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Foreword

THE ACS SYMPOSIUM SERIES was first published in 1974 to
provide a mechanism for publishing symposia quickly in book
form. The purpose of this series is to publish comprehensive
books developed from symposia, which are usually “snapshots
in time” of the current research being done on a topic, plus
some review material on the topic. For this reason, it is neces-
sary that the papers be published as quickly as possible.

Before a symposium-based book is put under contract, the
proposed table of contents is reviewed for appropriateness to
the topic and for comprehensiveness of the collection. Some
papers are excluded at this point, and others are added to
round out the scope of the volume. In addition, a draft of each
paper is peer-reviewed prior to final acceptance or rejection.
This anonymous review process is supervised by the organiz-
er(s) of the symposium, who become the editor(s) of the book.
The authors then revise their papers according to the recom-
mendations of both the reviewers and the editors, prepare
camera-ready copy, and submit the final papers to the editors,
who check that all necessary revisions have been made.

As a rule, only original research papers and original re-
view papers are included in the volumes. Verbatim reproduc-
tions of previously published papers are not accepted.

M. Joan Comstock
Series Editor
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Preface

WHEN PESTICIDE USE and the concomitant considerations of efficacy
and environmental safety come to mind, our first thoughts tend to gravi-
tate toward agriculture. Images of the farmer or crop duster diligently
battling the ravages of boll weevils, rootworms, and giant foxtail with a
modern arsenal of chemical weapons are easily envisioned. However, the
importance of pesticide use in urban environments is being increasingly
recognized. We need look no further than our front lawns, home gardens,
or kitchens for pesticide interest and issues to be raised.

Currently, a great deal of interest and research activity is focused on
pesticide use in the urban environment. The urban environment includes
homes, yards, gardens, public parks, golf courses, and restaurants. Some
common products for the urban market are turf pesticides, termiticides,
home and garden pesticides, indoor pesticides, and rodenticides. Topics of
contemporary concern regarding the use of these products revolve around
their fate in the environment and their potential effects on humans and
environmental quality. This book represents the first compilation of
research information addressed to these concerns. Chapters have been
contributed by researchers and scholars drawn from industry, academia,
and government agencies.

This book is divided into five sections, each of which focuses on one
facet of urban pesticide use. The first section provides background infor-
mation on the use patterns and practices characteristic of the urban pesti-
cide market and includes perspectives on the key issues facing the arena.
The second section centers around the topic of persistence and degrada-
tion of pesticides in urban environments. The topic of mobility (leaching,
runoff, and volatility) is the focus of the third section of the book. The
final two sections address the topics of biological exposure and risk
assessment, the fourth and fifth sections dealing with humans and nontar-
get animals, respectively.

We thank those who have contributed their technical expertise to this
volume, including authors and reviewers. We also express our thanks to
the Division of Agrochemicals, sponsor of the symposium on which this
book is based, and the ACS Books Department staff for their efforts in
presenting this volume. The assistance of Debbie Allen in formatting the
chapters into final shape was much appreciated. Finally, special thanks
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are offered to Jim Gibson and DowElanco, whose financial support made
both the arrangement of the symposium and publication of this book pos-
sible.

KENNETH D. RACKE

DowElanco

Indianapolis, IN 46268

ANNE R. LESLIE

U.S. Environmental Protection Agency
Washington, DC 20460

October 23, 1992
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Chapter 1
Urban Pest Control Scenarios and Chemicals

K. D. Racke

Environmental Chemistry Laboratory, DowElanco, 9410 North Zionsville
Road, Indianapolis, IN 46268

The urban environment represents an important arena of pesticide use. The
scope of the urban environment encompasses a variety of non-agricultural
settings in which human activities or properties are threatened by insect,
weed, microbial, or vertebrate pests. Examples of such areas are homes,
yards, gardens, public parks and recreation areas, and industrial properties.
Pesticides are employed by both homeowners and pest control professionals
to protect investments, maintain aesthetics, reduce nuisances, and minimize
disease threats. Some typical examples of urban pest control scenarios would
be turf pest control, structural pest control, ornamental plant pest control,
garden pest control, and indoor and outdoor nuisance pest control. A wide
array of insecticides, repellents, herbicides, fungicides, disinfectants, and
rodenticides are used in urban pest management programs. The fate of
pesticides in the urban environment is of interest due to considerations of
human and environmental safety. This chapter provides a general overview
of pesticides in the urban environment, and serves as an introduction to the
environmental research on pesticide degradation, transport, and nontarget
organism exposure summarized in this book.

It is increasingly recognized that urban environments represent important arenas for
consideration of pesticide fate and exposure. Thus, significant research efforts have
recently been directed toward understanding the behavior of pesticides following
urban use. Due to the high level of scrutiny these urban pesticide uses entail, there
is a critical need for information on pesticides in urban environments to be
generated, summarized, and communicated to government regulators, pesticide
manufacturers and formulators, pest product retailers, pest control professionals, and
perhaps most importantly, consumers and homeowners.

The Urban Environment. The focus of this volume is on the fate and significance
of pesticides in urban environments, but just what constitutes an urban environment?

0097—6156/93/0522—0002$06.00/0
© 1993 American Chemical Society
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1. RACKE Urban Pest Control Scenarios and Chemicals 3

First, use of the term is meant to distinguish this arena of pesticide use from
agricultural pest control. The employment of pesticides in urban environments,
then, would constitute non-agricultural pesticide use. Second, in reflection of the
diversity of scenarios encountered, the urban environment may be considered as any
non-agricultural setting in which human activities or properties are threatened by
insect, weed, microbial, vertebrate, or other pests. Examples of urban environments
which are the primary focus of this volume include homes, yards, gardens, public
parks, golf courses, and public and commercial buildings. There are several
important non-agricultural pesticide uses that have not been extensively dealt with in
this book, and these include forestry pest control, rights-of-way pest control, and
aquatic pest control.

Pests in the Urban Environment. A wide variety of pests are present and active in
the urban environment. An exhaustive treatment is not possible here, but general
categories of urban pests and a few examples will be highlighted (Table I).

As opposed to the agricultural arena, in which weeds are the primary pests, in
the urban environment insects represent the most important pests for which control
measures are instituted. Indoor nuisance insects and arachnids such as cockroaches,
ants, fleas, spiders, houseflies, and carpet beetles provide examples of commonly
encountered intruders. Outdoors, nuisance arthropod pests such as mosquitoes,
ticks, ants, spiders, and stinging Hymenoptera (wasps, bees, hornets) are of concern.
In addition to the obvious nuisances posed by these pests, certain ones may serve as
vectors of serious human diseases (e.g., encephalitis, Lyme disease). In the turf
arena, both surface-feeding (e.g., chinch bug, sod webworm) and burrowing (e.g.,
beetle grub, mole cricket) insects may cause damage to home, park, and commercial
lawns as well as golf courses. The depredations of such pests as hornworms, flea
beetles, codling moths, and aphids are familiar to most home gardeners and
horticulturalists. Finally, there are several structural insect pests such as
subterranean termites, carpenter ants, and wood-boring beetles that often merit
control measures. The activities of these wood-destroying pests can literally "bring
down the house".

Weeds are plants that tend to grow well in the disturbed ecosystems characteristic
of many urban areas. Although they may be encountered in a variety of settings,
weeds found in turfgrass are the ones most often the target of chemical control.
Virtually everyone with a home lawn has witnessed the amazing ability of such
weeds as dandelions and crabgrasses to compete with cultured grasses (e.g.,
Kentucky bluegrass, St. Augustinegrass) for sunlight and space. There are also
situations in which nuisance weeds growing in proximity to human activities must be
controlled for health or safety considerations. These would include such noxious
plants as poison ivy, ragweed, and thistles.

There are various fungal and microbial pests in the urban environment that are
the objects of chemical control measures. These would include plant pathogens
causing such turf, ornamental plant, houseplant, and vegetable plant diseases as
anthracnose, fusarium blight, powdery mildew, verticillium wilt, and Dutch elm
disease. Various molds and mildews can also damage building timber and siding,
wallpaper, carpeting, and other interior furnishings under the right conditions.

In Pesticides in Urban Environments; Racke, K., et a.;
ACS Symposium Series; American Chemical Society: Washington, DC, 1993.



4 PESTICIDES IN URBAN ENVIRONMENTS

Vertebrate pests at times may cause considerable damage and disturbance in the
urban environment. Chief among these are commensal rodents such as rats and
mice. These creatures may be pests of stored food products or building structures,
and in addition, may serve as reservoirs for such diseases as bubonic plague and
Lyme disease. There are a variety of other animals that at times may become
nuisance pests in urban settings, including bats, moles, pigeons, and skunks. In
some cases chemical control measures may be used, whereas in others the use of
repellents or traps may be employed.

Table I. Urban Pest Categories and Examples
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Urban Pest Category Typical Pests
Indoor Nuisance Cockroach, ant, flea, spider, housefly,
carpet beetle
Mold, mildew
Mouse, bat
Outdoor Nuisance Mosquito, tick, ant, spider, bee, wasp
Poison ivy, ragweed, thistle
Rat, pigeon
Turf and Ornamental Plants Beetle grub, webworm, mole cricket, aphid,
chinch bug, plant bug

Crabgrass, dandelion, plantain, thistle

Anthracnose, fusarium blight, powdery
mildew

Mole, chipmunk

Home Garden Aphid, hormworm, codling moth, flea beetle
Slug, snail
Fusarium wilt, verticillium wilt

Structural Subterranean termite, carpenter ant, wood-
boring beetle

PESTICIDE USE IN URBAN ENVIRONMENTS

Pest Management Rationale and Strategy. In the urban environment, there are
several considerations that spur the implementation of pest management practices, a
single component of which may be chemical control. The primary objective of these
pest management systems is to improve the quality of life in urban areas. There are
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1. RACKE Urban Pest Control Scenarios and Chemicals 5

definite economic concerns associated with the activities of pests. Damage to home
and building structures, lawns and landscaping, and produce are major reasons for
intervention. There are several other considerations associated with urban
environments that are also important. Elimination of nuisance pests (e.g.,
mosquitoes, cockroaches, fleas, rats) is certainly an important consideration. Urban
aesthetics is also a desirable commodity to preserve and enhance, and pests with
activities impacting this area often stimulate pest management practices. Finally,
disease threats present in urban environments (e.g., tick transmission of Lyme
disease) merit pest control measures that may include pesticide use. Due to the
predominance of insect pests in all these categories of urban pest control, insecticides
are much more important in relation to overall pesticide use in urban environments
than they are in agricultural environments. Chapter 3 by Whitmore et al. discusses
results of the National Home and Garden Pesticide Use Survey and provides more
details on the rationale and key target pests for pesticide use in urban areas.

Pesticides in urban environments are applied by both homeowners and pest
control professionals. Characteristics of the consumer and professional markets for
pesticides are discussed in detail in Chapter 2 by Hodge; each represents
approximately $1.1 billion of annual pesticide sales. Many consumers and
homeowners utilize over-the-counter pesticide products. According to Whitmore et
al. (Chapter 3) and Bunting (1992, personal communication), approximately 70 and
62% of consumers have applied a pesticide or insecticide product within the last
year, respectively. In addition, professional pest control services are often relied
upon. Whitmore et al. (Chapter 2) estimates that approximately 15% of
homeowners with private lawns had pesticides applied professionally, and 20% of all
households had commercial applications for indoor pests. Professional pest control
applications are also commonly employed for public and commercial properties
(e.g., restaurants, factories and office buildings, parks, golf courses).

Urban Pest Control Scenarios. Pesticide use patterns in urban areas can be
grouped into several loose categories. These will be briefly discussed, and although
a comprehensive treatment is not possible here, the examples highlighted should
provide an introductory overview of the variety of pest control scenarios which exist
in the urban environment (see also Table I).

Indoor Nuisance Pest Control. Nuisance insects and arthropods indoors are
subject to various control measures. Broadcast floor sprays may be made for pests
such as fleas. Spot and surface treatments as well as crack-and-crevice applications
of insecticide sprays are often directed at such common indoor pests as cockroaches
and ants. In some cases insecticidal baits are employed for these same invaders.
Total release aerosol bombs, which provide immediate control, or slow-release pest
strips, which provide continuous control, may be employed in some circumstances.

Outdoor Nuisance Pest Control. Control of outdoor nuisance pests is often
directed at insect and arachnid pests. High-volume, low concentration perimeter
sprays of insecticides may be made to exterior building surfaces. Insecticidal sprays
may also be applied to the soil surface surrounding structures or directly to pest

In Pesticides in Urban Environments; Racke, K., et a.;
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6 PESTICIDES IN URBAN ENVIRONMENTS

activity areas (e.g., wasp nests, ant mounds). Area-wide control measure such as
ground or aerial fogging with insecticides may at times be employed for very mobile
pests such as mosquitoes or blackflies. Nuisance vegetation growing in undesirable
locations may be controlled by selective or nonselective herbicide sprays. For rat
and mouse pest control, rodenticidal baits are most often employed.

Turf and Ornamental Pest Control. The depredations of insect, weed, fungal,
and vertebrate pests in turfgrass and ornamental plants often result in implementation
of pest control measures. Both foliar sprays and granular applications of insecticides
may be applied during the growing season for control of surface feeding as well as
thatch- and soil- dwelling insect pests. Selective preemergent and postemergent
herbicide sprays may be employed for grass and broadleaf weeds. In many cases,
these insecticides and herbicides are carried on fertilizer granules, especially for use
by homeowners. Fungicide sprays or dusts may also be applied to diseased turfgrass
areas. For ornamental plants, shrubs, and trees, foliar sprays are most commonly
applied to combat insect pests.

Home Garden Pest Control. Chemical control measures in the home garden
are most often directed at the ravages of arthropod and other invertebrate pests.
Insecticide sprays, granules, and dusts may all be employed for vegetable pest
control. Fungicide dusts are also employed to some extent on crops such as
tomatoes and potatoes. Fruitbearing trees and vines in the home garden or orchard
are often subject to foliar insecticide sprays.

Structural Pest Control. Distinctive pesticide use patterns are associated with
attempts to control structural pests such as termites and fungi. A preventative
approach is at times used, which involves the treatment of lumber with fungicides or
insecticides prior to construction. A more common control practice is the creation
of insecticidal soil barriers to termite invasion. For buildings under construction,
application of insecticide formulations may be made to the soil underneath the slab
or foundation. Existing structures commonly have insecticides injected through the
building foundation or deposited in trenches surrounding the foundation to prevent
termite invasion. Exposed wood surfaces may be subject to insecticide drenches for
control of wood-boring beetle pests. In extreme cases an entire structure may be
tented and fumigated to provide control of an insect infestation.

Urban Pest Control Chemicals. A diversity of chemical pesticides are utilized in
urban pest management systems. Insecticide products are most commonly
employed, but substantial use of herbicides, fungicides, rodenticides, and other
classes also find use. A significant number of the products used in urban
environments have been around for many years. Examples of such older products
would be carbaryl, chlorpyrifos, diazinon, 2,4-D, and malathion. Some of these
same chemicals find substantial use in agricultural pest control. In a few cases,
specific pesticide products may be developed primarily or exclusively for urban use,
such as isazophos, isofenphos, or oryzalin. Table II provides a listing of examples
of commonly encountered urban pesticide chemicals. In many instances products

In Pesticides in Urban Environments; Racke, K., et a.;
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1. RACKE Urban Pest Control Scenarios and Chemicals 7

destined for over-the-counter sale to consumers have been formulated and packaged
in small volumes, as ready-to-use dilutions, or in safety containers (e.g., childproof
lids) for ease of use and minimization of human exposure.

Table II. Examples of Common Urban Pest Control Chemicals

Publication Date: February 18, 1993 | doi: 10.1021/bk-1993-0522.ch001

Downloaded by 89.163.35.42 on October 26, 2012 | http://pubs.acs.org

Product Class Common Urban Pesticide

Insecticide Acephate Ethoprophos
Bendiocarb Isazophos
Carbaryl Isofenphos
Chlorpyrifos Malathion
Cypermethrin Propoxur
Diazinon Pyrethrins
Dimethoate Rotenone
Ethion Trichlorfon

Repellant Diethyl toluamide Para-
Naphthalene dichlorobenzene

Nematicide Ethoprophos Fenamiphos

Fumigant Sulfuryl! fluoride

Herbicide Arsenates Glyphosate
Bensulide MCPA/MCPP
Choroxuron Oryzalin
2,4-D/2,4-DP Oxadiazon
DCPA Pendimethalin
Dicamba Simazine
Diuron Triclopyr
Benomyl Fenarimol
Captan Thiophenate
Chlorothalonil Triadimefon
Cresol Phenol
Brodifacoum Bromethalin
Bromadiolone

Molluscicide Metaldehyde Methiocarb

In Pesticides in Urban Environments; Racke, K., et a.;
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8 PESTICIDES IN URBAN ENVIRONMENTS

Environmental Considerations and Issues. The use of pesticides in urban
environments is accompanied by consideration of human and environmental safety.
The issues surrounding urban pesticide use are often difficult and controversial due
to the high profile of these use patterns and close proximity to humans. Chapters 4
and 5 in this volume provide regulatory and professional pest control perspectives on
the key issues and concerns associated with urban pesticide use. Following this
introductory section of chapters, the remaining chapters of this book deal with
research related to the fate and significance of pesticides in urban environments.
Consideration of the fate of pesticides involves examination of both transformation
and transport processes. These processes interact to determine the magnitude and
duration of exposure of humans and nontarget organisms.

Persistence. The persistence of urban pesticides in soil, on turfgrass and plant
foliage, in water, and in air is of prime interest. Persistence not only determines to
a great extent the efficacy of the products involved, but also whether significant
quantities of pesticide will be available for transport processes or for nontarget
organism exposure. The chapters in the second section of this book, "Dissipation of
Pesticides in Urban Environments", are organized around the topic of persistence.
Chapters 6 and 7 deal specifically with the persistence and degradation of
termiticidal soil applications of insecticides. Chapter 8 details a comparison of the
similarities and differences between pesticide dissipation in urban and agricultural
environments. Pesticide dissipation from foliar (i.e., turfgrass) surfaces is the topic
of chapters 9 and 10. Finally, the dissipation of pesticides in aquatic environments
and waste disposal systems are covered in chapters 11 and 12.

Transport. The transport of pesticides within the soil and in the atmosphere is
also an important consideration. Issues of potential concern from urban pesticide use
include groundwater contamination due to leaching, and surface water contamination
resulting from erosion and runoff. In addition, volatilization or drift of pesticides in
the atmosphere may result in nontarget organism exposure. Chapter 13 deals with
the subsurface mobility of pesticides applied for termiticidal control efforts. The
subject of pesticide leaching through soil following turf application is covered by
chapters 14 and 15, whereas chapter 16 presents a comparison of pesticide and
nutrient leaching in urban and agricultural areas. The primary focus of chapters 17,
18, and 19 is the surface runoff of pesticides from turfgrass areas, with both field
research and modeling assessments included. Mobility in air following volatilization
from treated urban surfaces and drift from agricultural areas into the urban
environment is covered by chapters 20 and 21, respectively.

Human Exposure. Assessment of human exposure to pesticides in urban
environments is of prime consideration from a safety perspective. This is the topic
of the chapters in the section of this book titled "Urban Pesticides and Humans".
Chapters 22 and 23 cover the potential exposure of both pesticide applicators and
bystanders from outdoor pest management programs, primarily involving
applications to turfgrass and ornamental plants. Chapters 24 and 25 in turn deal
with exposure of applicators and bystanders during and following application of

In Pesticides in Urban Environments; Racke, K., et a.;
ACS Symposium Series; American Chemical Society: Washington, DC, 1993.



Publication Date: February 18, 1993 | doi: 10.1021/bk-1993-0522.ch001

Downloaded by 89.163.35.42 on October 26, 2012 | http://pubs.acs.org

1. RACKE Urban Pest Control Scenarios and Chemicals 9

indoor pesticides and structural pesticides (i.e., termiticides). Chapter 26 focuses on
exposure of humans to biocides used in indoor paints.

Nontarget Animal Exposure. Exposure of pesticides to animals, whether
domestic pets or urban wildlife, is also of concern. Chapters 27 and 28 deal with
the potential effects of turfgrass pesticides on nontarget vertebrate (e.g., birds) and
invertebrate (e.g., earthworms) wildlife, respectively. Adverse effects of pesticides
on domestic pets is discussed in chapter 29. Finally, the nontarget evaluation of
urban rodenticide uses provides the focus of chapter 30.

CONCLUSIONS

This book presents a summary of what is known about the fate and significance of
pesticides in urban environments. The research information herein reflects the
current state of knowledge on the topic. It is likely that interest, concern, and
controversy regarding pesticides in the urban arena will continue. However, a
substantial knowledge base regarding urban pesticides has been assembled, and it
continues to be added to and refined through many ongoing studies. This insight
provides an excellent tool with which to promote wise stewardship in the
implementation of urban pest management systems.

RECEIVED November 2, 1992
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Chapter 2

Pesticide Trends in the Professional and
Consumer Markets

J. E. Hodge

Kline & Company, Inc., 165 Passaic Avenue, Fairfield, NJ 07004

Professional and consumer end users are major purchasers and applicators
of a wide variety of pesticides in the U.S. This presentation provides an
overview of the special characteristics of and current trends within each of
these markets, including size, structure, customer behavior and attitudes,
regulatory influences, and future growth. Leading suppliers in each market
are also identified.

Kline & Company estimates that the professional and consumer markets for pesticides in
the U.S. each represented about $1.1 billion in sales at the manufacturers' level in 1991.
The agricultural market, in contrast, was about $4.9 billion in sales.

MARKET DEFINITIONS
The professional and consumer markets for pesticides are defined by the following factors:

» The intended customers or end users

* Channels of distribution

* Certification and other regulatory requirements
* Product categories in each market

¢ Product characteristics

The consumer market is essentially comprised of a single end user group whose members,
though large in number and diverse in behavior, typically buy pesticides which require no
special certification or training, purchase through normal retail outlets, and do so for
private use. The professional market, in contrast, commonly involves products that do
require licensing, multiple channels of distribution, use for public or commercial purposes,
and distinct clusters of different types of end users. These include:

0097—6156/93/0522—-0010$06.00/0
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n men

» Lawn care operators (LCOs)
e Golf courses

» Landscapers
« Educational facilities
+ Parks
» Cemeteries
e Turf farms
-of - i n

e Industrial facilities
» Electric utilities

¢ Roadways

 Railroads

* Pipelines

li h licl m;

*  Mosquito abatement districts
* Rodent control areas
» Fire ant control programs

* Rangeland
» Agquatic areas
Non-agricultural crops

¢ Commercial forestry
* Horticulture/nurseries

Pest control operators (PCOs)

There is some one-way overlap between the professional and consumer markets in that
some professional end users, especially smaller ones, occasionally purchase consumer
products. Although this behavior represents only a tiny fraction of pesticide usage in the
professional market, it has become more noticeable in the last two years as more end users
have moved away from professional products because of applicator certification/licensing
costs, reduced product usage, or concerns about product safety.

PRODUCT CATEGORIES

There are several noticeable differences between the professional and consumer markets in
the types of pesticides sold and the relative importance of different product categories.
Combination pesticide-fertilizer products, primarily for use on turf, are a significant
product category in terms of both dollar sales and physical volume in the consumer market
but are rarely seen in the professional market. Moth control and pet (flea and tick)

In Pesticides in Urban Environments; Racke, K., et a.;
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insecticides are also sizeable product categories in the consumer market that have no
counterpart in the professional market. Aquatic pesticides, including aquatic herbicides,
algicides, and piscicides, avicides, and plant growth regulators (PGRs), are all primarily
sold in for professional use only, although PBI/Gordon now offers consumer formulations
of two of its professional PGRs. Insecticides of various kinds account for roughly three-
quarters of pesticide sales in the consumer market but substantially less than that in the
professional market. The size of other product categories also varies between these two
markets, as shown in Figure 1.

MARKET CHARACTERISTICS

The consumer market is driven primarily by external factors, including the weather,
demographic changes in population size, location, age, and income, regulatory activity,
and changes in public attitudes. It is characterized by the following:

« Mature product categories

e A blurred market structure

« Two sets of customers, retailers and end users
 Intense competition

« Thin profit margins

« Marked seasonality for most product categories
+ Emphasis on nonproprietary active ingredients

External factors, including weather conditions, regulatory activity, public attitudes, and
national and regional economic vitality, are influential in the professional market. Itis
driven, however, by internal factors, including treatment site characteristics, application
requirements, end user budgets, product characteristics and performance, and application-
related costs for labor, equipment, and insurance. The professional market is characterized
by the following:

e Mature product categories

A fairly well-defined market structure

«  Multiple sets of primary customers

+ Distributors/dealers as secondary customers

« Variable levels of competition between product categories

» Declining profit margins

+ Seasonality for most product categories, spread over a broader period than in the
consumer market

» Emphasis on proprietary active ingredients

In Pesticides in Urban Environments; Racke, K., et a.;
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CONSUMER MARKET

Herbicides

Fungicides
Rodenticides

Insecticides

$ Million

TOTAL MARKET: $1.1 Billion

PROFESSIONAL MARKET

Fungicides
Rodenticides

All other

Insecticides

$ Million

TOTAL MARKET: $1.1 Billion

Figure 1. Relative Distribution of Pesticide Sales by Product Category and
Market 1991
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MARKET STRUCTURE
Companies selling pesticides in the consumer market include:

 Basic manufacturers, such as American Cyanamid, Monsanto, and Roussel Bio
.+ Formulators and reformulators, such as Scotts, S.C. Johnson, and Chevron
» Marketers with no manufacturing involvement, such as K mart, WalMart, and
Bengal

There is considerable overlap between these categories in the consumer market because of
the prevalence of subcontracting arrangements, private label manufacturing, and marketing
agreements and other joint efforts. There are also some examples of vertical integration
by suppliers to the retail level, most notably Agway and Vigoro.

Companies selling pesticides in the professional market include:

« Basic manufacturers, such as DowElanco, DuPont, Monsanto, and ICI
+ Formulators and reformulators, such as Scotts, Lesco, and UAP

There is little overlap between these categories in the professional market, and there is
little direct integration in the distribution system. There are direct connections or
relationships involving product development and testing, however, between leading
suppliers and some major end users, such as Chemlawn, Orkin, and others.

CUSTOMERS

Suppliers in the consumer market have three sets of customers, end users, retailers, and
distributors. End users constitute a very large, diffuse, poorly defined population. They
purchase pesticides intermittently and are characterized by highly variable levels of
product knowledge, brand loyalty, and product consumption. Retailers and distributors, in
contrast, constitute well-defined subsets within which consolidation is occurring. Chains,
especially mass merchandisers, are becoming increasingly important in the consumer
market, leading to reduced access by some suppliers to end users and reduced access by
end users to product expertise. Retailers and distributors differ from each other as well as
from consumers in what they require of suppliers, making the process of selling pesticides
more complex. Distributors are important in product placement in retail accounts but do
not directly influence end user product selection.

Suppliers in the professional market also serve two different types of customers, end
users and distributors/dealers. End users in the professional market, however, can be
grouped into very defined market segments, although end user populations in some
segments can be very hard to identify, locate, and/or reach. End users in the professional
market are characterized by variable levels of product knowledge and consumption,
willingness to try new products, based in part on weak brand/product loyalty, and different
requirements from segment to segment. They typically rely on agricultural universities,
extension agents, and professional associations for information on pesticides, as well as on
manufacturers and distributors. As in the consumer market, distributors/dealers constitute
well-defined subsets within which consolidation is occurring. A number of leading

In Pesticides in Urban Environments; Racke, K., et a.;
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distributors serve both the professional and consumer markets. Distributors are very
important in the professional market not only for their role in product placement but as
sources of information on pesticides. They are often directly influential in end user
product selection.

COMPETITION

The consumer market exhibits low rates of growth and a significant degree of market
concentration in most product categories and large numbers of existing suppliers. Product
categories typically feature one dominant supplier, a small group of regional suppliers, and
many very small competitors. Consolidation is occurring through both outright
acquisition and supplier departure from certain categories, most notably household
insecticides. Suppliers are primarily U.S.-owned companies. New competitors entering
the consumer market include some basic manufacturers, agricultural suppliers, and some
foreign companies. Major competitive strategies include:

* Manufacturing efficiencies

* Broad distribution

» Expansion through acquisition

» Niche marketing

» Changes in product characteristics
e Advertising and promotion

In the professional market, growth is limited to a few end user segments, and sales are in
fact declining noticeably in some segments. The market is highly concentrated, although
supplier dominance varies by product category and end user segment, with market share
tied to the development and success of proprietary products. Major suppliers are typically
very large companies, for many of which their presence in the professional market
represents spillover or incremental business from the agriculture market. There is also a
very high incidence of foreign ownership of suppliers to the professional market. Leading
suppliers with foreign parents include:

* Ciba-Geigy

* Hoechst-Roussel

« ICIw ISK

« Miles (formerly Mobay)
¢ NorAm

¢ Rhone-Poulenc
¢ Roussel Biow Sandoz
« Valent

Regulatory activity and public attitudes concerning pesticide usage in recent years have
been much more hostile in the professional market than in the consumer market. Major
competitive strategies include:

In Pesticides in Urban Environments; Racke, K., et a.;
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Development of new proprietary products
Label expansion

Product variations (formulations and packaging)
Licensing agreements and other shared efforts
Expansion through acquisition

Niche marketing

Label/registration defense

REGULATORY CONSIDERATIONS

Regulatory activity in the last few years has become a paramount consideration in both the
professional and consumer markets. Most suppliers are concerned not simply because of
the additional or changed requirements with which they must deal but because many
believe that their pesticide businesses face an increasingly uncertain future. Fungicides
have been a high priority for EPA review, followed by insecticides and toxic inerts. The
costs of registration of new actives and reregistration of existing actives have skyrocketed,
and the timeframe required to develop test data has lengthened. State and local
regulations are now widely regarded as even more of a problem than federal regulations.
State registration fees have increased substantially, and differing regulatory requirements
are making national sales and distribution increasingly difficult. Other agencies, in
particular OSHA and the Department of Transportation, and regulations, including those
dealing with waste disposal, container recycling, and site cleanup, are also having an
impact on these markets.

LEADING SUPPLIERS

Leading suppliers of pesticides (including combination fertilizer-pesticide products) in the
consumer market, as measured by dollar sales at the manufacturers' level, include:

¢ Chevron

¢ Clorox

Eastman Kodak
Hartz

S.C. Johnson
Monsanto

Reckitt & Colman
Scotts

United Industries

Leading suppliers on the same basis in the professional market include:

*  American Cyanamid

« Ciba-Geigy
* DowElanco
* DuPont

« ICI

» Miles (formerly Mobay)

In Pesticides in Urban Environments; Racke, K., et a.;
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e« Monsanto

+ Rhone-Poulenc

¢ Sandoz

* Scotts
CONCLUSION

Suppliers of both professional and consumer pesticides find themselves facing an
increasingly inhospitable world. Real growth has slowed due to the maturity of most
product categories, and expansion now comes most readily through acquisition or at the
expense of a competitor. Changing public attitudes are fostering, or in some cases
forcing, reductions in pesticide use, and the costs associated with product development,
commercialization, and maintenance in the market have skyrocketed. The fragmentation
of the U.S. regulatory system is also damaging suppliers' ability to function efficiently.

The consumer and professional markets for pesticides, each accounting for more than
$1 billion a year in manufacturer level sales in this country, are nonetheless large and
valuable businesses. Despite the problems noted above, both markets also present
individual suppliers with opportunities for expansion. Over the long term, the pesticide
industry is likely to follow the pattern evolving in the pharmaceutical industry, relying on
joint ventures, mergers, partnerships, and licensing agreements to achieve and maintain the
critical mass needed to remain viable. This will ultimately result in a smaller number of
bigger major suppliers (as, for example, with the DowElanco joint venture) and a related
group of technology-driven smaller firms with links to leading suppliers. The heightened
level of research on biopesticides, pesticide-resistant plants, and other alternative methods
of pest control will also broaden suppliers' focus considerably and may offer benefits in
areas outside of the pesticide industry. In the meantime, consumption of pesticides in the
consumer and professional markets is expected to remain substantial.

RECEIVED October 23, 1992
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Chapter 3

National Home and Garden Pesticide Use
Survey

R. W. Whitmore!, J. E. Kelly!, P. L. Reading', E. Brandt?, and T. Harris?

IResearch Triangle Institute, Research Triangle Park, NC 27709
ZBiological and Economic Analysis Division, U.S. Environmental Protection
Agency, 401 M Street, SW, Washington, DC 20460

The National Home and Garden Pesticide Use Survey represents an
attempt to compile data on the reasons why home pesticides are used, the
extent of their use, and the methods used to apply, store, and dispose of
them. The survey was conducted under contract to EPA by Research
Triangle Institute. Data were collected by trained interviewers that visited
each home personally. Data are available on specific pest problems,
whether they are considered major or not, and whether the pests are
managed in some way with pesticides. Other data are included on storage
and disposal, use of child resistant packaging, and use of commercial pest
control services.

In March 1988, the EPA contracted Research Triangle Institute (RTI) to design the
National Home and Garden Pesticide Use Survey NHGPUS). After designing the survey
and obtaining approval from the Office of Management and Budget (OMB), field data
collection was conducted during August and September 1990. The study was designed as
a national, probability-based sample of households with interviews conducted in person at
the sample residences. Prior to the current survey, the last national survey of household
pesticide use was conducted by the U.S. Environmental Protection Agency (EPA) in
1976-717.

The Agency's Office of Pesticide Programs (OPP) performs risk/benefit analyses for
home and garden pesticide registrations that will be better informed using the survey data.
Survey data on frequency of use and safety precautions will be used in risk assessments.
Data on pests and sites treated and on consumer satisfaction will be used in benefit
analyses. Information regarding child resistant packaging (CRP), disposal methods, and
commercial pesticide treatments will help guide Agency policy in these areas.

0097—6156/93/0522—-0018306.00/0
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STUDY OBJECTIVES AND TARGET POPULATION

The NHGPUS is a one-time, cross-sectional survey of the use of pesticides in and around
homes in the United States. The dwellings in the target population are the housing
units1 in the 48 coterminous States and the District of Columbia that are occupied as
primary residences, excluding institutions, group quarters, military reservations, and Indian
Reservations. A housing unit, as defined by the U.S. Bureau of the Census, is a room or
groups of rooms occupied or intended for occupancy as a separate living quarters in which
the occupants (1) live and eat separately from any other persons in the building and
(2) have direct access from the outside of the building or through a common hall.
Questions regarding pesticide use in and around the home would not be well-defined for
people living in institutions or group quarters. Indian reservations and military
reservations are excluded from the NHGPUS primarily because pesticide applications in
these places are likely to be atypical of the remainder of the U.S. household population.
The States of Alaska and Hawaii were excluded for the same reason and to control the
costs of field data collection.

The following types of data were collected by the NHGPUS regarding use of
pesticides by the households in the target population (Pesticides that were used solely for
crops or livestock grown for sale were excluded from consideration):

which pesticides were used;

what they were used for;

how often they were used;

how they were applied, including safety precautions;

how unused portions were stored and/or disposed of;

how product containers were disposed of;

how child resistant packaging was used;

how effective the pesticides were judged to be; and

which pests were major problems (either treated or untreated).

WENANRAWN -

Most data were collected for the 12-month reference period ending on the date of the
interview. However, the data for specific pesticides were limited to those in storage at the
residences at the time of the interview. Because pesticides tend to be used more in the
summer than during the winter, data collection was performed late in the summer (August
and September 1990) to temper the effects of these limitations.

The NHGPUS was not designed to collect quantitative usage data (i.e., estimates of
aggregate quantities of pesticides actually used for a specific purpose over a period of
time). However, the frequency of application data collected in the NHGPUS are helpful
for preparing quantitative usage estimates because quantitative usage can be derived from
frequency, extent, and rate of application. Moreover, the Agency has access to
quantitative data from commercial subscriptions and from production reports submitted to
EPA under the reporting requirements of Section 7 of the Federal Insecticide, Fungicide,
and Rodenticide Act (FIFRA).
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Summary Description of the Sampling Design. The sampling design for the NHGPUS
can be summarily described as a stratified, three-stage probability sampling design. The
areas selected at the first two stages of sampling were selected with probabilities
proportional to estimates of the number of housing units currently in these areas. This
strategy achieved approximately equal overall probabilities of selection with approximately
equal interviewer assignments with each sample country.

Fifty-eight sample counties located in 29 different States were selected at the first
stage of sampling. The locations of the 58 sample counties are shaded on a map of the
United States in Figure 1. Approximately five subcounty areas defined by Census blocks
and enumeration districts were selected at the second stage of sampling within each
sample county for a total of 298 sampled subcounty areas, called sample segments. A list
of current housing units was then prepared for each segment, from which the third-stage
sample of housing units was selected.

A sample of 2,674 housing units was selected, of which 2,447 housing units were
eligible for the NHGPUS (i.e., occupied primary residences). Of these 2,447 eligible
households, 2,078 participated in the survey for a response rate of 84.9 percent
(2,078/2,447). Because of the high response rate, the potential for nonresponse bias
affecting the survey statistics is low.

The NHGPUS was designed to provide defensible national inferences, not regional
inferences. Regional inferences would require a much larger sample. A sample of
approximately 30 or more counties per region would be necessary. Because the NHGPUS
is based on a sample of 60 counties, no more than limited inferences for two regions that
each contain approximately 30 counties are supported. Limited regional analyses were
performed by combining the Northeast and North Central Census Regions and comparing
them to the combined South and West Regions.

RESULTS

Population Characteristics. The estimated breakdown of the NHGPUS target
population by selected household characteristics is presented in Table I. The statistics
presented in Table I are relative frequencies of occurrence for urban versus rural
households,5 single-versus multi-family households, (based on interviewer observation,
potential pesticide application sites, such as lawns, swimming pools, fruit trees, vegetable
gardens, and roses.

Storage of Pesticide Products. One task of the NHGPUS data collection was to
construct an inventory of all the pesticide products in storage at each sample residence,
excluding plant growth regulators, pool chemicals, anti-fouling paints, and products used
exclusively for agricultural production. The types of pesticide products inventoried
include disinfectants, fungicides, insecticides, molluscicides, rodenticides, herbicides, and
repellents. The total number of pesticide products identified and inventoried in storage at
the 2,078 participating residences was 7,945. The estimated total number of pesticide
products in storage at residences in the target population at the time of the NHGPUS
survey (August and September 1990) is approximately 324,538,000 with a standard error
0f 22,213,000. Thus, a 95 percent confidence interval estimate of the number of pesticide
products in storage at residences in the target population at that time is 280,102,000 to
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Table I. Selected Characteristics of Households in the Target Population

Estimated Estimated
Population Thousands Percentage
Characteristic of Households of All Households

All Households 84,573 100.00
Urbanization®

Urban 70,468 83.32

Rural 14,105 16.68
Type of Dwelling

Single-Family 63,335 74.89

Multi-Family 21,237 25.11
Have private lawn

Yes 66,828 79.02

No 17,744 20.98
Have private swimming pool

Yes 5,978 7.07

No 78,595 92.93
Have hot tub

Yes 2,500 2.96

No 82,073 97.04
Grew edible fruit/nut trees or
grape vines®

Yes 18,421 21.78

No 66,151 78.22
Grew tomatoes, vegetables, berries, or
melons in past year®

Yes 23,180 27.41

No 61,392 72.59
Grew roses in the past year®

Yes 27,150 32.10

No 57,423 67.90

aBased on interviewer observation.
bExcluding any grown for sale.
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368,954,000. Likewise, a 95 percent confidence interval estimate of the mean number of
products that were in storage at residences in the target population is 3.34 to 4.34, or
3.84 +0.50.

The estimated distribution of the number of products in storage at residences in the
target population at the time of the survey (August and September 1990) is shown in
Table II for single-family and multi-family residences . The estimated percentage of
residences that had at least one pesticide product in storage is 90 percent for single-family
residences, which is significantly greater than the estimated 70 percent for multi-family
residences. About 85 percent of all households had at least one pesticide product in
storage at the time of the survey. Most households (about 63 percent) had one to five
products in storage. About 22 percent had more than five products in storage.

The estimated number of products in storage at the time of the survey is presented for
each type of pesticide product in Table IIl by when the product was last used. About 5 to
10 percent of each type of pesticide product (disinfectants through repellents) that was
found in storage had not been used yet. With the exception of disinfectants, about 15 to
30 percent of the pesticide product of each type had last been used over a year ago. Only
about 5 percent of the disinfectants in storage had last been used over a year ago.

Table IV presents the estimated distribution of the number of pesticide products in
storage at the time of the survey by size of container and length of time in storage. The
length of time in storage was found to decrease with increasing size of container. This
pattern of storage was observed consistently for all types of pesticide product containers
except bait boxes, which are seldom found in large containers.

Most pesticide products have labels that ask the users to keep the products out of the
reach of children. Products found in storage at sample residences were classified as being
stored "securely" if they were:

1. stored in a locked or childproof room or cabinet, or
2. stored more than 4 feet off the floor (i.e., out-of-reach for small children).

Otherwise, when the products were:

1. stored no more than 4 feet off the floor, and
2. not stored in a locked or childproof room or cabinet,

they were classified as being stored "insecurely." Tables V and VI present estimates of the
conditional percentages of households that had each type of pesticide stored "insecurely,”
given that the household had at least one product of the given type in storage. Table V
presents the results for households with children under 5 years of age (a cut-off for
regulations regarding CRP), and Table IV presents the results for all other households.
Table VI shows that approximately 75 percent of households that had no children
under 5 years of age and had pesticides in storage had at least one stored "insecurely."
The corresponding estimate from Table V for households with children under 5 years of
age is about 47 percent, which is significantly less. For each type of pesticide, except
rodenticides, the estimated percentage of households with the pesticide in storage that had
at least one stored "insecurely" is less for households with children under 5 years of age.
For rodenticides, there is no significant difference because of the small numbers of
rodenticide products in storage. Therefore, the overall impression is that households with
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Table IV. Percentage of Products in Storage by Size of Container and Time in

Downloaded by MONASH UNIV on October 28, 2012 | http://pubs.acs.org
Publication Date: February 18, 1993 | doi: 10.1021/bk-1993-0522.ch003

Storage*
Months in Storage
Size of Container® <6 6-12 13-24 >24
All Sizes of Containers 42.58 19.74 14.95 22.74
<4 Ounces 40.65 18.82 12.62 27.90
4 <Ounces < 8 3295 20.25 15.04 31.77
8 <Ounces < 16 37.93 20.72 16.92 24.44
16 < Ounces < 32 47.61 19.14 15.18 18.07
32 < Ounces < 128 58.19 16.75 9.73 15.32
> 128 Ounces 55.66 20.05 12.47 11.82

* For pesticide products (excluding those used exclusively for agricultural production,
plant growth regulators, pool chemicals, and anti-fouling paints) in storage at residences
in the target population at the time of the survey (Aug-Sept 1990).

b The number of ounces can be considered either ounces by weight (avoirdupois ounces)
or ounces by volume (fluid ounces) assuming an equivalency rate of 8 pounds per

gallon,

In Pesticides in Urban Environments; Racke, K., et a.;
ACS Symposium Series; American Chemical Society: Washington, DC, 1993.
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small children are less likely to have pesticide products stored within their reach. Of
course, children can be exposed to pesticides at homes other than their own (e.g., at
homes of friends or relatives).

Difficulty Opening Containers. The NHGPUS questionnaire asked if any of the users of
pesticide products had difficulty opening the container. If so, the ages of the users who
had difficulty opening the package were determined. Table VII shows that approximately
10.5 percent of pesticide product users reported difficulty opening CRP pesticide
containers, which was significantly greater than the estimated 1.5 percent for non-CRP
pesticide containers.

The data suggest that the percentage of users aged 75 or older who have difficulty
opening CRP pesticide containers (18 percent) is greater than the percentage for other age
groups, but this difference is not statistically significant. The data also suggest that the
percentage of users aged 75 or older (5 percent) who have difficulty opening non-CRP
pesticide containers is greater than the percentage for other age groups, but again this
difference is not statistically significant.

Disposal of Pesticides. Households participating in the NHGPUS were asked about their
disposal, if any, of insecticides, herbicides, fungicides, or empty containers thereof during
the past year. Table VIII shows that approximately 62 percent of households (about

52 million) disposed of at least one empty ready-to-use container of insecticide, fungicide,
or herbicide in the past year, and that approximately 23 percent (about 19 million)
disposed of an empty concentrate container. Much smaller percentages of households
(under 10 percent) disposed of leftover insecticides, fungicides, or herbicides (concentrate,
diluted, or ready-to-use).

Among the households that disposed of leftover concentrates of insecticide, fungicide,
or herbicide in the past year, approximately 13 percent took the leftover chemicals to
special collection sites and 67 percent disposed of the concentrates in their regular
household trash. For disposing of empty containers (either for concentrated or ready-to-
use products), only about 2 to 3 percent of households took them to a special collection
site. However, because many more households disposed of empty containers than
disposed of leftover pesticides, the overall percentage of households that took empty
pesticide containers to special collection sites, about 1 percent, was greater than the
percentage of households that took leftover pesticides, less than 0.5 percent, to those
sites.

In response to a separate, but related question, the survey also determined that about
6 percent of all households in the survey population had pesticides in storage at the time of
the survey (August and September 1990) that they had not disposed of because they did
not know how to do so safely. Many households have products in storage for
registrations that have been cancelled by the Agency. For example, approximately one
million households (1.4 percent) still have products containing chlordane; about 150,000
(0.2 percent) have products containing DDT; around 70,000 (0.1 percent) have
heptachlor; and about 85,000 (0.1 percent) have silvex.

Severity of Pest Problems. Each household that participated in the NHGPUS was asked
to identify: (a) all types of pests that had been treated by a household member in the past

In Pesticides in Urban Environments; Racke, K., et a.;
ACS Symposium Series; American Chemical Society: Washington, DC, 1993.
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Table VIL Child Resistant Packaging by Age of Household User®

Percentage Users that have Difficulty Opening

Age Group CRP Non-CRP Total
All Ages 10.48 1.68 3.34
18-44 11.04 1.32 3.03
45-59 8.74 1.63 3.28
60-74 8.95 244 3.92
75 or Older 18.02 497 7.01

Downloaded by MONASH UNIV on October 28, 2012 | http://pubs.acs.org
Publication Date: February 18, 1993 | doi: 10.1021/bk-1993-0522.ch003

*For pesticide products (excluding these used exclusively for agricultural production, plant
growth regulators, pool chemicals, and anti-fouling paints) in storage at residences in the
target population at the time of the survey (Aug-Sept 1990) that were used in the past
year.

In Pesticides in Urban Environments; Racke, K., et a.;
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year; and (b) all types of pests that had been a major problem (in the respondent's opinion)
in the past year, whether or not the pest had been treated. Table IX presents the estimated
percentage of households that had a major problem with each pest in the past year and the
estimated percentage of households that treated each type of pest. In addition, the four
sites of application that were reported most frequently (for household treatment) are
presented for each pest.

The two types of pests most frequently reported to be a major problem are household
nuisance pests, ants, and cockroaches. The next two pests most frequently reported to be
a major problem are pests that directly attack people and pets, namely mosquitoes and
fleas. The estimated percentage of households that had a major problem with fire ants in
the past year, about 6 percent, is quite high considering that fire ants only inhabit certain
regions of the U.S. Pests that inhibit the growth of ornamental plants, gardens, and lawns
(plant-sucking and -chewing insects plus related pests and weeds) were less frequently
reported to be a major problem.

The pest category treated by the highest percentage of houscholds, nearly 50 percent,
is "mildew, mold, bacteria, or virus," even though this pest was not often reported to be a
major problem.7 The top five insect pests in terms of the estimated percentage of
households treating the pest in the past year are: ants; mosquitoes; cockroaches; fleas;
and flies, gnats, or midges. The sites most frequently treated for these pests were kitchen,
person, or pet. For other pests, other outside areas, including lawns and ornamental
plants, were often reported as the sites treated.

Consumer Satisfaction. For each pesticide product in storage that had been used in the
past year, the NHGPUS questionnaire determined if the household users were satisfied
with its effectiveness. For each pest, Table X presents the number of pesticide products
for which the household was not satisfied with the effectiveness of the product as a
percentage of all products used to treat the pest. The percentage of products with which
the household was not satisfied was significantly greater than the overall average of 8
percent for two pests:

1. mammals other than mice, rats, or bats (36 percent), and
2. fleas (14.5 percent).

The "other mammals" category includes squirrels, moles, skunks, prairie dogs,
woodchucks, and rabbits, plus cats and dogs for repellent products. Other pests for which
elevated levels of dissatisfaction with the pesticide products were recorded include:

1. mice or rats (14.5 percent),

2. broadleaf weeds (13 percent),

3. grass-like weeds (11.5 percent),

4. ticks or chiggers (11 percent), and

5. soil-dwelling insects or nematodes (11 percent).

Household dissatisfaction with pesticide products could be the result of poor product
efficacy or a number of other factors, including improper applications, not treating as
frequently or extensively as recommended, or poor sanitation.

In Pesticides in Urban Environments; Racke, K., et a.;
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Table X. Number of Pesticide Products for Which Households Were Not Satisfied
with Their Performance by Type of Pest Treated®

Downloaded by MONASH UNIV on October 28, 2012 | http://pubs.acs.org
Publication Date: February 18, 1993 | doi: 10.1021/bk-1993-0522.ch003

Estimated Thousands Estimated Percentage

of Products of Products
Pest Treated Not Satisfactory Not Satisfactory

All Pests 25,033 8.17
Plant Diseases 593 8.99
Cockroaches 1,550 7.96
Fire Ants 579 8.67
Other Ants 2,425 8.21
Bees, Hornets, Wasps 913 1.77
Mosquitoes 1,586 7.41
Flies, Gnats, Midges 1,603 9.13
Fleas 3,453 14.51
Ticks, Chiggers 1,289 11.09
Spiders, Crickets, Pillbugs, 986 8.27
Millipedes, Centipedes

Soil-Dwelling Insects, Nematodes 395 10.73
Plant-Chewing Insects 1,032 7.59
Plant-Sucking Insects and Mites 1,082 7.70
Grass-Like Weeds 1,213 11.52
Broadleaf Weeds 1,654 13.21
Mice, Rats 384° 14.62
Other Mammals© 426 35.59

sFor pesticide products (excluding those used exclusively for agricultural production,
plant growth regulators, pool chemicals, and anti-fouling paints) in storage at residences
in the target population at the time of the survey (Aug-Sept 1990) that were used in the
past year. Moreover, this analysis assumes that the product satisfaction reported in
response to Question 32 is applicable to all the pests reported in response to
Question 28a.

bEstimate has poor precision because of the small number of observations in this cell.

<Such as squirrels, moles, skunks, prairie dogs, woodchucks, and rabbits, plus cats and
dogs for repellent products.

In Pesticides in Urban Environments; Racke, K., et a.;
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Table XL Number of Households That Used Pest Control Services and Received
‘Written Precautions in the Past Year

TYPE OF SERVICE Estimated Estimated
Utilization Thousands Percentage
‘Written Precautions of Households  of Households

COMMERCIAL LAWN-CARE COMPANY*

Utilized 8,003 12.07
Informed of Chemicals Used® 3,626 49.51
Informed of Safety Precautions® 3,746 50.42

TREATMENT FOR FLEAS, ROACHES, ANTS®

Utilized 16,557 19.58
Informed of Chemicals Used® 3,637 23.46
Informed of Safety Precautions® 3,216 20.67

2The inference population for lawn care services is the population of all households with a
private lawn.

bThe inference population for treatment of fleas, roaches, or ants is the population of all
private households.

cConditional percentages, given that the service was used.

Use of Pest Control Services. Each household that participated in the NHGPUS was
asked about their use of a commercial lawn care company or a pest control service for
treatment of fleas, roaches, or ants in the home. About 15 percent of the 66.8 million
households that have a private lawn (about 10 million households) had pesticides applied
in the past year by someone other than a member of the houschold, usually by a
commercial lawn care company. Also, about 20 percent of all households (about 16
million) had their homes commercially treated for indoor pests, such as cockroaches, ants,
or fleas.

Estimates of the percentages of the households utilizing these services that received
written notification of the chemicals used and safety precautions to be taken are presented
in Table XI. The estimates indicate that the proportion of households receiving written
notification is higher for commercial lawn-care companies than for pest control
companies.

RECEIVED November 2, 1992
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Chapter 4

Federal and State Issues Related to Pesticide
Use

T. E. Adamczyk

U.S. Environmental Protection Agency, 401 M Street, SW,
Washington, DC 20460

In addressing federal and state issues related to pesticide use,this paper will
concentrate on lawns or, more precisely, ornamental turf. Although there
are many pesticide applications made in urban environments, both indoor
and outdoor, the program of this symposium is weighted towards lawn use.

FEDERAL INSECTICIDE, FUNGICIDE, AND RODENTICIDE ACT

To register lawn pesticides, or any pesticide for that matter, the Environmental Protection
Agency is required by law to consider the risks and benefits of the proposed chemical use
pattern(s). Some critics argue that maintenance of ornamental turf is an exercise in
aesthetics only; that lawns serve no essential purpose beyond the economic aspects of
supporting a huge industry that sells products and services for that segment of the market.
These critics further charge that, since benefits are small, any risk associated with turf
pest control is unacceptable. Of course, many people dispute that view by citing
numerous benefits, other than economic, of having a lush lawn. These include retardation
of noxious weeds, supplying oxygen to the atmosphere, absorption of pollutants and
noise, minimization of soil erosion, and cooling of the immediate area. Whatever your
viewpoint, I believe it is safe to say that lawns will continue to be important to a large
segment of the population and products, including pesticides, will be needed for their care.
Before a pesticide is registered data must be submitted or referenced which informs
EPA of the physical and chemical properties of the product, toxicity to non-target
organisms as well as mammalian effects, the persistence and fate of the active
ingredient(s), leaching and runoff, and other data as needed. Efficacy data and target site
phytotoxicity data are not required to be submitted; many people knowledgeable in the
pesticide field don't realize that fact. Before 1979, EPA did require complete batteries of
efficacy testing to be conducted and submitted but that is no longer the case except for
products that control pests of human health significance. It deserves to be pointed out
that, especially with lawn chemicals, EPA has had few reports of products that do not
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perform their intended function. On the whole, lawn pesticide manufacturers have done a
commendable job of marketing pesticides that deliver the level of pest control claimed,
when applied according to label directions.

ADVERTISING

One area that has received congressional and news media criticism is advertising. FIFRA
regulates advertising claims that may be made by pesticide registrants by. It is unlawful to
make advertising claims that exceed those made in connection with registration. Since
safety claims or any false or misleading statements are not permitted on labels, those
claims cannot legally be used in advertising by pesticide manufacturers or distributors.
The EPA has no such authority, however, over pest control operators, lawn care services,
custom applicators or others who use pesticides in performing a service for customers.
There have been cases, related in congressional hearings, where lawn service companies
have allegedly made false or misleading claims about pesticide safety in an effort to assure
potential customers concerned about hazards to their families or pets. Because these
cases reflect unfavorably on the industry as a whole, the Professional Lawn Care
Applicators Association (PLCAA) has asked EPA to work with them on formulating
advertising guidelines for use by their members. In addition, EPA is working with the
Federal Trade Commission, which has overall jurisdiction in advertising, to establish
uniform and consistent enforcement efforts in the area of pesticide advertising by users
and applicators.

PUBLIC, PRESS AND CONGRESSIONAL CONCERNS

Because the lawn care industry has grown so rapidly over the last decade, it is inevitable
that it is receiving increased public attention and concern. People wonder if such
widespread pesticide use is necessary and whether the products are safe. Concerned
citizens are worried about pesticides used on their own or their neighbors lawns. Their
primary concern is with the safety of the chemicals; the basic question they always ask
concerns safety. No pesticide and few other common household chemicals are totally free
of hazard. While pesticides have varying degrees of toxicity, they all have some degree of
hazard. EPA, in registering pesticides, makes the determination that when used as
directed, those pesticides will not cause unreasonable effects to man or the environment.
But that finding does not translate to hazard-free. There are also persons who claim to be
severely affected by any exposure to any pesticide and demand that applications be
stopped or severely reduced. Ironically, the same concerns are seldom expressed about
homeowners treating their own lawns, even though they are likely using the same
pesticides at the same rates as the professional applicators. It seems to be largely a matter
of visibility and the professionals are far more conspicuous.

Although PLCAA recommends, and some state laws require, a homeowner or
customer to be notified of the pesticide being used on their premises and any precautions
to be taken, a recent survey indicated that a large percentage of customers claim they did
not receive such notifications. As a result concerns expressed in Senate hearings and in
numerous news media articles and programs, the lawn care industry has taken steps to
improve their service and image; customer notification, accurate advertising, pesticide
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application on a "as needed" program rather than by the calendar, better worker training,
increased emphasis on diagnosis and prevention of pest problems, are all being strongly
recommended and increasingly employed.

STATE AND FEDERAL REGULATIONS

With increasing numbers of persons claiming to be sensitive to any pesticide, some states
have instituted registries of chemical- sensitive individuals. With a doctor's written
verification, a person's name and address is added to a list which is periodically distributed
to professional applicators throughout the state. Individuals are supposed to be notified in
advance before pesticide applications are made in their vicinity. Most comments I have
received by persons residing in states with such registries have been very critical of the
design, implementation, and enforcement of the program. Since most such programs rely
on the voluntary response of the applicators, rather than mandating notification,
individuals on the lists claim they often do not receive notification. Connecticut is the only
state at this time that requires homeowners as well as professional applicators to post and
notify. Enforcement of those regulations is difficult because of resource restraints.

At the local level, there is an ongoing dispute in some areas of the country by county
and municipal governments that have imposed pesticide regulations for their jurisdictions.
State attorney generals have usually over-ruled such regulations as being reserved for the
state. In a recent case, however, the Supreme Court upheld the right of a local jurisdiction
to impose its own pesticide laws. While that case was narrow and did not address the
broader issue of federal or state pre-emption, it does cause concern for pesticide
manufacturers and applicators. Because of the fear of "Balkanization" (i.e. dealing with a
host of differing pesticide regulations) there is sentiment among pesticide producers and
users for federal pre-emption. That authority would require changes in FIFRA, which
now only prohibits states from imposing labeling requirements different from those
required by the Act. Since any change in the law must be made through congressional
action, it is impossible to predict if, when, or how this issue will be resolved.

LAWN CARE FOCUS GROUP

Since lawn pesticide issues continue to receive attention and concern, the EPA convened,
in February of this year, a Lawn Care Focus Group composed of pesticide manufacturers
and formulators, user groups, state and university researchers, environmental and
consumer groups and congressional staffers. Under the direction of Vic Kimm, EPA, the
group discussed a large array of problems and possible solutions in regulation of lawn
pesticides. As you can imagine, a long list of concerns emerged. Four major areas
evolved; labeling, chemically-sensitive registries at the federal level, communication and
consumer education, and advertising guidelines. EPA intends to consult with state
officials in order to get a sense of the feasibility of making a registry work; resources
needed, program design, other problems. It is too early to say if a federal registry is
workable.

In the labeling area, criticism was voiced about "clutter”. Too many labels try to be all
things to all people. Some participants suggested labels aimed at only one consumer
group or broad use site (e.g. lawns) rather than trying to list food crops, ornamentals,
rights-of-way, industrial sites and many other sites on a single label. Consumers say that
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labels often contain technical or scientific terms not easily understood by the average user.
Suggestions were made that all liquid pesticides marketed to homeowners should be
packaged ready-to-use rather than requiring mixing on-site with water. A color-coding
idea was also presented; that low toxicity products bear green labels, for example, while
more toxic products bear yellow or red. While some of the above ideas have merit, there
are many factors to be considered before adopting them. The ready-to-use mixes, for
example, could be costlier since it is expensive to ship water. Also, there would be a far
greater number of containers to dispose of for a given amount of pesticide applied. The
color-coding sounds attractive until one realizes that hazard encompasses a wide area. A
product that is low in acute mammalian toxicity may be extremely toxic to birds or fish. A
product that is not persistent may be prone to leach into groundwater. Because few
pesticides can be grouped into one convenient hazard niche, it would be difficult to
institute an accurate color scheme. Additionally, there is the concern that a consumer
would, if he or she purchased a "green" product, be prone to disregard or ignore the
labeling in the mistaken belief that the product was harmless.

All suggestions and ideas are being carefully considered. Additional Lawn Care Focus
Group meetings are planned in order to concentrate on details. Any major labeling
changes will be published for comment before being adopted. Since most lawn pesticide
user organizations are represented in the Focus Groups, a wide range of input and
concerns will be considered.

COMMUNICATION

Another area of concern involves communication. Communicating with the general
consumer and with special interest groups can certainly be improved. EPA is presently
receiving comments on a consumer lawn care bulletin that is intended to provide a
balanced presentation of the benefits and hazards of lawn pesticides.

Responses from those who have reviewed the draft have generally been favorable. It
is not surprising that the environmental and consumer groups feel that more emphasis
should be placed on hazard, while pesticide producers favor more emphasis on benefits.
But considering the diversity of viewpoints among the Focus Group participants, reaction
to the bulletin has been good.

Finally, there are the news reports on pesticide incidents and issues, some accurate and
some less so. All we can do, public and private sector groups alike, is to try to get out
factual information and discuss frankly what is known and what is unknown about a
pesticide and it's effects on man and the environment.

Unfortunately, there is an avid market for bad news and we can expect to hear loud
reaction to cases of mis-use or accidents. It does little good to complain that the positive
aspects of pesticide uses are largely ignored and risks, real or perceived, are emphasized.
Such is the nature of news. But everyone, regardless of professional affiliation, must do
their best to use, and advise others to use, pesticides in a responsible manner. Read the
label and remember to add a maximum amount of common sense.

RECEIVED November 16, 1992
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Chapter 5

Professional Pest Control Industry Perspective
on Public Concerns and Regulatory Issues

T. J. Delaney

Professional Lawn Care Association of America, 1000 Johnson Ferry Road,
Northeast, Suite C—135, Marietta, GA 30068

The professional pest control industry feels that the public's concerns about
urban/suburban pesticide use must be taken seriously. The industry is
addressing these concerns by using the well-established concept of risk
communication--an approach that consists of giving the public open and
complete information about pesticide applications. As part of the industry's
risk communication program, it is promoting its support of reasonable and
responsible legislation, including a requirement for notifying the public
when pesticides are applied. It is also pursuing regulations requiring
additional education for all pesticide applicators. The industry believes this
approach will lessen the public's fear of pesticides, and make them feel
more comfortable about urban/suburban pesticide use.

Today's heightened environmental movement has galvanized into an anti-pesticide
movement. And the anti-pesticide groups are focusing on what they see as the weakest,
most visible pesticide user--the urban/suburban user. Citing aesthetics as the only benefit
of outdoor pesticide applications, these groups try to make the urban/suburban customer
feel guilty for having a green lawn, or for hiring any kind of pesticide applicator. They
frighten these people with hype about high risks, such as the cancer-scare tactic. They
launch the kind of public relations campaigns that are almost always picked up by the
media because of their controversial, sensational news value. Headlines, articles, and even
cartoons have been used to single out the urban/suburban pesticide users and portray them
in a negative light. The Dan Rather "CBS Nightly News" segment that aired during the
1991 U.S. Senate lawn care hearings is a prime example of this type of negative media
coverage.

This negative publicity--fueled by local pesticide ordinances, federal and state bills,
Government Accounting Office (GAO) reports, and congressional hearings--creates a
negative perception of pesticides in the public's mind. The urban/suburban pesticide user
industry is trying to respond to this negative perception with a two-pronged approach:

1) by using the well-established concept of risk communication; and 2) by pursuing
regulations, including requiring additional education for all pesticide applicators.

0097—6156/93/0522—-0041306.00/0
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RISK COMMUNICATION

To counteract the media's portrayal of us as an uncaring, unregulated industry, we
promote our support of reasonable and responsible legislation. We believe the issue we are
addressing is the public's desire to know more about the pesticide application process.
What, when, and why is a pesticide being applied? The public would like to know these
things and would like to feel that they have some control over the process.

Famous risk communicators Peter Sandman, Director of the Environmental
Communications Research Program at Rutgers University, and Vincent Covello, Director
of Columbia University's Center for Risk Communications, agree that posting and
notification of pesticide applications fits into the proven principles of risk communication.

Scientists don't understand why the public's perception of the risks of pesticides is
much higher than the actual risks. They believe that if they tell the public there is no
scientific evidence of unacceptable risks from pesticides, the public will stop worrying and
the perceived risk will disappear. But their approach is wrong.

The pesticide user industry is trying to alleviate the public's fears by letting them feel
that they have control over the pesticide application process--by notifying them when
pesticides are applied. This approach lets individuals decide for themselves whether they
want to expose themselves to a pesticide. It helps gain the public's trust and gives
credibility to our industry.

Consider the public's perception of risk:
1. Voluntary risks are accepted more readily than those that are imposed.

2. Risks that individuals feel they have some control over are better accepted than risks
that individuals feel they have no control over.

3. Risks that seem fair are more acceptable than those that seem unfair.
4. Natural risks seem more acceptable than artificial risks.
5. Risks that are known are more acceptable than those that are not known.

Based on these points of perceived risk, the pesticide user industry believes that the
following, when reasonable and consistent, is the best approach for communicating risk:

1. Post a sign to allow individuals to decide for themselves whether they want to
expose themselves to the pesticide.

2. Have an open notification registry so that people can decide for themselves whether
they want to be pre-notified or not.

3. Give people information about what product is being applied, how much, and for
what reason. Also provide them with the opportunity to request copies of product
labels.
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4. Explain that these products are the same ones that homeowners or "do-it-your-
selfers" can buy; and if they apply these products, they should be posting too.

5. Be responsive to a customer's request for additional information about a product.

6. Provide customers with an open-ended service agreement that spells out the terms of
the pest control program. This puts the customers in control--they can cancel the
service agreement at any time.

7. Offer the customer alternative programs, such as an organic, natural, or pesticide-
free program.

EDUCATION OF PESTICIDE APPLICATORS

The urban/suburban pesticide user industry believes that proper training of pesticide
applicators is one of the most important factors in providing responsible pest control
services to the public. The pest control industry also believes that the Federal Insecticide,
Fungicide and Rodenticide Act (FIFRA) should have requirements for licensing
applicators of general use pesticides, and required training for technicians making
applications.

In addition, the pesticide user industry is concerned that even with these additional
requirements, many of the non-commercial users of pesticides--the homeowner "do-it-
your-selfers"--often apply these products without sufficient information or instruction. We
feel that the pesticide user industry and the state extension agencies should consider
adopting voluntary training programs aimed at these pesticide users.

These provisions are part of an approach that should help address the public's concerns
about pesticides. Also, the Professional Lawn Care Association of America (PLCAA) has
developed a document containing commonly asked questions and answers about lawn
care. PLCAA consulted closely with the Environmental Protection Agency and the
Federal Trade Commission on this document, which it feels will help in the risk
communication process by supplying more information to the public. "What You Should
Know About Lawn Care Products and Services" covers such topics as pesticide safety,
regulation of lawn care products and services, posting and notification, and the pesticide
registration process. It also discusses the terms natural organic, natural based, and organic
based.

The pesticide user industry feels that with increased education for all users of
pesticides, and a commitment to a proper communications program by the entire industry
including manufacturers, suppliers, users, and scientists, we will be on the road to solving
the problem of a negative perception of urban/suburban pesticide use.

RECEIVED December 18, 1992
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Chapter 6

Field Evaluation of the Persistence and
Efficacy of Pesticides Used for Termite
Control

B. M. Kard and C. A. McDaniel

Forestry Sciences Laboratory, Forest Service, U.S. Department
of Agriculture, P.O. Box 2008, GMF, Gulfport, MS 39505

Separate quantities of soil were each treated with one of seven currently
registered termiticides and placed in trenches along the inside and
outside of reduced-scale concrete foundation walls. Each termiticide was
applied at its lowest label rate. Composite soil samples were collected
after 1, 30, 60, 120, 180, 270, and 365 days. For each termiticide,
mean ppm recovered + SD of eight composite samples after 1 day was:
Dursban TC (1.0% Al rate), 924 + 192; Pryfon 6 (0.75%), 782 + 48;
Demon TC (0.25%), 430 + 108; Prevail FT (0.30%), 353 + 57;
Dragnet FT (0.50%), 471 + 127; Torpedo (0.50%), 590 + 213;
Tribute (0.50%), 681 + 255; water controls (0.0%), 0.0 + 0.0. Using
a standard soil sampling protocol developed for this study, initial
recoveries of active ingredients were within a 95% or better confidence
interval of theoretical ppm. Termiticide residue analyses are provided
for the first year of this investigation, which will continue for a
minimum period of five years. Differences in degradation of active
ingredients between inside and outside concrete foundation walls are
provided for the first 12 months. Additionally, evaluations of long-term
field tests of currently marketed termiticides are provided. Organo-
phosphate and pyrethroid termiticides provided several years of termite
control depending on rates applied to the soil and test site location.

Subterranean termites annually cause hundreds of millions of dollars in damage to
wooden structures in the United States (7-3). Chemical treatments to soil are used
protect wooden structures from termite attack, and eight termiticides representing five
active ingredients are currently registered by the Environmental Protection Agency
(EPA) for use under and around buildings. Chlorinated hydrocarbon, organophosphate
(OP), and pyrethroid (PR) termiticides have been used, often providing 10 to 20 or
more years of control (4-5). Currently OP and PR termiticides are marketed in the
United States. However, little work has been published concerning a standard soil
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sampling protocol or expected concentrations of termiticide residues in soils after by-
the-label termiticide treatments.

TERMITICIDE RESEARCH

Soil sampling techniques and methods of chemical residue analysis of soils vary from
state to state and from laboratory to laboratory. There are a great number of different
soil types and conditions across the United States; therefore, the ppm of termiticides in
soil reported from different areas of the United States varies. This makes it difficult
for pest control operators, researchers, state regulators, and other interested parties to
know what to expect from a proper termiticide treatment to soil. If consistent and
reliable sampling and analysis are to be achieved, standardized soil sampling and
laboratory analysis methods should be accepted and implemented nationwide.

A soil sampling method developed by the Association of Structural Pest Control
Regulatory Officials (ASPCRO) and representatives from each termiticide manufacturer
is detailed herein. Also, the nationally accepted APHIS QA/QC laboratory analysis
methods for determining amounts of termiticide residues in soil samples are cited in
Appendix A and will be used in this study. These methods are accepted and
recommended by ASPCRO.

Additionally, ASPCRO is conducting field studies in several states in order to
establish a protocol and guidelines for the collection and interpretation of residue data
for soils treated with termiticides. These studies will provide additional information
concerning expected residues in soil after termiticide treatments.

Termiticide Persistence and Soil Sampling. Members of ASPCRO, the National Pest
Control Association, state regulators, university and government termite researchers,
and manufacturers of termiticides recognize the need to establish a standardized soil
sampling method for collecting soil treated with a termiticide. A standardized method
is needed to ensure consistency in soil samples arriving at residue analysis laboratories
as well as provide confidence that quantities of termiticides have been recovered with a
known degree of reliability.

In response to these needs, ASPCRO formed a "committee on termiticide sampling
and concentrations in soils" (Committee). The Committee met in January 1990, and
established the interim guideline that if a termiticide treatment to soil is to be
considered adequate, SO to 150 parts per million (ppm) of termiticide must be present.
This interim ppm range may be modified as determined by future research using the
field soil sampling and laboratory soil analysis protocols followed in this study. The
Committee also decided to develop a standard soil sampling protocol for use in the
current research. This protocol was developed by extracting portions of several
proposals submitted by Committee members and manufacturer's representatives. The
intent of the Committee is that a reliable protocol will be adopted and used in future
field sampling around structures to determine levels of termiticides expected in soils
following by-the-label termiticide treatments. The Committee again met in March
1990, at the Forest Service Wood Products Insects Research Laboratory in Gulfport,
Mississippi. A specific soil sampling protocol was developed for field tests with
currently marketed termiticides. The basic design of the termiticide soil residue study
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was also developed. In August, 1990, this study was placed on the Harrison
Experimental Forest, ca. 20 miles north of Gulfport, Mississippi, and consisted of
termiticide treatments to soil which was then placed in trenches around the inside and
outside of reduced-scale concrete building foundations.

Termiticide Efficacy. In nationwide field tests, evaluations of termiticide treatments
to soil are continued for as long as the termiticides remain effective barriers against
subterranean termites. Chlorpyrifos (Dursban TC; Equity), cypermethrin (Demon TC,
Prevail FT), fenvalerate (Tribute), isofenphos (Pryfon 6), and permethrin (Dragnet FT;
Torpedo) field tests were initiated from 1967 through 1980 (6). These tests provided
the information necessary to register currently marketed soil termiticides in the United
States. Test sites are located in Arizona, Florida, Mississippi, and South Carolina,
representing varying climatic conditions and different soil types. Several Reticulitermes
species are found in Florida, Mississippi, and South Carolina. In Arizona, the desert
subterranean termite, Heterotermes aureus (Snyder), causes extensive damage to
wooden structures and products. Mention of a company or trade name does not imply
endorsement by the USDA.

Objectives. The objectives of the studies described herein are to:

(1) Establish and verify a standard soil sampling protocol for use by regulatory
officials, pest control operators, researchers, and other interested individuals.

(2) Determine the concentrations (ppm) of the currently marketed termiticides in
soil 1 day and 30 days after a proper by-the-label termiticide application to soil
in trenches along the inside and outside of a building foundation wall.

(3) Determine degradation rates of all currently marketed termiticides in the
Rumford sandy loam soil in the test site.

(4) Determine the concentration of termiticide in the soil at which subterranean
termites penetrate the soil to attack bait wood.

(5) Evaluate "years-of-effectiveness” of currently registered and marketed
termiticides in long-term field tests through 1991, using ground-board and
concrete slab test methods.

MATERIALS AND METHODS

Precast Concrete Blocks. Plywood forms were constructed and used to produce 30
reduced-scale, steel-reinforced poured concrete blocks to simulate vertical walls of a
crawl space building foundation (Figure 1). The blocks measure 30.0-inches (76.2-cm)
square outside by 14.0-inches (35.6-cm) high with 2.0-inch (5.1-cm)-thick walls, and
are reinforced with nine gage, 6-inch (15-cm)-square steel wire mesh (1- by 10-feet;
0.3- by 3-m).
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Concrete-Block Wall Trenching Test. This test simulates application of a termiticide
emulsion or solution under ideal conditions in trenches along the outside and inside of a
building foundation wall that had been back-filled with soil thoroughly mixed with
termiticide. To establish a field test site, a level, rectangular block of land, 45- by
150-feet (14- by 46-m), was cleared of leaves and duff and divided into thirty square
plots, each 15.0-feet (4.6-m) on a side. A 42-inch (107-cm)-square (outside perimeter)
by 14-inch (36-cm)-wide by 8-inch (20-cm)-deep trench was excavated in the center of
each plot. One precast concrete block was centered in each trench (block sides parallel
to the plot lines), establishing a 3 by 10 grid of blocks. Following placement of a
concrete block in each plot, 2-inches (5-cm) of soil was placed in the bottom of each
trench and compacted, resulting in a 6-inch-square trench cross-section on the inside
and outside of each concrete block (Figure 1).

The remaining soil previously excavated from each trench was sifted through a
0.25-inch (0.64-cm)-square mesh screen to remove rocks, pebbles, leaves, and debris,
and retained for treatment with termiticides. One cubic foot (0.0283-m?) of the sifted
soil was placed in a clean drum of a motorized concrete mixer. Using a 3-gallon hand-
pressurized sprayer, a known concentration and volume of termiticide (label rates) was
sprayed over the soil as the drum rotated, and allowed to mix for 15 minutes. The
treated soil was placed back into the outer trench, evenly distributed, and tamped down
to the level of the original soil surface. Outer trenches required 3 cubic feet of soil for
each concrete block. This procedure was repeated for the trenches inside blocks using
1.7 cubic feet (0.048-m3) of soil treated with termiticide at the same rate as the outer
trench soil.

For these treatments, the lowest label rate for each of the seven registered
termiticides was randomly assigned to four concrete blocks within the 30-block grid
(Table I). Trenches outside and inside the blocks in the two control plots were back-
filled with soil treated with water at the same volume as termiticide treatments. The
water used in all treatments was non-chlorinated with a pH of 7.0.

After filling trenches with soil treated with termiticides or water, two 2- by 4- by 4-
inch (5- by 5- by 10-cm) pine sapwood blocks were placed on top of the treated soil
both outside and inside of the four block walls (16 pine blocks per plot). During each
posttreatment sampling of soil, blocks were checked for termite attack. Decayed
blocks were replaced. Concrete blocks were capped with a square (1.0- by 32.0- by
32.0-inch; 2.5- by 81.3- by 81.3-cm) plywood cover that was sealed against moisture.
This provided a 1.0-inch (2.5-cm) overhang on all block sides. Tops of covers were
painted glossy white to reflect heat. The underside of each cover had four 1.0- by 2.0-
by 25.5-inch (2.5- by 5.1- by 64.8-cm)-long fir strips attached in a 25.5-inch (64.8-
cm)-square configuration arranged parallel to the sides of the cover and fitting inside
the block, keeping the cover centered on the block. A brick was placed on top of each
cover at its center to hold it in place. Covers that became decayed or damaged during
the test were replaced. To provide ventilation holes, a 1.5-inch (3.8-cm)-inside
diameter by 2.0-inch (5.1-cm)-long PVC pipe was horizontally inserted ca. 2-inches -
cm) below the top and centered on each side of all concrete blocks during their
fabrication (Figure 1).

Ten 300-gram samples of sifted, non-treated soil from trenches were dried at 221°F
(105°C) for 24 hours, cooled in a desiccator for 24 hours, and weighed. Dry soil

In Pesticides in Urban Environments; Racke, K., et a.;
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Figure 1. Concrete block test unit.

Table I. Termiticides and Rates Used in the Concrete Block Wall Trenching Test2

Formulation Al

Trade Name Active Ingredient Concentration %
Dursban TC Chlorpyrifos 1.0

Pryfon 6 Isofenphos 0.75
Demon TC Cypermethrin 0.25
Prevail FT Cypermethrin 0.30
Tribute Fenvalerate 0.50
Dragnet FT Permethrin 0.50
Torpedo Permethrin 0.50

= All termiticides were applied at 4.0 gallons (15.14-1) per 10.0 linear feet (3.05-m) of
trench per foot (0.305-m) of trench depth

In Pesticides in Urban Environments; Racke, K., et a.;
ACS Symposium Series; American Chemical Society: Washington, DC, 1993.



Downloaded by NORTH CAROLINA STATE UNIV on October 26, 2012 | http://pubs.acs.org

Publication Date: February 18, 1993 | doi: 10.1021/bk-1993-0522.ch006

6. KARD & MCDANIEL Pesticides Used for Termite Control 51

volumes were then measured to determine mean weight per cubic foot for use when
calculating termiticide ppm in soil.

The inside of the concrete mixer barrel was cleaned before and after mixing each
termiticide with soil. The barrel was thoroughly rinsed with water, scrubbed out with
non-bleach detergent and again rinsed with water. Following this second rinse, the
barrel was rinsed with 200-ml of a hexane and isopropyl alcohol mixture (3:1),
followed by a third water rinse. The hexane and alcohol rinsate and the third water
rinsate were collected in a waste container and removed from the test site. The two
water treatments (controls) were placed in plots first.

Termiticide Residues and a Standard Seil Sampling Protocol. Each manufacturer
provided an analysis of its termiticide concentrate for use in the study. Samples of each
concentrate were also analyzed by the National Monitoring and Residue Analysis
Laboratory (NMRAL) in Gulfport, MS. Each concentrate was diluted to its lowest
label rate for use in this investigation. A sample of each dilution was also analyzed by
the NMRAL. Immediately after mixing each termiticide with soil in the concrete
mixer, a ca. 200-gram sample of treated soil was removed for chemical analysis.
Trenches were then filled with treated soil.

Soil samples were collected from the trenches in each plot at the following times:

1, 30, 60, 120, 180, 240, 300, and 365 days after treatment. Additional samples will
be collected annually for 5 years in order to determine long-term degradation curves.
All samples, other than the first ones collected 24 hours after treatment, were collected
within a +5-day range of the specified sampling day.

To collect soil samples, a 1.0-inch (2.5-cm) inside diameter by 8-inch (20-cm)
stainless steel soil probe was used. Leaves and duff were removed from a small area
(ca. 2-in?; 14-cm?) of filled trench, 2-inches (5-cm) from the four inside and outside
walls of each concrete block. One 4.5-inch (11.3-cm) vertical core of treated soil was
collected from the trench along each outer wall and the top 0.5-inch (1.3-cm) of treated
soil removed. These four cores were placed in an aluminum-foil (uncoated)-lined
plastic soil sampling bag, and mixed with a clean glass stirring rod for 2 minutes to
provide one homogeneous composite sample. One 4-inch vertical core from the trench
along each inner wall was similarly combined and mixed to provide a single composite
sample. This resulted in sixty composite samples being collected on each posttreatment
sampling date. The locations where soil cores were removed were plugged with a 1-
inch (2.5-cm) outside diameter by 5-inch (13-cm)-long PVC cylinder to ensure the
same location would not be resampled and prevent soil from collapsing into the holes.

Each sample bag was labeled with indelible ink directly on the outside and with a
tag wired to its top. Labels designated the sample number, date collected, and the test
site location. Sample bags were placed into an ice chest containing sealed, frozen,
refreezable "blue ice” to maintain soil at 70°F (21°C) or less, and delivered to the
NMRAL within 2 hours for analysis. Samples were maintained a -10°C while awaiting
analysis.

Test Site Description. The Harrison Experimental Forest is located in Harrison
County, on the central gulf coast of Mississippi. Soil type is Rumford sandy loam with
the following characteristics: pH-5.1; clay-4.9%; silt-25.2%; sand-69.9%. Average
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yearly rainfall is 67 inches (170 cm). The site supports widespread, numerous
populations of the native subterranean termites Reticulitermes flavipes (Kollar), R.
virginicus (Banks), and R. hageni (Banks).

Laboratory Analyses of Soils Treated with Termiticides. Appendix A cites the
laboratory protocols used to analyze for each termiticide.

Data Analyses. Residue analyses of soils treated with termiticides will be used to
develop multi-year "time-rate-of-decay" curves for each termiticide. Rates of
degradation between outside and inside foundation walls are compared. Means and
standard deviations of termiticide ppm recovered will be used to indicate the precision
of the sampling procedure and to indicate expected concentrations in soil over time
following the thorough termiticide treatments to soil. Residues will be determined over
a 5-year minimum period. The ability of Reticulitermes spp. to penetrate soil treated
with each termiticide to attack pine blocks was evaluated as the concentrations of
termiticide changed in the soil during the first year. These evaluations will be
continued for at least 5 years.

Termiticide Efficacy. Field evaluations were conducted at test sites in Arizona,
Florida, Mississippi, and South Carolina. At each test site, an experimental area was
established that contained 10 blocks (each 10.7- by 10.7-m), with each block
subdivided into 49 plots (each 1.5- by 1.5-m). Each termiticide treatment was
replicated once in each block (one treatment in a plot) in a randomized complete-block
design. Non-treated plots in each block were reserved for future tests.

Termiticides were evaluated in both ground-board and concrete slab tests (1,7).
Aqueous solutions or emulsions of termiticides were applied to the soil at several active
ingredient concentrations, usually ranging from 0.00% (water only controls) to 1.0%
[AI] by weight. These dilutions were applied at a volume of 1.0 pt/ft? (5.1 liters/m?)
of soil surface area. Each block contained one concrete slab and one ground-board
treatment of each concentration.

The concrete slab method simulates conditions which exist under a poured concrete
slab house foundation. The steps involved in establishing test plots were as follows:
leaves and debris were removed to expose soil in a square area 24 inches (61 cm) on a
side. A square wooden frame [21 inches (53 cm) on a side] constructed of 1- by 1-inch
(2.5- by 2.5-cm) spruce strips was placed in the center of the cleared area, and a trench
ca. 2-inches (5-cm) deep and 2-inches (5-cm) wide was dug around the inside of and
adjacent to the frame. A square metal frame 17 inches (43 cm) on a side by 4-inches
(10-cm) high was then centered within the wooden frame and the termiticide applied
evenly to the soil surface within the metal frame. The metal frame was then removed
and a vapor barrier [6-mil thick, square polyethylene sheet, 21 inches (53 cm) on a
side] placed over the treated area [sheet extended ca. 1 inch (2.5 cm) into the trench on
all sides]. A cylindrical plastic tube [4-inches (10-cm) diameter- by 4-inches (10-cm)
high] was then placed upright on the vapor barrier in the center of the treated area, and
concrete was poured over the vapor barrier until it reached the top of the wooden
frame. The concrete was finished with a trowel, resulting in a smooth-surfaced slab.
The wooden frame was left in place. When the concrete hardened, the vapor barrier at

In Pesticides in Urban Environments; Racke, K., et a.;
ACS Symposium Series; American Chemical Society: Washington, DC, 1993.



Downloaded by NORTH CAROLINA STATE UNIV on October 26, 2012 | http://pubs.acs.org

Publication Date: February 18, 1993 | doi: 10.1021/bk-1993-0522.ch006

6. KARD & MCDANIEL  Pesticides Used for Termite Control 53

the bottom of the tube was cut out to expose treated soil. A pine sapwood block [2-by
3- by 4-inches (5.1- by 7.6- by 10.3-cm)] was placed inside the tube and in direct
contact with the treated soil. The tube was capped to reduce loss of moisture and to
preclude rain and sunlight from affecting the termiticide.

The ground-board method is similar to the concrete slab method except that no
concrete slab or vapor barrier is used. A 6- by 6- by 1-inch (15- by 15-by 2.5-cm)
pine sapwood board was placed in direct contact with the soil in the center of the
treated area and weighted down with a brick. Thus, the treated area remained exposed
to weathering.

Treated plots were evaluated annually for a minimum of five years. Evaluations
were continued if the termiticide remained an effective barrier against subterranean
termites past this period. Blocks and boards that became severely decayed were
replaced during posttreatment evaluations. In all treatments, the response variable was
"yes" (wood attacked and treated soil penetrated by termites) or "no" (wood not
attacked and treated soil not penetrated by termites) as evidenced by the condition of
the treated soil and the block, stake, or board in contact with the soil. When termites
had penetrated treated soil and attacked the wood in 50% or more of the replicates ofa
particular treatment, that treatment was no longer evaluated.

RESULTS

Termiticide Residues and a Standard Soil Sampling Protocol. Initial samples of soil
that were separately treated with one of each registered termiticide were removed from
their respective trenches after 24 hours. For each termiticide, applied at its least
coricentrated label rate, soil sample average ppm recovered = the standard deviation of
eight composite samples were as follows: Dursban TC (1.0% Al rate), 924 + 192;
Pryfon 6 (0.75%), 782 + 48; Demon TC (0.25%), 430 + 108; Prevail FT (0.30%),
353 + 57; Dragnet FT (0.50%), 471 + 127; Torpedo (0.50%), 591 + 213; Tribute
(0.50%), 681 + 181; water control (0.0%), 0.0 + 0.0 (Table II). The ppm recoveries
were achieved under near ideal conditions in a carefully controlled experiment with as
homogeneous a mixture of termiticide and soil as possible. All recoveries were within
a95% or higher confidence interval for theoretical ppm, validating the soil sampling
protocol.

The additional cores of soil treated with each termiticide that were removed at
regular intervals during the first year of the test, were analyzed for termiticide residues
and the + 95% confidence limits calculated (8). Termiticide residues recovered from
inside and outside concrete block walls, and combined and theoretical ppm are
provided in Table II.

The changes in ppm recoveries for each termiticide at each sample interval did not
always show a gradual degradation of Al. Since variability is to be expected with each
composite sample recovered, increases as well as decreases in ppm are considered
normal, especially during the first sampling year. As more ppm data are collected over
several years, normal degradation curves showing steady decreases of Al are expected.
Field data beyond one year are needed to establish realistic curves.

A similar perspective is needed when evaluating attack by termites to wooden
blocks placed on top of the treated soil in both the outside and inside trenches. For all
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termiticides tested, during the first year there was no attack to wooden blocks on top of
the treated soil in the inside block wall trenches. However, for outside trenches, a few
wooden blocks on top of soil treated with five of the seven termiticides sustained
attack. When investigating the treated soil directly under the attacked blocks, it was
noted that termites were tunnelling only through approximately the upper inch of soil to
reach the blocks. This soil is directly exposed to weathering, and significant rainfall
occurs in the test site. Thus, termiticides in the top inch of soil may have degraded
more rapidly than termiticides at greater depths. Termite attack to wooden blocks must
be evaluated over a few years to gain reliable data on long-term differences between
termiticides.

Termiticide Efficacy. Table III provides years-of-effectiveness of currently registered
termiticides in long-term field tests as of 1991, using both the ground-board and
concrete slab test methods. To clarify Table III, the following examples are provided.
In Mississippi, a 1.0% concentration of chlorpyrifos placed under concrete slabs in
1971 provided 100% control of subterranean termites for 11 years; control then
declined to 90% during the 12th year, where it remained for the next 4 years before
declining further to 70%. It remained at 70% for 1 year before falling below 50%
effectiveness.

In Arizona, 0.5% cypermethrin under concrete slabs remained 100% effective
against subterranean termites for 4 years; effectiveness then declined to 90% during the
5th year, where it remained for 1 year before declining to 70%. It remained at 70%
for 1 year before declining to 50%, where it remained for at least 1* year. The
asterisk after a 1 indicates that evaluation of this treatment was ended after 1 year at
50%; thus the total number of years that 0.5% cypermethrin remained at 50% control
was not recorded. Other asterisks found in the table indicate the same situation. The
arrow between 90% and 70% effectiveness represents a greater than 10% loss in
termite control during the 6th test year. A dash represents termite control percentages
not yet observed.

In Florida, 1.0% permethrin (Dragnet FT) under concrete slabs has remained 100%
effective in preventing penetration of subterranean termites through treated soil for
more than 13 years of testing. However, the same treatment at the South Carolina site
was 100% effective for 10 years; effectiveness then declined to 90% during the 11th
year, where it remained for 1 year before declining to 80%, where it has remained for
more than 2 years.

Because termiticides were placed in field tests in different years, a termiticide
reported as 100% effective for a certain number of years is not necessarily less
successful than one listed as 100% effective for a longer period. The termiticides
simply have not been evaluated for an equal period.

DISCUSSION
Soil sampling and termiticide residue analyses will continue for a minimum period of 5

years, and termiticide "time-rate-of-decay" curves will be determined for the sandy
loam soil type in the experimental site. Rates of degradation between outside and
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inside foundation walls will be evaluated for at least 5 years. These data will be
reported in future publications.

Additionally, the ability of subterranean termites to penetrate soil treated with each
termiticide and attack pine blocks on top of the treated soil will be evaluated as the
study continues. Since changes in ppm of termiticides in the soil will be determined
over time simultaneously with the evaluation of termite penetration through the treated
soil, it may be possible to establish a range of termiticide concentrations in the soil
through which the termites are able to penetrate. This would allow a pest control
operator, researcher, or other interested party to use degradation tables to estimate a
point in time when a termiticide retreatment is needed to prevent a termite infestation.

It should be noted that the termiticide residue portion of this study analyzed only
the parent active ingredient of each termiticide in soil. Amounts of degradation
products such as oxon metabolite of isofenphos, or TCP from chlorpyrifos were not
determined (9-11). Some degradation products are known to be insecticidal and may
partially account for prolonged effectiveness of a termiticide barrier in concrete slab
tests although the primary insecticide is degrading relatively rapidly compared to
another termiticide. Further studies concerning degradation products are being
conducted by other researchers.

Generally, termiticides placed under concrete slabs were 100% effective for 5 or
more years when applied at the highest label rates but were less effective when applied
at the lowest label rates. Termiticides protected under concrete slabs remained
effective against subterranean termites longer than when placed in the exposed
conditions of ground-board tests.

Organophosphates placed under concrete slabs were not effective as long in Arizona
as in the other test sites. Relatively high soil surface temperatures and low soil
moisture conditions in this arid climate may affect degradation rates. In contrast,
except for cypermethrin, pyrethroids generally have remained effective for longer
periods in Arizona than in the other sites. This indicates that climatic conditions may
have a significant affect on termiticide longevity. Thus, to achieve termite control for
the years indicated by research results, termiticides must be applied as a continuous
barrier in the soil at the rates required by their labels.

In other field studies related to those described herein, the ASPCRO Committee is
currently completing a 1- to 2-year multi-state study in order to establish a protocol and
guidelines for the collection and interpretation of actual field data, relative to
termiticide residues in soils which have been treated according to product label use
dilution rates and application directions. Studies in Arizona, Georgia, Indiana, and
Oklahoma using all currently marketed termiticides (except Equity) are scheduled for
completion in 1993.

In the participating states, each product was placed around the exterior of at least
three houses. Slab foundations and structures with basements also were included in the
study. Local pest control operators (PCOs) performed the treatments according to
standard practices, with state pesticide regulatory agency staff members present as
quality control observers. Equipment and treatment methods were consistent across all
PCOs. Three composite soil core samples were collected on each of several sampling
dates. These samples were collected immediately prior to termiticide application,
within 24 to 48 hours after initial application, and after 30, 120, and 365 days (%5
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days). Composite samples are delivered to participating state soil analysis laboratories
as well as the appropriate termiticide manufacturer for residue analyses. Samples
initially analyzed were the 24- to 48-hour samples; the 365-day samples also will be
analyzed. Other samples will be retained for future reference and analysis as needed.
Thus, seventy-two composite samples per termiticide will be analyzed during the study.

Analytical results of this study will be consolidated in a centralized database
maintained by the Clemson University Department of Fertilizer and Pesticide Control.
Once all data collection and consolidation is complete, the information will be made
available.

Some benefits of the termiticide residue and soil sampling protocol and termiticide
efficacy studies described herein, and the related ASPCRO multi-state study, will be an
improved understanding of expected termiticide residue levels following a "by-the-
label" treatment, as well as expected years-of-effectiveness of termiticide barriers in the
soil. This knowledge will be useful to homeowners, PCOs, termiticide manufacturers,
and regulators.
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APPENDIX A

Protocols for Residue Analysis of Specific Insecticides. The protocols in this
appendix have been developed by a manufacturer or are under copyright. They can be
obtained from the manufacturer or found in the cited publication.

A. Manufacturer's Protocols:

A.l.

A2,

Wetters, J. H. Determination of Residues of Chlorpyrifos (0,0-diethyl-0-(3,5,6-
trichloro-2-pyridyl) phosphorothioate) in Soils by Gas Chromatography. Dow
Chemical U.S.A., Agricultural Products Dept., Midland, MI. ACR 77.7, 1977.

Shaw, H. R., I. Gas Chromatographic Method for Residual of Oftanol and
Oftanol Oxygen Analog in Soils. Chemagro Agric. Div. of Mobay Chemical
Corp. Research and Development Dept. Report No. 53690, Doc. No. AS79-506,
1977.

B. Published Protocols:

A3.

A4,

AlS.

Sapiets, A.; Swaine, H.; Tandy, M. J. Analytical Methods for Pesticides and
Plant Growth Regulators, Cypermethrin, Vol. XIII. Chap. 2, Academic Press,
Inc. 1984.

Shell Development Company. Analytical Methods for Pesticides and Plant
Growth Regulators, Pydrin: Insecticide, Vol. XIII. Chap. 7, Academic Press,
Inc. 1984.

Swaine, H.; Tandy, M. J. Analytical Methods for Pesticides and Plant Growth
Regulators, Permethrin, Vol. XIII. Chap 6, Academic Press, Inc. 1984.
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Chapter 7

Effect of Concentration, Temperature, and Soil
Moisture on the Degradation of Chlorpyrifos
in an Urban Iowa Seoil

J. H. Cink and J. R. Coats

Department of Entomology, Iowa State University, Ames, JA 50011

The effect of concentration, temperature, and soil moisture on chlorpyrifos
degradation were investigated in an urban Iowa soil. Soil samples were
brought into the laboratory for treatment. Formulated Dursban TC at 10,
500 or 1,000 ppm was applied with water to establish soil moisture
tensions of 0.03, 0.30 or 3.00 bar. Treatments were then placed in
incubation chambers maintained at 20° and 27°C. Temperature did not
affect the degradation of chlorpyrifos or mineralization of its primary
metabolite, 3,5,6-trichloro-2-pyridinol (TCP). Soil moisture greatly
affected mineralization. The highest percent of mineralization occurred in
soil maintained near field capacity (0.30 bar) while the lowest percentage
occurred in soil maintained under the driest condition (3.0 bar).
Concentration had the greatest effect on the degradation of chlorpyrifos to
TCP. At higher concentrations of chlorpyrifos applied, the amount of
chlorpyrifos remaining was greater. The highest concentration of
chlorpyrifos applied (1,000 ppm) had the highest amount of chlorpyrifos
remaining and the lowest relative percentage of TCP formed.

Since the removal of chlordane and other chlorinated cyclodiene termiticides from the
market, the organophosphorus insecticide chlorpyrifos (Dursban TC) has become the most
widely used termiticide. Estimates, based on annual chlordane use, place the annual
application of chlorpyrifos for termite control at approximately 1.7 million pounds of
active ingredient (I). Chlorpyrifos is widely used in rural and urban settings for
preventative soil barriers around and under buildings and in direct applications to posts,
poles, and other wood products for protection from damage caused by termites. The
primary damaging termite species in the United States include the eastern subterranean
termite and the Formosan subterranean termite.

0097—-6156/93/0522—0062$06.00/0
© 1993 American Chemical Society
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Chlorpyrifos (as Lorsban) has been used for many years in agriculture for the control
of various field crop insect pests. In Iowa alone, over one million acres of corn soils are
treated with chlorpyrifos annually (2). Although several studies have focused on the
persistence and degradation of chlorpyrifos in soils (3-9), these studies have examined
rates comparable to those used for the control of pests in field crops and have not
addressed the higher rates used in termite control. Degradation kinetics of soil-applied
pesticides can be highly concentration-dependent in some cases. Herbicides applied to soil
at high concentrations (e.g., 10,000 ppm) were degraded extremely slowly compared to a
normal field application rate (10). Chlorpyrifos degradation involves both chemical and
microbial processes (11). Studies have shown that, although chlorpyrifos is not mobile in
soil (12), its primary degradation product, 3,5,6-trichloro-2-pyridinol (TCP), is potentially
more mobile in a wide range of soil types (13). TCP has also been shown to be more toxic
to one microorganism than chlorpyrifos (14). The degradation rates for TCP are variable
depending on the specific soils (15, 16). The purpose of this study was to determine how
moisture, temperature, and application rate can influence the degradation of chlorpyrifos
in soil. Although these factors have been investigated for application rates suitable for
agriculture, they have not been examined at the rates used for termite control, which are
two orders of magnitude higher. It is important that we understand how this chemical will
react in the environment so that adequate termite control can be obtained without adverse
effects to human health or the environment.

METHODS AND MATERIALS

Chemicals. Radiolabeled [2,6-ring-14C]chlorpyrifos (25.5 pCi/mmol) (16) and non-
labeled Dursban TC were obtained from DowElanco for use in this study. The
[*Clchlorpyrifos was dissolved in acetone to yield a treating solution. The radiopurity of
this material was tested by thin-layer chromatography (TLC) immediately prior to study
initiation and found to be >99%. Addition of Dursban TC-formulated material to the
treating solution was based on normal labeled concentrations of the active ingredient.
Treating solutions were prepared by combining [14C]chlorpyrifos, non-labeled Dursban
TC and water in sufficient amounts to yield 0.5 pCi per 50 g dry soil; chlorpyrifos
concentrations were 10, 500 or 1,000 pg/g. Soil moisture tensions were established
within treatment jars at 0.03, 0.30 or 3.00 bar. All other chemicals and solvents used were

reagent grade.

Soil. The soil used for this study was surficial (0-15 cm), taken from the north and south
sides of an established urban building. Soil samples were combined, mixed thoroughly,
then sieved to remove debris and large particles. The prepared soil was then stored at 4°C
prior to use to minimize effects on microbial activity. Properties of the soil are listed in
Table I. All soil data are expressed on a dry weight basis.
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Table L. Characteristics of the Iowa soil used for laboratory degradation studies

Texture
Soil type pH 0C2% Sand% Silt%  Clay% pp Kb CEC*

Loam 7.8 3 52 34 14 56 22 16.5

20C - organic carbon content
bP and K reported in ppm.
¢CEC - cation exchange capacity (meq/100g)

Soil Treatment and Incubation. For determination of chlorpyrifos degradation rates,

50 g (dry weight) portions of soil were weighed out into individual 8-o0z French square
bottles. Treating solution was then uniformly applied so that samples received 0.5 pCi at
10, 500 or 1,000 pg/g chlorpyrifos and appropriate water to establish soil moisture
tensions at either 0.03, 0.30 or 3.00 bar. Once the soil was treated, a 20-ml glass
scintillation vial containing 10 ml of 0.1 N NaOH was placed inside to serve as a CO; trap.
Treatments were divided between two incubators maintained at 20° and 27°C. During the
experimental period, filtered HPLC-grade water was added to each sample as needed, to
maintain the desired soil moisture tension. Each treatment was replicated six times.

Extraction and Analysis. NaOH traps were removed at regular intervals during the
12-wk incubation period and sampled for evolved #4CO2. At time 0 and 12 wk after
incubation, samples were removed and extracted three times by shaking with 100 ml of
acetone/phosphoric acid (99:1). Extracts from the 0-wk samples were used to quantify
(confirm) the amount of [**C]chlorpyrifos initially applied. Unextractable, soil-bound 4C
residues in the 12-wk incubation samples were recovered by combustion of aliquots of soil
to 14CO; in a Packard Bell model 300 oxidizer. Radiocarbon in NaOH traps, soil extracts,
and soil combustions were-analyzed by liquid scintillation counting (LSC).

Qualitative identification of 14C residues in the 12-wk soil extracts was determined by
thin-layer chromatography. Soil extracts were concentrated and spotted with
nonradioactive standards of chlorpyrifos and TCP on 250 pm thick silica gel plates and
developed with hexane/acetone/acetic acid (20:4:1) (11). Developed plates were air-dried
and then placed under 254 nm UV light to determine positions of nonradioactive
standards. The chromatogram was then cut into sections, which were placed in 7-ml
scintillation vials with 5 ml cocktail and counted to determine quantities of chlorpyrifos
and TCP.

Statistical Analysis. Each treatment combination was replicated six times. Data on the
evolution of 4CO; was plotted using all six replications, with error bars expressing + one
standard mean error (Figure 1-3). Data for soil extracts and soil combustions are based on
two replications randomly selected from the original six. Analysis of variance and L.S.D.
for pair-wise contrasts were used to evaluate treatment effects.
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Figure 1. Effect of moisture on the degradation of Dursban TC in an Iowa
soil when applied at 10 ppm and incubated at 27°C.
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Figure 2. Effect of moisture on the degradation of Dursban TC in an Iowa

soil when applied at 500 ppm and incubated at 27°C.
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Figure 3. Effect of moisture on the degradation of Dursban TC in an Iowa
soil when applied at 1,000 ppm and incubated at 27°C.
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RESULTS

Effect of Concentration, Temperature, and Moisture on the Mineralization of
Chlorpyrifos. The rate of mineralization, measured by ¥CO2 evolution, was not
significantly affected by temperature (Figure 1-3). Therefore, data for individual
treatments were combined across temperatures before statistical analysis. The result of
this combination revealed that concentration, moisture, and the interaction between these
two factors all were significant. All data are presented as percent of 14C applied.

The interaction between chlorpyrifos concentration and soil moisture tension revealed
that samples treated with 10 ppm chlorpyrifos evolved the greatest percent of 14CO; at
each moisture tension (Table IT). Samples maintained at 0.30 bar evolved a significantly
higher percentage of #CO, than samples maintained at either 0.03 or 3.0 bar tension.
Samples maintained at 3.0 bar evolved significantly less ¥CO; than samples maintained at
either 0.03 or 0.3 bar moisture tension (Table II).

Samples treated with either 500 or 1,000 ppm chlorpyrifos evolved a significantly
lower percent 4CO; at all moisture tensions compared to samples treated at 10 ppm.
However, no significant differences in mineralization were found between or within 500 or
1,000 ppm treatments.

Table II. Effect of chlorpyrifos concentration and soil moisture tension on the
degradation of Dursban TC in an urban Iowa loam soil (averaged for

2 temperatures)
Chlorpyrifos Concentration in Soil (ppm)
10 500 1,000
Soil Moisture (bar tension)
0.03 030 300 003 030 300 003 030 3.00
% of 11C recovered after 12 weeks

Chlorpyrifos 4.6 3.8 67 170 370 250 590 580 53.0
TCP 660 63.0 720 80.0 590 720 40.0 40.0 450
CO: 140 17.0 9.8 0.55 067 055 024 030 0.18

Effect of Chlorpyrifos Concentration on its Degradation. Preliminary analysis of the
data from the soil extracts indicated temperature did not affect the degradation of
chlorpyrifos or its metabolite (TCP). Data were then combined across all incubation
temperatures and reanalyzed. This analysis showed that there were no significant
interactions between the concentration of chlorpyrifos applied and soil moisture tension
(P <0.19). The same trend also appeared with TCP (P < 0.18). There was a significant
effect, however, due to concentration of chlorpyrifos applied on both the percent of
chlorpyrifos remaining and the percent of TCP present (P < 0.001).
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Based on the percent of 1C applied, soil treated with 10 ppm chlorpyrifos had the
lowest percentage of chlorpyrifos remaining, with only 5% at the end of the 12-wk
incubation. This was significantly less than either the 26% remaining for samples treated
with 500 ppm chlorpyrifos or the 57% remaining in the samples treated with 1,000 ppm.

The percent TCP present was significantly greater in samples treated with 10 or 500 ppm
with 67% and 70%, respectfully. The percent of TCP detected was significantly lower
(42%) in samples treated with 1,000 ppm.

The degradation pattern of 10 ppm chlorpyrifos is comparable to those in the literature
for agricultural application rates (8, 15, 16). For the higher rates (500 and 1,000 ppm),
the rates of degradation were much slower and concentration dependent.

Effect of Soil Moisture Tension on the Degradation of Chlorpyrifos. Although soil
moisture tension did not affect chlorpyrifos degradation at the same level of significance as
the concentration effect (P < 0.05), a trend seemed apparent (P < 0.078). The percent of
TCP formed, however, was significantly affected by soil moisture tension (P < 0.05).
Based on the percent of 14C applied, samples maintained at near field capacity (0.30 bar)
had 33% of the chlorpyrifos remaining at the end of the 12-wk incubation period.
Samples maintained at the wettest moisture level (0.03 bar) had only 26% of the applied
concentration remaining, compared to 28% remaining in soil samples maintained at the
driest moisture level (3.0 bar).

In contrast, the percent of TCP present was the least (54%) for samples maintained at
0.30 bar. Soil samples maintained at 0.03 and 3.0 bar had a significantly higher percentage
of TCP, with no significant differences detected between either of these moisture tensions.

Effect of Chlorpyrifos Concentration, Temperature, and Moisture on Bound Soil
Residues. Based on statistical analysis, temperature did not significantly affect soil bound
residues (P < 0.17). However, a significant interaction was detected between the
concentration of chlorpyrifos applied, incubation temperature, and soil moisture tension
maintained (P < 0.015). The percent of 14C applied remaining in unextractable or bound
residues was highest (5.8-10%) in soil samples treated with 10 ppm chlorpyrifos. Over
10% of the 4C applied was bound in samples incubated at 20°C and maintained at the
highest moisture level (0.03 bar). The amount of bound !4C was lower, less than 2%, in
the soil samples treated with 500 or 1,000 ppm (Table III).

DISCUSSION

In this experiment, temperature did not significantly affect the degradation of chlorpyrifos.
However, the concentration of chlorpyrifos applied and the soil moisture did play
important roles in modifying the rates of chlorpyrifos degradation and mineralization. At
the lowest concentration of 10 ppm, the amount of chlorpyrifos remaining at the end of

12 wk was only 0.5 ppm. However, the concentration of its TCP metabolite was 6.7 ppm.
TCP has been found to be toxic to one microorganism (14), and may reduce
mineralization in soil (17); however, the amount of TCP formed in the 10 ppm treatment
did not appear to adversely affect the soil microorganisms' capability to degrade or
mineralize chlorpyrifos.
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Table IIL. Effect of concentration, moisture and temperature on the percent of
bound residues in an Iowa soil

Temperature
20°C 27°C
Soil moisture (bar tension)
0.03 0.30 3.00 0.03 0.30 3.00
% of 4C recovered after 12 weeks
10 ppm 10.0 8.1 6.8 7.4 10.0 58
500 ppm 1.5 1.6 1.7 1.2 14 1.6
1,000 ppm 1.0 13 1.3 1.0 1.2 14

The greatest influence on degradation at the lowest concentration was the soil
moisture tension. Soil samples maintained at near field capacity (0.3 bar) provided
optimal conditions for mineralization at 10 ppm. At the higher soil moisture, near
saturated conditions (0.03 bar), the rate of mineralization was lower. A significantly lower
rate was seen when the soil was maintained at its driest level (3.0 bar). The main effect of
applying higher concentrations (500 or 1,000 ppm) of chlorpyrifos was to greatly reduce
the percent of mineralization. However, the same moisture effect trend appears as in the
soil treated at the lower concentration; mineralization of chlorpyrifos was higher in the
samples maintained at 0.3 bar, with reduction in mineralization as the soil becomes
saturated, and greater reduction when the soil was driest.

The percent hydrolysis of chlorpyrifos to its metabolite (TCP) was influenced the most
by the concentration of chlorpyrifos applied. Soil moisture did not appear to significantly
influence this process. We speculate that as the concentration of chlorpyrifos increases,
the mechanisms by which it is hydrolyzed (chemical and microbial) are slowed or reach
saturation. The concentration effect is also quite apparent for the mineralization of TCP.
At the higher concentrations of chlorpyrifos, the concentration of TCP formed was also
higher. The mineralization of 4C-TCP to 1#CO; can be significantly reduced due to the
toxicity of the TCP to soil microorganisms (14). Although the relative percentage of TCP
is lower in the soil treated with 1,000 ppm, the actual concentration of TCP is greater,
resulting in greater toxicity to soil microorganisms and extended residual activity of the

The persistence of chlorpyrifos is greatly influenced by the concentration applied to the
soil. At higher concentrations the rates at which chlorpyrifos is degraded to TCP and the
TCP is subsequently mineralized are dramatically lower. Soil moisture also influences
degradation. This effect is mainly seen in the percent of mineralization of TCP.
Conditions for the degradation of chlorpyrifos appear to be optimal when the soil is near
field capacity (0.3 bar); however, at a higher soil moisture the persistence of chlorpyrifos
was greater. Persistence is greatest when the soil is dry. Understanding how the
degradation of chlorpyrifos is affected by concentration, temperature, and soil moisture
may help us predict how long this chemical can provide adequate protection against
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termite infestation. Furthermore, this data provides valuable information based on climate
and soil conditions which may allow a pesticide applicator to adjust the application rate of
chlorpyrifos, for either the initial or repeat application, that will avoid over-application and
possible environmental insult.
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Chapter 8

Comparative Fate of Chlorpyrifos Insecticide
in Urban and Agricultural Environments

K. D. Racke, R. N. Lubinski, D. D. Fontaine, J. R. Miller,
P. J. McCall, and G. R. Oliver

Environmental Chemistry Laboratory, DowElanco, 9410 North Zionsville
Road, Indianapolis, IN 46268

The fate and degradation of pesticides in both agricultural and urban
environments are of interest. Chlorpyrifos insecticide is employed for
both agricultural and urban pest control scenarios, and was used as a
model compound to compare the environmental fate processes operating
in the two environments. Agricultural use patterns examined included
application to corn (soil-incorporated and foliar/soil spray) and citrus
(foliar/soil spray). Urban use patterns selected for study included
application to turfgrass via foliar/soil spray and soil trench treatment for
termite control. Chlorpyrifos dissipated rapidly from the surface of
cornfield soil, citrus grove soil, turfgrass, and fallow urban soil with
observed half-lives of between 1 and 17 days. Chlorpyrifos applied as a
pre-plant, soil-incorporated application displayed slightly greater
persistence, with observed dissipation half-lives of 33-56 days.
Application of chlorpyrifos as a termiticidal soil barrier resulted in initial
residues of several hundred ppm in the soil and increased persistence
versus other use patterns; nearly 70% of the initially applied chlorpyrifos
remained in soil after 18 months. Subsequent laboratory investigations
revealed chlorpyrifos degradation half-lives of between 116 and 1576
days in 5 soils treated at termiticidal application rates (1000 ppm).
Results demonstrated that an increase in application rate from typical
agricultural use (10 ppm) to that for urban termiticide application (1000
ppm) resulted in a dramatically decreased rate of dissipation. It appears
that chlorpyrifos soil application for termite control achieves long
residual control due to both the high application rate and retardation in
degradation at the resultant elevated concentrations. Results of these
studies illustrate the importance of examining pesticide environmental
fate under the different conditions characteristic of both agricultural and
urban environments.

Pesticides are used for various pest control scenarios in a wide variety of agricultural
environments. Many studies have addressed the fate of pesticides in such agricultural
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commodities as corn, cotton, soybeans, and citrus. The behavior of pesticides under these
and other agricultural conditions has been fairly well characterized, and environmental fate
models have been developed to allow prediction of pesticide dissipation and mobility.
Urban environments represent important use arenas for pesticides as well. Common urban
pest control scenarios include turfgrass pest control (home lawns, golf courses), shrub and
ornamental plant pest control, termite control, and home garden pest control. The fate of
pesticides under these conditions has also received attention, but the behavior of these
materials in urban environments has not been as thoroughly characterized. Because of the
high profile of urban pest control efforts and potential for direct exposure of humankind,
more attention should and is being directed toward elucidating the environmental behavior
of pesticides in urban environments. Additionally, it will be increasingly important to
understand the similarities and differences in the behavior of pesticides for the various
agricultural and urban scenarios in which pesticides are used.

INTRODUCTION

Pesticides in Urban and Agricultural Environments. There are many similarities but
also a few important differences between the rationale for use of pesticides in agricultural
and urban environments. In agricultural situations, potential economic losses caused by
pest depredations drive the implementation of pest management systems which
incorporate pesticide use as a key component. The goal is to provide maximum economic
benefit to the agriculturalist by maximizing the quantity and quality of commodity
produced. Thus, when economics justify the cost of pest control measures, the use of
pesticides plays a key role in realizing the economic gain obtained through avoidance of
pest damage. In agricultural pest control scenarios most pesticide use involves herbicide
application to control various weeds that compete with crop plants for nutrients, moisture,
and sunlight. Insecticides are also important chemicals in agricultural production, with
fungicides of somewhat lesser significance. In urban situations, although economic
concerns are also important factors in encouraging pest control measures, they are of a
different nature. The major economic driving force in the urban pest control arena is the
desire to protect investments such as lawns, horticultural landscaping, and home and
building structures. There are several other considerations associated with urban
environments that are also important. Elimination of nuisance pests (e.g., mosquitoes,
cockroaches, fleas, rats) is certainly an important consideration. Urban aesthetics is also a
desirable commodity to preserve and enhance, and pests with activities impacting this area
often stimulate pest management practices. Finally, disease transmission threats present in
urban environments (e.g., tick transmission of Lyme disease) merit pest control measures
that may include pesticide use. Due to the predominance of insect pests in all these
categories of urban pest control, insecticides are much more important in relation to
overall pesticide use in urban environments than they are in agricultural environments.
Pesticide use patterns are fairly similar between agricultural and urban environments.
In both situations foliar pesticide sprays are important application modes for combatting
weed pests and foliar-feeding insect pests. In agricultural environments these sprays may
be made with ground (e.g., groundbooms, airblast sprayers) or aerial application
equipment. In urban environments by contrast, spray applications are usually limited to
ground application equipment with much application occurring via hand-held sprayers. In
both agricultural and urban environments direct soil treatments with liquid or granular
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formulations of insecticides and herbicides are common. In agricultural situations

(e.g., row-crop agriculture), however, soil-incorporated applications of insecticides and
herbicides are much more common than under most urban conditions. A distinctive
pesticide use pattern is also represented by termite control practices in urban
environments. Under these conditions, insecticidal soil barriers to termite invasion are
created by termiticides injected through building foundations or deposited in trenches
surrounding the structure. One common outcome of pesticide application in both urban
and agricultural environments is that soil serves as the major sink of initial and/or ultimate
pesticide deposition. Thus, in both environments fate of pesticides in soil will be an
important focus of experimental activity.

A number of common pesticide products are employed in both agricultural and urban
pest control practices. This is not surprising since many similar types of pests are the
targets of control efforts. Insecticides such as acephate, carbaryl, chlorpyrifos, diazinon,
dimethoate, and malathion all find use for both agricultural and horticultural pests. For
weed control in both scenarios, common herbicides such as 2,4-D, dicamba, glyphosate,
and pendimethalin are utilized. There is a larger suite of pesticides available for
agricultural use than for urban use. Widely used agricultural pesticides such as alachlor,
aldicarb, metribuzin, paraquat, parathion, and terbufos may not commonly be used in
urban environments due to poor product fit into the urban market, higher-than-average
mammalian toxicity, or environmental concerns. Less commonly, a handful of pesticides
may almost exclusively be used in urban environments. These include products such as
isazophos, isofenphos, and oryzalin, and their heavy specialization for urban environments
is most likely due to good product matches for specific urban pest control scenarios and/or
poor matches for significant agricultural pest control scenarios. Of major significance for
comparison of pesticide behavior in urban and agricultural environments are the pesticides
which are commonly employed in both. Thus, direct comparisons made for a specific
chemical under several agricultural and urban conditions may provide insight into the
similarities and differences in environmental fate processes operating in the two spheres.

Chlorpyrifos Insecticide. Chlorpyrifos (O,0-diethyl O-(3,5,6-trichloro-2-pyridyl)
phosphorothioate) is an insecticide that has broad application for control of various insect
pests in both agricultural and urban settings. It is widely applied both foliarly and to the
soil in row crops, orchard crops, turf, landscaping, and around structures for termite
control. Agricultural preducts include both an emulsifiable concentrate (Lorsban* 4E)
(*Trademark of DowElanco) and a granular formulation (Lorsban 15G). Urban, specialty
products include emulsifiable concentrate (EC) formulations for turf pests (Dursban* Turf
Insecticide) (*Trademark of DowElanco), various outdoor insect pests (Dursban 4E), and
termites (Dursban TC). Thus, chlorpyrifos presents a unique opportunity for the
comparison of environmental fate processes operating in agricultural and urban
environments.

The chemical properties and environmental fate of chlorpyrifos have been recently
reviewed (J), but a few notable points are worth emphasis. Chlorpyrifos is an
organophosphorus insecticide characterized by a low water solubility (<2 ppm), moderate
vapor pressure (2 x 105 mm Hg @ 25°C), and high tendency for sorption to soil and
sediments (average soil Koc = 8498). Chlorpyrifos is a degradable compound, and both
abiotic and biotic transformation processes effect its dissipation from environmental
compartments. In all cases, the major pathway of transformation involves cleavage of the
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phosphate ester bond to form 3,5,6-trichloro-2-pyridinol (TCP), an insecticidally inactive
metabolite. In general, chlorpyrifos displays rapid dissipation from foliar surfaces (typical
half-lives of from 1-7 days) and moderate to rapid dissipation in soil (typical half-lives of

from 7-35 days).

Purpose of Current Studies. The purpose of the current set of studies was to compare
the environmental fate of chlorpyrifos applied under urban and agricultural conditions.
Urban use patterns selected for study included application to turfgrass via foliar spray and
soil treatment for termite control. Agricultural use patterns examined included application
to corn (soil-incorporated and foliar spray) and citrus (foliar spray). The goal was to
determine how similar the kinetics of dissipation would be under the various scenarios
investigated, with the major focus of the studies falling on fate in soil.

METHODS AND MATERIALS

Field Dissipation Studies. Field dissipation studies were conducted by using formulated
chlorpyrifos products applied under typical use conditions. For each experimental design
the analytical procedures used were similar and will not be elaborated on at great length.
On the day of chlorpyrifos application and at various times afterwards, samples of soil or
plant materials were collected from the field, extracted with organic solvents, and analyzed
by Gas-Liquid Chromatography (GLC) for chlorpyrifos residues. Specific details of the
field sites, application practices, and sampling patterns will be discussed for each
agricultural and urban scenario.

Corn: Soil-Incorporated. Soil-incorporated applications of chlorpyrifos are used to
control one of the major pests of corn, the corn rootworm. Corn sites chosen for the
study were plots (0.01-0.09 ha) located in Illinois, Michigan, and California. The soil
present at the Illinois site was a Catlin silt loam soil (pH 5.7, 1.8% organic carbon). The
Michigan soil was a Londo sandy loam soil (pH 7.7, 0.9% organic carbon) and the
California soil a Yolo loam (pH 7.8, 0.5% organic carbon). The field at the California site
was furrow irrigated (23 cm/3 months), whereas only natural rainfall occurred at the other
two sites. An EC formulation of chlorpyrifos (Lorsban 4E) was applied at 3.36 kg/ha a.i.
as a broadcast, preplant application during May. The surface-applied chlorpyrifos was
immediately incorporated to a depth of 5-10 cm. At each site, soil samples in 15.24 cm
depth increments (2.54 cm diameter) to 45.72 cm were taken on the day of application
and at later intervals. On each sampling date, 24 sample cores were taken from each site,
and these were combined into 3-4 composite samples for residue analysis.

Corn: Soil/Foliar Spray. Foliar sprays of chlorpyrifos in corn are used to control
various lepidopterous pests such as cutworms and corn borers. A field site planted to
corn in Illinois (1.33 ha) was used for the study. Several soils were present at the study
site, and these included Ada loamy fine sand (pH 5.7, 0.8% organic carbon), Hoopeston
fine sandy loam (pH 6.5, 1.3% organic carbon), and Gilford fine sandy loam (pH 7.0,
1.3% organic carbon). Two foliar applications of an emulsifiable concentrate of
chlorpyrifos (Lorsban 4E) at 1.68 kg/ha a.i. were made to the corn, the first during May
when the corn was at the 2-4 leaf stage, and the second during June when the corn was at
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the 60-90 cm height stage. On the days of chlorpyrifos application and at later intervals 9
soil samples of 2.54 cm depth (10.16 cm diameter) were collected for chlorpyrifos residue
determination. In addition, samples of corn foliage (500 g) were randomly collected on
the days of application and subsequently for determination of foliar chlorpyrifos residues.

Citrus: Soil/Foliar Spray. Chlorpyrifos sprays are applied to the foliage of citrus
trees for control of various lepidopterous pests (e.g., cutworms, leafrollers), and also pests
such as aphids, thrips, mealy bugs, and rust mites. A Valencia orange grove in Florida
was selected for the citrus dissipation study. The total site was 2 ha in area, and both St.
Lucie and Lakewood sands and fine sands were present (pH 6.4-7.0, 0.16-0.37% organic
carbon). The site was sprinkler irrigated as is common in Florida citrus production (48.5
cm/10 months). Three separate foliar applications of an emulsifiable concentrate of
chlorpyrifos (Lorsban 4E) at 1.12 kg/ha a.i. were made, with the first two during
November, and the third during December. For sampling purposes, 3 test plots of 9 trees
each were delineated within the grove, and triplicate soil samples to 2.54 cm depths
(10.16 cm diameter) were collected from each test plot for chlorpyrifos analyses. Some
soil samples down to 76-107 cm depth were collected on some sampling dates.

Turf: Soil/Foliar Spray. Chlorpyrifos is applied to turfgrass to control surface-
feeding and soil-dwelling insect pests such as chinchbugs, mole crickets, sod webworms,
and white grubs. Turfgrass dissipation studies were conducted at sites in both Indiana and
Florida. At both sites, triplicate plots (0.01 ha) of turfgrass and fallow soil were included
in the experimental design. A Crosby clay loam soil (pH 6.2-6.3, 1.30-1.65% organic
carbon) was present at the Indiana site, portions of which were sodded with Kentucky
bluegrass mixtures. The Florida site was underlain by a Millhopper sand (pH 6.3-6.4,
0.57-0.70% organic carbon), and the turf plots there were sodded with a St.
Augustinegrass variety. At both sites, an emulsifiable concentrate of chlorpyrifos
(Dursban Turf Insecticide) was spray applied to both the turf and fallow soil plots in June
at a rate of 4.48 kg/ha a.i. On the day of application and subsequent dates, 5 cores
(5-15 cm diameter) were collected, to a depth of 10-15 cm, from each triplicate turf and
fallow soil plot. Composite samples from each replicate were then analyzed for
chlorpyrifos residues. Throughout the growing season either sprinkler or overhead boom
irrigation was applied regularly to turf and fallow soil plots alike.

Termite Control: Soil Trench. Chlorpyrifos is applied underneath and surrounding
buildings and structures for termite pest control. The goal of termiticidal soil treatment is
to create an impenetrable insecticidal barrier in the soil to prevent termite invasion and
damage. The site selected for the field dissipation study was a structure in Georgia. This
field test was established in cooperation with U.E. Brady of the University of Georgia. A
15.24 cm wide (10.16 cm depth) trench was dug in the sandy loam soil surrounding the
building foundation, and a 1% dilution of a chlorpyrifos emulsifiable concentrate
formulation (Dursban TC) was applied to the trench at 5 L/linear meter. At various times
after application soil cores down to 15.24 cm depth (1.9 cm diameter) were removed from
the trench and analyzed for chlorpyrifos remaining.
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Laboratory Degradation Studies. Investigations were also conducted to examine the
degradation of chlorpyrifos in soils under laboratory conditions. These studies
represented an attempt to understand some of the differences in chlorpyrifos behavior that
had been observed in soil following field application to soil under agricultural and urban
conditions. For laboratory studies, technical #C-(2,6-pyridyl)-chlorpyrifos was utilized,
and it was applied to soils (50 g) contained in soil biometer flasks (2). These flasks permit
carbon dioxide resulting from mineralization to be collected, and are attached to an
oxygen manifold to permit replenishment of oxygen and maintenance of aerobic
conditions. Samples were incubated for up to 18 months in this fashion. During this
period, soil flasks were regularly sampled for evolved carbon dioxide and soils taken for
extraction and subsequent analysis of chlorpyrifos, extractable metabolites, and soil-bound
(unextractable) residues (3). Relative concentrations of chlorpyrifos and metabolites in
soil extracts were quantified via high-performance liquid chromatography with
radiomonitor detection.

Degradation Kinetics at Termiticidal Rates. Several soils were selected for study of
chlorpyrifos degradation at termiticidal application rates. For the study, soils from areas in
which termiticides are commonly used were selected. Two Florida sand soils were
chosen, with one having a pH of 6.4 and organic carbon content of 0.66%

(designated FL1) and the other having a pH of 7.5 and organic carbon content of 1.92%
(designated FL2). In addition, two sandy loam soils were examined, including a Hawaiian
soil (pH 5.7, 5.7% organic carbon) and an Arizona soil (pH 8.3, 0.88% organic carbon).
Finally, a clay loam soil from Texas (pH 8.0, 1.20% organic carbon) was employed. To
approximate the concentration resulting from trench application of chlorpyrifos

(i.e., Dursban TC) a nominal initial concentration of 1000 ppm chlorpyrifos was used.
Soils treated with #C-chlorpyrifos at 1000 ppm were adjusted to 75% of 0.3 bar soil
moisture tension (SMT) and incubated at 25°C for the duration of the experiment.

Effect of Application Rate on Degradation Kinetics and Pathway. To further
examine the effect of concentration on the rate of chlorpyrifos degradation in soil, samples
of a sand soil from Florida (FL1: pH 6.4, organic carbon 0.66%) were treated with
several concentrations of 14C-chlorpyrifos. A 10 ppm application was chosen to represent
soil concentrations commonly reached during agricultural use, whereas a 1000 ppm
application was selected to typify concentrations expected from urban, termiticidal use of
chlorpyrifos. An intermediate concentration of 100 ppm was also examined. Samples of
soil treated with 14C-chlorpyrifos were adjusted to a soil moisture of 75% 0.3 bar SMT
and incubated at 25°C. The common metabolites of chlorpyrifos in soil, 3,5,6-trichloro-2-
pyridinol (TCP), 3,5,6-trichloro-2-methoxypyridine (TMP), soil-bound (unextractable)
residues, and carbon dioxide were all analyzed in samples incubated for up to 18 months.

RESULTS AND DISCUSSION
Field Dissipation Studies. Results of field dissipation studies for each scenario will be

discussed individually. Data on chlorpyrifos dissipation in the various studies is presented
in Table I and Figures 1-6. Half-lives were calculated assuming first order kinetics.
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Tablel. Comparative Dissipation of Chlorpyrifos in Agricultural and Urban
Environments Under Field Conditions

Application Dissipation
Crop/Use Rate (a.i.) Half-Life
Pattern Location kg/ha Application Pattern (Days)

Corn Mlinois 3.36 Soil-Incorporated 56
Corn Michigan 3.36 Soil-Incorporated 33
Corn California 3.36 Soil-Incorporated 46
Corn llinois 1.68 Soil Surface 13.5-17.2
Citrus Florida 1.12 Soil Surface 1.3-4.4
Turfgrass Indiana 4.48 Soil Surface 8.6
Fallow Soil  Indiana 448 Soil Surface 9.5
Turfgrass Florida 4.48 Soil Surface 5.7
Fallow Soil  Florida 4.48 Soil Surface 7.6
Termiticide  Georgia 392 Soil Trench >1095

Corn: Soil-Incorporated. At the three locations, application of chlorpyrifos as a
preplant, soil-incorporation (3.36 kg/ha a.i.) resulted in initial soil surface (0-15.24 cm)
residues of 0.72-1.4 ppm. Chlorpyrifos dissipation half-lives at the Illinois, Michigan, and
California sites were determined to be 56, 33, and 46 days, respectively (Figure 1). After
1 year, residues at all sites had declined below detectable levels (0.05 ppm). Regarding
vertical mobility, no residues of chlorpyrifos were detected at depths greater than 30.5 cm
at any site. The half-lives observed for these soil-incorporated applications of chlorpyrifos
correspond well with previous investigations on chlorpyrifos persistence in soil. Chapman
and Harris (4) reported chlorpyrifos dissipation half-lives of 2 and 8 weeks in treated sand
and muck soils, respectively. Getzin (5) reported soil-incorporated half-lives of 22-58
days for chlorpyrifos. For effective control of such major corn soil pests as larval corn
rootworms, several weeks of persistence at insecticidally significant levels are required (6).
The long history of effective control provided by chlorpyrifos indicates that the persistence
pattern of chlorpyrifos is well matched to the control scenario presented by corn soil

pests (7).

Corn: Soil/Foliar Spray. Application of chlorpyrifos as a foliar/soil surface spray to
a cornfield in Illinois resulted in initial residues of 118-145 ppm on corn foliage.
Chlorpyrifos residues on corn foliage dissipated rapidly, with observed half-lives of
approximately 1.5 days for the two applications. This is similar to dissipation patterns
reported for chlorpyrifos on other foliar surfaces. Comparatively similar half-lives on
foliage of corn (1 day), soybean (3.95 days), tomato (<1-5.8 days), cotton (<1-4.0 days),
citrus (<1-2.4 days), and bluegrass (7 days) have been reported (8-11). The major
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mechanism of chlorpyrifos dissipation from foliar surfaces is volatility, and the rapid rate
of decline in chlorpyrifos residues on a variety of foliage is presumably due to this
factor (12).

The average initial concentration of chlorpyrifos residues in the soil surface layer
(0-2.54 cm) following the first and second applications was 4.1 and 6.2 ppm, respectively.
In comparison with the previous studies (i.e., soil-incorporated application), chlorpyrifos
applied to the soil surface dissipated more rapidly. Dissipation half-lives of 13.5 and 17.2
days were observed for the May and June applications, respectively (Figure 2). Near the
end of the growing season (August) less than 1 ppm chlorpyrifos remained in soil. The
relatively rapid dissipation of chlorpyrifos from the soil surface has been previously
reported. Similar applications of formulated chlorpyrifos (EC) to the soil surface have
yielded dissipation half-lives of 4 days in Georgia (8), 6 days in Washington (5), and 30
days in Italy (13). The more rapid dissipation of chlorpyrifos on the soil surface is most
likely due to several factors including volatility and photodegradation, occurrence of
higher temperatures, and rapid hydrolysis on air-dry soil particles ().

Citrus: Soil/Foliar Spray. Similarly short chlorpyrifos dissipation half-lives were
noted for 3 successive applications of chlorpyrifos on the surface of citrus soils in Florida
(Figure 3). Initial residue levels in the upper 2.54 cm of soil underneath and between plant
canopies were 0.4-0.8 and 0.2-2.3 ppm, respectively, and average soil dissipation half-
lives of 1.3-4.4 days were observed. Residues of chlorpyrifos were confined to the upper
15.24 cm of soil for the duration of the study. The high temperatures and alternating
moist (irrigation) and dry conditions present on the citrus soil surface may have
contributed to the very rapid chlorpyrifos dissipation observed.

Turf: Soil/Foliar Spray. For the urban investigations, chlorpyrifos dissipation on
both turf and bare soil plots at two locations was examined. Initial residues of between
1.5 and 2.5 ppm were present in the upper 10-15 cm of soil/thatch/grass (turf plots) or
soil (fallow soil plots) at both the Indiana (Kentucky bluegrass) and Florida (St.
Augustinegrass) sites. At the Indiana site (Figure 4), half-lives of 8.6 and 9.5 days were
noted for turf and fallow soil plots, respectively, whereas slightly shorter half-lives of 5.7
(turf) and 7.6 days (fallow soil) were noted at the Florida site (Figure 5). These
dissipation rates are similar to those observed by previous turf researchers, who have
reported half-lives of 7 days (/1) and 7-14 days (14).

What is striking is the similarity between the dissipation rates for chlorpyrifos applied
to either the turf or fallow soil surface. This coincidence may appear deceivingly simple,
but the similarity in dissipation rates between turf and soil may be the result of entirely
different mechanisms. Due to the dense foliar surface of the turfgrass plots, nearly all of
the application is intercepted by the foliage. This has been documented by Sears and
Chapman (14), who reported that 97% of a chlorpyrifos (EC) application to annual
bluegrass was intercepted by the grass/thatch layer, whereas only 3% was initially present
in the soil root zone (0-1 cm depth). With the majority of turfgrass residues present on
the turf foliage, volatility would be expected to be the major route of dissipation, as from
other foliar surfaces (e.g., corn). However, dissipation from the soil surfaces was most
likely due to a combination of soil-catalyzed hydrolysis, photodegradation, and volatility.
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Figure 1. Field Dissipation of Soil-Incorporated Chlorpyrifos in Cornfields at
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Figure 2. Field Dissipation of Soil Surface Applied Chlorpyrifos in an Illinois
Cornfield (1.68 kg/ha).
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Figure 3. Field Dissipation of Soil Surface Applied Chlorpyrifos in a Florida
Citrus Grove (1.12 kg/ha).
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Turfgrass or Fallow Soil in Indiana (4.48 kg/ha).
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What is significant from an agricultural/urban fate comparison vantage is the very similar
dissipation pattern of chlorpyrifos noted for turf and urban soil surfaces and that observed
for corn and citrus soil surfaces.

Termite Control: Soil Trench. Application of chlorpyrifos for termite control to a
soil trench surrounding a building structure resulted in much higher initial residue levels
than were observed under any of the other urban or agricultural scenarios examined. The
average initial residue in the soil (0-15.24 cm) was 357 ppm, but individual analyses
ranged as high as 703 ppm for the soil surface layer (0-5.08 cm). Sampling and residue
analyses conducted over a 3 year period indicated only modest decline in residue levels
during that period; after 36 months an average of 245 ppm chlorpyrifos remained
(Figure 6). This would indicate a dissipation half-life of >1095 days, which is far longer
than under the other scenarios examined. The termiticidal use of chlorpyrifos underneath
structures and in trenches alongside building foundations, for which high per unit
application rates are used, represents a unique situation for consideration of its
environmental fate. Field efficacy studies at a number of sites have revealed that soil
applications of chlorpyrifos may provide control of termites for as long as 10-20+ years,
indicating a long persistence at insecticidal levels (15,16). Thus, the extended persistence
of chlorpyrifos is not surprising in light of the residual termiticidal efficacy that has been
observed and which is expected of termiticides in the marketplace.

Field Dissipation Study Conclusions. In summary, the dissipation pattern for
chlorpyrifos on the soil surface was similar for urban and agricultural conditions.
Investigations of chlorpyrifos behavior on the surface of cornfield soil, citrus soil, fallow
urban soil, and turfgrass revealed that soil behavior will be largely similar for this
compound in the two environments. In agricultural settings in which chlorpyrifos is
incorporated into the soil profile, somewhat longer dissipation half-lives are observed.
However, the one use pattern which appears to present a variant picture of chlorpyrifos
soil fate is that associated with urban termiticidal control practices. This difference,
represented by the apparently extended soil dissipation half-life observed (>1095 days),
indicated that further investigation of chlorpyrifos soil fate under termiticidal use
conditions was merited.

Laboratory Degradation Studies. Studies on the degradation of chlorpyrifos in soil
were initiated in the laboratory in an attempt to explain the increased persistence noted in
the termiticidal trench field dissipation study. Results of the various experiments will be
discussed individually, and data has been summarized in Table II and Figures 7 and 8.

Degradation Kinetics at Termiticidal Rates. Application of chlorpyrifos at
termiticidal rate (1000 ppm) to 5 different soils incubated under laboratory conditions
resulted in degradation half-lives measured in months rather than days (Table II).
Observed half-lives ranged from 116-335 days in 4 of the soils to as high as 1576 days
in one Florida soil (FL1). These observed chlorpyrifos half-lives are substantially
longer than those observed in previous laboratory soil degradation studies. Typical
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Figure 5. Field Dissipation of Chlorpyrifos Applied to the Surface of
Turfgrass or Fallow Soil in Florida (4.48 kg/ha).
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Figure 6. Field Dissipation of Chlorpyrifos Applied to a Soil Trench for
Termite Control in Georgia (392 kg/ha).

In Pesticides in Urban Environments; Racke, K., et a.;
ACS Symposium Series; American Chemical Society: Washington, DC, 1993.



82 PESTICIDES IN URBAN ENVIRONMENTS

g

:E 100 N - ARl . 1000 ppm
] S

o4 -—-
g 60 |

:‘i:.; 40 } .\\ 100 ppm

e o~ __ ¢

" ~~e- Y _

-_Z 20 t /‘ A\A<0- ________
Q 0 10 ppm | . P Se—
®

Time After Application (months)

Figure 7. Effect of Initial Chlorpyrifos Concentration on its Degradation in a
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Figure 8. Effect of Initial Chlorpyrifos Concentration on its Dissipation and
Formation of Metabolites in a Florida Sand Soil Under Laboratory
Conditions. Chlorp = chlorpyrifos; TCP = 3,5,6-trichloro-2- pyridinol;
Bound = unextractable soil residues.
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Table II. Degradation of Chlorpyrifos in Soil Under Laboratory Conditions at
Termiticidal Application Rate

Soil Collection Texture pH Organic Carbon  Half-Life
Site % (Days)
Florida (1) Sand 6.4 0.66 1576
Hawaii Sandy Loam 5.7 5.70 335
Arizona Sandy Loam 8.3 0.88 230
Florida (2) Sand 7.5 1.92 214
Texas Clay Loam 8.0 1.20 116

chlorpyrifos soil degradation half-lives of from 11 to 141 days have been reported, with
most falling in the range of 25-35 days (,3). Based on observations of 95+ %
mortality of termites in soil containing 0.4 ppm chlorpyrifos (17), the predicted length
of termiticidal control based on these laboratory results would be from many months to
more than 20 years. This corresponds well with field observations of >80% control of
termites by chlorpyrifos after 8, 17, 15, and 12 years at sites in Arizona, Florida,
Mississippi, and South Carolina, respectively (16). The variability in the soil
degradation rates of chlorpyrifos observed in the present study also indicates its
persistence will be dependent on soil type. This variability represents differences due
to soil variables alone (e.g., microbial populations, pH), and does not take into account
environmental variables such as moisture and temperature.

Effect of Application Rate on Degradation Kinetics and Pathway. A direct
comparison of chlorpyrifos degradation at agricultural (10 ppm) and termiticidal (1000
ppm) application rates in a Florida sand soil (FL1) revealed an interesting phenomenon
(Figure 7). Chlorpyrifos dissipated in an apparent first-order fashion at the agricultural
rate (10 ppm), with less than 40% of the applied chlorpyrifos remaining after 2 months
of incubation. When applied at the termiticidal application rate (1000 ppm),
chlorpyrifos exhibited much greater persistence, with nearly 80% of the application
remaining after some 18 months. The degradation rate at 1000 ppm application rate
was somewhat linear in nature, and did not fit first-order kinetic assumptions very well.
These results clearly demonstrated that an increase in application rate from typical
agricultural use (10 ppm) to that for urban termiticide application (1000 ppm) resulted
in a dramatically decreased rate of dissipation. The 100 ppm application demonstrated
a slightly increased persistence versus the 10 ppm rate. Observations of decreasing
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pesticide degradation in soil with increasing concentration are not new (18-22), but the
underlying mechanisms have not been conclusively elucidated. Hance and McKone
suggested that decreased degradation rates observed at higher application concentrations
might result from a limitation in the number of available reaction sites in soil (19). An
alternative theory focused on the potential for toxic effects on soil microbial activity or
inhibition of soil enzymes at high pesticide application rates (23). In the case of
chlorpyrifos, it appears that not only does use of a high initial application rate enhance
residual control (i.e., many ppm remaining even after a number of half-lives), but also
that degradation processes are retarded at the termiticidal application rate, thus
contributing further to the length of termiticidal efficacy.

The pathway of degradation of chlorpyrifos in soil typically involves hydrolytic
cleavage of the phosphate ester to form 3,5,6-trichloro-2-pyridinol (TCP). This
cleavage occurs via both abiotic reactions in soil and microbial activities. The TCP
metabolite is itself further transformed and ultimately mineralized to carbon dioxide by
the soil microbial community. The relative recovery of chlorpyrifos and its metabolic
products in soil after 13 months is illustrated in Figure 8 for the Florida sand soil (FL1)
treated with 10, 100, or 1000 ppm. For the 10 ppm application rate, very little
chlorpyrifos remained, and nearly equal quantities of carbon dioxide and soil-bound
residues were produced. For the soil treated at 100 ppm some differences are evident.
Over 30% of the initially applied chlorpyrifos was transformed and present as TCP in
this soil, but very little subsequent mineralization occurred. Greater formation of soil-
bound residues occurred at the 100 ppm versus the 10 ppm treatment. For the 1000
ppm treatment, very little mineralization was evident as well, but due to the fact that
most chlorpyrifos remained unaltered, the significance of this finding is unclear. The
major difference in the metabolic pathway between chlorpyrifos degradation at
agricultural versus termiticidal rates involved further degradation of the TCP
metabolite. Decreased degradation of TCP in soil containing elevated levels of this
metabolite has been previously reported. For example, Racke et al. reported that for
one soil that mineralized 80% of an applied TCP dose of 5 ppm only 4% of an applied
dose of 50 ppm was likewise mineralized (24). Further work demonstrated that TCP
does have some anti-bacterial activity, and an ECso for the bacteria tested was
approximately 19 ppm (25).

CONCLUSIONS

In both agricultural and urban environments, the fate and degradation of pesticides are
of interest. Comparison of the fate of chlorpyrifos insecticide in agricultural and urban
environments suggests that fate processes will be largely similar under most conditions.
Due to the high application rates characteristic of the urban termiticidal use pattern,
however, the rate of degradation in soil was significantly slower than under all other
conditions examined. These results highlight the importance of examining pesticide
environmental fate under the different use patterns employed for both agricultural and
urban pest control scenarios.
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Chapter 9

Dissipation of Turfgrass Foliar Dislodgeable
Residues of Chlorpyrifos, DCPA, Diazinon,
Isofenphos, and Pendimethalin

K. A. Hurto and M. G. Prinster

ChemLawn Services Corporation, 135 Winter Road, Delaware, OH 43015

Field studies were conducted to determine the influence of posttreatment
irrigation on dislodgeable pesticide residues following applications to a
Kentucky bluegrass turf. Turfgrass clippings were harvested 0,1,2,3,7, and
14 days after treatment (DAT) and analyzed for pesticide residue.
Irrigation (1.3 cm) was applied 2 hours after treatment (HAT), after which
water was withheld until after the 7 DAT harvest. Total pesticide residue
retained on clippings harvested 1 HAT averaged 21.3% of the applied rate.
Irrigation 2 HAT reduced concentrations of F-, DG-, and WP- formulated
pesticides 45%, but did not significantly reduce concentration of EC-
formulated pesticide residues retained on foliage. Dislodgeable residues
averaged 5.6% of the applied rate 0 DAT, and dissipated exponentially
over time to 1% at 7 DAT, and to 0.3% by 14 DAT. Dissipation rates
varied among pesticide treatments but not between irrigation treatments.
Results suggest a very low percentage of lawn-applied pesticides are
dislodgeable, and that levels decrease rapidly with time. Secondly,
irrigation can further reduce levels depending upon pesticide formulation
applied.

Incidence of pesticide use on residential lawn turfgrass has increased as homeowner
awareness of weed and insect problems has grown, largely as a result of the rapid
expansion of the lawncare industry in the United States and southern Canada. Pesticides
used to treat lawns are formulated either as a dry granule product on an inert carrier such
as clay, vermiculite, corncob, or fertilizer granules and applied with a mechanical spreader;
or are formulated as concentrates that are applied as a very dilute mixture with water or in
fertilizer solutions. Recent attention by the public to lawncare application of pesticides
has raised a concern over the exposure risk to humans and pets from these applications.
Thompson et al. (1) reported on the persistence and dislodgeable residues of 2,4-D
following its application to Kentucky bluegrass in Guelph, Ontario. Sprayable liquid
formulations had higher dislodgeable residues of 2,4-D on foliage immediately after
application compared with granule formulated product. They reported very rapid
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dissipation of dislodgeable residues within days of application. At 3 days after treatment
(DAT), less than 1% of 2,4-D applied at 1 kg ha! was dislodged by vigorous wiping of
foliage with moistened cheesecloth regardless of formulation. Irrigation or rainfall after
application and mowing 3 DAT significantly reduced dislodgeable residue levels compared
to unmowed areas.

Bowhey et al. (2) reported dislodgeable residues of 2,4-D the day of application
increased proportionately as use rate applied increased from 1 to 4 kg hal, but by 7 DAT
less than 1% of the target rate applied was recovered regardless of concentration applied,
and decreased to less than 0.2% by 10 DAT. Dislodgeable residues immediately after
application were greater for liquid formulations than for granule formulations of 2,4-D;
but at 1 DAT residues dislodged from granular applications were not lower than residues
dislodged from the liquid application. Premix formulations of 2,4-D + mecoprop +
dicamba did not alter level of 2,4-D dislodged compared to 2,4-D applied alone, either as
a liquid or as a granule formulation.

Dissipation of dislodgeable residues of chlorpyrifos applied to a Kentucky bluegrass in
Sacramento, CA in very dilute concentrations using a formulated concentrate of 3%
chlorpyrifos + 2.6% dichlorvos applied at 74.5 1 ha'! in 4883 1 ha'! of water were measured
using a detergent-stripping procedure (3). Dislodgeable levels of chlorpyrifos immediately
after application were well below the estimated safe level of 0.5 pg cm2 Irrigation
immediately following application significantly increased dissipation rate of residues on
foliage.

Sears et al. (4) reported on dislodgeable residues of three insecticides applied to
turfgrass in Guelph, Ontario. In a laboratory study dislodgeable residues of diazinon
removed immediately after application by mechanical wiping with moistened cheesecloth
constituted about 10% of the applied rate, yet declined to less than 0.3% within a day.
These values were over 6 times higher than that dislodged immediately following
application in a field experiment. Residues of isophenfos, diazinon, and chlorpyrifos
dislodged 1 DAT in field experiments were less than 1% of the target rate applied.
Comparison between granule and liquid diazinon formulations applied to turf indicated
significantly higher levels (20X) for liquid diazinon the day of application (5.67 mg m2),
but by 1 DAT residue dislodged was equal for both formulations (0.42 mg m2).

In the studies on dislodgeable foliar residues of liquid formulated pesticides described
above, procedures used to apply pesticides were different from that used by commercial
lawncare operators. Commercial lawncare applications of pesticides are usually applied as
very dilute concentrations in mixtures with fertilizer solutions at 1627 1 ha'! spray volume,
using a coarse spray droplet emitting nozzle. One system widely used in commercial
lawncare emits droplets that have a MMD of 2128 &m with less than 1% of the spray
droplet volume smaller than 250 &m in diameter (5).

This study reports on the influence of irrigation on dissipation of foliar dislodgeable
residue levels of two herbicides and three insecticides applied to lawn turf at
recommended rates as tank mixtures with fertilizer solutions using application equipment
and techniques employed by lawncare operators.
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MATERIALS AND METHODS

Turf Site. Treatments were applied to a 4-yr-old stand of ‘Baron:Merion:Glade'
Kentucky bluegrass (Poa pratensis L) growing on a Blount silt loam soil (32% sand, 36%
silt, 32% clay) in Delaware, Ohio that was mowed weekly at 7.6 cm, irrigated as needed
to avoid visual drought stress, and was fertilized four times per growing season to supply
195 kg N ha'! from a complete fertilizer source. The turf quality and density is typical of a
well-maintained residential lawn area. Three days before treatments were applied, the site
was mowed and irrigated. Thereafter, irrigation and mowing were withheld until 7 DAT
when plots were irrigated and mowed at 7.6 cm.

Treatment Procedure. A CO,-propelled small plot sprayer equipped with a
Lesco/ChemLawn spray gun and 4GPM nozzle (Lesco, Inc., Rocky River, OH) calibrated
to deliver 63 ml s! flow rate was used to apply commercial formulations of pendimethalin
(Pre-M 60DG, Lesco, Inc., Rocky River, OH), DCPA (Dacthal 7SWP, ISK Biotech
Corp., Mentor, OH), chlorpyrifos (Dursban 4EC, DowElanco, Indianapolis, IN), diazinon
(Diazinon AG-500, Prentiss Drug and Chemical Co., Inc., Floral Park, NY), and
isophenfos (Oftanol 2F, Miles, Inc., Kansas City, MO) at recommended rates (Table I) to
the turf site in three separate studies. Each pesticide treatment was prepared as a tank
mixture with a fertilizer solution containing 22 g N kg'! spray solution from a 17-0.87-4.2
(N-P-K) analysis fertilizer derived from urea, ammonium polyphosphate and potassium
chloride and applied at 1627 1 ha'! spray volume. Treatments were applied between 0900
to 1000 h to 3.8 by 6.1 m plots replicated four times.

An applicator certified in the use of the Lesco/ChemLawn spray gun applied the
treatments in a manner consistent with normal use practices. The gun is held at waist
height and angled down toward the turf, To treat the area the gun is swept parallel to the
ground with a left-to-right-to-left arm swing motion as the applicator moves forward
across the turf. The effective spray swath width is 4 m. On the initial pass the applicator
positions himself 2 m in from the edge of the plot and walks forward at 0.7 m s, At the
end of the plot he turns and repositions himself 2 m down from his original foot path and
overlaps the spray swath back to his initial footpath. In the trim areas of the plot the
applicator directs the spray swath back towards his previous footpath, trimming the area
up to the plot edge with a half-arm swing pattern as he doubles his walking speed forward
across the plot. Hence, the spray is uniformly applied across the treatment area using a 50
percent overlap spray pattern. Exactly 3.8 1 of spray mixture per plot is applied.

Meteorological Data. Wind speed, air temperature, relative humidity, and soil
temperature at 8 cm were recorded at time of application. Rainfall occurrence and
irrigation applied were recorded for the duration of the study (Table I).

Irrigation Schedule. Two of the four replicated treatment plots were irrigated after total
residue samples were harvested using a hand-held shower nozzle to uniformly distribute
284 1 water per plot which is equivalent to 13 mm irrigation. Thereafter, irrigation was
withheld from all plots until 4 DAT or longer as noted in Table I, at which time the entire
study was irrigated to moisten the surface 3-cm of soil. In the event of a rainfall
occurrence, rain-out shelters were placed on non- irrigated plots.
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Table L.

Application schedule, meterological conditions, and irrigation schedule

for dislodgeable residue studies conducted in Delaware, OH

Study I Study II Study I
Date Applied: 17-May-88 6-June-88 23-June-88
Treatment rate pendimethalin 60DG DCPA 75WP chlorpyrifos 4EC
11.8 kg ha'! 1.1 kg ha't
Treatement rate Isophenfos 2F diazinon 4EC
2.2 kg ha'l 6.2 kg ha'!
Air Temp:
0 MAT 11C 27C 22C
min/max 8/17C 17/32C 9/27C
R.H. 85% 44% 23%
wind speed <1.3ms"! <13 ms! <13 ms!
Soil Temp @ 8cm 9/13C 17/27C 18/28C
min/max
Rainfall 18-May (2 mm)* 8-June (8 mm)*
23-May (9 mm)* 16-June (7 mm)
Irrigated 25-May (13 mm) 14-June (13 mm) 1-July (13 mm)

2-July (13 mm)
3-July (13 mm)
4-July (13 mm)
5-July (13 mm)
6-July (13 mm)

*Rain-out shelters positioned on non-irrigated plots for this precipitation event.
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Determination of Foliar Surface Area. Dislodgeable foliar residue is measured in
weight of pesticide residue per foliar surface area. Turfgrass foliar surface area was
determined from leaf blade lamina dissected from tillers collected in 10.8 cm diameter turf
cores removed from the treatment plots for each study date. Grass blades were harvested
from each plug by manually clipping blades two inches above the thatch surface and
immediately determining fresh weight of the clippings. These clippings were then
positioned on a 10 cm by 10 cm template and weighed to determine weight of grass blades

per 200 sq. cm. of foliar surface area (both sides of leaves). The remaining clippings were

weighed again. The total weight of clippings measured the second time divided by initial
weighing determines % moisture loss during handling and was used to calculate corrected
foliar surface area per gram fresh weight values as follows:

(LFwtSArea)t, + (LFWtTFR) t; x 200 cm? =cm? gram LFwt!
(LFwtTF)t, (LFwtSArea)t,
where: (LFwtTF)t, = fresh weight of grass foliage
measured initially
(LFwtSArea)t, = fresh weight of grass foliage
placed in 10 by 10 cm template
(LFwtTFR)t, = fresh weight of remaining grass

foliage not placed in 10 by 10
cm template

Mean value of all turf samples measured for foliar surface area (both sides of leaf
blade) per gram freshweight was 139.6 + 36.7 cm? g! (n = 34). In study I the foliar
surface area value used to calculate dislodgeable pesticide residue was 153.8 + 53.8 cm?
g1 (n = 10); for study II the value was 130.2 + 17.4 cm? g! (n = 16); and for study III the
value was 138.9 + 10.9 cm? g (n = 8).

Turfgrass foliar clippings collected at each harvest interval were weighed to determine
clipping yield per meter? land area. Yields fluctuated reflecting differences in intervals
between initial mowing and harvest dates, plant water content, etc. The average clipping
yield for all harvest dates and treatments was 227 gm'2 land area.

Foliar Sampling Procedure. Grass clippings to be analyzed for pesticide residues were
collected from treatment plots using a rotary mower set at 5 cm cutting height and
equipped with a bagger attachment to collect clippings. Before the initial residue harvest,
a 45 cm-wide strip was mowed from each side of the treatment plot and clippings
discarded. The center 3.3 by 5.2 m area of the plot remaining was sampled at 1 and 2
HATand 1,2, 3,7 or 8, and 14 DAT. At each sampling interval, the previously mowed
areas of each plot were mowed again at 5 cm and the clippings discarded. For each
harvest, a 0.3 m by 5.2 m area of the plot was mowed. The clippings collected were
weighed and a 50 gm subsample of foliage removed and reserved for residue analysis.
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The subsample was wrapped in aluminum foil, enclosed in a sealable plastic bag, and
refrigerated until the next morning when pesticide residues contained on the foliage were
extracted.

Residue Extraction and Analysis. An independent contract laboratory (A&L Great
Lakes Agricultural Laboratories, Inc., Fort Wayne, IN) performed the detergent extraction
and analysis of pesticide residues on the foliage at 2 HAT, 1, 2, 3, 7 or 8, and 14 DAT.
Additionally, total residue analysis was performed for all treatments on foliage harvested
at 1 HAT and for samples harvested from all but pendimethalin treatments on 1 and 2
DAT. Dislodgeable pesticide residues were estimated using a detergent stripping
procedure initially described by Gunther et al. (6) and modified later by Iwata et al. (7).
The day following clipping collection, 2 grams of leaf clippings were detergent extracted
from each replicate. Extracts from each harvest date, including blank standards, were
refrigerated until all extracts were partitioned, cleaned up, and analyzed for pesticide
residues.

RESULTS

Pesticide concentration retained in the upper canopy of lawn turf immediately after
treatment varied among treatments (Tables II and III). When adjustments are made to
compare residue concentration at nominal application rate equivalent to 1.1 kg ha'l,
concentration of total residue 1 HAT were similar for pendimethalin, chlorpyrifos, and
diazinon (0.60 + 0.07 pg cm2) while levels were almost twice as high for DCPA and
isophenfos (1.18 + 0.09 pg cm'2).

Total residue on foliage dissipated rapidly within 2 days for all pesticide treatments.
Irrigation reduced total residue of pesticides evaluated. DCPA levels decreased 65.7 and
24.6%, respectively, 2 DAT for irrigated and non-irrigated treatments, while average
insecticide concentration decreased 61.7 + 5.1 and 52.2 + 9.5%, respectively.

Total residue concentration as a percent of the targeted application rate retained in the
upper canopy 1 HAT averaged 21.3 + 8.8% for all pesticides and ranged from a low of
9.0 to a high of 42.8% (Tables IV and V). Foliar concentration of residues were more
similar among formulation systems than within pesticide groups (eg insecticide vs
herbicide). The petrochemical solvent-based formulations (4EC) of chlorpyrifos and
diazinon retained on foliage was 15.1 + 3.1% of nominal application rates while dry or
aqueous-based formulations (60DG, 2F, 75WP) of pendimethalin, isophenfos, and DCPA
retained were 27.6 + 5.8% of the targeted application rate.

Dislodgeable residues as a percent of targeted application rate ranged from a low of
0.6% for chlorpyrifos to a high of 10.7% for isophenfos 2 HAT (Table II and III).
Irrigation after treatments had dried on the foliage did not have a significant affect on
reducing concentration of diazinon or chlorpyrifos dislodged from foliage at any sampling
date after application. Among dry or aqueous formulated pesticides studied, there were
significant differences in concentration of pesticides dislodged between irrigated and non-
irrigated plots. Levels of pendimethalin and DCPA dislodged from irrigated plots were
significantly lower compared to non-irrigated plots at all sampling dates through 7 DAT,
while differences in isophenfos levels dislodged were significant through 3 DAT. Beyond
the aforementioned sampling dates there were no significant differences in residues
dislodged from irrigated and non- irrigated plots.
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TableII.  Effects of irrigation on concentration of herbicide residues of
pendimethalin 60DG and DCPA 75WP found on grass clippings
harvested over time from a Kentucky bluegrass lawn turf. Mean values
+ standard deviation are expressed as pg pesticide residue cm of fresh
foliage surface area

Sampling Pendimethalin 60 DG DCPA 75WP
Interval Irrigated Nonirrigated Irrigated Nonirrigated
total residue in foliage, pg cm2
1 HAT 1.20 + 0.06 1.33 £ 0.01 12.60 + 1.36 12.50 + 0.77
(p > .085) (ns)
1 DAT - - 5.03+0.43 10.39 £ 0.80
(p>.013)
2DAT - - 432+0.16 9.42 +0.17
(p >.001)
detergent-stripped residue on foliage, pg cm2
2 HAT 0.20 £ 0.06 0.40 £ 0.01 1.66 + 0.07 3.30+0.17
(p>.044) (p > .005)
1 DAT 1.13 +0.03 0.28 £ 0.02 1.16 + 0.09 2.60 + 0.26
(p>.025) (p>.017)
2DAT 0.07 £ 0.01 0.24 1+ 0.03 1.04 + 0.03 2.58 £0.12
(p>.016) (p>.003)
3DAT 0.04 +0.00 0.12 +0.01 0.80 + 0.04 12.02 + 0.44
(p > .020) (p >.059)
7 DAT 0.01 +£0.00 0.03 £ 0.00 0.73 £ 0.03 1.89 + 0.28
(p > .006) (p>.027)
14 DAT 0.00 +0.00 1.01 +0.00 0.27 £ 0.02 0.43 +0.03
(p>.204) (p>.019)
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Table IV.  Effects of irrigation on concentration of herbicide residues of
pendimethalin 60DG and DCPA 75WP found in clippings harvested
over time from a Kentucky bluegrass lawn turf. Mean values +
standard deviation are expressed as a percent of nominal application
rates
Sampling Pendimethalin 60 DG DCPA 75WP
Interval Irrigated Nonirrigated Irrigated Nonirrigated
total residue as % of nominal applied rate
1 HAT 27.41+£1.30 30.44 +0.32 21.95 + 1.66 27.39 +4.10
(p>.085) (p>.223)
1 DAT - - 7.88 £ 0.18 20.30 £2.31
(p>.017)
2DAT - - 7.08 £0.11 22.15+0.74
(p=.001)
detergent-stripped residue on foliage, pg cm?
2 HAT 453 +1.41 9.21+0.34 3.41+£0.51 6.40 + 1.39
(p >.045) (p>.103)
1 DAT 2.89+0.73 6.52 +0.40 1.83 +0.34 3.21+3.00
(p > .045) (p>.010)
2DAT 1.66 +0.16 5.59+0.73 1.70 + 0.03 6.07 + 0.04
(p>.017) (p > .000)
3DAT 0.94 +0.09 2.64 +0.34 1.55 £ 0.26 458 +1.09
(p >.020) (p>.070)
7 DAT 0.35 +0.09 0.75 £ 0.09 1.05 +0.13 3.27+0.16
(p >.005) (p >.004)
14 DAT 0.03 +0.00 0.09 £+ 0.05 0.50 + 0.04 1.04 +£0.25
(p > .256) (p>.097)

In Pesticides in Urban Environments; Racke, K., et a.;
ACS Symposium Series; American Chemical Society: Washington, DC, 1993.



95

n of Turfgrass Dislodgeable Residues

HURTO & PRINSTER D

9.

(sw) (sse < d) (96T < d)
ET'0F8Y°0 910F LY0 100F01°0 90°0¥91°0 00°0 ¥ 800 $00+21°0 lvavi
(017 <9 (sv) (sw)
€60 F VL1 STOF¥0°1 €€°0F 850 91’0 F¥9°0 900 %020 T00F €20 lval.
(L60" < d) (sv) (zs0' < d)
LLOF L9E TT0F66'1 LEOF89'T €T0F €8T €00+2T0 200 F €€0 lvace
(LLr < d (su) (su)
YOTF9€E'S LT0OFO¥T ILOFI9T LLOF00T IT0F9€0 €00 F6£°0 lvacz
(zeT < d) (sw) (sw)
SIV+79'8 €ES0F €9°E TITF6LT ¥6'0 99T IT0F0¥°0 LOOF 9Y'0 lvatl
(yog' < d) (sw) (951" < d)
I'v¥+5901 9L0F 199 0STF9S°S 160+ 86°L TT0+790 100+ 960 LVHT
orex parjdde reunwou g se onpisal paddins-juaderop
(ysz < d) (sv) (sw)
6V F6vEl 69°0F06°L WIFLIE I+ SPy EV'TF S99 EVOF ST Lvac
(eL1 < d) (sv) (sw)
LULF8ELT SY'0FS89 6V'T+099 Y91 F PSS LTTFLOL SOTFSY'L vai
€1y <d) (e <d) (167 < 9d)
SSTIFLEEE  9TEFOSVT 0Ty Fv611 000 ¥ 8L91 €6TF 0TV 9L TFSILL LVH 1
2-wod St “oFer[oy ur onpIsal [e103
PAETLLIUON paresy PAIESLIUON paresiy PAreILIUON pares] TeAIRIU]
¢ sojuaydosy Ddy uourzeiq Ddy soyukdiofyd Surdureg

sajea uoneorjdde [euruou Jo Juddad € se passaadxd
308 UOIJBIASP PJEpUE)S F SONJEA UBSJA| "JaM) UME] SSEIIN[Q AYPNUS)] B WO dUIl) JIA0 PI)SIATEY sSuiddip w punoy
7 soyusydost pue ‘)fp uourzelp ‘)Fp soj114d.I0[yd JO SINPISAT APIIQIAY JO UOKEB.UIIUCD UO uonesLLI JO SPIYH

. 600U2'Z2S0-E66T-40/T20T 0T :10p | £66T ‘8T Afeniged 97q Uoedlignd
Bio'sde'sgnd;/:dny | 2T0g ‘8¢ J8goIo0 U0 AINN ILV.LS VNITOHYD HLHON Ad papeojumoq

‘A dlqEL

In_ Pesticides in Urban Environments; Racke, K., et al.;
ACS Symposium Series; American Chemical Society: Washington, DC, 1993.



Downloaded by NORTH CAROLINA STATE UNIV on October 28, 2012 | http://pubs.acs.org

Publication Date: February 18, 1993 | doi: 10.1021/bk-1993-0522.ch009

96 PESTICIDES IN URBAN ENVIRONMENTS

Dislodgeable residues dissipated exponentially (1nl, P >.05) for all treatments (Figures
1-5). Dissipation rate varied among pesticides, but were not significantly different between
irrigation treatment for any pesticide treatment. A linear regression for dissipation of
dislodgeable residues from foliage was calculated using the following equation:

Y = 103+bx

where Y = concentration of residue (ug cm?) at each sampling date (X). Individual
regression equations and correlation coefficients are presented in Figure legends.

DISCUSSION

Previous reports concluded that there was a rapid decrease in dislodgeable residues
after application of pesticides applied to lawn turfs (1, 2, 3, 4). The results of our studies
were similar for rates of dissipation, but varied in response to post- treatment irrigation
practices. We did not observe significant reductions in foliar residues of diazinon and
chlorpyrifos as reported by Goh et al. (3) and Sears et al. (4) following irrigation. These
differences cannot be attributed to spray volume as the former study was applied at 7.3X
our spray volume (1627 1 ha'!) and the latter was applied at 12.3% of our spray volume.
In one study (3) irrigation rates were similar to ours (13 mm), while in Sears et al. (4)

18 mm of rainfall occurred after application. It is possible that our tank mixtures with
fertilizer solutions and/or the spray droplet spectral characteristics of the
Lesco/ChemLawn 4 GPM nozzle are influencing spray deposit retention differently for
these pesticides compared to dilutions in water only (8). Irrigation significantly reduced
isophenfos residue levels and agrees with unpublished reports by Miles Inc. ({D.C.
Eberhart, personal communication). Our results suggest irrigation influence on pesticides
will vary more with formulation than with active ingredient and warrants further
investigation to compare dislodgeable residue levels among formulations of the same
pesticide. However, what we consider to be ideal irrigation practices for immediate
watering-in of pesticides following application only reduced dislodgeable residues on
foliage, by at best, to 50% of values measured for non-irrigated turfs.

Comparison of total residue on foliage immediately following application among
treatments suggests there may be compounding factors that influence retention of
pesticides on foliage. Low application rates of isophenfos, chlorpyrifos, and
pendimethalin yielded similar retention rates when adjustments were made to normalize
values at 1.1 kg ha'l, while rates were almost double for DCPA and diazinon applied at
higher nominal application rates. It is worth noting that foliar residues retained do not
appear to be influenced as much by formulation as they may be by pesticide use rate
applied.

From our studies, it would appear that dislodgeable pesticide levels on foliage
dissipate naturally at a rapid rate dropping to less than 10% of target applied rate within
1 day of application and to less than 5% and 2%, respectively at 3 and 7 DAT, and to
below 1% by 14 DAT, if not watered in immediately. Where concern exists over pesticide
residues on turf foliage, irrigation can reduce levels of some pesticides (eg dry or aqueous-
based formulations) yet not others (EC formulations). Because pesticides applied
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Figure 1. Predicted dissipation rate of foliar dislodgeable residues for
pendimethalin in post-application irrigated (circles) and non-lrrliazlted

(squares) lawn turf. Irrigated dissipation rate Y = 107 985014X (2
107046-0.13X (2 _

—0.953) while non-irrigated dissipation rate Y =

—0,945).
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Figure 2. Predicted dissipation rate of foliar dislodgeable residues for
DCPA in post-application irrigated (clrcles) and non-lrrlgated (squares)
lawn turf. Irrigated dissipation rate Y = 10~ 0-14-0.05X (.2 — _ ¢ 939) while
non-irrigated dissipation rate Y = 10 —0.52-0. MX (r2 —0.914).
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Figure 3. Predicted dissipation rate of foliar dislodgeable residues for
isophenfos in post-application irrigated (circles) and non-irrigated (squares)
lawn turf. Irrigated dissipation rate Y = 10-93%-0.08X (r2 = . 953) while non-
irrigated dissipation rate Y = 10-012-0.09X (r2 - . 958),

Diazinon 4EC
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Figure 4. Predicted dissipation rate of foliar dislodgeable residues for
diazinon in post-application irrigated (circles) and non-irrigated (squares)
lawn turf. Irrigated dissipation rate Y = 10-007-012X (r2 = .,964) while non-
irrigated dissipation rate Y = 10-0.96-0.13X (r2 = - 988),
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Figure 5. Predicted dissipation rate of foliar dislodgeable residues for
chlorpyrifos in post-application irrigated (circles) and non-irrigated

(squares) lawn turf. Irrigated dissipation rate Y = 10-153-007X (r2 = -.990)
while non-irrigated dissipation rate Y = 10-163-0.08X (r2 = . 978).

commercially are often tank mixed with fertilizers and occasionally two or more pesticides
are applied simultaneously, further studies are needed to understand interactions between
pesticide formulations in tank mixture applications.
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Chapter 10

Comparison of Foliar Dissipation and Turf
Dislodgeable Residue Sampling Techniques

J. E. Cowell, S. A. Adams, J. L. Kunstman, and M. G. Mueth

The Agricultural Group of Monsanto Company, St. Louis, MO 63198

Several studies have been performed to evaluate foliar dissipation of turf
applied chemicals and techniques for estimation of dislodgeable residues of
these compounds. The experimental design and conduct of these studies
are described herein. A number of parameters that have an effect upon
foliar dissipation and reentry exposure have also been examined. Mass
balance, turf intercept,turf density,and climatic conditions of foliar
applications of two example compounds were investigated. Studies
evaluating the difference in surface residues versus total (including
endogenous) residues for a particular herbicide were performed. Data
showing the effect of formulation type upon residue dislodgeability were
compiled and several experiments comparing dislodgeable residue
techniques and different types of dislodgeable sampling media were
conducted. The goal of these experiments was to identify a procedure for
realistic estimation of reentry exposure.

In the development of a new turf maintenance chemical, there are numerous human and
environmental safety factors which need to be studied and evaluated prior to the actual
commercialization decision. Hazard evaluations are made from results of toxicological
studies. Exposure assessments usually based on field studies are then needed to complete
the estimate of risk to the subject.

This area of study which traverses human and environmental safety from the
standpoint of exposure is identified as "Reentry Protection" by the Environmental
Protection Agency in Subdivision K of the Pesticide Assessment Guidelines (). This
Subdivision gives guidance in the conduct of studies which measure foliar dissipation and
dislodgeable residues of pesticides. Numerous studies have been undertaken to evaluate
exposure to humans entering and working in areas recently treated with pesticides (2-7).
These studies can be directed at the actual work practices and in many cases do assess the
specific exposure. However, in the case of pesticide applications to turf or lawns, the
reentry activities of humans or animals cannot be exactly defined, and thus pesticide
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exposure assessment may be difficult. Traditional means of assessing this type of
exposure have been based on a foliar wash to measure removable pesticide residues. This
approach is limited to measurement with respect to time of the amount of pesticide
residues adhering to particulate matter that could be transferred from the foliage. Other
researchers have evaluated the amount of turf maintenance chemical that can physically be
removed or dislodged from the treated foliage (8). This latter approach takes into account
the fact that there may be additional factors preventing complete foliage contact or residue
removal. This paper presents the findings of our studies directed toward comparison of
techniques and the assessment of this reentry exposure scenario for turf maintenance
chemicals.

FOLIAR DISSIPATION

Traditionally in exposure measurement one encounters much variation. Although one plot
of turf may look identical to another plot, there exist subtle differences which can affect
measurements. In order to include as much of this variation in the measurements,
experimental design should encompass sites representative of the climatic conditions
expected in the intended use areas and representative sampling of the treated plots.

Our method to address this representative sampling was to divide a relatively large
plot of turf at each location into quadrants and columns producing 64 sampling plots
which measured 4 feet by 9 feet as shown in Figure 1. Prior to each study, sets of four
sampling plots were defined by computer selection to include one sample plot from each
quadrant of the test plot with at least one sample plot from each column. This sampling
technique attempts to account for differences in turf density, pesticide application
variation, and environmental factors which affect chemical distribution within each treated
plot. Sets of four sampling plots were used to collect four replicates of each sampling
type per time interval from the treated test plot to allow statistical examination of the data.
Each sampling plot was used only once in the study.

Foliar dissipation of a turf maintenance chemical can be viewed from two perspectives:
"surface residue” which is available unbound chemical and "total residue” which includes
foliage absorbed chemical. A study to compare these two types of foliar residues was
conducted with dithiopyr (Structure shown in Figure 2), a newly registered herbicide
(Tradename: Dimension™) for control of crabgrass and other weed species in turf.

Turf clippings were collected from four sampling plots at each sampling interval with a
rotary lawn mower equipped with a grass catcher. Each turf sample was well mixed and
subsamples analyzed by two different procedures. Samples of the fresh foliage were
washed with a relatively mild 20% acetonitrile in water solution in order to determine the
"surface residues”. This solvent-wash system was compared to the traditional soap and
water wash and found to be quantitatively equivalent but without the chromatographic
interferences observed with the traditional approach. To determine “total residues”,
another subsample was extracted with a solution of 2.2% acetonitrile: 8.9% water: 88.9%
isooctane. Table I shows comparative data of surface residues versus total residues at
three climatologically stratified sites. The application of dithiopyr was made at a rate of
1.0 Ib/A at each site and left to dry for one hour before the "0" sample was collected.
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Figure 2. Structure of Dithiopyr
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Table L. Comparison of Foliar Surface Wash and Total Extraction

Days After Dithiopyr Residues in mg/m?
Treatment Foliage _ Atlanta Columbus Cleveland
0 Surface 1.84 6.59 2.37
Total 8.81 27.9 14.6
1 Surface 1.32 4.78 1.83
Total 425 19.0 10.6
3 Surface 0.953 5.54 1.86
Total 4.44 14.8 12.0
7 Surface 0.610 2.84 1.01
Total 298 13.8 4.17
14 Surface 0.302 2.46 0.327
Total 1.14 6.86 1.83
30 Surface 0.091 0.487 0.052
Total 0.232 249 0.398
60 Surface 0.0086 0.0302 0.0023
Total 0.0266 0.322 0.0138

Surface residues averaged 23% + 8% (s.d.) of the total residues throughout the course
of the study. Both surface and total foliar residues were found to decline to about 40% of
initial levels within 7 days of the application. Dissipation was found to vary as a function
of weather conditions with more rapid dissipation occurring in warm, dry conditions
(i.e. Atlanta) and slower dissipation occurring in cool, wet conditions (i.e. Columbus).

As shown in Figure 3, total residues even from identical rate applications varied in
magnitude from site to site. The same type of application equipment was used at all three
sites and the same amount of chemical was mixed and applied.

Mass balance has been achieved (average > 92 %) in other studies with dithiopyr by
placing polyurethane foam sheets on the soil surface as spray interception plates in the
application area (9). Thus the residue magnitude differences at each site are believed to be
due to differences in turf density and chemical intercept. At these three sites, each of
which had a different variety of fescue or bluegrass, we also measured turf surface area
and turf density. Turf density was determined by cutting several one square foot sections
of turf at the soil surface and weighing the collected grass. Leaf surface areas were
determined for turf samples from several subplots at each site by measuring the leaf-lamina
single surface areas of a weighed turf subsample with a LI-3000 Portable Leaf Area Meter
similarly to the procedure of Goh et al (10). Surface areas per gram of fresh weight were
determined from the sampling plots. These leaf surface area and turf density
measurements have been calculated and are shown in Table II. Residue measurements
also seem to be more consistent with greater surface area as exhibited by the mean
Coefficient of Variation calculated at each site.
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Table II. Leaf Surface Area and Turf Density

Location Surface Area (cm?/g)  Turf Density (g/ft?) _Residue V.C. (%)

Atlanta 104.7 126.6 54
Columbus 129.7 334.5 35
Cleveland 129.5 103.4 35

If the leaf surface area and turf density measurements from Table II are applied to the
total extraction data from Table I, the results as graphically displayed in Figure 4
demonstrate in stark contrast to Figure 3, that the magnitude of residue on or in foliage is
fairly consistent from site to site.

Higher values at 1, 7 and 14 days from the Columbus site are believed to be due to the
cooler, wet weather and the fact that dithiopyr, being somewhat hydrophobic, would
partition under wet conditions into the waxy cuticle of the grass blades and therefore
dissipate at a slower rate.

In another study, applications of dithiopyr from three different types of formulations
were made to turgrass at a rate of 2.0 1b/A at a plot at Troy, Missouri. Dithiopyr was
applied as an emulsifiable concentrate (EC), a micro-encapsulated (ME) and a clay
granule (GR) formulation. Figure 5 shows total foliar residues of dithiopyr for each
formulation type over 60 days following application. Notice that the EC and ME dissipate
similarly while the GR formulation does not leave much foliar residue and does not
dissipate as fast.

DISLODGEABLE RESIDUES

Thompson, Stephenson and Sears in a 1984 article in Pesticide Science described their use
of cotton cheese-cloth worn on researchers' shoes to physically dislodge herbicide residue
by scuffling vigorously back and forth over 1 square meter subplots (8). This technique
was used in a study at a site in St. Charles, Missouri to investigate the dislodgeable residue
of amidochlor, a turf plant growth regulator,(Structure shown in Figure 6) and to compare
the residues to those obtained by a polyurethane foam (PUF) covered paint roller
technique.

Results (Table II) revealed that only about 0.4% of amidochlor from a 4.0 Ib/A
application could be dislodged by the cotton gauze technique or the PUF covered paint
roller. The paint roller technique residue was slightly lower, although not significantly,
and some researchers have suggested that additional roller weight might have improved
this comparison.

Because the comparison of two different techniques was made with two different
sampling media, there was some uncertainty in comparing results. In another study, the
two sampling media, cotton gauze and PUF, were used to dislodge dithiopyr with the
scuffling technique. Results shown in Table IV indicate that PUF is significantly better at
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trapping and retaining dithiopyr than cotton gauze. Field fortification, transport and
storage stability tests have demonstrated that PUF recovers >99% of dithiopyr that is
trapped while similar studies with cotton gauze retained an average of only 77% of the
applied dithiopyr (11).

Table III. Comparison of Dislodgeable Residue Sampling Media and Techniques

Amidochlor Residues in mg/m? from 41b/A Trmt.
Days After Treatment  Shoe Pads - Cotton Gauze Paint Roller - Polyurethane Foam

0 221 1.74 (0.71)
1 0.19 (£0.09) 0.14 (£0.026)
3 0.017 (1 0.004) 0.005 (x0.003)
7 0.008 (£ 0.005) Not Sampled
14 0.003 (1 0.004) Not Sampled
21 0.001 (% 0.002) Not Sampled

Table IV. Comparison of Dislodgeable Residue Sampling Media

Dithiopyr Residues in mg/m?  From 2 1b/A EC Treatment

Days After Treatment Cotton Gauze Polyurethane Foam

0 1.62 3.14
1 0.283 0.636
3 0.148 0.298
7 0.0437 0.117

14 0.00353 0.00954

30 0.00160 0.00410

60 <0.00061 <0.00061

The effect of different weight or pressure on the dislodgeable media was studied with
specially designed platform shoes and PUF media in the removal of dithiopyr from turf.
Table V displays the four replicate samplings for a couple of sampling days performed by
different individuals and their respective body weights.

There does not appear to be a correlation of residue with body weight in the resulting
samplings. However, this does not imply that there is not some minimal threshold weight.

Experiments evaluating the dislodgeability of the three different formulations of
dithiopyr described previously were performed with the PUF-lined platform shoes.
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Figure 7 displays the data which again indicates that the granular formulation was not
easily dislodged while the microencapsulated formulation was the easiest to dislodge. It is
believed that dithiopyr, when applied as an emulsifiable concentrate formulation, more
easily penetrates the grass foliage than does the microencapsulated dithiopyr. It is
important to note that the total foliar residue from the two formulations (Figure 5) were
approximately the same.

Table V. Effect of Body Weight on Foam Pad Dislodgeable Residues

Days After Treatment _ Plot No.  Body Weight _Dithiopyr Residues in ug/pads

CLE 0 13 160 Ib 12,028
0 49 160 Ib 8,972
0 26 140 Ib 9,362
0 39 190 Ib 6,818
ATL 3 33 159 Ib 356
3 64 150 Ib 574
3 7 180 Ib 534
3 22 160 Ib 519

A comparison was made of the surface foliar residue after application of dithiopyr as
an emulsifiable concentrate formulation presented earlier in Table I with the amount of
dithiopyr that can be physically removed from turf with the PUF scuffling technique
presented in Table IV. The foliar wash and dislodgeable wipe data were fit to the non-
linear first order model described by Gustafson and Holden (12). Surface foliar residues
were shown to dissipate rapidly with an average DTso of 6.3 days as shown in Table VL.
Dislodgeable residues, as measured by collection on PUF pads, were found to dissipate
more rapidly (i.e. DTso of 0.9 day).

Table VI. Dithiopyr Residue Dissipation Time

Location Foliar Wash PUF Wipe
DTso DToo DTso DTso
Atlanta 6.0 22 0.9 3.1
Columbus 7.9 26 0.8 2.6
Cleveland 3.0 17 11 3.6
Average 6.3 22 0.9 3.1
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Only 10% of the amount present on the day of application still remaining after 3 days
and only 1% remaining after 7 days were dislodgeable. Table VII compares the actual
dithiopyr residue values of each technique.

Table VII. Comparison of Foliar Surface Wash and Dislodgeable Residues

Dithiopyr Residues in mg/m2
Days After Treatment Foliage Atlanta Columbus Cleveland
0 Surface 1.84 6.59 237
Wipe 1.42 6.02 2.78
1 Surface 1.32 4.78 1.83
Wipe 0.646 5.83 0.708
3 Surface 0.953 5.54 1.86
Wipe 0.162 0.597 0.0404
7 Surface 0.610 2.84 1.01
Wipe 0.0071 0.0182 0.0326
14 Surface 0.302 2.46 0.327
Wipe 0.0033 0.0174 0.0060
30 Surface 0.091 0.487 0.052
Wipe 0.0020 0.0017 0.0016
60 Surface 0.0086 0.0302 0.0023
Wipe 0.0008 0.0008 0.0012

Downloaded by MONASH UNIV on October 26, 2012 | http://pubs.acs.org
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In the estimation of dermal exposure from contact with treated surfaces, a commonly
used concept is the transfer coefficient. This coefficient is defined as the ratio of the
amount of pesticide adhering to exposed skin of a person reentering the treated area in this
case, to the measured amount on the treated foliage surface. In our study, the amount
adhering to the exposed skin could be said to be equivalent to the amount dislodged by the
foam pads (Table VII) while the amount on the treated surface was equivalent to the
surface foliar residue (Table VII). Transfer coefficients have been calculated in Table VIII
for all the sampling intervals from 0 to 30 days after application at each location.
Samplings conducted 1 hour after application show equivalent results whether estimated
from grass clippings or foam pads and yield a transfer coefficient of approximately 1.
Transfer coefficients decline to about 0.1 after day 3 and to about 0.01 after day 7. Itis
believed that the probable explanation for this fact is that surface residues become less
available for dislodgement over time due to the binding of the dithiopyr with the waxy
cuticle of the grass blades. At the Columbus site, there was considerable precipitation
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between the 0 day sampling and the day 1 sampling. Although the long-term effect of
precipitation seems to be the partitioning of dithiopyr into the grass, the short term effect
of a rainfall after application is to retain the availability for dithiopyr to dislodge with PUF
due to its almost hydrophobic nature.

Table VIIL. Transfer Coefficients

Days After Treatment Atlanta Columbus Cleveland
0 0.979 0.914 1.00
1 0.490 1.00 0.387
3 0.170 0.108 0.022
7 0.012 0.006 0.032
14 0.011 0.007 0.018
30 0.022 0.003 0.031
CONCLUSIONS

Several parameters for determining foliar dissipation of turf maintenance chemicals have
been investigated in these studies. The surface residue, although only about 25% of the
total residue, is the most relevant when considering reentry exposure. Magnitude of foliar
residues is dependent on turf density and mass balance is difficult to determine by grass
analysis due to fractional turf intercept. Formulation of the active ingredient can have a
significant effect upon foliar residues.

Several techniques for determining dislodgeable residues of turf maintenance chemicals
have been investigated. Dislodgeable residues, obtained by thoroughly wiping a treated
turf plot with polyurethane foam pads, are a good estimator of reentry exposure to
herbicides. Polyurethane foam is preferred for many turf maintenance chemicals because
of its chemical affinity for organic chemicals and its residue transport storage stability.
The scuffling technique does produce quantitative transfer coefficients after applications
and, although differing from foliar residues with time, probably provides a better estimate
of unbound available dislodgeable residues. The use of dislodgeable residue data should
provide an estimate of the maximum exposure because of the vigorous bi-directional wipe
and the chemical affinity of the media. In a practical reentry situation, only a small part of
the foliage in the treated plot is expected to be contacted, and skin and clothing materials
are expected to have less affinity for the turf maintenance chemicals than the PUF
sampling media. In the case of clothing materials, cotton gauze has been shown in this
study to be inferior to the PUF for dislodgeable residue sampling. Skin, which has an
abundance of water stored in the dermis for periods of water deprivation (13), would also
be less likely to retain a somewhat hydrophobic chemical than the waxy cuticle of grass
blades. Therefore, this technique should give a worst case estimate of the potential for
exposure to a turf maintenance chemical upon reentry of a treated plot.
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Chapter 11

Biologically Based Sorbents and Their Potential
Use in Pesticide Waste Disposal During
Composting
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Pesticide usage and inappropriate disposal of pesticide wastes have been
identified as a source of soil as well as surface and groundwater
contamination. Currently, there are few options available to small-scale
pesticide applicators and homeowners to safely and effectively dispose of
pesticide waste. To help alleviate this situation, we are developing a
pesticide wastewater clean-up procedure employing biologically-based
materials. These materials serve as a sorbent for effective removal of
pesticides from aqueous solutions (sorption) and as a matrix on which
these sorbed wastes are subsequently degraded by chemical and microbial
processes. Relatively high concentrations (5000 mg/L) of formulated
chlorpyrifos and metolachlor can be removed using biobased materials of
various types. Heat and carbon dioxide production were compared to
evaluate the potential of some biobased materials to support an
environment for pesticide (bio)degradation.

Methods currently available for aqueous pesticide waste reduction include waste
minimization, rinsate recycling, on-site rinsate re-application, volume reduction using
evaporation/degradation pits and carbon sorption. Inappropriate or inadequate pesticide
waste disposal activities have been implicated as major contributors of soil, surface and
groundwater contamination (2, 5, 16). Development of appropriate methods for disposal
of pesticide waste, which can be used by a variety of applicators, has historically been
difficult (3, 5,16, 26). Alternative disposal methods have been examined (3, 26). Some of
these are effective, but are costly or involve complicated procedures or equipment (5, 16).
Pesticide wastes may include concentrated materials, dilute rinsate solutions and
contaminated products including soil. It is essential that pesticide disposal methods be
effective, safe, inexpensive and relatively easy to understand and operate. Disposal
methods which meet these criteria are more likely to be used by the public. Microbial-
mediated degradation of hazardous chemicals to non-toxic by-products shows promise in
terms of functioning as part of a disposal system (7, 19, 27). We have found that some
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pesticides degrade rapidly under composting conditions, while others may be more
persistent (9, 12, 14). Recent reports on composting yard wastes containing pesticide
residues support these findings (6, 11).

A biologically-based system for clean-up of pesticide-laden wastewater is under
development (9, 13, 14), Figure 1. The system includes both a sorption and a disposal
component. The sorbent component includes 1) a batch demulsification and sorption step
where pesticide-laden waste solutions (or suspensions) are mixed with organic sorbents
(lignocellulosic materials such as peat moss, processed wood products, etc.) and
demulsification agents [Ca(OH)2], and 2) a column sorption and filtration step where the
solution is passed through a column containing a lignocellulosic sorbent. During this step,
pesticides are removed from the aqueous solution by sorption processes. Degradation of
alkaline-labile pesticides may also occur during the first step of the process. It has been
found that demulsification facilitates pesticide removal and sorption from aqueous
pesticide suspensions containing emulsifying agents (10). The disposal component begins
after the separation of the sorbed pesticide from the treated aqueous phase (column
sorption step). The aqueous solution may then be discarded and the pesticide-laden
sorbent added to bioreactors where (bio)degradation of pesticides occurs. Microbial
populations used may be native to the matrix or enrichment cultures may be added.

Lignocellulosic materials (peat moss, steam-exploded wood fibers, peanut hulls, and
newspaper) were examined for use as sorbents in our disposal process because they are
inexpensive, can be highly sorbent and capable of supporting microbial activities
associated with pesticide degradation (13, 14). The feasibility of reusing peat moss as a
sorbent in the disposal process following a composting cycle has been examined. We also
evaluated the bioreactivity of selected biobased materials which may prove useful in terms
of supporting a pesticide degrading microbial consortium.

METHODOLOGY

Solvents used in this study were pesticide grade. Analytical standards of chlorpyrifos and
metolachlor were obtained from the USEPA Pesticide and Industrial Chemicals
Repository MD-8 Research Triangle Park, NC. Information regarding pesticide
properties and routine pesticide extraction and analytical procedures used are referenced
(8, 25). Aqueous samples (0.250 mL) were sonicated and extracted three times with 20
mL hexane and once with 20 mL acetone. The combined extracts were dried on sodium
sulfate columns, followed by volume reduction (flash evaporation). Volume adjustments
for gas chromatography analyses (column conditions: 44" L x 1/4" LD.; 1.5/1.95 % OV-
17/0V-210, 100/120 Chromosorb WHP [Supelco]; oven temp = 210°C; electron capture
detector) were made with hexane. Recoveries for chlorpyrifos were 97.7% + 13 and 100%
49 for metolachlor. Sorbents which were tested included sphagnum peat moss (new and
recycled), ground peanut hulls, steam-exploded yellow poplar wood fibers, peanut hulls,
and newspaper (17), all of which were ground in a Wiley mill using a 2 mm screen.

Two-Step Batch Demulsification, Sorption and Filtration Solution Clean-Up. One
hundred milliliters of aqueous solution containing approximately 5000 mg/L of either
chlorpyrifos or metolachlor were mixed with 2 grams sorbent and 1 gram Ca(OH): in an
Erlenmeyer flask for 4 hours. The solution was then placed onto 100 ml bulb columns
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containing 2 grams of prewet sorbent. Samples (1 ml) taken at various stages during the
sorption process were centrifuged (10,000 x g) to remove suspended particulates and
analyzed.

Bioreactivity Potential of the Biobased Materials. Carbon dioxide production was
measured in sealed small-scale bioreactors (500 ml Erlenmeyer flasks). In large-scale
compost studies, temperature was monitored as a means to determine biodegradability of
the lignocellulosic substrates. Seven substrates (including mixtures) were examined;
including ground peanut hulls (GPH), steam-exploded peanut hulls (SEPH), ground
peanut hulls + steam-exploded peanut hulls (1:1, w/w) (GPH+SEPH), peat moss (PM),
peat moss + 8% vegetable oil PM+VO), steam-exploded yellow poplar (SEW), and
steam-exploded yellow poplar + 8 % vegetable oil (SEW + VO). Carbon dioxide release
was used to evaluate biodegradability of the lignocellulosic substrates. Fifty grams of
lignocellulosic substrate was mixed with 1 gram of a soil/straw compost innoculum and
placed into a 500 ml Erlenmeyer flask. Moisture content of the lignocellulosic
components was maintained between 72-75%. The flasks were closed with rubber
stoppers fitted with gas sampling ports. Duplicate flask cultures were incubated at either
25 or 40°C for 48 days. The gas contents were sampled and analyzed for CO2
concentration every 2-3 days. The percent CO; was determined by injecting 100 ul of gas
from the flasks into a gas chromatograph (model 5890; Hewlett Packard Co.) equipped
with a thermal conductivity detector. Carbon dioxide was separated on a Porapak N
column (1.8 x 2.1 mm ID, 80/100 mesh). After sampling, the flasks were flushed with
fresh air and closed. In the large-scale bioreactors, temperature was monitored over time.
Three cubic feet of each lignocellulosic material was placed into submerged field
bioreactors (12). The moisture content was adjusted to approximately 75%. Temperature
measurements were taken every 2-4 days at the center of the compost.

RESULTS

A two-step protocol has been developed whereby pesticides are removed from aqueous
suspension. This process has been shown to be effective for a variety of pesticides and
their formulations (14). Research activities have now been extended to examine
biologically-based materials which not only function as pesticide sorbents but which will
also support high levels of microbial activity. Increased pesticide degradation is generally
correlated with increases in microbial activity (6, 19). Oil-treatment of sorbent may
improve the hydrophobic sorptive capability of certain materials. The effects of oil-
amendment of peat moss, steam-exploded wood and newspaper have been examined with
respect to enhancement of pesticide sorption and their potential to support microbial
activity. Ground peanut hulls and steam-exploded peanut hulls were also examined
because these lignocellulosic by-products contain 2-3% lipid and represent an abundant
crop residue resource in certain parts of the U.S.

Chlorpyrifos and metolachlor removal from aqueous suspensions. Table I shows the
data for the removal of chlorpyrifos and metolachlor from aqueous suspensions using a
two-step treatment process with several different sorbent types. Chlorpyrifos was reduced
from about 4000 mg/L to low levels (1.3% to 0.003%) of the original concentrations.
Oil-treatment of peat moss improved sorption of chlorpyrifos, but similar treatment of
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steam-exploded wood had no effect. No differences in sorptivity of chlorpyrifos were
observed between ground peanut hulls or steam-exploded peanut hulls. Peat moss and
SEW with or without oil was effective in reducing metolachlor (initial concentration 6000
mg/L) to 0.03 to 2.4 % of the original concentration (Table I). Treatment of these two
sorbents with oil improved sorption efficiency. As was the case for chlorpyrifos, no
differences in metolachlor removal between ground peanut hulls or steam-exploded peanut
hulls were observed.

Table IT compares removal of metolachlor from aqueous suspensions using oil-treated
and untreated steam-exploded newspaper. Oil treatment significantly improved the
sorptive capability of steam-exploded newspaper in both demulsification/sorption (step
one) and sorption/centrifugation (step two).

Pesticide removal from aqueous solutions using recycled peat moss. As indicated in
the disposal model, composted sorbent must be dealt with once it has been removed from
the bioreactors (Figure 1). The options listed are recycling, landfarming and incineration.
Experiments have been conducted to evaluate pesticide sorbency using recycled peat moss
and two pesticides; chlorpyrifos and metolachlor. The recycled peat moss was obtained
from a bioreactor that had a total of 54,000 mg/kg diazinon applied over a three year
period. One year after the final application, diazinon levels were 3.4 mg/kg (9).

Very low levels of chlorpyrifos (0.002 to 0.005%) were recovered from the aqueous
phase after the second step when aqueous suspensions of about 5700 mg/L chlorpyrifos
were mixed with recycled peat moss from the diazinon bioreactor, (Table IIT). Removal
of chlorpyrifos was enhanced by oil-amended peat moss during step one, but there was no
difference in removal during step two. Similar results were obtained when aqueous
suspensions of metolachlor (about 5100 mg/L) were mixed with the recycled peat moss
(Table IV). Metolachlor removal after the two-step treatment was 0.3% of the original
concentration. Sorption efficiency of the recycled peat moss was enhanced by mixing with
oil-amended peat moss, but no differences were indicated in step two.

Composting Potential of Various Lignocellulosic Sorbents. Production of CO2 from
the Erlenmeyer flask incubations provides information regarding the biodegradability of
the various lignocellulosic sorbents. The release of CO2 from flasks containing ground
peanut hulls, SEPH and equivalent mixtures of these two (GPH+SEPH) was about the
same regardless of the incubation temperature (Figures 2 and 3). Similar amounts of CO2
were produced in flasks containing either steam-exploded wood (SEW) or steam-
exploded wood + 8% vegetable oil (SEW + VO) regardless of incubation temperatures.
Peat moss (PM) was the least bioreactive, but CO; production increased when vegetable
oil was added.

Higher composting temperatures (50 to 60°C) were observed in the large-scale
bioreactors, where GPH, SEPH and GPH + SEPH served as the organic matrix
(Figure 4). These data correlate well with the results obtained in the CO2 production
experiment, where the peanut hull products were comparatively more bioreactive than
either SEW or PM.
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Table I. Removal of metolachlor from aqueous suspensions using a two-step
sorption onto steam exploded newspaper (SEN) and
filtration/centrifugation procedure

Concentration mg/L (percent of initial concentration)!~

Step One Step Two
Sorbent Mixing + Centrifugation _Column Sorption + Centrifugation
SEN 1048 +193a 30+2a
21%) (0.6%)
SEN + 10% oil 445+16H 0.1+£0.0b
(8.9%) (0.002%)

! Initial concentration = 5016 + 457 mg/L; metolachor as Dual 8 E; N = mean + standard
error of 3 replicate samples

2 Statistical comparisons: Effects of sorbent treatment (non oil-amended versus oil
amended) are not significantly different when followed by the same lower case letter in a
column (P > 0.05, studentized T-test).

Table IIl. Removal of chlorpyrifos from aqueous suspensions using a two-step
sorption onto recycled peat moss and filtration/centrifugation procedure

Concentration mg/L (percent of initial concentration)!2

Step One Step Two
Sorbent Mixing + Centrifugation _Column Sorption + Centrifugation
Peat moss 103+4a 04+03a
(1.8%) (0.005%)
Peat moss + 10% oil 69+2b 0.1+0.0a
(1.2%) (0.002%)

! Initial concentration = 5671 + 272 mg/L; Chlorpyrifos as Dursban 4E; N = mean +
standard error of 3 replicate samples

2 Statistical comparisons: Effects of sorbent treatment (non oil-amended versus oil
amended) are not significantly different when followed by the same lower case letterin a
column (P > 0.05, studentized T-test).
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Table IV. Removal of metolachlor from aqueous suspensions using a two-step
sorption onto recycled peat moss and filtration/centrifugation procedure

Concentration mg/L (percent of initial concentration)!-2

Step One Step Two
Sorbent Mixing + Centrifugation ~ Column Sorption + Centrifugation
Peat moss 1593 +243 a 14+2a
(31%) 0.3%)
Peat moss + 10% oil 536+160 17+11a
(10%) 0.3%)

1 Initial concentration = 5080 + 1056 mg/L; metolachor as Dual 8 E; N = mean + standard
error of 3 replicate samples

2 Statistical comparisons: Effects of sorbent treatment (non oil-amended versus oil
amended) are not significantly different when followed by the same lower case letter in a
column (P > 0.05, studentized T-test).
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Figure 2. Comparison of camulative carbon dioxide production from various
lignocellulosic materials incubated at 25°C in Erlenmeyer flasks. Statistical
comparisons: Sorbents producing similar CO: release levels are not
significantly different when followed by the same letter. (P > 0.05, Co-
analysis of variance, Tukey's test on the regression analysis).
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Figure 3. Comparison of cumulative carbon dioxide production from various
lignocellulosic materials incubated at 40°C in Erlenmeyer flasks. Statistical
comparisons: Sorbents producing similar CO; release levels are not
significantly different when followed by the same letter. (P > 0.05, Co-
analysis of variance, Tukey's test on the regression analysis).
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Figure 4. Comparison of temperature levels measured in the center of
bioreactors containing various lignocellulosic materials.
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DISCUSSION

A two-step batch treatment/column sorption/filtration procedure using several bio-based
materials shows promise for removing pesticides at high concentration levels from
aqueous suspensions. In most cases, removal of more than 99% of chlorpyrifos and
metolachlor (initial concentration about 5000 mg/L) was achieved using this system. The
results obtained from the pesticide-laden wastewater clean-up using this two-step
procedure, compares quite favorably with other methods. Some examples of these
include: Treatment of 400 gallons of solution containing 7 pesticides at 100 mg/L. each
(totalling 700 mg/L) with 45 Ibs of Calgon F-400 activated carbon for 21 hours reduced
the concentrations of each pesticide in the range of 0.5 to 5.6 mg/L (99.5 to 94.4%
reduction) (4). Pesticide rinsate treatment of 3 pesticides ranging from 17 to 82 mg/L
using an ozone/bioreactive soil column treatment reduced the concentrations to levels less
than 5 mg/L (21). Toller and Flaim (23) reported greater than 99% removal of pesticides
from an apple orchard pesticide spray operation (concentrations ranged from 27 to

1820 mg/L) using a peat moss/manure filtration system.

Treatment of the matrices on which pesticides have been sorbed involves placement
into bioreactors (Figure 1). Although evaluation of the fate of several formulated
pesticides sorbed onto lignocellulosic matrices (step one and two) during composting
needs further study, the fate of several pesticides applied directly onto organic matrices
has been studied (9, 12, 18). Some of the pesticides tested (i.e. diazinon and carbofuran)
disappeared rapidly in bioreactors containing bio-based materials enriched with a ground
corn energy source. Sorbent fortification with vegetable oil enhanced their bioreactivity
(Figures 2 and 3). The effects of oil addition to lignocellosic sorbents also requires
examination regarding enhancement of pesticide disappearance.

The proposed pesticide disposal procedure has several advantages including:
simplicity, low cost, and safety. Prototype equipment which employs a two-step
demulsification, sorption and filtration process designed to treat 35-40 gallons of pesticide
rinsate is undergoing field tests. Presently, certain aspects of this system are
cumbersome, but equipment modifications should simplify the procedure, making it
considerably easier to operate. Lignocellulosic sorbent materials which may be used in
this system are relatively inexpensive. Peat moss is readily available at low cost. The
steam-exploded lignocellulosic materials (wood products, crop residues, newsprint, etc.)
represent potentially new sorbent resources. These studies indicate that they could be
effective for use in the wastewater clean-up process. Steam-exploded materials are not
yet commercially available, but cost estimates for bulk quantities of these products appear
to be competitive with peat moss. Furthermore, sorbent with oil-treatment improves
removal of some pesticides and increases the bioreactivity of lignocellulosic materials in
compost. The use of these materials might facilitate the disposal process. It might be
noted that oils are a waste byproduct of many fast food restaurants and require disposal
procedures to which a cost is associated. Combining these three waste effluents,

(pesticide, newspaper, and used cooking oils) could prove to be an innovative means for
their disposal. A major advantage of this proposed process is in the potential safety of
handling these materials. Concentration of pesticides onto a solid matrix facilitates the
ease of handling and spills could be more easily managed than in a liquid form.
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CONCLUDING REMARKS

There are a few important questions associated with the pesticide rinsate process which
require some attention. The first of these is a need for regulating agencies to determine
pesticide waste concentration levels that represent an acceptable level of minimal risk.
This is a regulatory issue which needs to be addressed by the national, state and local
regulatory agencies.

The second question involves the pH and conductivity (salinity) levels of the treated
rinsate and their suitability for release into the environment. Demulsification with
Ca(OH); produces a high pH in the effluent (step one: pH = 12) which should be
neutralized. Acid neutralization suggested previously (14) will result in an increase in
salinity. However, recent experiments indicate that the use of peat moss sorbent in step
two (sorption column) reduces the treated solution pH and salinity (measured as
conductivity) to significantly lower levels (15). Peat moss which is acidic, apparently acts
as a cation exchanger, effectively removing excess calcium ions during the neutralization
process.

A third concem is the disposition of the spent sorbent following composting in the
proposed disposal method. There will be about a 20% reduction in mass during
composting and low levels of some pesticide residues may remain associated with the
sorbent. The leachability of pesticide residues from spent compost has been quite low and
should represent minimal environmental risks (). Options for disposal of spent compost
indicated in the proposed disposal model include landfarming, incineration, or recycling.
Landfarming of spent compost could be an acceptable option, should further research
indicate that residual pesticide leaching is insignificant. Incineration may also be
acceptable. One currently acceptable method for disposal of paper pesticide containers
may include incineration. Presumably the low levels of pesticide associated with the
emptied containers does not pose an environmental hazard. A third option involves the
reuse of spent compost as a sorbent. Data presented here indicates that this might be
possible.

There are about 200 active pesticidal ingredients contained in a large number of
formulations. As many as 75% are currently used as liquid suspensions of emulsifiable
concentrates, wettable powders, flowables, etc. (20, 24). The system under development
should be capable of providing for disposal of a wide variety of pesticides and their
various formulations.

However, reassessment of formulation inert ingredients has resulted in new
regulations concerning inert ingredients (20, 22). As formulation technology develops to
accommodate these changes, there will undoubtedly be a need for a corresponding
development of appropriate pesticide disposal strategies.
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Chapter 12

Fate of an Antifoulant in an Aquatic
Environment

A. Jacobson!, L. S. Mazza!, L. J. Lawrence?, B. Lawrence?, S. Jackson?,
and A. Kesterson?

IRohm and Haas Company, Spring House, PA 19477
2PTRL-East, Inc., Richmond, KY 40475

RH-5287 (2-n-octyl-4,5-dichloro- 1-isothiazolin-3-one) had a half-life of
less than 1 hour in both an aerobic and an anaerobic aquatic microcosm
consisting of marine sediment and seawater. Upon application of 0.05 ppm
14C RH-5287, over 90% of the 14C-activity partitioned rapidly into the
sediment. Soxhlet extractions with dichloromethane:methanol (9:1)
followed by methanol eluted approximately 30 - 60% of the total applied
radioactivity. After exhaustive extraction of the post-Soxhlet extracted
sediment with 0.25N HCI followed by 1N NaOH, 14 to 40% of the total
applied radioactivity still remained bound to the marine sediment. In the
aerobic microcosm, 14CO, accounted for approximately 24% of the applied
activity after 30 days. The production of sizable quantities of 14CO, and
extractable polar metabolites indicated that degradation involves cleavage
of the isothiazolone ring.

RH-5287 is a member of the 3(2H)-isothiazolone class of compounds which have
demonstrated biocidal activity against a wide spectrum of bacteria, fungi and algae (. 1).

RH-5287, when formulated as Sea-Nine 211™ Biocide, has been found to be an effective

active ingredient in marine paint formulations to prevent buildup (fouling) of algae and
invertebrate animals on submerged hulls of ships and other vessels.

Isothiazolones are known to undergo chemical hydrolysis, especially in the presence of

a nucleophile (2, 3). Previous studies on other 3(2H)-isothiazolones has shown that
biological degradation of these compounds is very rapid (4). The metabolic pathway
involves cleavage of the isothiazolone ring and subsequent oxidation of the terminal
methylene substituents.

0097—6156/93/0522—0127806.00/0
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In order to assess the safety and evaluate the impact of RH-5287 in the marine
environment we performed an aerobic and an anaerobic microcosm study. The
microcosms, consisting of marine sediment and seawater, were monitored for volatiles,
degradation kinetics, partitioning between seawater and sediment, and degradation
products.

EXPERIMENTAL PROCEDURES

Chemicals. Radiolabeled RH-5287 (2-n-octyl-14C(4,5)-dichloro- 1-isothiazolin-3-one)
and 13C RH-5287 (13C(4,5)-dichloro) were prepared at Rohm and Haas Company,
Research Laboratories, Spring House, PA. The radiopurity was greater than 98% and the
specific activity was 55.39 pCi/mg. The chemical purity of the 13C material was greater
than 97%. Additional chromatographic standards were also prepared at Rohm and Haas
Company. Alllaboratory chemicals were reagent grade and all solvents HPLC grade.

Sediment and Water. The sediment and seawater used for this study were obtained from
the York River near Gloucester Point, VA, and were used shortly after their collection in
order to insure the viability of their natural biota. The physical properties of the sediment
and seawater are listed in Tables I and II.

Aerobic Microcosm. Wet sediment (55.7 g; 20 g dry weight) and 64.3 ml of seawater
were added to an autoclaved 500 ml Erlenmeyer flask equipped with a ground glass
stopper and stopcock inlet and outlet tubes. The inlet and outlet tubes were used to
remove volatile products while providing for replacement with fresh oxygen. Sediment
and seawater were not treated in any way prior to their addition to an Erlenmeyer flask.

Six pg RH-5287 (1.5 pg 13C and 4.5 pg 14C) was added to each flask to yie<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>