently or by design). The authors of several studies stress that the use of buffer strips
along streams, which is the normal practice, is important in preventing direct inputs to streams.
More difficult to avoid, especially with aerial application, is application of the pesticide to
ephemeral stream channels within the forest. This also was seen as a cause of pulses of higher
concentrations in streams. These channels, which may be dry during application, may contain
flowing water during subsequent rains and, depending on the time between application and rain,
can serve as a relatively direct source of pesticides to streams. The long-term, low-level
contamination observed in some of the studies was attributed to both subsurface (downslope)
movement in ground water and subsequent release to surface waters (Neary and others, 1983)
and to residues remaining on leaf litter (Lavy and others, 1989).

Studies in the southeastern United States indicate that application technique is an
important factor in determining the amount of herbicide entering streams. Contamination was
most likely with aerial application because of the inadvertent direct inputs to streams or
application to ephemeral channels. Contamination was less likely with ground-based broadcast
application, and much less likely with stem injection or spot spraying (Michael and Neary, 1993).
The peak concentrations of herbicides occasionally have been relatively high, with levels in the
10 to 500 pg/L range. This is, to a certain extent, due to the small size of most of the streams
studied. When samples were taken farther downstream, where discharge was higher,
concentrations were much lower, owing to dilution with water flowing from untreated areas.
Peak concentrations also were quite short-lived, since most of the streams studied were flushed
rather quickly with water from untreated areas upstream. This complicates the assessment of the
significance of these residues, since most aquatic toxicity data are based on exposure to
pesticides in static systems. The effects of low-level, short-lived pulses of pesticides on aquatic
organisms is largely unknown (Michael and Neary, 1993). In nearly all the herbicide studies
reviewed, the authors conclude that use of the herbicide studied should have no adverse impacts
on surface water quality or aquatic life, provided that appropriate safeguards, such as buffer
strips, are used when the herbicide is applied. It also should be pointed out that mechanical
alternatives to herbicide use for site preparation generally are regarded as having much larger
negative impacts on stream water quality, owing to increased erosion and nutrient losses.

Much less has been written about potential surface water contamination resulting from
current forestry use of insecticides. Studies of the effects of diflubenzuron use have been
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reviewed (Fischer and Hall, 1992). The results suggest that adverse environmental impacts are
unlikely because of the short half-life of this compound in water, especially if adequate buffer
strips along surface waters are used. Studies of the fate of Bt (a bacterial insecticide) and its
potential occurrence in surface waters are scarce. In one Canadian study, viable Bt spores were
detected in surface waters (and in treated drinking water) up to 13 days after aerial application
for control of spruce budworm (Menon and De Mestral, 1985). Laboratory experiments in the
same study showed that the bacteria could survive for well over 50 days in lake water. The
authors also found that normal chlorination procedures for drinking water did not significantly
reduce the population of Bt in water. The apparent lack of attention given to the monitoring of
Bt residues may be a reflection of its low toxicity. Bt has little effect on stream invertebrates, and
the 96-hour LCs (the concentration lethal to 50 percent of a test population exposed for 96
hours) for rainbow trout is reported as 300 to 1,000 mg/L (Eidt, 1985; Eidt and others, 1989;
Kreutzweiser and others, 1992). No adverse effects of Bt have been reported in humans (Menon
and De Mestral, 1985).

The consensus, then, from existing studies is that current practices in silvicultural
pesticide use are having minimal adverse effects on human or ecosystem health and on surface
water quality. There are some significant gaps in the data, however, at least in the published
literature. The most intensively used pesticides in forestry, in terms of mass applied per unit area,
are the fungicides and fumigants used on nursery stock. No studies were found in which the most
commonly used of these compounds were included as analytes in surface waters. In addition,
little has been published on monitoring of Bt in surface waters.

5.5 PESTICIDE TRANSFORMATION PRODUCTS IN SURFACE WATERS

Like all organic compounds, pesticides undergo a series of reactions that eventually
transform the original compound (parent) into carbon dioxide and other inorganic species
(mineralization). Transformation products are the various intermediate chemicals created, then
destroyed, during the mineralization process. Transformation products sometimes are referred to
as metabolites or degradation products. The latter two terms describe transformation products
created through biological processes (biodegradation), but not through chemical transformation
processes (e.g., hydrolysis, oxidation and reduction, and photolysis). The rates at which these
transformation reactions occur in aquatic systems vary considerably for individual chemicals and
under different environmental conditions. For some compounds, such as dichlorvos (an OP),
complete mineralization can occur in minutes to hours, whereas complete mineralization of
mirex or DDT (OCs) may take decades to millennia. Some transformation products, such as DDE
(from DDT) and paranitrophenol (from methyl parathion), can exhibit longer environmental
lifetimes than their parent compounds. Different transformation products may be created from
the same parent compound by various transformation processes.

A complete understanding of pesticide transformation and of the occurrence of the
transformation products in surface waters does not exist. For a few compounds—such as DDE,
the aerobic metabolite of DDT—considerable data are available to provide a relatively thorough
understanding of its formation and aquatic occurrence, behavior, and fate (Callahan and others,
1979). For the vast majority of pesticides, however, knowledge of the occurrence and behavior
of transformation products is much less complete or altogether lacking. [Table 2.5 |lists the
transformation products that have been targeted in surface waters in the studies listed in

and[2.2] Of the 136 studies listed in Tables 2.1 and 2.2, 84 studies included at least one
pesticide transformation product as a target analyte. However, only 10 of these studies targeted
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transformation products of pesticides other than OCs. Of the 101 studies listed in[Table 2.3] only
15 studies addressed pesticide transformation products. An extensive research effort has been
undertaken to elucidate the structure and toxicity of pesticide transformation products, but this
effort, for the most part, has not been extended to the occurrence and behavior of these
compounds in surface waters.

Of the thousands of possibilities, only 20 transformation products, representing 15 parent
pesticides, have been targeted in surface waters in the studies reviewed ( . Only a few
transformation products have been targeted in surface waters for several reasons. First, not all
transformation products created from the various processes have been identified, even in an ideal
laboratory setting; this is true for both the newer pesticides and those that have been used for
years. Second, many transformation intermediates are very transient species and may exist only
for seconds or minutes. Only transformation products with relatively long lifetimes in aquatic
environments (usually greater than days) can be isolated and detected. Third, with a few
exceptions, the presence of pesticide transformation products in surface waters has been
perceived only recently as an important concern. In the last few years, interest in pesticide
transformation products has increased due to increased awareness of possible environmental
impacts and the realization that data on metabolites in surface waters can help researchers
understand behavior and fate processes. Finally, most transformation products tend to be more
polar than the parent compounds because most transformation processes add oxygenated
functional groups to the molecule (carboxylic acid and hydroxyl groups). These more polar
compounds generally are more difficult to isolate from water and many cannot be analyzed by
gas chromatography—the most common analytical method for pesticides. As a result, these
transformation products are not commonly included as target analytes in monitoring studies.

Historically, the transformation products most commonly targeted in surface waters have
been those included in the USEPA priority pollutant list from the early 1970's (Callahan and
others, 1979). These include DDD and DDE (from DDT), endosulfan sulfate (from endosulfan),
endrin aldehyde (from endrin), heptachlor epoxide (from heptachlor), a-HCH (a component of
the technical mixture and a transformation product of y-HCH, or lindane), and dieldrin (a
pesticide itself and a transformation product of aldrin). In the studies reviewed (Table 2.5), DDD
and DDE have been found at about the same percentage of sites as DDT, and heptachlor epoxide
was found at nearly twice the percentage of sites as heptachlor. Endosulfan sulfate and endrin
aldehyde were not detected in any of the studies reviewed. Dieldrin and the various isomers of
HCH were the most common organochlorines detected in the studies reviewed, but their presence
undoubtedly is due to both the application of the compounds themselves and to the
transformation of their parent compounds. Similar results were obtained in a review of data on
priority pollutants retrieved from the USEPA's STORET (STOrage and RETrieval) water quality
database (Staples and others, 1985), as shown in In this study, data on detections of
priority pollutant pesticides in ambient waters are summarized from 1980 to 1982.
Concentrations of transformation products of the organochlorines, like the parent compounds,
are very low in the water column. Most of these compounds are still quite hydrophobic and are
more likely found in bed sediments. Water column concentrations reported in the studies
reviewed were nearly all less than 1 pg/L, and most were well below 0.1 pg/L (fTables 2.1]and
2.2).

More recently, two of the transformation products of atrazine—deethylatrazine and
deisopropylatrazine—have been the focus of a number of studies, and a basic understanding of
their occurrence in surface waters is developing. These two metabolites were among the most
commonly detected compounds in the studies reviewed. Deethylatrazine and deisopropylatrazine
were detected at 87 and 64 percent, respectively, of the sites at which they were targeted
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Figure 5.8. Detection frequencies of selected organochlorine pesticides and their transformation
products in ambient waters, 1980-1982. Frequencies are from the U.S. Environmental Protection
Agency's STORET (water quality database). Number of samples ranged from 800 to 9,000 for the
compounds. Dieldrin is a transformation product of aldrin, but was also used as an insecticide prior to
1974; o-HCH is a transformation product of lindane, but is also a major ingredient of technical-grade
HCH. Data are from Staples and others (1985).

. It should be noted that the studies targeting these compounds are all quite recent and
were primarily conducted in areas with high use of atrazine. Two recent regional-scale studies
have investigated the occurrence and temporal variability of these two metabolites in streams and
reservoirs of the midwestern United States. In 1989 and 1990, 147 streams were sampled in
spring (preplanting), summer (postplanting), and autumn (postharvest) seasons (Thurman and
others, 1992; Goolsby and Battaglin, 1993). In 1992, 76 reservoirs in the same area were sampled
four times from April to November (Goolsby and others, 1993). Results from both regional-scale
studies are shown in[Figure 5.2] Stream concentrations followed the typical seasonal pattern
observed in the Midwest, with highest concentrations of both parent compounds and metabolites
occurring shortly after pesticide application in early summer. Concentrations of the metabolites
generally were lower than atrazine concentrations during all three sampling periods. The median
concentration of atrazine in the streams was 3.8 mg/L in the postplanting period, whereas the
median concentrations of deethylatrazine and deisopropylatrazine were 0.28 and 0.09 ng/L,
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respectively (Thurman and others, 1992). Maximum concentrations during the postplanting
period were 108, 4.4, and 3.2 ug/L for atrazine, deethylatrazine, and deisopropylatrazine,
respectively. Concentrations for both parent compounds and metabolites in the reservoirs had
much less seasonal variability than stream concentrations. Concentrations of deethylatrazine,
deisopropylatrazine, and the ethanesulfonic acid metabolite of alachlor (ESA) were relatively
stable during the entire sampling period in the reservoirs, with the result that metabolite
concentrations may be significantly higher in reservoirs than in streams for extended periods of
time. Concentrations of the atrazine metabolites in the reservoirs generally were in the 0.1 to
1.0 ug/L range throughout the period, while atrazine concentrations in the reservoirs generally
were in the 0.1 to 2.0 pg/L range. Reservoir concentrations of the alachlor metabolite ESA
generally were in the 0.1 to 1.0 ug/L range and were consistently higher than alachlor
concentrations. ESA was not monitored in the stream study.

Some pesticide transformation products may be more stable in surface waters than their
parent compound. This was shown in a recent study of the Sacramento River in California, in
which concentrations of two herbicides (molinate and thiobencarb) and two insecticides
(carbofuran and methyl parathion) commonly used on rice fields in this area were monitored,
along with several transformation products (Domagalski and Kuivila, 1991). By law, water used
for irrigation of rice fields in this area must be held on the fields for a prescribed period before
being released to agricultural drains to allow degradation of residual molinate to occur.
Concentrations of the parent compounds and transformation products were measured as the
released irrigation water was transported down the river. Transformation products of carbofuran
and molinate were detected in the river and appeared to behave conservatively (i.e.,
concentrations did not decline) for up to 90 hours. Methyl parathion was not detected in the river,
apparently having degraded while still on the fields. Paranitrophenol, a transformation product
of methyl parathion, was detected in all samples of river water, however, and appeared to be
stable over the study period. This study, along with the atrazine metabolite studies described
above, suggests that pesticide transformation products may be much more prevalent in surface
waters than the data in [Cable 2.5 Jwould suggest. The likelihood of finding a particular
transformation product in surface waters depends on the relative stabilities of the parent and
transformed compound and on their individual physical and chemical properties. The importance
of the occurrence of transformation products in surface waters depends on their toxicological
properties. This topic is discussed further in Section 6.3.

5.6 MODELING OF PESTICIDES IN SURFACE WATERS

Conceptual and mathematical models are used to understand or predict the environmental
behavior or fate of pesticides. The purposes, complexities, and usefulness of models vary
considerably. Donigian and Carsel (1992), in arguing the value of models, observed the
following:

Several methods, including both monitoring and mathematical
modeling, can be used to evaluate exposures from pesticide use in
various environmental media (i.e., air, soil, water). Monitoring can
be used to determine the presence or absence of chemicals in the
specific media of interest; however, monitoring is a de facto (or
after-the-fact) evaluation. Also, it cannot be used in a priori type
evaluations to predict potential exposures, and monitoring over the
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typically large spatial scales of interest is extremely costly and
usually not practical or feasible. Moreover, the national scale of
the problem, the number of pesticides in use (approximately 600
active ingredients), chemical properties (e.g., transport and
transformation), and the multimedia requirements (e.g., surface
water, ground water, air, etc.) dictates comprehensive monitoring
designs, costly implementation, and significant logistical
problems. The use of mathematical models of pesticide
environmental fate and transport processes is one alternative to
comprehensive monitoring programs.

On the other hand, models have real limitations, not the least of which is their credibility

(Wauchope, 1992).

Models can be classified in various ways. One method is by level of complexity
(Decoursey, 1992), ranging from screening to research models. Simple screening models usually
have minimal input data, are relatively easy to use, and produce fast results. The underlying
assumptions are usually simple, and the quality of the output varies considerably depending on
the underlying theories and assumptions. The primary function of these models is the preliminary
assessment of specific geographic environments, or pesticide behavior and fate processes for
future study. At the other end of this classification are complex research models. These models
attempt to simulate the actual physical, chemical, or biological processes accurately. Research
models require a large amount of input data, are relatively difficult to use correctly, and may
require large amounts of computer time. The output of research models often describes pesticide
concentrations as a function of time, space, or environmental media. There is somewhat of an
inherent conflict between the scientific community that develops models—usually research
models, to help understand mechanisms of behavior and fate—and many end-users, such as
regulators, who would like to use models for planning purposes (Donigian and Carsel, 1992).
Wauchope (1992) notes that complex systems require complex models, but that the "...realistic
model has less credibility. The less the user knows of the subtleties involved, the more suspicious
he/she becomes of the models as their difficulty increases. The reverse is also true. The more one
knows about the system (specific environment and(or) chemical) the more one recognizes the
vast simplification of reality and the extremity of the assumptions used in the simplest models."

For the topic of pesticides in surface waters, a number of different types of models, based
on chemical or hydrologic perspectives, provide some understanding of the observed behavior of
pesticides, or of some capability for predicting their behavior. The types of models pertinent to
pesticides in surface waters include structure-activity models that predict chemical properties or
the equilibrium state of a transfer process, field runoff models for understanding the delivery of
pesticides to surface waters, surface water transport models for simulating rivers and lakes, and
regional multimedia models for predicting the equilibrium state of pesticides among land, air,

and surface water. Each of these types of models will be discussed separately, with examples of
their utility and limitations for pesticides in surface waters.

STRUCTURE-ACTIVITY MODELS

Accurate chemical property values, such as water solubility, vapor pressure, and
hydrolysis and biodegradation rate constants, are critical to the utility of most environmental
models that describe or predict the behavior or fate of a pesticide. Predictive structure-activity
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models for physical, chemical, and biological properties of organic chemicals are estimation
tools for use with new pesticides or for properties that are difficult to measure experimentally
(such as water solubility of very hydrophobic compounds). These models usually are based on
one of two approaches. One approach is based on relations between known properties of similar
compounds. As an example, there have been numerous correlations reported in the scientific
literature that relate a chemical's water solubility to its octanol-water partition coefficient (Lyman
and others, 1990). An equation derived from the regression of these two properties then can be
used to predict the octanol-water partition coefficient from the measured water solubility for a
new compound. Reviews of various correlation methods have been included in Lyman and others
(1990). Included in this review are methods for estimating octanol-water partition coefficient,
water solubility, rate of hydrolysis, diffusion coefficient in water, and liquid density.

A second approach is based on summing molecular fragments to yield predictive
chemical properties. The premise is that different functional groups on organic molecules affect
a chemical property in a consistent, predictable manner. Thus, one could predict that the addition
of a hydroxyl or a carboxylic acid group will increase the water solubility of an organic chemical,
whereas addition of a methyl group or halogen will decrease its water solubility. A review of
various predictive fragmentation methods is in Lyman and others (1990). Included in this review
are predictive fragmentation methods for octanol-water partition coefficient, water solubility,
acid dissociation constant, rate of hydrolysis, aqueous activity coefficients, boiling point, heat of
vaporization, vapor pressure, diffusion coefficients in water, and liquid density.

Structure-activity relations also have been used to model phase transfer processes in
aquatic, atmospheric, and terrestrial environments. For transfer processes purely chemical in
nature, such as the sorption of a pesticide to the organic carbon coating on an aquatic particle,
fundamental chemical properties are linked closely to environmental behavior and provide strong
predictive modeling tools over a broad range of environmental conditions. For transfer processes
that have a strong mass transport component linked with phase transfer, such as volatilization of
a pesticide from water, structure-activity models tend to be less robust. One structure-activity
approach for modeling environmental behavior is based on a linear regression of known
properties of similar compounds. As an example, there have been numerous correlations reported
in the scientific literature relating a chemical's water solubility to its bioaccumulation factor
(Lyman and others, 1990). These regression equations then can be used to predict the
bioaccumulation factor from a measured water solubility for a new compound. A review of
various correlation methods is included in Lyman and others (1990). Included are correlation
methods for estimating bioaccumulation from octanol-water partition coefficient and water
solubility, sorption to aquatic particles (normalized for organic carbon) from octanol-water
partition coefficient and water solubility, volatilization from water from Henry's Law constant,
and volatilization from soil from water solubility and octanol-water partition coefficient.

Both uses of structure-activity relations (to estimate chemical properties and to estimate
environmental behavior through phase-transfer processes) are used widely by the scientific and
industrial communities and by regulatory agencies in initial attempts to model the environmental
transport, behavior, and fate of new pesticides. Physical and chemical properties and
environmental fate constants usually are included as inputs to the models discussed below. A
considerable amount of on-going research is being undertaken to increase the usefulness of
structure-activity relations and to better understand the underlying principles upon which they
are founded.
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RUNOFF MODELS

The primary mechanism for the movement of most agricultural pesticides to surface
waters is runoff from agricultural fields. There has been considerable work in understanding and
modeling the processes involved in runoff. Leonard (1990) has outlined the conceptual model for
runoff ( The general factors that need to be considered include the following:

1. Climatic conditions (rainfall duration, amount, and intensity; timing of rainfall after
pesticide application; and time to runoff after inception of rainfall);

2. Soil conditions (soil texture, organic matter content, surface compaction and crusting,
antecedent water content, slope, and degree of aggregation);

3. Pesticide characteristics (water solubility, sorption properties, polarity and ionic
nature, persistence in soil, formulation, and application rate); and

4. Agricultural management practices (pesticide placement in or on soil; erosion control
practices; residue management; and irrigation duration, amount, intensity, and timing
after pesticide application).

These four broad considerations involve a large number of complex, individual processes
that are physical, chemical, or biological in nature. Numerous mathematical models, with
varying degrees of complexity, have been used to quantify pesticide losses in runoff. Prediction
of pesticide concentrations in runoff—over time and with varying amounts of rainfall—is a
particularly important, but mathematically difficult, problem.

Models described in the scientific literature for simulation of pesticide behavior in
agricultural runoff vary in approach and purpose. Simulation models specifically designed for
pesticides in runoff include an early model, PRT, or Pesticide Runoff Transport (Crawford and
Donigian, 1973), which estimated soil and pesticide losses from field-sized areas. PRT was
extended to include other water quality components and was called ARM, or Agricultural Runoff
Model (Donigian and Crawford, 1976). This model then was linked to HSPF, or Hydrologic
Simulation Program—FORTRAN (Johanson and others, 1980; Donigian and others, 1983), a
simulation model for stream transport. Bruce and others (1975) developed an event model to
estimate runoff of pesticides, water, and eroded particles from field-sized areas. ACTMO, or
Agricultural Chemical Transport Model (Frere and others, 1975), simulated runoff losses of soil
and pesticides from field- to basin-sized areas. CPM, or Cornell Pesticide Model (Steenhuis and
Walter, 1980), includes simulations of both pesticide runoff and leaching. CREAMS, or
Chemicals, Runoff, and Erosion from Agricultural Fields Management Systems (Knisel, 1980),
is the result of the U.S. Department of Agriculture's national Agricultural Research Service
Project. This model is useful for making relative comparisons of runoff from various
management practices for field-sized areas. CREAMS was later modified to incorporate vertical
movement of chemicals and renamed GLEAMS, or Ground Water Loading Effects of
Agricultural Management Systems (Leonard and others, 1987). The USEPA sponsored the
development of PRZM, or Pesticide Root Zone Model (Carsel and others, 1985). PRZM was
developed initially to simulate root-zone processes and leaching, but later included a simulation
of pesticide runoff. This model is used by the USEPA in pesticide registration evaluations
(Zubkoff, 1992). GLEAMS and PRZM also have been used to simulate pesticide losses from
forested watersheds and turf (Lin and Graney, 1992; Dowd and others, 1993; Nutter and others,
1993).
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SURFACE WATER TRANSPORT MODELS

The simulation of pesticide behavior in streams and rivers generally is done in the context
of a modified advection-dispersion model. Models specifically designed for pesticides in streams
include HSPF (Johanson and others, 1980; Donigian and others, 1983), STREAM, or Stream
Transport and Agricultural Runoff of Pesticides for Exposure Assessment (Donigian and others,
1986), and SURFACE (a mathematical model used for prediction of concentrations of pesticides
in surface waters), which is used in conjunction with PRZM (Gustafson, 1990). Models often are
developed to simulate behavior in a specific river (Schnoor and others, 1982; Wanner and others,
1989; Schnoor and others, 1992). The following are examples of modeling of pesticides in rivers
and streams. Bicknell and others (1985) used HSPF to model the behavior of pesticides,
nutrients, and sediment in a large river in Iowa and estimate changes in water quality resulting
from various agricultural management practices. Wanner and others (1989) and Capel and others
(1988) modeled a spill of pesticides into the Rhine River by modifying a hydrologic model of the
river to include pesticide loss and retardation processes. Gustafson (1990) calibrated SURFACE
with the 1985 concentrations of atrazine, alachlor, cyanazine, and metolachlor at 17 sites, and
then predicted their annualized mean concentrations in 48 streams in the midwestern United
States. The predictions, compared with the measured data collected in 1986, gave an average
error of 68 percent. Schnoor and others (1992) developed a dynamic, environmental-processing-
based, one-dimensional model for large rivers and used it in conjunction with the data from the
pesticide spill on the Rhine River (Capel and others, 1988; Wanner and others, 1989).

Models used for simulation of the behavior of pesticides in lakes also vary in their
approach and purpose. Some researchers use a simple mass-balance approach, whereas others
have attempted to model the in-lake processes in detail. Models specifically developed to model
behavior in lakes and reservoirs are SLSA, or Simplified Lake and Stream Analyzer (DiToro and
others, 1982), TOXIWASP/WASTOX/WASP4 (Ambrose and others, 1983; Burns 1983),
EXAMS II, or EXposure Analysis Modeling Systems (Burns and Cline, 1985), and TOXIC
(Schnoor and McAvoy, 1981). The following are a few examples of how pesticides were
modeled in lakes and reservoirs. Schnoor and others (1982) modeled the time-dependent fate and
transport of atrazine into, within, and out of a reservoir. Crossland and others (1986) examined
the behavior of two pesticides—methyl parathion and pentachlorophenol (PCP)—in an outdoor
experimental pond and modeled their compartmental distributions and transformation rates.
Halfon (1986, 1987) modeled the behavior and transport of mirex into and within Lake Ontario
and used the mirex concentration preserved in a sediment core to calibrate a model of in-lake
processing of the chemical. O'Connor (1988) presented the conceptual and mathematical
approaches for modeling persistent, hydrophobic pesticides (such as DDE) in lakes and
reservoirs, with an emphasis on sorption and sedimentation, the most important fate processes
for this class of chemicals. Sato and Schnoor (1991) evaluated three fate models for pesticides in
lakes and reservoirs with a 16-year data set of dieldrin in a reservoir in Iowa. They concluded
that each of the models has its advantages and its limitations. Ulrich and others (1994) simulated
the seasonal pattern of atrazine concentrations by using its behavior and fate processes in a
one-box model of a small lake and compared the simulations to field observations.

MULTIMEDIA MODELS

The use of regional multimedia models for predicting the behavior of organic chemicals
has been suggested for almost 2 decades (Baughman and Lassiter, 1978; Neely and Mackay,
1982; Mackay, 1991; Mackay and others, 1992). The premise of these models is that a chemical's
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fate is controlled by two groups of factors. One is the set of properties of the chemical, such as
water solubility, vapor pressure, and hydrolysis reaction rates. The other is the set of properties
of the environment into which the chemical is introduced, such as organic carbon content of soil
and aquatic particles, temperature of air and water, and pH of water. In the real world, the
environment changes spatially, but the chemical properties always remain the same. The ultimate
value of the regional multimedia models is that a common evaluative environment can be
created, and the behavior of many chemicals can be compared on a normalized basis to
understand behavior and fate processes and to assess generic behavior and fate as a "prelude to
region-specific environments" (Mackay and others, 1992). This approach has become accepted
by the scientific community, industry, and regulatory agencies as an initial, inexpensive tool in
evaluating the behavior and fate of pesticides in the combined atmospheric, terrestrial, and
hydrologic environment.

Three levels of complexity have been suggested for these regional multimedia models.
The simplest level describes the equilibrium distribution among various environmental media—
air, soil, surface water (dissolved), suspended sediment, bed sediment, and fish—of an arbitrary
mass of chemical introduced at a point in time. The relative volumes and characteristics of the
environmental compartments are chosen to simulate a generic env1ronment Mackay and others
(1992) suggest an example of a model environment as an area of 10! ' m? (about the size of the
state of Ohio) with an active atmospheric height of 1,000 m, and a surface water coverage of
10 percent with a mean depth of 20 m. The soil compartment is assumed to be 10 cm thick and
contains an organic carbon content of 2 percent. The bed sediment has the same area as the
surface water with an active depth of 1 cm and an organic carbon content of 4 percent. Aquatic
particles are present at a concentration of 5 mg/L. and have an organic carbon content of
20 percent. Finally, the fish are present at a quantity that represents a volume fraction of 10 of
the total water volume and a lipid content of 5 percent. The model output is concentration and
mass of the chemical in each of the compartments. The absolute values in the output do not have
particular significance. However, the relative magnitudes of concentration and mass among the
compartments can be compared for a given compound. In addition, the relative magnitudes of
concentration and mass in the same compartments can be compared when the model is applied
to different compounds. The environmental compartments with the smallest volumes—aquatic
particles and fish—often have the highest relative concentrations for hydrophobic pesticides and
are of most concern from the perspective of human and aquatic health. The regional multimedia
models with the simplest level of complexity only consider how the chemical will distribute itself
at equilibrium. The models do not consider attainment of equilibrium or losses of the chemical
from transformation. This type of model has been used to study the distribution of pesticides in
forested environments in Canada (Zitko and McLeese, 1980), in the Po River watershed in
northern Italy (Del Re and others, 1989), and on Prince Edward Island, Canada (Burridge and
Haya, 1989).

The second level of complexity of regional multimedia models considers the equilibrium
and steady-state distribution of a chemical introduced continually into the environment. When
the input and output rates are equal, rates of loss of the chemical by reaction and advection can
be calculated. The same chemical properties and generic environmental compartments are used
as in the simple model.

The most complex form of the present multimedia models does not assume that
equilibrium has been reached. This form of the model simulates the actual environment most
realistically. The advective rates of transfer between adjacent compartments (air—water,
soil-water, soil-air, and so forth) are described by generic transport velocity characteristics.
From the chemical properties, environmental compartment properties, and the intermedia
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transport rates, the concentration and mass in each compartment, transformation rates within a
compartment, and the transport rates between compartments can be calculated. Although this is
a powerful tool for the prediction of the behavior and fate of a chemical with time, the weakest
link lies in the ability of the modeler to choose the correct intermedia transport rates. In the case
of pesticides, one of the most important intermedia transport rates is soil-water and, as discussed
above, a parameter very difficult to model. Nevertheless, the regional multimedia models,
particularly the nonequilibrium models, provide the only tools for quickly and inexpensively
predicting the behavior and fate of new pesticides in the surface water environment.

USE OF MODELS

Future work in the modeling of pesticide transport, behavior, and fate in surface waters
lies in two main areas. The first is the continued refining and development of the kinds of models
described above. Each of the types of models discussed has an area of particular utility to
scientists and managers concerned with the behavior and fate of pesticides in surface waters.
Each type of model also has limitations in its usefulness, and these must be recognized and
considered by users of the models. The second aspect of the future of modeling is the linking of
various behavior and fate models with environmental effects, toxicological (or socioeconomic)
models, and geographic information systems (Zubkoff, 1992).

The use of mathematical models to address regulatory questions and concerns about
pesticide transport, behavior, and fate is an area of rapid growth. The USEPA sees multiple uses
of models in their registration and reregistration process of pesticides. Zubkoff (1992) outlined
seven potential areas of usefulness.

1. Helping to determine whether additional studies on the fate and
distribution of a candidate chemical in the environment and/or
ecological effects may be needed when full chemical
characterization is complete.
2. Helping to more fully integrate data submissions of laboratory
and field observations.
3.Estimating probable fate and distribution of an agrochemical
after a severe runoff event.
4.Comparing alternative chemical application rates and methods
for the same chemical/soil/crop/environmental combinations.
5.Comparing different soil/crop/environmental combinations
representing different geographical areas with the same
chemical.
6. Evaluating preliminary designs of proposed field studies.
7. Gaining insight into the environmental fate of modern chemicals
that are applied at 1 to 2% of the rates of older chemicals when
sampling designs and analytical methods are not available.
The USEPA Office of Pesticide Programs commonly uses the SWRRB, or Simulator for Water
Resources in Rural Basins, and PRZM models to evaluate chemical runoff from fields and
EXAMS 1II to evaluate pesticide fate and transport in surface waters. Zubkoff (1992) discussed
the regulatory use of simple screening models and reviewed a number of existing models, and
more complex models under development, used by regulatory and academic scientists.

The viewpoint of the pesticide industry on the use of models in the regulatory process is

somewhat different. Russell and Layton (1992) have suggested the following:
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...uses for modeling to address regulatory concerns include: (a)

evaluating the rate of off-target movement of both existing and

potential products in response to changes in application rates,

application dates, and environmental scenarios; (b) assisting in the

design of field studies by predicting off-target movement in order

to refine sampling schedules or methods, or to provide loading

information for aquatic toxicity tests (such as microcosms or

mesocosms); (c) assisting in the evaluation of field data and

extending the usefulness of field data through interpolation and/or

extrapolation; and (d) substituting for field studies when the

results clearly indicate environmental safety even in worst case

settings.
They also see several problems in using models for regulatory purposes. The first problem is that
most models currently used in this way were developed as research tools, not with the intention
of being used for regulatory purposes. Second, models can be used incorrectly, such as the use
of PRZM, a model developed to predict the downward movement of pesticides in soil, to evaluate
potential for surface runoff. Third, the absolute accuracy of models is limited, and many models
have not been validated against field data. Finally, models should not be used without clearly
defined objectives, standard procedures, and thoroughly trained personnel.

In general, most scientists—academic, regulatory, and industrial—would agree that
models provide a valuable tool in understanding and predicting the behavior and fate of
pesticides in the environment in general, and in surface waters in particular. Regulatory decisions
should not be based on results from modeling efforts alone, but modeling should be used to
provide one of the pieces of evidence in the entire puzzle of pesticide concerns.
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CHAPTER 6

Analysis of Key Topics—Environmental Significance

6.1 IMPLICATIONS FOR HUMAN HEALTH

Under provisions of the Safe Drinking Water Act (SDWA), the U.S. Environmental
Protection Agency (USEPA) has established an enforceable maximum contaminant level (MCL)
allowed in drinking water for certain pesticides with past or present use in the United States
. The MCLs are health-based standards and are results of chronic toxicity tests
conducted with animals. The MCLs are derived from the highest concentration at which no
adverse health effects were observed in the test animals, multiplied by a safety factor of 100, or
1,000 in the case of suspected or probable carcinogens. Considerations of treatment feasibility,
cost of treatment, and analytical detection limits also were included in the derivation of the MCLs.
The USEPA also has established a maximum contaminant level goal (MCLG) for all chemicals
with an established MCL. The MCLG is a nonenforceable concentration of a drinking-water
contaminant that is protective of human health and allows an adequate margin of safety (Nowell
and Resek, 1994), without regard for economic or analytical constraints. The MCLG is set at zero
for known or probable human carcinogens. Pesticides with an MCLG of zero include alachlor,
chlordane, dibromochloropropane (DBCP), EDB, heptachlor, heptachlor epoxide, pentachloro-
phenol (PCP), hexachlorobenzene (HCB), and toxaphene. Of these, alachlor is the only one with
significant current use in the United States. These standards apply to finished (treated) drinking
water supplied by a community water supply, and require that the annual average concentration
of the specific contaminant be below the MCL. As of 1994, the SDW A requires most suppliers of
drinking water to monitor for 39 pesticides or pesticide transformation products in finished water,
14 of which are no longer registered for use in the United States. Pesticides with current
agricultural use, for which MCLs have been established and monitoring is required, include seven
herbicides (alachlor, atrazine, 2,4-D, diquat, glyphosate, picloram, and simazine), four
insecticides (carbofuran, lindane, methoxychlor, and oxamyl), and one fungicide (PCP). In
addition, monitoring is required for 13 pesticide-related compounds for which MCLs have not
been established (U.S. Environmental Protection Agency, 1994b). From a compliance standpoint,
the standards (MCLs) do not apply to most water bodies reported on in this book, since most of
the studies reviewed were not analyzing finished drinking water.

For many of the pesticides with no established MCL, other (nonregulatory) criteria have
been established. The USEPA has issued drinking-water health advisory (HA) levels for adults
and children for various exposure periods. The National Academy of Sciences has issued a
Suggested No-Adverse-Response Level (SNARL) for many pesticides. Both the HA and SNARL
values represent estimates of the maximum level of a contaminant in drinking water at which no
adverse effects would be expected. The lifetime HA and the SNARL are derived in the same
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Table 6.1. Standards and criteria for protection of human and aquatic organism health for pesticides targeted in surface waters

[All standards and criteria values are from Nowell and Resek (1994). Concentrations are in microgram(s) per liter. Human Health: MCL, Maximum
contaminant level for drinking water established by the U.S. Environmental Protection Agency (USEPA); MCLG, Maximum contaminant level goal for
drinking water established by the USEPA (equal to zero for known or probable human carcinogens); HA (child, long term), Health advisory level for drinking
water established by the USEPA (for a 10-kilogram child over a 7-year exposure period and for a 70-kilogram individual over a 70-year exposure period).
SNARL, Suggested No-Adverse-Response Level for drinking water established by the National Academy of Sciences (NAS). Exceeded Values, Number of
studies in which a criteria value was exceeded / Number of studies in which an analyte was targeted. All studies fromm and [2.2]that targeted the
compound are included in the denominator, regardless of whether a maximum concentration was reported. The number of studies with exceeded values may be
an underestimate, because some studies did not report a maximum concentration. Aquatic Organism Health: USEPA, Acute and Chronic, Established
concentration below which adverse effects on aquatic organisms are not expected for acute or chronic exposure. National Academy of Sciences and the
National Academy of Engineering (NAS/NAE), Concentration established in 1973 below which adverse effects are not expected. Exceeded Values, as defined
above. nsg, no standards given]

Human Health Aquatic Organism Health
MCL MCLG : HA SNARL Exceeded Studies in which MCL or USEPA __INAS/NAE Exceeded
Child Adult values HA exceeded Acute | Chronic values
INSECTICIDES
Organochlorine:
Aldrin nsg nsg 0.3 nsg nsg 2/57 Bradshaw and others, 1972 3 nsg 0.01 13/57
Page, 1981
Chlordane 2 0 0.5 nsg nsg 2/50 Warry and Chan, 1981 24 0.0043 nsg 17/50
Kuntz and Warry, 1983
DDT! nsg nsg nsg nsg nsg nsg 1.1 0.001 nsg 38/74
Dieldrin nsg nsg 0.5 nsg nsg 4/72 Klaasen and Kadoum, 1975 2.5 0.0019 nsg 37172
Warry and Chan, 1981
Leung and others, 1982
Kuntz and Warry, 1983
Endosulfan nsg nsg nsg nsg nsg nsg None 0.22 0.056 nsg 4/45
Endrin 2 2 4.5 1.6 nsg 0/60 None 0.19 0.0023 nsg 16/60
HCH (all isomers)? 0.2 0.2 33 2 nsg 6/65 Nicholson and others, 1964 2 0.08 nsg 14/65
Bradshaw and others, 1972
Page, 1981
Warry and Chan, 1981
Kuntz and Warry, 1983
Takita, 1984
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Table 6.1. Standards and criteria for protection of human and aquatic organism health for pesticides targeted in surface waters—Continued

Human Health Aquatic Organism Health
mcL | mcLg : HA SNARL | Exceeded Studies in which MCL or USEPA NAS/NAE| Exceeded
Child Adult values HA exceeded Acute | Chronic values
Heptachlor 04 0 5 nsg nsg | 2/54 Page, 1981 0.52 0.0038 nsg 14/54
Kuntz and Warry, 1983
Kepone nsg nsg nsg nsg nsg nsg None nsg nsg nsg nsg
Methoxychlor 40 nsg 500 340 700 1/36 Warry and Chan, 1981 nsg 0.03 nsg 6/36
Mirex nsg nsg nsg nsg nsg nsg None nsg 0.001 nsg 3/29
Perthane nsg nsg nsg nsg nsg nsg None nsg nsg nsg nsg
Toxaphene 3 0 nsg nsg 8.75 1/37 Thurman and others, 1992 0.73 0.0002 nsg 5/37
Organophosphorus:

Azinphos-methyl nsg nsg nsg nsg 87.5 0/4 None nsg 0.01 nsg 0/4
Chlorpyrifos nsg nsg 30 20 nsg 0/9 None 0.083 | 0.041 nsg 2/9
Crufomate nsg nsg nsg nsg nsg nsg None nsg nsg nsg nsg
DEF nsg nsg nsg nsg nsg nsg None nsg nsg nsg nsg
Diazinon nsg nsg 5 0.6 14 1/30 Kuivila and Foe, 1995 nsg nsg 0.009 | 15/30
Dichlorvos (DDVP) nsg nsg nsg nsg nsg nsg None nsg nsg 0.001 0/1
Dimethoate nsg nsg nsg nsg nsg nsg None nsg nsg nsg nsg
Disulfoton nsg nsg 3 0.3 0.7 0/2 None nsg nsg 0.05 0/2
Disyston nsg nsg nsg nsg nsg nsg None nsg nsg nsg nsg
Ethion nsg nsg nsg nsg nsg nsg None nsg nsg 0.02 1/18
Ethoprop nsg nsg nsg nsg nsg nsg None nsg nsg nsg nsg
Fenitrothion nsg nsg nsg nsg nsg nsg None nsg nsg nsg nsg
Fensulfothion nsg nsg nsg nsg nsg nsg None nsg nsg nsg nsg
Fenthion nsg nsg nsg nsg nsg nsg None nsg nsg 0.006 0/2
Fonofos nsg nsg 20 10 nsg 0/6 None nsg nsg nsg nsg
Imidan nsg nsg nsg nsg nsg nsg None nsg nsg nsg nsg
Malathion nsg nsg 200 200 140 | 0/28 None nsg 0.1 nsg 4/28
Methamidophos nsg nsg nsg nsg nsg nsg None nsg nsg nsg nsg
Methidathion nsg nsg nsg nsg nsg nsg None nsg nsg nsg nsg
Methyl parathion nsg nsg 30 2 30 | 0/28 None nsg nsg 30.02 5/28
Methyl trithion nsg nsg nsg nsg nsg nsg None nsg nsg nsg nsg
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Table 6.1. Standards and criteria for protection of human and aquatic organism health for pesticides targeted in surface waters—Continued

99¢
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Human Health Aquatic Organism Health
mcL | MmcLg HA SNARL | Exceeded Studies in which MCL or USEPA NAS/NAE| Exceeded
Child Adult values HA exceeded Acute | Chronic values

Parathion nsg nsg nsg nsg 30 | 0727 None 0.065 | 0.013 nsg 1/27
Phorate nsg nsg nsg nsg 0.7 0/9 None nsg nsg 30.05 0/9
Phosphamidon nsg nsg nsg nsg nsg nsg None nsg nsg 0.03 0/1
Ronnel nsg nsg nsg nsg nsg nsg None nsg nsg nsg nsg
Sulprofos nsg nsg nsg nsg nsg nsg None nsg nsg nsg nsg
Terbufos nsg nsg 1 0.9 nsg 2/6 Petersen, 1990 nsg nsg nsg nsg

Baker, 1988b
Trithion nsg nsg nsg nsg nsg nsg None nsg nsg nsg nsg

Other Insecticides:*
Aldicarb nsg nsg 7 7 0/1 None nsg nsg nsg nsg
Carbaryl nsg nsg 1,000 700 574 0/6 None nsg nsg 0.02 1/6
Carbofuran 40 40 50 36 nsg 0/9 None nsg nsg nsg nsg
Deet nsg nsg nsg nsg nsg nsg None nsg nsg nsg nsg
Dibutyltin (DBT) nsg nsg nsg nsg nsg nsg None nsg nsg nsg nsg
Fenvalerate nsg nsg nsg nsg nsg nsg None nsg nsg nsg nsg
Methomy!l nsg nsg 300 200 175 0/3 None nsg nsg nsg nsg
Oxamyl 200 200 175 175 nsg 0/1 None nsg nsg nsg nsg
Permethrin nsg nsg nsg nsg nsg nsg None nsg nsg nsg nsg
Propargite nsg nsg nsg nsg nsg nsg None nsg nsg nsg nsg
Tributyltin (TBT) nsg nsg nsg nsg nsg nsg None nsg nsg nsg nsg
HERBICIDES
Triazine and Acetanilide:

Alachlor 2 0 100 nsg 700 | 10/15 Takita, 1984 nsg nsg nsg nsg

Yorke and others, 1985

Wnuk and others, 1987

Baker, 1985, 1988b

Squillace and Engberg, 1988

Moyer and Cross, 1990

Lewis and others, 1992

Goolsby and Battaglin, 1993

Goolsby and others, 1993
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Table 6.1. Standards and criteria for protection of human and aquatic organism health for pesticides targeted in surface waters—Continued

Human Health Aquatic Organism Health
ma. | mce : HA SNARL | Exceeded | Studies in which MCL or USEPA | NAS/NAE Exceeded
Child Adult values HA exceeded Acute Chronic values

Ametryn nsg nsg 900 60 nsg | 0/11 None nsg nsg 30.01 1/11
Atratone nsg nsg nsg nsg nsg nsg None nsg nsg nsg nsg
Atrazine 3 3 50 3 150 | 16/41 ‘Wu and others, 1980 nsg nsg 310 21/41

Fishel, 1984

Baker, 1985, 1988b

Ward, 1987

‘Wnuk and others, 1987

Fujii, 1988

Squillace and Engberg, 1988

Moyer and Cross, 1990

Lewis and others, 1992

Thurman and others, 1992

Goolsby and Battaglin, 1993

Goolsby and others, 1993

Pereira and Hostettler, 1993

Squillace and others, 1993
Cyanazine nsg nsg 20 10 nsg | 4/23 Baker, 1985, 1988b nsg nsg nsg nsg

Wnuk and others, 1987

Thurman and others, 1992
Cyprazine nsg nsg nsg nsg nsg nsg None nsg nsg nsg nsg
Hexazinone nsg nsg 3,000 200 nsg 0/1 None nsg nsg nsg nsg
Metolachlor nsg nsg 2,000 100 nsg | 0/18 None nsg nsg nsg nsg
Metribuzin nsg nsg 300 200 nsg | 0/18 None nsg nsg nsg nsg
Prometon nsg nsg 200 100 nsg | 0/13 None nsg nsg nsg nsg
Prometryn nsg nsg nsg nsg nsg nsg None nsg nsg nsg nsg
Propachlor nsg nsg 100 90 700 0/5 None nsg nsg nsg nsg
Propazine nsg nsg 500 10 325 | 0/13 None nsg nsg nsg nsg
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Table 6.1. Standards and criteria for protection of human and aquatic organism health for pesticides targeted in surface waters—Continued

Human Health Aquatic Organism Health
mc | MoLa . HA SNARL | Exceeded Studies in which MCL or USEPA | Nas/NAR] Exceeded
Child | Adult values HA exceeded Acute | Chronic values
Simazine 4 4 50 4 1,505 | 3/18 Ward, 1987 nsg nsg 10 1/18
Baker, 1988b
Thurman and others, 1992
Simetone nsg nsg nsg nsg nsg nsg None nsg nsg nsg nsg
Simetryn nsg nsg nsg nsg nsg nsg None nsg nsg nsg nsg
Terbutryn nsg nsg nsg nsg nsg nsg None nsg nsg nsg nsg
Phenoxy Acid:
24,5-T nsg nsg 300 70 700 | 0727 None nsg nsg 350 0/27
2,4,5-TP (Silvex) 50 50 70 52 525 | 0/30 None nsg nsg 314 0/30
24-D 70 70 100 70 87.5 [ 0/33 None nsg nsg 3 2/33
2,4-D (Methy! ester) nsg nsg nsg nsg nsg nsg None nsg nsg nsg nsg
2,4-DP nsg nsg nsg nsg nsg nsg None nsg nsg nsg nsg
Other Herbicides:
Acrolein nsg nsg nsg nsg nsg nsg None nsg nsg nsg nsg
Bensulfuron-methyl nsg nsg nsg nsg nsg nsg None nsg nsg nsg nsg
Butylate nsg nsg 1,000 700 nsg 077 None nsg nsg nsg nsg
Chloramben nsg nsg 200 100 1,750 0/1 None nsg nsg 325 0/1
Dacthal nsg nsg 5,000 4000 nsg 0/1 None nsg nsg nsg nsg
Dicamba nsg nsg 300 200 8.75 077 None nsg nsg 200 077
Dinoseb 7 7 10 7 39 0/2 None nsg nsg nsg nsg
Diquat 20 20 nsg 20 nsg 0/1 None nsg nsg 0.5 0/1
EPTC nsg nsg nsg nsg nsg nsg None nsg nsg nsg nsg
Fluometuron nsg nsg 2,000 90 nsg 0/1 None nsg nsg nsg nsg
Linuron nsg nsg nsg nsg nsg nsg None nsg nsg nsg nsg
Molinate nsg nsg nsg nsg nsg nsg None nsg nsg nsg nsg
Norflurazon nsg nsg nsg nsg nsg nsg None nsg nsg nsg nsg
Paraquat nsg nsg 50 30 59.5 0/1 None nsg nsg 350 0/1
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Table 6.1. Standards and criteria for protection of human and aquatic organism health for pesticides targeted in surface waters—Continued

Human Health Aquatic Organism Health
MmcL | MaG : HA SNARL | Exceeded Studies in which MCL or USEPA __INASINAE Exceeded
Child Adult values HA exceeded Acute Chronic values
Pendimethalin nsg nsg nsg nsg nsg nsg None nsg nsg nsg nsg
Picloram 500 500 700 500 1,050 0/5 None nsg nsg 3500 0/5
Propham nsg nsg nsg nsg nsg nsg None nsg nsg nsg nsg
Thiobencarb nsg nsg nsg nsg nsg nsg None nsg nsg nsg nsg
Trifluralin nsg nsg 30 2 700 | 0/11 None nsg nsg 325 0/11
FUNGICIDES
Captan nsg nsg nsg nsg 350 0/1 None nsg nsg nsg nsg
Chlorothalonil nsg nsg 200 nsg nsg 0/1 None nsg nsg nsg nsg
HCB 1 0 50 nsg 7 1/10 Kuntz and Warry, 1983 nsg 3.7 nsg 1/10
PCNB nsg nsg nsg nsg nsg nsg None nsg nsg nsg nsg
PCP 1 0 300 220 21 0/3 None 20 13 nsg 0/3
TRANSFORMATION PRODUCTS
Azinphos-methyl nsg nsg nsg nsg nsg nsg None nsg nsg nsg nsg
oxon
Carbofuran phenol nsg nsg nsg nsg nsg nsg None nsg nsg nsg nsg
2-Chloro-2',6'- nsg nsg nsg nsg nsg nsg None nsg nsg nsg nsg
diethyl-acetanilide
Cyanazine amide nsg nsg nsg nsg nsg nsg None nsg nsg nsg nsg
DDD nsg nsg nsg nsg nsg | 0/59 None 0.6 nsg 0.006 | 18/59
DDE nsg nsg nsg nsg nsg nsg None 1,050 nsg nsg nsg
Deethylatrazine nsg nsg nsg nsg nsg nsg None nsg nsg nsg nsg
Deisopropylatrazine nsg nsg nsg nsg nsg nsg None nsg nsg nsg nsg
Desmethy] norflura- nsg nsg nsg nsg nsg nsg None nsg nsg nsg nsg
zon
Endosulfan sulfate nsg nsg nsg nsg nsg nsg None nsg nsg nsg nsg
Endrin aldehyde nsg nsg nsg nsg nsg nsg None nsg nsg nsg nsg
ESA (Ethanesulfonic| nsg nsg nsg nsg nsg nsg None nsg nsg nsg nsg
acid)
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Table 6.1. Standards and criteria for protection of human and aquatic organism health for pesticides targeted in surface waters—Continued

Human Health Aquatic Organism Health
McL | McLG : HA SNARL | Exceeded Studies in which MCL or USEPA | NAS/NAE| Exceeded
Child Adult values HA exceeded Acute | Chronic values

Heptachlor epoxide 0.2 0 0.1 nsg nsg 4/54 Bradshaw and others, 1972 0.52 0.0038 | nsg 20/54

Page, 1981

Warry and Chan, 1981

Kuntz and Warry, 1983
2-Hydroxy-2'6- nsg nsg nsg nsg nsg nsg None nsg nsg nsg nsg

diethyl-acetanilide

2-Ketomolinate nsg nsg nsg nsg nsg nsg None nsg nsg nsg nsg
4-Ketomolinate nsg nsg nsg nsg nsg nsg None nsg nsg nsg nsg
Oxychlordane nsg nsg nsg nsg nsg nsg None nsg nsg nsg nsg
Paranitrophenol nsg nsg nsg nsg nsg nsg None nsg nsg nsg nsg
Photomirex nsg nsg nsg nsg nsg nsg None nsg nsg nsg nsg
Terbufos sulfone nsg nsg nsg nsg nsg nsg None nsg nsg nsg nsg

IDDT totals include five studies in which only “total DDT” (sum of DDT, DDD, and DDE) was reported.
2HCH data includes studies in which any of four isomers (a, B, 8, and y [lindane]) were targeted. MCL established for lindane only.
3Recommended maximum concentration in marine waters (no freshwater value established).
40ther insecticides category includes compounds used as acaricides, miticides, and nematocides, as well as insecticides.
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Analysis of Key Topics—Environmental Significance 271

manner, so that a lifetime HA value for one compound can be compared with a SNARL value
for another. A complete description of the derivation and use of the MCL, HA, and SNARL
values can be found in Nowell and Resek (1994). Values of these criteria for the pesticides
observed in the reviewed studies are shown in In some cases, there are large
differences between the different criteria values for a particular pesticide. Nowell and Resek
(1994) have recommended that, for sources of drinking water, the MCL, if available, should be
used for comparison of observed concentrations with criteria values. If no MCL has been
established, the HA should be used. If neither MCL nor an HA has been established, the SNARL
should be used.

While the MCL, HA, and SNARL values do not directly pertain to ambient
concentrations of pesticides in surface waters, they do provide values with which the observed
levels can be compared. Since these values are based on the toxicity of the compounds, they can
give some idea of the potential significance of the levels observed in surface waters. Pesticides
that exceeded a criteria value in at least one of the reviewed studies and@) are noted
in Table 6.1. Some compounds with established criteria have not been included in any of the
reviewed studies, or have been targeted very infrequently. Five pesticides with established
MCLs—dalapon, dibromochloropropane (DBCP), endothall, ethylene dibromide (EDB), and
glyphosate—were not included in any of the reviewed studies listed in Tables 2.1 and 2.2. Of
these five, only glyphosate ( and endothall are currently used in United States
agriculture. Several important qualifications should be mentioned regarding the data in Table 6.1.
First, many of the studies reviewed did not give information on the maximum concentration
detected for each analyte. Thus, the number of studies in which criteria values were exceeded
may actually be higher than is shown in Table 6.1. Second, studies listed in Table 6.1 cover 1958
to 1993, so that the data do not necessarily reflect the current situation. Finally, in the table, a
reported concentration higher than a criteria value in a single sample in one study is counted the
same as many samples with concentrations above criteria values in another study. Despite these
limitations, several important points are evident.

1. Relatively few of the pesticides targeted in the reviewed studies were detected at a level
exceeding a drinking water criteria value. Of the 52 pesticides or transformation
products with an established criterion, 15 were detected at a concentration exceeding
it in at least one sample. Eight of these were organochlorine compounds or degradation
products detected in studies primarily from the 1970's.

2. In recent years, the pesticides most often detected at levels exceeding criteria values
have been the triazine and acetanilide herbicides atrazine, alachlor, cyanazine, and
simazine. The large number of studies in which these compounds exceeded criteria
values is, in part, due to more intensive sampling of midwestern surface waters in
recent years. In several of the studies in which criteria values were exceeded, rivers
were sampled frequently during the spring runoff, increasing the likelihood of
sampling during peak herbicide concentrations. As discussed in Section 5.1, the
increased use of these compounds, coupled with their relatively high potential for
transport in runoff, results in elevated concentrations in surface waters of the Midwest
in spring and early summer. Peak concentrations of these compounds can exceed
criteria values, especially in the smaller rivers.

3. Herbicides other than the triazines and acetanilides, including the high-use compounds
2,4-D, dicamba, butylate, and trifluralin, were never detected in surface waters at
levels exceeding criteria values in the reviewed studies.

4. Insecticides commonly used in recent years rarely reach levels in surface waters that
exceed drinking-water criteria concentrations.
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272  PESTICIDES IN SURFACE WATERS

Atrazine concentrations exceeded an established criteria value most often in the
reviewed studies, and can be used to more fully explain the human health implications of the
levels of pesticides detected in surface waters. As discussed earlier, atrazine concentrations have
a seasonal pattern in many rivers throughout the central United States [5.2, and 5.7).
In some of these rivers, the MCL of 3 mg/L is exceeded for days to weeks. Peak concentrations
generally are higher in smaller rivers, but the duration of elevated concentrations often is longer
in larger rivers (Goolsby and Battaglin, 1993). Drinking water for millions of people is obtained
from surface water sources in the central United States. Community water supplies drawing
water from the three major rivers in this region—the Mississippi, Ohio, and Missouri Rivers—
serve approximately 10.5 million people (Ciba-Geigy, 1992d). Smaller rivers and reservoirs
provide drinking water to approximately 4.3 million people in Ohio, Illinois, and Iowa
(Ciba-Geigy, 1992d), and the situation is similar in other states of the region.

A series of exposure assessments has been done for populations served by these various
water sources (Ciba-Geigy, 1993a,b, 1994b; Richards and others, 1995). In these assessments,
annual average concentrations of atrazine were estimated for water bodies used as sources of
drinking water, using existing monitoring data from Ciba-Geigy, Monsanto, U.S. Geological
Survey (USGS), water utilities, and other sources. The number of people exposed to various
levels of atrazine in drinking water then was calculated and expressed as a percentage of the total
population covered in each of the different assessments. The results of these assessments indicate
that the vast majority of people whose drinking water is derived from surface water in the central
United States are exposed to annual average atrazine concentrations well below the MCL. In the
assessment covering the Mississippi, Missouri, and Ohio Rivers, 85 percent of the population
whose drinking water is derived from these rivers was exposed to average concentrations
between one-tenth and one-third of the MCL, and approximately 40 percent were exposed to
average concentrations slightly over one-third of the MCL. No segment of the assessed
population was exposed to average atrazine concentrations above the MCL. In the assessment for
Iowa, 97.8 percent of the assessed population using drinking water derived from surface waters
was exposed to average atrazine concentrations of less than one-third of the MCL. One lake
included in the assessment had an annual average atrazine concentration of over 6 ng/LL—more
than twice the MCL. This reservoir supplies drinking water to approximately 0.7 percent of the
assessed population using surface water sources. Results were similar in the assessments for
Ohio and Illinois. In Ohio, no surface water source had an annual average concentration over the
MCL, and sources for approximately 8 percent of the assessed population relying on surface
water had annual concentrations of slightly over 2 pg/L, or two-thirds of the MCL. In Illinois, no
surface water source had an annual average concentration over the MCL, and sources for
approximately 4 percent of the assessed population relying on surface water had annual
concentrations over 1 pg/L. In both Ohio and Illinois, a large portion of the drinking water
derived from surface water comes from the Great Lakes, where atrazine concentrations are quite
low. In Illinois, Lake Michigan accounts for nearly 80 percent of the drinking water derived from
surface waters; in Ohio, Lake Erie accounts for about 42 percent. Annual mean atrazine
concentrations used in the assessments for Lakes Michigan and Erie were 0.1 and 0.07 pg/L,
respectively. The results from these assessments probably can be extrapolated to much of the
Midwest. Illinois, Iowa, and Ohio ranked first, fourth, and sixth among states, respectively, in
atrazine use in the late 1980's, the period in which much of the data for these assessments was
collected. The Mississippi, Ohio, and Missouri Rivers drain much of the area of heaviest atrazine
use in the United States (Figure 3.7)]

Similar results also would be expected for several other herbicides with established
criteria values used in the Mississippi River Basin, based on the results of recent studies of rivers
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and reservoirs in the region (Thurman and others, 1992; Goolsby and Battaglin, 1993; Goolsby
and others, 1993; Periera and Hostettler, 1993; Richards and Baker, 1993). In these studies,
atrazine was usually present in surface waters at higher concentrations and for longer periods of
time than were alachlor, metolachlor, metribuzin, propachlor, cyanazine, butylate, and trifluralin.
In addition, criteria values for all these compounds, except alachlor and trifluralin, are
considerably higher than atrazine's MCL of 3 pg/L (Table 6.1). It is unknown whether the same
results would be obtained for atrazine in other areas of the United States where atrazine use is
high, but where cropping patterns and weather conditions are different.

Several assumptions and potential sources of error in the exposure assessments discussed
above should be noted. First, in each of the assessments, some water bodies that served as
drinking-water sources had insufficient concentration data to estimate an annual average. In
some cases, this resulted in a portion of the population not being included in the assessment. In
the Illinois and Iowa assessments, approximately 8 and 12 percent, respectively, of the
population using surface water sources were excluded for this reason. In most of these cases, the
water bodies with insufficient data were small interior rivers, which are likely to have relatively
high atrazine levels compared to larger rivers and lakes. Thus, exclusion of these rivers from the
assessment probably lowered the overall average concentration. In other cases, average
concentrations for some water bodies were inferred from data available on other water bodies,
with adjustments made for differences in atrazine use and land use. Richards and others (1995)
state that "...in every case where an ambiguous situation could be resolved, the higher estimate
of the exposure concentration was used, in order to produce a 'worst possible case' estimate."
Second, the annual mean concentrations used in these assessments were based on concentrations
of atrazine in samples of raw (untreated) water. Removal of atrazine and other pesticides by water
treatment procedures is discussed below. Finally, the validity of the average concentrations used
is dependent on many factors, including the number of samples analyzed, the timing of sampling
with respect to application, and on how representative the sampling periods were of longer-term
conditions. Data from numerous studies of surface waters in the central United States, discussed
earlier in Section 3.3, generally agree with the data used in the exposure assessments. It is beyond
the scope of this book, however, to evaluate the validity of the assessments as a whole.

The concentrations used in these assessments were from untreated water. While no
attempt was made to comprehensively review the literature on removal of pesticides during water
treatment, several studies were reviewed that examined the effects of various treatment
procedures employed at water treatment plants on levels of pesticides in water (Junk and others,
1976; LeBel and others, 1987; Lykins and others, 1987; Schroeder, 1987; Wnuk and others,
1987; Miltner and others, 1989; Patrick, 1990). For the most part, these studies have found that
most routine treatment procedures, including sand filtration, clarification, softening, and
chlorination, have little effect on concentrations of many of the pesticides used in recent years.
Exceptions include the insecticide carbofuran, which apparently was completely transformed at
the elevated pH used in the softening step, and the herbicide metribuzin, which reacted during
the chlorination step (Miltner and others, 1989). It was noted in this study that formation of
transformation products was the likely reason for the disappearance of both compounds. For
carbofuran, conversion to either 3-hydroxycarbofuran or carbofuran phenol was suggested as a
possible reaction, but no attempt to identify conversion products was made. For metribuzin,
chlorinated transformation products were observed but not identified.

Several treatment procedures have been shown to reduce the concentrations of many
pesticides in water. In a 1-year study of several alternative water treatment procedures (Lykins
and others, 1987), ozonation of water reduced concentrations of atrazine and alachlor by an
average of 83 and 84 percent, respectively. These compounds are not removed during
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chlorination (Schroeder, 1987; Miltner and others, 1989). An average of 57 percent removal of
combined organochlorine insecticides (OCs) also was achieved with ozonation in the same study.
It should be pointed out that while ozonation may remove the parent compound, transformation
products still may be present in the water. Adams and Randtke (1992) found that deethylatrazine
was the primary byproc ..t formed when atrazine-fortified natural waters were subjected to
ozonation. Up to seven other degradation products also were formed, depending on the
experimental conditions. Powdered activated carbon (PAC), often used in water treatment plants
to control taste and odor problems, removed 70 to 80 percent of alachlor in tests with spiked
water (Schroeder, 1987). PAC addition during periods of elevated pesticide levels was suggested
as a cost-effective method of removing up to 80 percent of a number of the current high-use
herbicides (Miltner and others, 1989). In a Canadian study, however, treatment with PAC did not
effectively remove atrazine or deethylatrazine from raw water (Patrick, 1990). Concentrations of
both compounds in finished water were essentially unchanged from concentrations in the
untreated water, even though PAC was added at levels well above the concentrations normally
used for taste and odor control. In addition, the routine use of PAC for taste and odor control may
not be sufficient to reduce pesticide levels during the period of highest concentrations, since
problems with taste and odor are usually associated with algal blooms, which occur later in the
summer than the peak pesticide concentrations in surface waters in agricultural areas. Granular
activated carbon (GAC) has been shown to be effective in removing a number of pesticides from
water (Lykins and others, 1987; Schroeder, 1987; Miltner and others, 1989). Filtration through
GAC removed 94 to 97 percent of both atrazine and alachlor, and 90 to 93 percent of combined
OCs from Mississippi River water over a 1-year period (Lykins and others, 1987). More than
94 percent of alachlor added to river water from Kansas was removed by filtration through GAC
(Schroeder, 1987). GAC filtration was somewhat less effective in a 1984 study at a treatment
plant in Ohio (Miltner and others, 1989). The mean removal of six herbicides ranged from 47 to
72 percent when water was passed through an 18-inch-deep GAC filtration bed. Activated carbon
also was reported to be the most efficient means of removing phenoxy herbicides from water
(Que Hee and Sutherland, 1981). GAC is the mandated water treatment process for achieving
compliance with SDWA regulations for most pesticides, including 2,4-D and triazine and
acetanilide herbicides with established MCLs (U.S. Environmental Protection Agency, 1994c).

From the studies discussed above, it can be concluded that drinking water supplied by
treatment plants relying on conventional procedures probably contains some pesticides at levels
similar to that of the untreated water. Treatment plants using PAC or GAC for taste and odor
control may be reducing the concentrations of some pesticides, but are probably not completely
removing them. However, data from the exposure assessments, discussed above, and from the
concentration data shown in [Tables 2.1} 2.2)]and 6.1}, indicate that surface waters used as sources
of drinking water seldom contain pesticides at levels above the MCLs established by the USEPA.
It also should be noted, however, that several pesticides with MCLGs of zero were detected in a
number of the reviewed studies. These include the commonly detected herbicide, alachlor, which
has been shown to be unaffected by conventional water treatment, as previously discussed.

Some have expressed concern that the existing standards and criteria do not adequately
protect against potential effects of low-level exposure to a number of pesticides with past and
present use in the United States (Colborn and Clement, 1992). In particular, a number of
pesticides have been shown to affect the endocrine systems of various organisms. Included are
many of the OCs and a number of herbicides, insecticides, and fungicides with current
agricultural use. Several instances of these effects occurring due to environmental exposure have
been documented for DDT, the marine biocide tributyltin (TBT), and several nonpesticide
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chemicals. However, evidence for potential disruption of the endocrine system by currently used
pesticides has come only from laboratory studies. This issue is discussed in more detail in the
next section.

6.2 IMPLICATIONS FOR HEALTH OF AQUATIC ORGANISMS

PESTICIDE CONCENTRATIONS EXCEEDING AQUATIC-LIFE CRITERIA VALUES

The USEPA has established ambient water quality criteria for the protection of aquatic
organisms (Nowell and Resek, 1994) for both short-term (acute) and long-term (chronic)
exposure to some pesticides. These are nonenforceable guidelines designed to provide a basis for
state standards. The derivation of these criteria is described in Nowell and Resek (1994) and will
be described here briefly. In general, the acute criteria are concentrations at which 95 percent of
the genera of a diverse group of organisms would not be adversely affected on the basis of an
exposure time of 1 hour (criteria established before 1985 used an instantaneous exposure time).
According to USEPA, if the concentration of a contaminant does not exceed the acute criteria
value more than once in 3 years, most aquatic ecosystems can recover. USEPA's assertion is
based on the extreme values in the distribution of ambient concentrations, rather than the high
concentrations attributed to spills or discharges from point sources. Chronic criteria are based on
one of three parameters—the final chronic value (FCV) or, if data were available, the final plant
value or the final residue value. The FCV is the highest concentration at which no adverse effects
would be expected for 95 percent of the genera of a diverse group of organisms, based on an
exposure time of 4 days (criteria established before 1985 used a 24-hour exposure time).
According to Nowell and Resek (1994), "...the final plant value is the lowest result from a
toxicity test with an important aquatic-plant species in which the endpoint was biologically
important, and test-material concentrations were measured." The final residue value incorporates
an appropriate bioconcentration factor and is designed to protect both the marketability of fish
and the health of wildlife that consume aquatic organisms. The actual chronic criteria is set equal
to the lowest of the FCV, final plant value, or final residue value. As with the acute criteria, in
the judgement of the USEPA, most aquatic ecosystems should be able to recover if a chronic
criterion is not exceeded more than one time in 3 years.

The USEPA has established aquatic life criteria for only 20 of the 118 pesticide
compounds targeted in the studies in and £.2] These values are listed in of
the 96 herbicides, 55 insecticides, and 30 fungicides tabulated by Gianessi and Puffer (1991,
1992a,b)—representing the pesticides with highest agricultural use during 1989 to 1991—only
6 insecticides have USEPA-established aquatic-life criteria. None of the herbicides or fungicides
currently used in United States agriculture have USEPA-established criteria. Additional criteria
values have been recommended by the National Academy of Sciences and the National Academy
of Engineering (NAS/NAE) for some compounds (Nowell and Resek, 1994). These criteria were
derived by multiplying acute toxicity values (usually the 96-hour LCs, value—the concentration
lethal to 50 percent of the population exposed for 96 hours) for the most sensitive species by an
appropriate factor, usually 0.01. These values, derived in 1973, are somewhat out-of-date; they
are not appropriate for compounds that bioaccumulate because bioaccumulation was not
considered in their derivation. Nevertheless, they may be used for compounds that do not have
an established USEPA aquatic life criteria. NAS/NAE criteria are listed in Table 6.1 for 23
compounds that do not have a USEPA criteria. Thus, criteria values for 43 of the 121 compounds
in Table 6.1 can be compared with the concentrations observed in the reviewed studies.
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Pesticides that exceeded an aquatic life criteria in at least one of the reviewed studies
(Tables 2.1| and[2.2) are noted in The same qualifications mentioned for the data on
concentrations exceeding drinking water criteria also apply here. Several additional points
should be noted for the data on concentrations exceeding aquatic life criteria. First, a reported
concentration above a criteria value in a single sample does not necessarily imply that aquatic
organisms were adversely affected. USEPA's criteria are based on exposure times of 1 hour
(acute) and 4 days (chronic), and the actual exposure time cannot be determined on the basis of
the concentration in a single sample. In addition, as mentioned above, the potential for lasting
adverse effects on ecosystems is decreased if the criteria are not exceeded more than once in 3
years. In most studies, this information is lacking. Second, analytical detection limits for most of
the OCs and several OPs were higher than criteria concentrations in some of the studies reviewed.
In these studies, one or more of the compounds may have been present at a concentration above
a criteria value without being detected. Third, absence of concentrations above a criteria value
does not necessarily mean that no adverse effects occurred, since a limited number of test
organisms were used in setting the criteria, which were designed to protect 95 percent of the
genera represented by the test organisms.

Despite these limitations, four important points are evident from the data in Table 6.1.
First, all of the OCs targeted in the reviewed studies exceeded an aquatic-life criterion, if one has
been established. The number of studies in which criteria were exceeded is probably higher than
the number shown in the table, as detection limits for the organochlorines were often above the
criteria (Tables 2.1 and 2.2). For example, in every study that reported a detection limit for
toxaphene, the detection limit was higher than the USEPA chronic criterion. In addition, some
studies did not list the maximum concentration observed for each analyte. For the
organochlorines, an additional factor must be considered when comparing observed
concentrations in ambient waters with aquatic-life criteria. A significant portion of the total
amount in the water column may be sorbed to particulates for most of these compounds, as
discussed in Section 4.2. Whether this sorbed portion is bioavailable, and should be considered
along with the dissolved portion in assessing the potential for adverse effects on aquatic
organisms, is not entirely clear. The criteria, for the most part, were developed using whole-water
concentrations, and no attempt was made to distinguish between total concentrations and the
bioavailable fraction. Thus, it is difficult to compare concentrations of the organochlorines in
whole-water samples (which most of the reviewed studies collected) with the criteria, without
taking into account the fraction in the bioavailable phase in both the environmental sample and
in the toxicity tests used to derive the criteria (Nowell and Resek, 1994). The same can be said
for filtered water samples, in which the concentration in the dissolved phase is known. It would
be inappropriate to compare these concentrations with the criteria, since the criteria are based on
total concentrations, without regard for the fraction in the dissolved phase (Nowell and Resek,
1994).

Second, only four of the OPs—azinphos-methyl, chlorpyrifos, malathion, and
parathion—have established USEPA criteria. A number of others have NAS/NAE criteria.
Diazinon exceeded the extremely low NAS/NAE criterion of 0.009 pg/L in 18 of 30 studies. In
addition, the detection limit for diazinon in every study reviewed was higher than this value (in
many of the studies, the detection limit was 0.01 pg/L, slightly above the criterion), so the
criterion may have been exceeded in more instances. The NAS/NAE criteria were derived in
1973 and, as mentioned above, some of these values may not reflect current knowledge of the
toxicity of particular compounds. More recent estimates of the toxicity of diazinon suggest that
concentrations of 0.2 to 0.5 pg/L are toxic to daphnia, with exposure times from 24 hours to
7 days (Kuivila and Foe, 1995). Diazinon concentrations exceeded 0.2 ug/L in seven studies.
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Reports of concentrations above criteria values were less frequent for the other OPs. Detection
limits in the reviewed studies were higher than the criteria in 4 of 9 studies for chlorpyrifos and
in 4 of 22 studies for parathion. Concentrations above criteria levels for these compounds may
not have been observed in some studies. Third, none of the herbicides targeted in the studies
reviewed have USEPA criteria, and only 12 of 32 have NAS/NAE criteria. Atrazine exceeded
the NAS/NAE criterion in 21 studies, although this criterion is established for the protection of
marine (saltwater) organisms. Concentrations above criteria values were very rare for any of the
other herbicides in the reviewed studies. Fourth, criteria have not been established for any of the

high-use agricultural fungicides (Table 3.1). These compounds were analytes in few, or none, of
the reviewed studies.

The data shown in indicate which pesticides have exceeded established criteria,
and give some idea of how frequently this has occurred. Because criteria have been established
for only a few of the currently used pesticides, and because of limitations in the criteria and
reviewed studies, the data in Table 6.1 do not provide much information on whether aquatic
ecosystems are adversely affected by pesticides in surface waters. In addition, the aquatic-life
criteria for pesticides are based on toxicity tests involving exposure to a single chemical (Nowell
and Resek, 1994). Potential synergistic or antagonistic effects of exposure to mixtures of
pesticides, and to mixtures of pesticides and pesticide transformation products, are not accounted
for in the criteria.

Several studies have raised additional concerns about potential effects of pesticides in
surface waters on aquatic (and terrestrial) organisms (Colborn and Clement, 1992). These
concerns are based on evidence of adverse effects of certain pesticides and other chemicals on
the endocrine systems of a number of different organisms. Effects observed in various species
include thyroid dysfunction, decreased fertility, decreased hatching success, birth deformities,
compromised immune systems, feminization of males, and defeminization of females (Colborn
and Clement, 1992). The effects appear to be related to hormone imbalances and may be due to
exposure to chemicals that mimic or block the action of hormones such as estrogen. Effects may
be evident in the exposed organism or manifested in the next generation, and, in some cases, not
until the progeny reach sexual maturity (Fox, 1992). In addition, the effects of exposure may be
different for developing organisms than for adults, so the timing of exposure can be critical in
determining the actual effects (Colborn and Clement, 1992). Many of these effects are not
accounted for in established criteria, particularly effects on development and reproductive
success of future generations of relatively long-lived organisms. Pesticides that have been shown
to disrupt endocrine systems of organisms include many of the OCs, such as chlordane, dicofol,
dieldrin, DDT and its metabolites, endosulfan, heptachlor, heptachlor epoxide, lindane,
methoxychlor, mirex, and toxaphene (Hileman, 1993). Most of these compounds are no longer
used in the United States, but some still are detected frequently in surface waters, as discussed in
Section 3.3. Several pesticides commonly used in United States agriculture in recent years have
also been shown (in laboratory testing) to disrupt the endocrine systems of certain organisms,
including the herbicides alachlor, atrazine, 2,4-D, metribuzin, and trifluralin; the insecticides
aldicarb, carbaryl, parathion, and synthetic pyrethroids; the fungicides benomyl, mancozeb,
maneb, zineb, and ziram; and the marine biocide tributyltin, or TBT (Hileman, 1993).

Much of the evidence for endocrine system disruption caused by pesticides in the
environment is based on the effects of DDT and its transformation products (Colborn and
Clement, 1992; Fox, 1992; Guillette and others, 1994). However, little information is available
on concentrations in the water column in these studies. Effects of DDT and its metabolites on
endocrine systems have been observed primarily in terrestrial organisms, such as eagles, gulls,
and alligators, exposed to these compounds through their food supply. TBT, a biocide added to
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marine paints to prevent growth of aquatic organisms on boats, was shown to produce disruption
of the endocrine systems of several species of marine snails (Fox, 1992). Observations of adverse
effects of TBT in the waters of marinas (Smith, 1981) were supported by laboratory tests, in
which extremely low concentrations of TBT (1 to 2 ng/L) caused abnormalities in reproductive
organs and sterilization of some female snails (Bryan and others, 1986). Concentrations of 6 to
8 ng/L caused sterilization in all females of one species, and extremely high concentrations led
to complete sex reversal in females (Gibbs and others, 1988). Additional evidence of endocrine
disruption in the environment can be found in studies on the effects of effluents of pulp and paper
plants (Davis and Bortone, 1992; Munkittrick and others, 1992) and sewage treatment plants
(Purdom and others, 1994) on fish, although in these studies, the effects apparently were caused
by chemicals other than pesticides. In these studies, the specific chemical or chemicals
responsible for the observed effects could not be identified. Evidence of endocrine system
disruption in the environment caused by herbicides and insecticides currently used in United
States agriculture is lacking. No studies were found in which effects on endocrine systems in
organisms were related to environmental concentrations of any of the commonly used herbicides,
insecticides, or fungicides mentioned above. Some have expressed concern, however, that the
existing procedures used to test the toxicity of pesticides are not adequate to assess the potential
for effects on the endocrine systems of organisms, including humans (Clement and Colborn,
1992). As described in Section 5.1, a number of high-use pesticides with the potential for effects
on endocrine systems, including atrazine, alachlor, and 2,4-D, exhibit a seasonal pattern of
elevated concentrations in large parts of the United States. Little data are available on
concentrations of several other currently used compounds, such as the fungicides mancozeb,
maneb, and benomyl. The issue of whether endocrine systems of organisms, including humans,
are being adversely affected from the current use of pesticides, and the resulting concentrations
in surface waters, is clearly an area where more study is needed.

A comprehensive search of the literature on the effects of pesticides on aquatic organisms
or aquatic ecosystems is beyond the scope of this book. Selected studies were reviewed, however,
and studies dealing with two topics—evidence of fish kills from pesticide use and the effects of
atrazine on aquatic ecosystems—are discussed briefly in the next sections.

FISH KILLS ATTRIBUTED TO PESTICIDES

Fish kills represent one of the most obvious indications of problems in an aquatic
environment. A number of pesticide-caused fish kills occurred during the 1950's and 1960's,
mostly as a result of the use of OCs. For example, it has been estimated that 10 to 15 million fish
were killed between 1960 and 1963 in the Mississippi and Atchafalaya Rivers and associated
bayous in Louisiana. The insecticide endrin was singled out as the major cause of the mortality
(Madhun and Freed, 1990). More recent fish-kill data have been evaluated for coastal areas of
the United States. A 1991 National Oceanic and Atmospheric Administration (NOAA) report
(Lowe and others, 1991) of fish kills in coastal waters (rivers, streams, and estuaries in 22 states)
indicates that pesticides caused a relatively small percentage of the reported fish kills between
1980 and 1989. Of the 3,654 reported fish-kill events, 145 (4 percent) were attributed to
pesticides. The total number of fish killed in all reported events was estimated as over
407 million. Approximately 0.5 percent of this total (2.2 million fish) were killed in events
attributed to pesticides. The NOAA report cautions that there are large sources of potential error
in the fish-kill data, mainly related to differences in the type of data collected and the
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completeness of coverage in the individual states. In approximately 10 percent of the reported
fish-kill events (3 percent of the total fish killed), the direct cause could not be determined from
available data. In 41 percent of the fish-kill events, the direct cause was low dissolved-oxygen
levels caused by both natural phenomena and human activities.

Trim and Marcus (1990) evaluated fish-kill data from coastal areas of South Carolina.
Fish kills in this report were defined as mortality in tidal saltwater species, including crustaceans,
finfish, gastropods, and bivalves. Of the 259 fish kills that occurred in the tidal saltwaters
(estuaries and tidally influenced rivers, lagoons, and harbors) of South Carolina from 1978 to
1988, 91 (35 percent) were attributed to anthropogenic causes. Pesticides were identified as the
cause of 49 fish kills (19 percent of the 259 total kills). Of the fish kills caused by pesticides, the
authors attributed 18 to agricultural use, 19 to herbicides used for control of aquatic and terrestrial
weeds, and 12 to insecticides used for vector control (control of insects for public health
purposes). A seasonal pattern was evident, with fish kills caused by natural phenomena occurring
primarily from June through October, and anthropogenic causes predominant in early to
mid-spring and early to mid-autumn. The authors state that the peaks in anthropogenically caused
fish kills correspond to the periods of heaviest application of agricultural- and vector-control
pesticides in this area. The authors also mention that ambient water quality monitoring conducted
by state agencies during this period detected very few pesticides in South Carolina estuaries,
suggesting that ambient monitoring programs cannot be used for early detection of potential fish
kills or for identification of pollutant sources of fish kills. However, the ambient monitoring
described in this study consisted of annual monitoring of water and biota; the detection limit for
OPs in water was 0.1 pg/L. Criteria concentrations established for protection of aquatic
organisms are below 0.1 ug/L for many of the OPs, so toxic levels of these compounds could have
been present in the estuaries at certain times of the year without ever being detected. It is not clear
how the authors were able to attribute specific fish kills to pesticides, and to pesticides used in
specific types of applications. No data are given in the study, nor are any referred to, on pesticide
concentrations measured in water or biota that were used to determine the cause of specific fish-
kill events.

EFFECTS OF ATRAZINE ON AQUATIC ORGANISMS AND ECOSYSTEMS

The USEPA has not established aquatic-life criteria for most of the herbicides, including
atrazine. In general, herbicides are substantially less acutely toxic to fish and other aquatic
animals than insecticides (Baker and Richards, 1990). Adverse impacts of herbicides on aquatic
ecosystems would be expected to occur as a result of their effects on aquatic plants—algae,
periphyton, and macrophytes (although several herbicides have been identified as potential
endocrine system disrupters, as discussed earlier in this section). Secondary effects on aquatic
ecosystems, such as changes in species composition or diversity, also may be observed (Hurlbert,
1975). Numerous studies have investigated the effects of atrazine on aquatic organisms and
ecosystems. Laboratory studies have shown that atrazine concentrations as low as 1 to 10 pg/L
can suppress the growth rates of certain species of algae (deNoyelles and others, 1982; Shehata
and others, 1993). The effects of exposure to atrazine have been observed to vary among different
species of algae (deNoyelles and others, 1982; Hersh and Crumpton, 1989). This suggests that
long-term exposure to atrazine could result in changes in species composition, with species
susceptible to atrazine being replaced by more resistant ones. This was observed by deNoyelles
and others (1982) who stated, "Atrazine concentrations of 20 pg/L were shown in the laboratory
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and field [experimental ponds] to affect both photosynthesis and succession, including the
establishment of resistant species within the phytoplankton community." Slight reductions in
nutrient uptake by aufwuchs (biota attached to submerged surfaces) were observed in a model
stream at an atrazine concentration of 24 pg/L, although recovery to normal uptake rates was
rapid (Krieger and others, 1988). In another model-stream study, an atrazine concentration of
25 pg/L appeared to have no significant effect on community-level variables, standing biomass,
or rates of primary production and respiration (Lynch and others, 1985). In this study, however,
the actual atrazine concentration to which the biota were exposed was not confirmed, and "....may
have been only a fraction of the nominal concentration" (Kreiger and others, 1988). Results from
another study, however, also contradict some of the findings discussed above. In a microcosm
study simulating a prairie wetland, atrazine had virtually no effect on algal biomass, primary
productivity, or macrophytic biomass at concentrations of 10 and 100 pg/L, although all were
affected at a concentration of 1,000 pg/L (Johnson, 1986).

All the above studies were conducted either in.a laboratory or in artificial streams or
microcosms. The complexity of natural aquatic ecosystems, and the difficulty of finding suitable
controls, have prevented, for the most part, an assessment of the effects of atrazine in actual
surface waters. The concentrations used in the studies described above occur in streams draining
agricultural regions, however, for at least part of the year. Although supported by little direct
experimental evidence, it is likely that atrazine does affect aquatic plants and that these effects
may be reflected in the aquatic ecosystem as a whole. Agricultural activities result in numerous
stresses on aquatic ecosystems, including increased suspended sediment concentrations,
decreased dissolved-oxygen concentrations related to eutrophication, increased temperatures
from reductions in streamside vegetation, and greater extremes in discharge. Whether the effects
of atrazine contamination are significant in comparison to these other anthropogenic influences
remains largely unknown at this time.

6.3 ENVIRONMENTAL SIGNIFICANCE OF PESTICIDE TRANSFORMATION
PRODUCTS IN SURFACE WATERS

While little is known about the presence and concentrations of pesticide transformation
products in surface waters (Section 5.5), even less is known about their impacts on ecosystem
and human health. Day (1991) reviewed the literature on pesticide transformation products in
surface waters and their effects on aquatic biota. Studies have been done on selected
transformation products of a few insecticides and herbicides, and the organometallic biocide
tributyltin ([Table 6.2). Studies examining the toxicological effects of transformation products
indicate that they are less toxic, equally toxic, or more toxic than their parent compounds.
Differences in toxicity between parent compound and transformation product also are organism
dependent. For example, p,p"-DDD is more toxic to some species of fish and less toxic to other
species of fish than the parent compound p,p"-DDT. Day (1991) suggests that the "...factors
which must be considered when evaluating the hazards of transformation products of pesticides
in aquatic ecosystems include a) the rate at which the compounds appear and disappear, b)
concentrations of residues in the field, c¢) time of exposure for aquatic biota, and d)
compartmentalization of transformation products in the ecosystem."
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Table 6.2. Relative toxicity of pesticides and their transformation products to aquatic organisms

[Modified from Day, 1991. Parent Pesticide: Transformation product is indented under the parent pesticide. Toxicity
Abbreviations: A, algae; F, fish; I, invertebrate insects]

Parent Pesticide

Toxicity Relative to Parent Compound

Less

Equal

More

INSECTICIDES

DDT

DDD

DDE

AF

Endosulfan

Endosulfan sulfate

Endosulfan diol

Aldrin

Photoaldrin

Endrin

Ketoendrin

Fenitrothion

Fenitrooxon

Aminofenitrothion

Carboxyfenitrothion

Demethylfenitrothion

3-Methyl-4-nitrophenol

m|m|m|m

3-Methyl-4-aminophenol

Malathion

Diethyl fumarate

Dimethy] phosphorodithioic acid

Aldicarb

Aldicarb sulfoxide

E1

Aldicarb sulfone

F 1

Mexacarbate

4-Amino-3,5-xylenol

4-Dimethylamino-3,5-xylenol

Carbaryl

1-Naphthol

F1

HERBICIDES

Atrazine

Deethylatrazine

Deisopropylatrazine

Diamino atrazine

Hydroxyatrazine

>\ > > >

Propanil

3,4-Dichloroaniline
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Table 6.2. Relative toxicity of pesticides and their transformation products to aquatic organisms—

Continued
. Toxicity Relative to Parent Compound
Parent Pesticide
Less | Equal I More
HERBICIDES--Continued

Chlorpropham

3-Chloroaniline A
Triclopyr

Pyridinol F

Pyridine F

BIOCIDES

Tributyltin

Dibutyltin Al

Monobutyltin Al

Another area of concern, but where little is known, is the interactive, cumulative, and
synergistic effects of combinations of parent compounds and transformation products that may
be present simultaneously in the water. In most laboratory toxicity studies, one compound-
organism pair is evaluated at a time, but in real surface water systems, mixtures of many organic
and inorganic chemicals are present most of the time. Stratton (1984) showed that atrazine,
deethylatrazine, and deisopropylatrazine, when mixed together in certain ratios, demonstrated
synergistic, antagonistic, and additive effects in the toxicity response of a blue-green alga. Day
(1991) generalizes this observation and suggests "...the interactive effects of pesticides, their
transformation products, and any other chemicals (toxic and nontoxic) could lead to situations in
the natural environment where degradation products of low individual toxicity still pose a serious
threat to non-target organisms when in combination."

Another area of concern regarding pesticide transformation products is the potential for
bioaccumulation. Although transformation processes generally tend to make the transformation
product more polar than the parent, the difference may not be significant. In other words, a
hydrophobic pesticide (such as DDT) can have transformation products (such as DDE and DDD)
that are still very hydrophobic and have similar tendencies to bioaccumulate in aquatic biota. In
the case of DDT and its transformation products in Hexagenia larvae, the bioaccumulation factor
of DDE has been reported to be about the same as DDT, whereas that of DDD is about a factor
of four less than that of DDT (Capel and Eisenreich, 1990). Bioaccumulation of transformation
products of other hydrophobic OCs also has been observed. Nowell (1996), in the review of
pesticides in sediments and biota, discusses bioaccumulation of pesticides and some
transformation products at length.

The effects of pesticide transformation products on human health are largely unknown.
Some pesticide transformation products are more toxic than the parent compound to target
organisms (Felsot and Pederson, 1991) and also may be more toxic to humans. In the absence of
experimental data, one approach is to assume that the transformation products have the same
toxicity as the parent compound. In Wisconsin, for example, the Department of Health and Social
Services has proposed that their water quality standard for atrazine be "...applied to total atrazine
residues. Thus, detection of 2 ug/L of atrazine and 1 pg/L of each of these [two] dealkylated
metabolites would be interpreted as a total atrazine concentration of 4 pg/L, and would exceed
the current enforcement standard [3.5 pg/L]" (Belluck and others, 1991). Although this method
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draws attention to the problem of pesticide metabolites, it does not address the question of which,
if any, of the transformation products are a threat to human health.

The general lack of knowledge of the toxicity of pesticide transformation products is
matched by a lack of data on the occurrence of most pesticide transformation products in surface
waters (Section 5.5). This is due to primarily a lack of studies in which transformation products
have been targeted. The observations of Belluck and others (1991), in discussing pesticides and
their transformation products in ground water, also are applicable to surface waters as noted
below.

If it is not monitored, it will not be detected. Nondetection of a
substance is likely to result in non-regulation. As the Wisconsin
experience shows, ground water sampling programs, as
indispensable as they are, can grossly mislead us into believing
that ignorance about substances in our water is bliss. Unless
national and state drinking, surface, and ground water monitoring
programs recognize the metabolite issue, and begin looking for
parents plus metabolites in samples, the extent of contamination
will remain unknown and will be under-reported. Monitoring
programs that do not look for the full spectrum of breakdown
products produced from parent compounds run the real risk of
underestimating the extent of potential harm to the environment
and human health.

Unfortunately, looking for the full spectrum of breakdown products is almost impossible
from analytical and cost perspectives. Because of these two limitations, scientists usually have
been compelled to create a target list of analytes and focus their analytical and interpretive efforts
around that list, especially in large-scale monitoring programs. This will most likely remain true
in the future, and it must be realized that a biased and incomplete picture of the occurrence of
pesticides in surface waters is being generated.
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CHAPTER 7

Summary and Conclusions

The information currently available on pesticides in surface waters is synthesized from a
combination of monitoring and research studies conducted over the last 35 years. Each study had
its unique objectives, sampling schedule, sampling and analytical methods, target analytes,
detection limits, and presentation and interpretation of results. Very few of the complete data sets
from these studies are available in the open literature. Only a few long-term, systematic
monitoring studies have been done. The summed total of all these studies yields a general picture
of the occurrence of pesticides in surface waters, as discussed in this book, but there remain many
areas in which our understanding is incomplete or nonexistent. The main points discussed in the
preceding chapters are summarized below.

Monitoring of pesticides in surface waters of the United States began in the late 1950's,
and steadily increased through the following 3 decades. Several large-scale monitoring programs
were conducted during the 1960's and 1970's, but in recent years the emphasis has shifted to
smaller-scale studies. No national-scale study has been conducted since 1980. Many states have
initiated monitoring programs in the 1990's, although data from these studies generally are not
available at this time. A shift also has occurred in the types of pesticides targeted in surface waters.
Before 1970, attention was focused almost exclusively on the organochlorine insecticides (OCs)
used at that time. Use of most OCs was severely restricted in the 1970's, and agricultural use of
herbicides increased dramatically during the same period. By the 1980's, the amount of effort
spent on monitoring for herbicides was about equal to the amount spent on monitoring for
insecticides.

The reviewed studies show that pesticides have been found in surface waters throughout
the (conterminous) United States. Of the 118 pesticides and pesticide transformation products
included as analytes in the studies reviewed, 76 have been detected in at least one surface water
body. Some currently used compounds have been detected very rarely, however, despite heavy
agricultural use. Organochlorine insecticides continue to be detected at low levels in surface
waters 20 years after their use was banned or severely restricted. Transformation products of
several high-use herbicides, including atrazine and alachlor, are detected frequently in surface
waters of the central United States. Little data are available on the occurrence of pesticide
transformation products in surface waters overall, however, because transformation products of
only 15 pesticides were targeted in the reviewed studies.

Agriculture accounts for 75 percent of total pesticide use in the United States and is the
primary source of pesticides to surface waters in most areas. Little data are available on the
relative importance of urban areas as a source of pesticides to surface waters. Current use of
pesticides in forestry probably is not contributing significantly to pesticide contamination of
surface waters. Current agricultural use results in distinct seasonal patterns in the occurrence of a
number of compounds, particularly herbicides, in surface waters. The timing of this seasonal

285

© 1998 by CRC Press, LLC



286 PESTICIDES IN SURFACE WATERS

occurrence, which varies across the United States, is determined by the timing of pesticide
application, the size of the drainage basin, and the weather. In the central United States, elevated
concentrations of several high-use herbicides, including alachlor, atrazine, cyanazine, and
metolachlor, are observed in spring and early summer in streams and rivers draining agricultural
areas for weeks to months following the first significant rainfall after application. Peak
concentrations generally are highest in streams with small drainage basins. In general, less than
2 percent of the amount of pesticide applied in the drainage basin is transported to surface waters.
In contrast to the pattern observed in the central United States, elevated concentrations of several
insecticides, including diazinon and methidathion, occur in January and February in streams
draining the Central Valley of California following application to orchards during the dormant
season.

Annual mean concentrations of pesticides in surface waters used as sources of drinking
water have seldom exceeded maximum contaminant levels (MCLs) or lifetime health-advisory
levels (HALs) established by the U.S. Environmental Protection Agency. However, peak
concentrations of several currently used herbicides commonly exceed the MCL or lifetime HALSs
for days to weeks each year following the pesticide application period. Human health criteria
have not been established for many of the pesticides currently used. Similarly, criteria for
protection of aquatic life have been established for very few pesticides in current use. The
existing criteria do not account for certain subacute effects, including potential effects on
endocrine systems. In addition, potential effects of pesticide transformation products are not
accounted for in the criteria, nor are potential effects of mixtures of pesticides or mixtures of
pesticides and pesticide transformation products. For the organochlorine compounds, evidence
is available on how organisms, primarily terrestrial organisms that rely on aquatic organisms for
food, are adversely affected by environmental concentrations in surface waters. However, little
data are available on the effects of observed concentrations of currently used pesticides on
aquatic or terrestrial biota.

To obtain a complete national perspective on pesticides in surface waters, long-term,
systematic monitoring studies that target a wide range of pesticides and transformation products
must be done. Such monitoring needs to be done at a variety of sites throughout the nation,
covering all seasons. In the United States, federal agencies are in a unique position to conduct
such studies. These studies, at the national level, were last conducted in the 1970's, and then only
for a limited number of analytes. The conclusions of Gilliom and others (1985), when
summarizing the results from the 1975 to 1980 national survey of pesticides in surface water and
bed sediments, still hold true and are noted below.

The low and variable frequency of detection of the pesticides,
regional patterns of use, and the constantly changing array of
available pesticides, make national-scale monitoring of pesticides
a very difficult undertaking. Pesticide use tends to be strongly
regional, with most use of each chemical occurring in only one or
two regions of the country; for example, most DDT and toxaphene
were applied in cotton-growing areas, and most atrazine was
applied in corn-growing areas. The types of pesticides used are
changing constantly; new chemicals are being introduced each
year, and others are being discontinued. Each different type of
chemical presents unique sampling and analysis problems. Future
pesticide-monitoring efforts will need to respond to changes in the
types of pesticides, methods of application, chemical
characteristics, and geographic patterns of use. Analytical
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methods will need to be developed and improved, and different
types of monitoring approaches will need to be applied. As our
knowledge about pesticide chemicals and their behavior in the
environment increases, efforts to monitor the levels, trends, and
geographic distribution of pesticides gradually will become more
sophisticated and effective.

It has been a decade since these observations were made. In that time, analytical methods
have certainly improved, as has our knowledge of use and environmental behavior of pesticides.
The authors are hopeful these tools can be combined with well-conceived research and
monitoring programs that are thorough yet flexible, to yield a better understanding of pesticides
in surface waters from both local and national perspectives.
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