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PESTICIDE USAGE IN THE UNITED STATES:

Trends During the 20" Century

PART ONE

INTRODUCTION AND SUMMARY

A. Purpose and Scope

This report presents estimates of overdl pesticide usage in the U.S. covering both agricultura
and non-agricultura uses, including past trends and recent usage through 1997. Focus of the report is
on quantitative measures of actud pesticide use (termed “usage’ in this report) rather than
summarization of pesticides registered, recommended or merely available in the market for various pest
control applications. The principad measure of usage is*pounds of pesticide active ingredient” rather
than tota volume or weight of formulated products (which includes dl the other various chemicas or
materidsthey contain, i.e, inert ingredients, asthey aretermed). This report presents estimates of
pesticide usage per year covering roughly the most recent seven decades. It o presents historicd,
quditative, background on the emergence of the use of chemica pesticides in our society going back to
earlies times and their regulation inthe U.S.

Thereis no exigting previous report or source which contains atime series of comprehensive
estimates of historica annua pedticide usage aong with aprofile of current pesticide usage. Estimates
of overdl annua U.S. pedticide usage, by pegticide type and economic sector, have been published
going back to 1979 (Aspelin and Grube, EPA, November, 1999). That report aso contains estimates
of tota annud usage for 1964 through 1978 but without detailed breakouts by pesticide class and
sector. A partid time series of estimates for U.S. agricultura crop pesticide usage has been published
for selected years covering the period from 1964 through 1995. (Barnard, C., et d., 1997) Estimates
have been developed by USDA staff for selected crops and years based on USDA survey data
covering the period from 1964 through 1982. (Osteen and Szmedra, September, 1989) A similar
study by USDA has been published for mgor field crops (such as corn, soybeans, whest, cotton and
potatoes) with periodic estimates of usage for the period of 1964 through 1992. (Biing-Hwan Lin, et
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d., May, 1995) Smilarly, estimates of agricultura crop usage have been published only for particular
years by Leonard Gianess. (January, 1992) Basicdly, the project resulting in this report has been
devoted to filling the void in comprehengve time series estimates, covering al sectors, for the U.S. prior
to 1979.

Although principa focus of this report is on quantities of active ingredient used, quantitative
information is also presented on other aspects of usage (e.g., numbers of acres, farms, homes,
gpplicators, average application rates and user expenditures) where feasible. Breakouts of nationa
usage estimates are provided by chemica family for each of the mgor pesticide types (i.e.,classes, such
asfungicides). However, the breakouts by chemicals family are not extended down to the economic
sector leve, i.e,, only nationd estimates for al sectors combined.

B. Organization of Report

In addition to the Introduction and Summary (Part One), the report consists of six other
%parate parts as follows:
Part Two--background on history of pesticide usage and regulation;
. Part Three--profile of current overal U.S. pesticide usage;
. Part Four—ong term trendsin overdl U.S. pesticide usage;
. Part Five--agricultura pesticide usage trends;
. Part Six--homeowner pesticide usage trends;

. Part Seven-trends in professona market gpplications (to industria, commercia and
government sectors, as well as to homes and gardens).
. Bibliography;

. Glossary; and
. Appendices.

Part One contains an executive summary and a more detailed summary of findings for the
various Parts of the report. There are no summaries contained in the individud Parts. Theindividua
Parts contain references to literature and other sources that are listed in the Bibliography presented at
the end of the report. The Summary of Findings contained in Part One below is designed to provide a
popular bullet-gtyled listing of key points made in the individua report Parts themsalves. The summary
meateria under each mgor bullet in the summary is referenced back to the Part of the report on which it
is based.

Part Two provides background on the historical emergence of pesticides and their regulation in
the U.S.

Parts Three and Four ded with the topics of definition (e.g., pesticide types/classes and
economic/user sectors), data sources and approaches used in development of the report, which tend to
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be common to the overdl report. These parts set the stage for the sections dedling in detail with the
three mgjor individual user sectors.

The organizational scheme with separate Parts for the three mgjor user sectorsis used because
of greatly differing histories, literature and data availabilities for the three types of gpplications. More
detalled informetion is available for agricultural applications than the other sectors, particularly for the
earlier years of the 20th Century. Also, large scale usage of chemicas for pest control tended to
emerge firg in agriculture, which continues to account for amgjority of U.S. pesticide usage.

C. Approach

There are no programs at EPA or other agencies devoted specificdly to estimation of the
overd| pedticide market in quantitetive and dollar terms each year. Accordingly, vauesfor usagein this
report were developed on the basis of the best information available from the public domain and
proprietary sources. Focusin upon the period from 1929 through 1997 and upon conventional
pesticides and other pesticide chemicals, excluding industrial wood preservatives and biocides. These
terms are defined in the Glossary and are discussed below in the Summary of Findings aswell asin Part
Three.

The basic approach used to devel op time series (for conventiond pesticides and other pesticide
chemicals) was to assemble reported values for usage from al available sources and tabulate them on
worksheets showing the values by particular year, type of pesticide, etc. Once dl of the entries were
meade from available sources, efforts were made to reconcile differences and conflicts which often
occurred in the reported values. Numbers were verified from their sourcesincluding deta definitions.
Taking into account apparent trends and relationships in the various tabulated vaues, estimates were
developed for each year, by pedticide class and sector utilizing the best available information and
judgement of the andlyst. Then, three-year averages were computed for purposes of presentation in
this report for the periods ending on three year intervas from 1931 through 1997. A somewhat
different approach was used for the time series on active ingredient usage by chemica family. In that
case, estimates were made only for conventiond pegticides and for every fifth year for 1930 through
1995 and for 1997, based on best available information.

The numbers presented in this report should be considered approximate values rather than
precise ones with known satistical properties. The data sources used and methods used in making the

various esimates of usage are discussed in the individua Parts of the Report, particularly Parts Three

and Four.

The substantive data collection, analysis and report writing on this project were
concluded as of August, 2000. Work on the project sincethat time has been limited primarily
to final editing of thereport. Accordingly, the resultsreported should be considered current
or contemporary as of about two yearsprior to its publication, e.g., August, 2000
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D. Executive Summary

Pests of one kind or another have been problems to man since earliest times. People have
struggled to control pests with awide variety of measures, including chemicas we today cal pesticides.
Early higtory of the Orient and Biblica writings often record pest problems and efforts to ded with
them. It wasn't until the 18" Century that science began to be applied to pest biology and control
messures in very systematic or meaningful ways.

In the United States, chemicds (along with non-chemical controls) began to be widely accepted
as control measures for pests identified by farmers, homeowners and businesses during the late 1800's
and early inthe 1900's. The principa quantitative indicator focused on in this report is pounds of active
ingredient used per year. Figuresfor nationa quantities used began to emerge for usage of magor
pesticide chemicas around 1900, often for use in agriculture, which historicaly has accounted for a
magority of U.S. pesticide usage.

In this report, historical time series of estimated U.S. usage are presented for three-year
periods covering 1929/97. Economic profile information is presented for U.S. pesticide user sectors
based on data for recent years (e.g., 1990's) Where data permit, breakouts are provided in the series
by type of pesticide, economic sector (agriculture, home owner applications and professona non-
agriculturd gpplications) and chemicd family.

Annua usage of pesticides in the U.S. (excluding biocides and industrid wood preservatives)
was about one haf billion poundsin the 1930's, increasing to nearly one billion pounds at the end of
WWII and then pesaked out at nearly 1.5 hillion pounds in the late 1970's. Since then, it has declined
by about 200 million pounds per year and has been quite Steady in the range of 1.2 hillion pounds per
year during the 1990's. Usage per capitawas at its highest leve at the end of WWII at 7.4 pounds, has
declined since, to less than 5.0 pounds during the 1990's.

. large amounts of pesticides containing arsenic, lead and other metals were also used for

insects and plant diseases through the 1950's;

For last seven decades, the following genera observations can be made about pesticide usage

intheU.S.:

. usage of sulfur, petroleum and similar generic chemicals predominated in active
ingredient usage until the mid-1960's, when new chemicals developed primarily for use
as pesticides took over the lead;

. pesticide chemigry changed dramaticaly with the advent of synthetic organic
pesticides, starting with DDT toward the end of WWII;

. there was rapid growth of synthetic organic insecticide usage during the 1940's and
1950's, followed by the dramatic adoption of herbicidesin the 1960's and 1970's;

. new low-dose insecticides and herbicides introduced during the last two decades have
contributed to lower overal usage of activeingredient in the U.S., dong with various
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integrated pest management programs and related educationd efforts by agencies and
industry.
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Summary of Findings (references to text pages)

Part Two—-Background and History of Pesticide Usage

Historical Emergence of Pesticide Technology (See pages 2/1-8.)

Pest controls can be classified broadly as: mechanica contral, biological control,
hogt/target res stance development, and chemica control. Generally spesking, the
chemicals used for pest control are considered pesticides and are so regulated in the
U.S. The principd focus of thisreport is on those chemicas which historically have
been considered pesticides, which account for most pest control in the U.S. Pegticides
and other controls can be used as preventatives, curatives or both and are not
consdered as being used wastefully if being used in line with economic thresholds, i.e,
the value of pest damage avoided exceeds costs on control.

An adequate supply of food is of fundamental importance to mankind going back to
earliest times as man has struggled to obtain adequate supplies of food (and fiber)
againg dl the eements, including pests of various sorts. Pests dso cause damage by
gpreading disease and as nuisances by their mere presence where man does not want
them.

For hundreds of years earlier on, few noteworthy things happened in the devel opment
of pesticides. Then, during the last 100 years, especidly thelast 50 years, pest
control has been revolutionized. The rise of the scientific method and its gpplication to
pest control helped to learn more about pests and existing chemicals as pesticides.
From about 1860 until the advent of DDT in 1942, there was widespread identification
of inorganic and natura organic chemicasfor control of insects and plant diseases
(fungi). Little progress occurred in chemica control of weeds. The chemidry of
arsenicas was further exploited to control insects (Paris Green). Bordeaux mixture
(copper sulfate and lime) was found to be very useful in the control of plant diseases
leading to widespread usage.

The pressure sprayer (hand and power driven) was invented, making efficient large
scae application of pedticides feasible and economica. Aerid gpplication was dso
invented (early 1920's) leading to expanded applications in agriculture.

The avallability of DDT, garting in 1945 for civilia/agricultural usage, opened anew
eraof pest control, leading to not only its extensve usage, but the development of
numerous other synthetic organic insecticides, e.g., organophosphates (1946).  About
the sametime (1944), sdective synthetic organic herbicides were discovered, starting
with 2,4-D, which revolutionized weed control in agriculture and elsewhere. Also,
gynthetic organic fungicides (meta based) were developed as effective controls of plant
diseases (and for other applications).
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During the 1950's and 1960's, granular pesticide formulations were developed, which
led to large expansions of pesticide usage on the mgjor field crops. By the 1960's,
some very important new families of chemicals were discovered as herbicides (e.g.,
triazines, acetanilides and dinitroanilines). In the 1970's, the synthetic pyrethroids
came on to replace much of the insecticide chemisiry developed during the previous 20
years. During the 1980's, imidazolinone and sulfonylurea herbicides came on to
dramatically lower application rates for weed control.

During the 1990's, new, powerful, chemistries and biotechnol ogies came forward and
more will do 0 early inthe new millennium. There is heavy emphadsin industry, user
groups and a EPA in the regigtration and usage of biologicals and “safer” pesticides,
aong with enhanced stlewardship in use of available pesticides.

Overview of Pesticide Regulatory History inthe U.S. (See pages 2/9-14.)

Generd Regulatory Trend:

- Regulaion of pesticidesis an integrd part of the overdl environment in which
pesticides are devel oped, produced and used in the U.S. There has been a
trend in nationd policies/laws, sarting from limited objectives, primarily
protection of farmers from adulterated/ineffective products, until today when
there are comprehensve objectives, including human hedth and environmenta
protection, as well as pesticide user protection.

Prior to 1947:

- The regulation of pesticides was given very little atention from earliest times
until around the turn of the 20" Century. The pesticide chemicasin use were
old chemicas with which people were quite comfortable (e.g., sulfur,
petroleum, lime, arsenicals) and there did not seem to many  concerns with the
chemicals requiring regulation, other than from the point of view of consumer
(user) protection. Asthe usage of pesticides began to be more common and
widespread, Congress became darmed at developments leading to the passage
of the Insecticide Act in 1910. This Law was aimed at helping protect farmers
agang fraud as they purchased insecticides, often by mail or from itinerant
dedlers.

- The Insecticide Act of 1910 gppearsto be the beginning of serious pesticide
regulation in the U.S,, athough the Food and Drug Act of 1906 established
regulatory jurisdiction over food trested with pesticides and traded in interstate
commerce. The Insecticide Act of 1910 provided for establishment of
tolerances for specific insecticides, which was done later by regulation,
primarily for arsenic and lead on apples and pears. The next mgjor
development was passage of the Federal Food, Drug and Cosmetic Act
(FFDCA) in 1938, which provided for tolerances to be established for
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chemicds including pesticides, primarily arsenicads such as lead arsenate and
Paris green.

Part 1 Pg. 9



1947 to 1995:

The 1910 and 1938 Acts did relatively little but set the stage for passage of the
Federa Fungicide, Insecticide and Rodenticide Act (FIFRA) in 1947, asthe
gynthetic organic pesticide industry was in itstake off ages.  FIFRA replaced
the Federd Insecticide Act of 1910. Among other things, it expanded
coverage to al pesticides (not just insecticides) and required that dl pesticides
be registered with the U.S. Department of Agriculture (which had responsibility
for pesticide regulation, going back to the 1910 Act).

The 1947 Act was primarily alabeling act, providing no sanctions for misuse,
no authority for immediate stop-sde orders against dangerous pesticides and
limited pendties for companies sdling such products. There was legidative
action amending FFDCA during the 1950's related to pesticides.

The Miller act (1954) amended FFDCA to give FDA responsiility for
monitoring food for resdues and provided a new mechaniam for setting
tolerances of pedticida residuesin foods.. Then, in 1958, the Delaney Clause
was passed by Congress, amending FFDCA to prohibit any pesticide additives
“found to induce cancer when ingested by man or anima”.

USDA logt a pesticide fraud case and was successful in persuading Congressin
1964 to dlow denia of regigtrations (or cancellation) for reasons of safety or
effectiveness, with the burden of proof switched to the registrant rather than
USDA, as under the origind FIFRA.

Responghility for administering FIFRA, dong with relevant parts of FFDCA,
was transferred to EPA which was created by Executive Order of President
Nixon on December 2, 1970. Pegticides were an issue at the forefront of the
environmental movement leading to the establishment of EPA. Congress
responded to heightened concerns about pesticides and amended FIFRA in
1972, changing it to an environmental protection statute, addressing human
hedlth and environmenta protection aspects, aswedl as maintaining the
traditiona role of protecting the user from unsafefineffective products, deting
back to the 1910 Act.

The 1972 amendments were amgor rewriting of FIFRA. During the 1970's
and 1980's, the amended FIFRA was used to take a number of pesticides off
the market, sarting most notably with the organochlorine insecticides, such as
DDT, ddrin, dieldrin, chlordane, heptachlor and kepone. During the 1980's and
1990's, EPA actively pursued specia reviews of problem pesticides and
struggled with its mandate to reregister dl old/existing pesticides.
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" 1996 to Date;

Asof 1996, reregistration could not be expected to be completed until far into
the next century. Largely asaresult of this, Congress passed the Food Qudlity
Protection Act of 1996, which was designed to expedite the reregistration
process, and at the same time, pay particular attention to protecting the safety
of food suppliesfor dl identifiable groups (such asinfants and children).
Various new FQPA mandates are key features of the Pesticide Program for the
foreseeable future. There a0 is an emphasis upon communication with
affected/interested partiesin genera and upon voluntary programs to reduce
risks of pesticides (and unnecessary usage) under pesticide environmenta
sewardship programs initiated in recent years. OPP isworking closdy with
USDA to implement FQPA with involvement of the Vice President.

Types of Pesticides Used and Why Used (See pages 2/15-20)

" What isa“ Pegticide’?

FIFRA (Sec. 2) defines a pedticide as* (1) any substance or mixture of
subgtances intended for preventing, destroying, repelling, or mitigating any pest,
(2) any substance or mixture of substances intended for use as a plant regulator,
defoliant or desiccant, and (3) any nitrogen stabilizer”... (except that the term
“pedticide’ shdl not include any article that is anew anima drug under FFDCA
and certain other biocides/devices also covered by FFDCA).

Theterm “pegticide’ includes natural and geneticaly engineered microbids.The
pesticide concept, from aregulatory perspective, has changed markedly in the
last 100 years. At theturn of the last century, the “ pesticide” law covered only
“insecticides’, which were the principd type of peticidesin use a thetime.

Classes of Pedticides:

Over theyears, pesticide producers, regulators, researchers and users have
developed a set of terms for identifying pest control chemicals that tend to
follow the target pests for which they areto be used. They are commonly
referred to as pesticide classes (or types in some contexts). For example,
those pesticides used to target fungi are caled fungicides.

Some of the principa classes or types of pesticides are herbicides, insecticides,
rodenticides, and fungicides. There is some overlap between classes of
pesticides identified because some pesticides control more than one type of
pest.
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' Why Pedticides Are Used:
- Pesticides are used because users wish to avoid some type of damage or
nuisance, rea or imagined. Most typesof animd and plant species are cgpable
of becoming “economic pests’, in some circumstances, i.e., worth treating.

Part Three—Profile of Current Overall U.S. Peticide Usage

Overall U.S. Pedticide Usage, by Genera Type, 1997 (See pages 3/5-7).
h Morethan 4.5 billion pounds of pedticide active ingredient areused inthe U.S. ina
current typical year. For 1997, the estimated total for al types of peticides was
4.63 billion pounds. The breakdown on this usage by generad category of pedticidesis:
- conventiond pesticides  0.97 hil. Ibs.  (21%)

- other p. chemicals 026" (6%)

- wood preservatives 0.66 “ (14%)

- specialty biocides 0.27“ (6%)

- chlorine/hypochlorites 246" (53%)

- total 4.63" (100%).

The above aggregate quantities of pesticides used can be expressed on a per capita
basis, to reflect the average volume used per personinthe U.S. Overdl usage was
about 17.3 pounds per capitafor all pesticides regulated under FIFRA (about 3.6
pounds per capitafor conventiona pesticides).

Volume of Conventiona/Other Pesticides Used, by Class and Sector, 1997 (See pages 3/8-
12)

The breakdown of conventional/other pesticide usage by type/class for 1997 was as

follows:

- herbicides 568 mil. lbs.  (46%)

- insecticides/miticides 128" (10%)

- fungicides 81" (07%)

- fumigantsnematicides 165" (13%)

- other conventiona 32" (03%)

- subtotal 975" (79%)

- other p. chemicals 256" (21%)
- grand total 1,231" (100%).
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Agriculture dominates in usage of conventiona/other pesticide chemicals as it accounts
for about three-fourths of the active ingredient of such pesticides. For 1997, the sector
totals were:

- agriculture A mil. lbs.  (77%)

- ind./Jcomm./govt. 151" (12%)

- home/garden 136" (11%)
- total 1,231" (100%).

Expenditures for Conventional/Other Pesticides by Type and Sector, 1997 (See pages 3/13-

17.)

The pedticide indudtry is quite Sgnificant in dollar terms. Annual expenditures by users
of peticides totaled about $11.9 billion in 1997 (conventiona pesticides plus sulfur,
etc.).

These expenditures were distributed among pesticide types as follows:.

- herbicides $6,846 mil. (58%)
- insecticides/miticides 3,553 (30%)
- fungicides 802 (07%)
- al other 696 (06%0)
- total 11,897 (100%).

The U.S. total of $11.897 hillion for 1997 equals about $44 per capita.

Overview of U.S. Land Area and Pesticide Usage (See pages 3/18-23.)

Thetotal surface land area of the U.S. is 1,940 million acres, including 49 million acres
of water areas (1992 estimates).

Pesticides (conventiona/other pesticide chemicals) are gpplied on an estimated 0.33
billion acres per year, which is about 17 percent of the U.S. land area.

More than hdf of U.S. land area isin farmland (1.055 hillion acres) and accounts for
about three fourths of the use of pesticides (excluding wood preservatives and
biocides).

Forest land (559 million acres) is the second ranking land use category and is not
frequently treated, e.g., less than one percent of acreage treated per year.

Agricultura cropland for cropsis quite commonly treated with pesticides. An estimated
240 million acres are trested in agiven year out of a tota of 337 million acres of
cropland for crops.

In approximate values, urban homes and gardens account for about 1.2 percent of U.S.
land areq, 2.7 percent of acreage treated and about 12 percent of total usage of active
ingredient for conventional/other pesticide chemicas. Other urban land has roughly 1.7
percent of land area, 6 percent of acreage treated and 6.2 percent of active ingredient
usage.
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Current U.S. Pesticide Usage Compared to the World (See pages 3/24-27.)
' The U.S. accounts for about one third of pesticide user expenditures world wide
($11.987 hillion out of $37.048 hillion) in 1997 for conventiona and other peticide
chemicals (excluding wood preservatives and biocides).

In terms of active ingredient volume, the U.S. accounts for 22 percent of the world tota
with 1.231 billion pounds out of 5.684 hillion pounds.

Part Four—Long Term Trends in Overdl U.S. Pesticide Usage

Tota Usage of Conventional/Other Pesticides, 1929/1997 (See pages 4/4-7.)
' Usage of conventiona pesticides and other pesticide chemicals was well underway by
the beginning of the 1930's. By that time, there was widespread usage of calcium
arsenate, lead arsenate, copper sulfate and mercury compounds for insecticides and/or
fungicides, principaly to protect agricultura crops.

Therewas alow point in usage in the early 1930's of about 400 million pounds per
year, after which usage more than doubled the low point, continuing through WWII
(to nearly one billion pounds per year). After abrief pause in growth, usage increased
to anew high of about 1.3 billion pounds per year around 1960, followed by some
declinein the later 1960's. Then growth occurred again until usage peaked out at
nearly 1.5 billion pounds per year around the late 1970's. Since that time, usage has
declined to some degree, holding about 1.2 billion pounds per year during the last
decade.

Conventiond pesticide usage has exceeded other pesticide chemicals since the mid-
1960's as new synthetic organic pesticides have replaced the other older chemicals
such as sulfur and petroleum.

On a per-capitabasis, usage of conventional/other pesticide chemicals increased
sharply until the end of WWII when it was about 7.4 pounds. There was adeclinein
the mid-1960's to about 5.5 pounds per capita (primarily as aresult of reduced use
sulfur) and atrend upward again to about 6.6 pounds per capitain 1977/79. Since
then, there has been arather consstent decline to alevel of about 4.6 pounds per
capitamost recently.

Usage of Conventiona/Other Pesticide Chemicals, by Type of Pesticide, 1929/97 (See pages
4/14-15)

h Most of the growth in usage per year was due to the increased usage of herbicides (and
PGR's) sarting with the advent of the synthetic organic pesticide industry as WWI|I
concluded) (peak of about 625 million pounds per year in early 1980').

There was decreased usage of sulfur/oil sincethe early 1960's.
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There have been rather congstent increases in usage of fumigantsnematicides for the

last three decades, especially the last few three year periods.
' There has been declining usage insecticides/miticides active ingredient, as chemicals
with lower gpplication rates have been adopted during the last 15 years.

Trends in The Types of Chemistry Being Used as Pesticides, 1930-97 (See pages 4/16-24.)

' The types of chemicas used as active ingredients in pesticides have changed greatly
sncethe 1930's. In generd, inorganic chemicas have declined in use and synthetic
organic chemicas have taken over increasingly since the mid-1940's.

h Herbicides’Plant Growth Regulators (H/PGR)

reaively smdl amounts of inorganics (e.g., sodium azide and sodium arsenite)
were in use prior to the rapid growth of herbicide usage after 1960 and some
inorganics continue to be used;

the carboxylic acids were the first mgor herbicide group to emerge (largely due
to the phenoxies, such as 2,4-D and 2,4,5-T) and continue to be important due
to the usage of glyphosate aswdll as 2,4-D and others;

the heterocyclic nitrogens, most notably the triazines, which emerged in the
1950's and 1960's, became the leading herbicide family based active ingredient,
which they dill arein the 1990's,

the amides, between 1960 and 1980, became the leading herbicide family and
continue to account for more than 100 million pounds of active ingredient per
year; (Acetochlor isreplacing dachlor within the amides.) and;

the ureas, starting about 1955, and the phenyl ethers (about 1975), are
examples of newer herbicides with smal amounts of active ingredient usage, but
large acreages treated due to low application rates.

Insecticides/Miticides (1/M)

The pattern in insecticide usage has been from dominance by inorganics until
about 1950, followed by the organochlorines (led by DDT) through the mid-
1970's and then organophosphates became the leading insecticide family in
terms of active ingredient usage.

arsenica insecticides (particularly cacium and lead arsenates) were dready in
common use by 1930 with usage of more than 150 million pounds per year and
were the leading chemicd family by far; their usage declined quite notably, by
about 90 percent, by 1955 as the organochlorines predominated;

DDT came on stream by 1945 and reached its maximum usage around 1960; it
was essentialy no longer in use by the mid-1970's, other organochlorines, such
as chlordane and toxaphene, increased in usage through the mid-1970's but
declined to only afew million pounds per year by 1990;

botanicas, such as pyrethrum, nicotine and rotenone, were important
insecticides dready by 1930; their use dong with other botanicas and
biopesticides increased in usage to 28 million pounds in 1945, after which such
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usage declined; botanica s/biopesticides of various types have been in use
within the range of 3 to 5 million pounds per year since 1965. These figures do
not reflect pesticide active ingredient generated by geneticaly modified
organisms regulated as pesticides (GMO's);

the organophosphates were in use by 1955 and have been the leading
insecticide chemical family since 1970; their peak usage occurred around 1975
with 142 million pounds of active ingredient, after which usage has declined to
some degree; usage of organophosphates was an estimated 87 million pounds
in 1997.

h Fungicides (F)

Copper sulfate has been the leading fungicide in terms of active ingredient usage
most of the 20" Century. It had peak usage of 150 million poundsin 1945 and
isdll in usetoday (18 million poundsin 1997).

copper sulfate (used with lime, known as Bordeaux mixture) was introduced as
afungicideinthe U.S. by 1887 and cameinto large-scae gpplication by about
1910, most often for potato and apple disease control;

mercury based fungicides were in use from 1935 until about 1975;

the dithiocarbamates were in use by 1950 and most of the time since have been
the second ranking fungicide chemicd family; and

heterocyclic nitrogens were in use by 1955 and reached largest usage around
1975.

h Fumigants/Nematicides (F/N)

Ha ogenated fungicide chemicas were in use by 1930 and since have been the
leading chemicd family for this class of pedticides.

chloropicrin and carbon tetrachloride were among the first to be of importance
inthis class of pedticides;

methyl bromide has been an important fumigant/nematicide snce it began use
around 1945; and

the carbamates/dithi ocarbamates have had expanded usage since the late
1980's to 66 million poundsin 1997.

User Expenditures for Conventional/Other Pesticides, by Type of Pegticide and Sector,
1979/97 (See pages 4/25-27.)

' Pesticides are a significant sector of the U.S. economy as reflected by annua user
expenditures for pesticides.

' Overdl user expenditures have increased from about $5.3 hillion in 1979 to about
$11.9 billion in 1997. (nomina dollars)

These increasng expenditures reflect changesin a number of factorsincluding: the

quantities of pesticides purchased; improved/more useful active ingredients and
formulations; less use of inexpensve generic chemicds; increasing development and
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regulatory codts, and generd inflationary trendsin the economy affecting production
and transportation costs.  Herbicides account for more than haf of total user
expenditures, followed by insecticides.

Aggregate user expenditures in congtant 1997 dollars increased less than inflation
generdly from 1979 through 1993, but have increased a a somewhat faster rate Snce
that time. In other words, pesticide expenditures, in rea terms, have been increasing
somewhat during recent years.

User expenditures per capitafor the U.S. civilian population in constant 1997 dollars
arein the same general range during recent years as they were in the 1979/84 period.
Asof 1997, expenditures per capitawere $44.73 which is somewhat below the values
for 1979 through 1984. These figures per capita are an indication as to what the
average person is paying for conventional/other pesticide chemicas, whether purchased
directly asauser or indirectly as part of the costs of goods and services, taking
account of inflationary trends.

Pat Five-Agriculturd Pesticide Usage Trends

Profile of Agricultural Applicator Sector (See pagesh/1-3.)

Agricultureis an important part of the United States in many ways. It isthe source of
food and fiber for the Nation and people e sawhere in the world through exports.
There are about 1.9 million farmsin the U.S. (1997 Census of Agriculture). These
farms contain more than 930 million acres of land which is nearly haf of the land area of
the U.S. (about 1.9 hillion acres). They have about 350 million acres of cropland used
for crops each year, which iswhere most of the agriculturd pesticides are gpplied.
Quite remarkably, U.S. agriculture have been able to produce food and fiber to meet
market needs (and even produce surpluses from time to time), with about the same
amount of cropland it used many decades ago. Thisis due apparently to ever
improving technology and efficiency in agriculture, including the use of more and more
useful pedticidesto control pests of various kinds.

Pegticides of one type or another are applied on amgority of U.S. farms raising crops.
In 1997, about 0.94 million of the 1.661 million farms with cropland used one or more
pesticide types on at least some acres. Herbicide are used on the most farms (685,000
farmsin 1997) followed by insecticides (366,000).

Asof 1997, there were 874,000 persons who had been certified under FIFRA
provisions as private pesticide applicators. Thereis an average of nearly one certified
private gpplicator per U.S. farm that applies pesticides in crop production (e.g,
874,000 certifications compared with 941,000 farms using pesticides in crop
production in 1997).
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1 Principad Chemicas Available to Farmers For Pest Control Before End of WWII (See pages

5/4-5.)

Two dramatic changes occurred starting with the latter stages of WWI, with respect to
the availability of chemicdsfor farmersto control pests.

The firgt was the discovery and commercid development of new chemical
compounds which were efficacious pest contrals, principaly synthetic organic
pesticides such as DDT and 2,4-D.

The second mgor change was the emergence of an industry to produce
pesticides for use by farmers. Until the new chemicas came dong, basicaly
there was no indugtry to efficiently produce pesticides and make them available
to farmers at prices that made them cost effective. Farmers generaly had to
purchase raw chemicds (often crude indugtrid chemicas) and mix/formulate the
pesticide for use themsalves.

Principal chemicals available to farmers, circa 1910-20 and early 1940's.

For insect control, various arsenicals were important as early as 1910-20 (Paris
Green containing copper metarsenite and lead arsenate) and increasingly by
WWII. Various arsenicals were recommended by WWII, such as white
arsenic, sodium arsenite, calcium arsenate and lead arsenate. Sulfur and
petroleum were used as insecticides as were severad plant-based items,
including rotenone, pyrethrum, vegetable oils and nicotine/tobacco.

Very limited chemistry was available as fungicides in 1910-20, principaly
Bordeaux mixture (copper sulfatellime) and lime/sulfur. The situation had not
changed much by WWII, as only mercurials were added as fungicides.

The farmer did not have available highly useful chemicasfor control of weeds
until the end of WWII, garting with 2,4-D. Rather common chemicas such as
sodium chloride, iron sulfate, copper sulfate, carbolic acid, sulfuric acid and
petroleum were basicadly dl that was available and they were neither very useful
nor without undesired effects from usage.

Farmers basicdly did not commonly use fumigants'nematicides through WWII
and naither did they have available to them antimicrobids for dairy sanitation,
and other purposes, as we think of such applications today.

1 Agricultura Pesticide Usage Trends, Circa 1930 to Date (See pages5/7-12.)

Asof 1929/31, about 460 million pounds of active ingredient were used in agriculture

on an annua bass. Usage declined sharply during the next three-year period (ending
1934) and then increased quite consstently until after WWII (about 720 million pounds
per year) when there was adowing of growth. Then usage increased rather steedily to
about 950 million pounds per year around 1960. There was a cutback in usage during
the last hdf of the 1960's and then usage increased to a peak for the seven decadesin
1977/79 at nearly 1.1 billion pounds of active ingredient per year. The above trends
reflect expanded use of insecticides sarting with late WWII, the growth of herbicide
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usage until the late 1980's, and a drop in usage of sulfur/ail, particularly in the mid-late
1960's.

The volume of pegticide active ingredient used in agriculture has been quite closely
correlated with acres of cropland since about 1960. The association is particularly
gtriking since 1970. Variations in crop acreage did not appear to be a mgjor factor
shaping tota agriculturd pesticide usage from the 1930's until about 1960, as
insecticide and herbicide usage increased dramaticaly, regardless of crop acres.

By 1965/67, conventiona usage surpassed other pesticide chemicals and continues to
do so to date.

Conventiona and other pesticide chemical usage in agriculture expressed in terms of
average per U.S. crop acre can be used as a rough indicator of pesticide usage
intengity in agricultura production. U.S. cropland, about 345 million acresin 1995/97
(cropland used for crops series), iswhere most intensively managed crops are grown
and where most pesticides are used in U.S. agriculture.

The trends in aggregate quantities of pesticides used and crop acres resulted in arapidly
increasing average rate of active ingredient used per acre of cropland-- from lessthan a
pound per acrein the early 1930's to about 2.5 pounds during 1959/64. Thiswas
followed by markedly lower levels through about 1970 due to less use of other
pesticide chemicals. Thisis presumed to be the result of new conventional pesticides
coming on the market and replacing traditiona chemicas such as sulfur and
petroleunvoil.

The highest leve of usage was reached in the 1977/79 period when average usage per
acre was 2.85 pounds, somewhat more than for the most recent three year period
(2.76 pounds for 1995/97).

Trendsin Agricultural Pesticide Usage, by Type (Class) of Pegticide (See pages 5/13-14)

The availability of synthetic organic herbicides toward the end of WWII led to
congstent and rapid growth in the use of such chemicas in agriculture to a peek of
about 500 million pounds of active ingredient in 1980/82, with some decline since.

I nsecticide usage expanded during the 1960's and 1970's, but has tended to decline
since as newer, low-dose, chemicals have replaced older pesticides.

Usage of fumigants/nemticides has been increasing steadily since the 1940's, and
rather dramaticaly so in the 1990's (their usage is now exceeded only by
herbicidesPGR'’s).

Sulfur and petroleum are till important pesticides but usage isfar below levels of earlier
times, eg., three year periods ending 1943 through 1964.

Fungicide usage has been remarkably stable at about 40-60 million pounds for severa
decades.

Trends in Aggregate Active Ingredient Usage, by Crop Grouping, 1988-97 (See pages 5/15-

22)
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Trends over the 10 year period are evaluated based on three two-year periods as
follows: 1988/89, 1992/93 and 1996/97.

Corn/sorghum and fruits/nuts are by far the leading crop groups in terms of overdl
usage of active ingredient; they are followed a a distance by agronomic crops (which
include potatoes), vegetables and soybeans.

Herbicides are the leading pesticide type applied to mgjor field crops such as
corn/sorghum, soybeans and cereals.

Sulfur/petroleum is used most widely on fruits/nuts, accounting for about haf of usage
on those crops.

Fumigant/nematicide usage increased noticeably over the 10 years for agronomic
crops, vegetables and cotton.

Trendsin Average Active Ingredient Usage Per Acre of Crop Grown, by Crop Grouping,
1988/97

Fruits/nuts currently lead al other crop groups by far with about 45 pounds of active
ingredient used per acre grown, followed by vegetables a about haf the rate currently
(more than 23 pounds).

The most noticeable increase in usage per acre was vegetables, where usage per
average acre increased from 13.4 to 23.7 pounds per acre between 1988/89 and
1996/97.

Nematicide/fumigant usage increased sharply for vegetables and to alesser degree for
agronomic crops.

Corn/sorghum is the only crop group for which usage per acre declined consstently per
acre for the periods observed.

Trendsin Expenditures for Agricultural Pesticides, Circa 1930 to Date (See pages 5/23-27.)

Farm expenditures for pesticides have increased from $33 million in 1929/31 to about
$8.4 billion in 1995/97 in nomind dollars. When placed in constant 1997 dollars, the
increase is from $296 million per year in 1929/31 to $8.5 billion in 1995/97.
Pedticides have accounted for an increasing percentage of total farm production
expenditures since WWII, when they accounted for about 0.5 percent.  Since that
time, pesticides have steadily increased as a percentage of total farm production
expensesto alevel of 4.6 percent in 1995/97.

Another way of looking a the importance of agriculturd peticide usage isin terms of
expenditures relative to the number of peopleinthe U.S. For 1995/97, the average
expenditure per capitafor agricultura pesticides was $32.10.

Part Sx—Home and Garden Usage by Homeowners

Profile of Home and Garden User Sector (See pages 6/1-4)
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Home and garden pesticide gpplications (by homeowners and family members) account
for agignificant portion of tota usage of conventiona pesticides and other peticide
chemicds (136 million pounds of active ingredient in 1997, or 11 percent of the tota
for al user sectorsthat year). These applications were made by an estimated 123.7
million persons, of which 52.5 million were mae and 71.1 million were femde.

Nearly one half of the U.S. civilian population applies pesticides, 123.7 million out of
267 millionin 1997, or about 46 percent.

There were an estimated 101 million householdsin the U.S. in 1997, of which 84.1
million (about 83 percent) were urban and 16.9 million rurd. More than three-fourths
have private lawns (80 million in 1997), but few have private svimming pools (7
million) and hot tubs (3 million). Significant proportions of households grow
fruit/nut/grapes (22 million or 22 percent in 1997), grow vegetables/berriesmdons (28
million or 27 percent) and grow roses (32 million or 32 percent). In 1997, an
estimated 20 million households used pest control operators, which equaled about one-
fifth to total U.S. households.

Commercid lawn care service is used by about one-eighth of households and some use
landscapers or other lawn care services.

Numbers of Households Using Home and Garden Pesticides, 1990 (See page 6/5-8.)

Pedticides are used by homeowners (and/or family members) in amgority of U.S.
households, including lawns, gardens and any other outsde areas. Asof 1990, 69
million households used one or more types of pesticides, which equaed 81.6 percent of
U.S. households that year. Insecticides and fungicides are the most commonly used
conventiona pegticides in homes and gardens. About 60 percent used an insecticide
and about 40 percent used afungicide. Only about four percent of households used a
mulluscicide or arodenticide. Disinfectants were used in nearly haf of households and
about one-fifth used insect repdlents.

In terms of application ste, three fourths of U.S. households gpply one or more
pesticides indoors (64 millionin 1990). About one-fifth have lawvn pedticide
gpplications, one-tenth, food crop applications and one-sixth, ornamentals.

A two-way breakout of the numbers of households with homeowner pesticide
gpplications was prepared showing numbers by both pesticide type and site of
goplication. The leading combinations in terms of numbers of households for 1990
were: indoor insecticides (42 million), indoor disinfectants (40 million), indoor
fungicides (32 million) and indoor repellents (15 million). The leading outdoor
combinations were: insecticides on other outsde areas, ornamentas and lawns; and
herbicides on lawns.

Numbers of Home and Garden Pesticide Applications Per Household, 1990 (See pages 6/9-

11.)
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The EPA Home and Garden Survey provided estimates of the number of pesticide
gpplications as well as numbers of households for 1990. Averages computed on basis
of al U.S. households (84.6 million in 1990) were about 52 gpplications per household
during 1990 (about one per week) for dl types of applications.

The primary living area accounted for about two-thirds of the applications. The other
types of gpplications were much less frequent, with averages of lessthan 5 per year for
the various types other than "outdoor areas' for which the average was 6.28
goplications.

Numbers of Home and Garden Pesticide Products in Storage, 1990 (See pages 6/12-13.)

The EPA Home and Garden Survey found that rather large numbers of pegticide
products were in sorage a households. Estimates were made of the aggregate
numbers of products in storage by type (class) of pesticide and use status (not used yet,
used past year or used over one year ago).

On the average, using households had 4.7 pesticides in storage, of which 0.34 were not
used yet and 1.07 were used more than one year ago. Insecticides were most
commonly in storage (3.38 products), followed by herbicides (2.34), while the other
categories had vauesin the range of one and two products in storage on the average.

Home and Garden Pesticide Usage, by Type, 1929/97 (See pages 6/14-19.)

Conventiond and Other Pegticide Chemicas, Aggregate Usage

- the usage of conventional pesticides increased quite steadily from about 10
million pounds per year in the mid-1930's to about 85 million pounds per year
around 1980; since then it has declined about 10 million per year;

- other pesticide chemical usage increased from about 30 million pounds per year
in the mid-1930's to a peak of about 115 million per year around 1960; since
then such usage has been generdly in the range of 60 to 80 million pounds per
year,

- the total of conventiona and other pesticide chemica usageswasat alow 40
million pounds per year in 1932/34 and increased to 154 million pounds per
year in 1959/61; usage was somewhat lower until around 1980 when usage
returned to 150 million plusrange; during the last 10 years overdl home and
garden usage has declined dightly, to 135 million pounds per year in 1995/97.

Conventiond and Other Pesticide Chemicals, Per Capita Usage

- Aggregate usage figures divided by U.S. civilian population place usage by
homeowners on a per capita bas's.

- Since 1929/31, the pattern which emerges is generdly increasing levels until
about 1956/61 when usage was 0.85 pounds per capita, followed by a
declining trend to about one haf pound per capita most recently..

Conventiona and Other Pesticide Chemicd Usage, by Class
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- Estimates were made of aggregates for conventiona and other pesticide
chemicals used by homeowners with breakouts by pesticide class for the period
of 1929 through 1997.

- The following observations can be made:

herbicide usage has increased steadily snce WWII;

insecticide/miticides usage has declined somewhat since around 1980;

petroleunmyoil and sulfur usage has declined since the 1960's,

other pesticide chemicas, conggting largely of moth trestment

chemicds, haveremaned at ardatively high leve ance the 1950's.

ST

Home and Garden Pesticide User Expenditures, 1979/1997 (See pages 6/20-22.)

Aggregate user expenditures for the home and garden sector have about doubled from
about $1.01 hillion in 1979 to $2.01 hillion in 1997. Mot of the increase has occurred
due to increased expenditures for herbicides and plant growth regulators, aside from
inflationary trends which are dedlt with below.

When expenditures for 1979/97 are placed in constant 1997 dollars to take out the
impact of inflation, the result is that expenditures have remained about the same at about
$2.0 hillion per year since 1979.

When placed on a per capita bas's, expenditures have declined somewhat over the
period, i.e., from about $9.10 to $7.70. Home and garden pesticides are aminor part
of the average household budget, and have not been increasing in rea terms during the
last two decades.

Part Seven ndustrid/Commercid/Governmenta Usage Trends

Profile of Professional Pesticide Applicator Sector (See pages 7/1-17.)

Profile of Applicators and Certifications

- The industrid/commercia/governmenta sector condsts of gpplicators which
apply pedticidesto avery diverse set of sectors, land uses and agquatic aress.
There are twelve broad categories of gpplicator certification of which ten
generdly relae to the non-farm gpplications. The two categories of "agricultura
plant” and "agriculturd anima" relate primarily to farm/ranch gpplications. In
order to apply restricted-use pesticides, gpplicators must be certified as
competent to gpply such pesticides by meeting nationd standards set by EPA.
The applicators are trained and certified under cooperative programs involving
EPA, USDA and the State Extension Services. All states require commercid
gpplicators to be recertified every three to five years to maintain certification.

- Asof FY 1997, there were approximately 533,000 applicator certifications,
involving 375,000 individua gpplicators. The number of certifications exceeds
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the total number of gpplicators due to multiple certifications of many
applicators.

- By far the leading categories of non-agriculturd certifications are ornamenta
and turf (145,000) and indugtria/ingtitutiona/structural and health (130,000),
the latter category generdly referred to as pest control operators (PCO's). The
third ranking category of certificationsis right-of-way (ROW) with 57,000
certifications. About 65,000 commercid gpplicators are newly certified each
year, dong with 120,000 which are recertified annudly.

Profile of Mgor Non-agricultural User Sectors

- The professond applicators serve a diverse set of user sectors which can be
broken down into a number of categories or types which tend to follow such
things as lines of business, professond disciplines, type of pesticide, economic
sector and type of pest.

- Some examples of the mgor user segments are: turf/ornamentas (lawn care
operators with 18,000 applicators; 15,000 golf courses; 15,000 parks, 22,000
landscape contractors; 42,000 nurseries and greenhouses), industria vegetation
contral ( 3,200 utilitieswith 6 million miles of right of way (ROW); 39,000
government units with nearly 4 million miles of roadways, ), pest control
operators (14,000 pest control establishments with 17 to 18 million residences
treated per year), forestry (focus on 70 million acres) and mosquito abatement
digtricts (900 didtricts treating 100 million acres per year).

History of Pesticide Applicator Industry (See pages 7/18-19.)

The professond pesticide gpplicator industry we have today can be traced back to
earliest times as people have struggled with pests of various sorts in the home, in
industry, in commerce and in government. The history of gpplying pest control
technology in the western world goes back to an early period of antiquity as early as
300 AD. Intheseearly times, atisans or specidists were using various chemicad and
non-chemica controls for pests. Examples include apothecaries, embamers, ship
builders, and chandlers.

During the 12" Century in Europe, itinerant peddlers provided poisons and traps for
rodent control. Alchemists and others discovered improved poisons by trid and error
for vermin control. Ratcatching and vermin exterminating became a livelihood for
some persons as technology improved and trade expanded between Europe and the
rest of theworld.

By the 18" Century, the itinerant ratcatchers had begun to settle down and operate out
of regular places of business, with ads, established accounts and competition with one
another over clams of control effectiveness, trade secrets, etc.  About the middle of
the 19" Century, some of the European exterminators emigrated to the U.S. and used
available chemidry for pest control which remained quite primitive until around 1920.
Arsenica and lead based chemicas became generdly available for pest control,
enabling growth of pest control operations.
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In the late 1920's, the more aware and ethical elements of the applicator industry began
to band together to share ideas. They organized to promote regulation that would
improve ethical standards and diminate unscrupulous operators.

The emergence of the synthetic organic pesticide industry in the 1940's manufacturing
new highly effective pesticides made possble the rgpid growth and expansion of the
pest control industry.

The professional pesticide market of today consists of not only the applicators for hire,
but those who are professionasin entities which are not pest control firms, but engaged
primarily in other activities or pursuits.

Methods of gpplication of pedticidesin the professond market are very diverse such
as, hand sprayers (dusters), ground boom and blast sprayers/dusters, directed
aerosols, fumigant aerosols/canigers, fixed wing and helicopter gpplications, injections
and others.

Conventiona and Other Pesticide Chemicals, Aggregate Usage, 1929/97 (See pages 20-24.)

Aerid applications of pesticides began with agricultural cropsin 1921/22, but probably
began to be used on non-crop sites by WWII.

The usage of conventiona pesticides in the professond market increased quite Seadily
from about 50 to 60 million pounds per year in the early to mid-1930's to about 210 to
220 million pounds per year from the mid-1960's until around 1980; since then it has
declined to just under 130 million per year;

Other pesticide chemical usage increased from about 15 million pounds per year in the
mid-1930's to a peak of about 50 million per year during 1956/1967; since then such
usage has tended to declineto aleve of about 20 million pounds per year during most
recent years,

Thetotal of conventiond and other pesticide chemica usageswas a alow of about 50
million pounds per year in 1932/34 and increased to 267 million pounds per year in
1965/67; since then, total usage has declined to 150 million per year in 1995/97.

Conventional and Other Pesticide Chemicals, Per Capita Usage, 1929/97

A pattern which emergesis congastently lower levels of usage per capita Snce 1965/67
when usage was about 1.5 pounds per capita. For 1995/97, usage was about 0.7
pounds per capita.

This compares with about 0.85 pounds per capitafor the home and garden market and
3.57 pounds per capitafor agricultura usage (based on 947 million pounds of active
ingredient and 265 million population for 1995/97)

Conventional and Other Pesticide Chemica Usage, by Class, 1929/97

Herbicide usage emerged with significant quantities during WWII, held at about 75/85
million pounds per year through 1983/85 and has declined since to about 50 million
pounds per year;
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I nsecticide/miticide usage was dready established by 1929/31, was in the generd range
of 35 to 45 million pounds per year for 1961/91 and has since declined somewhat;
Fungicide usage expanded sharply during WWII and his remained at amilar levels
much of the last 50 years, showing some declinesin the last decade;

Petroleum/oil and sulfur usage has remained much the same during the last 30 years,
Fumigant/nematicide usage expanded during WWII, leveled off during the 1960's and
1970's, and has declined to some degree during the last decade.

Professiona Market Pesticide User Expenditures, 1979/1997 (See pages 7/25-27.)

Aggregate user expenditures have increased by about one-half from about $1.09 billion
in 1979 to $1.53 billion in 1997. Much of theincrease isin insecticides/miticides, for
which expenditures more than doubled over the nearly 20 years. Increases for
herbicides and other types of pesticides have been much more nomind.

Edtimates were made of professona market user expenditures for 1979/97 in constant
1997 dollarsto take out the impact of inflation. The result was that expendituresin red
terms declined from about $2.2 billion in 1979 to $1.5 billion in 1997.

When placed on a per-capita basis, expenditures have declined rather significantly,
reflecting the above aggregate trends and increasing population. On a per capita bas's,
expenditures declined from about $9.80 to $5.70 between 1979 and 1997.
Expenditures for professona market pegticides are equa to a rather nomina amount
per capita, and have been declining in red terms during roughly the last two decades.
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PART TWO

BACKGROUND ON HISTORY OF PESTICIDE USE AND REGULATION
IN THE UNITED STATES

A. Higtorical Emergence of Pesticide Technology
1. Purpose

The purpose of this section is to trace the emergence of pest control technology, with specia
reference to pesticides as they have been developed and come into use in our society. A tableis
presented which traces atime line of some of the more important or landmark developmentsin pest
control technology, often in other nations, which led ultimately to new or changing usage of pesticidesin
the U.S. Thissection isintended to beilludtrative of trends in developments, not to be exhaugtive of dl
emerging technology.

2. Types of Pest Control
It may be useful to briefly note the various types of pest control, so asto place control by
pesticides in proper perspective. Although controls vary greetly among the various types of pests
(insects, plants, fungi, vertebrates, etc.), one can identify some basic categories of pest control such as
follows
a Mechanical control--involving physicaly preventing the pest from causingthe  damage
by removing/isolating the pest from the Site of attack or by physicaly  debilitating the pest.
Includes lega control through quarantine.
b. Biologica control--other organisms control pest or render harmless.
C. Host/target resistance--development of plant or animal resistance to attack by pest
organism, including manipulation of genetics, etc. (can be consdered aform of biologica
control in some cases).

d. Chemica control--use of chemica pesticide to obtain desired effect on pest.

Generdly speaking, the chemicals used for pest control are considered pesticides and are so
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regulated in the U.S.. However, the Federa Insecticide, Fungicide and Rodenticide Act (FIFRA) *
causes certain “biologicals or organisms’ to be regulated as pesticides. The principa focus of this
report is on those chemicas which are considered pesticides, which account for most of the use of
chemicals for “chemica pest control” inthe U.S.

Another way of looking a pest control iswhether it is preventative or curative (Martin, p. 8).
Preventative methods operate on or protect the host/target from anticipated or possible attack, while
curative methods endeavor to stop or mitigate pest damage after thereis an attack.

Pedticides can be used in either mode, such as prophylacticaly to prevent pest attack or after
the pest is present and is expected to cause damage a economic threshold levdls, i.e, where, in
smplest terms, the value of the damage avoided by trestment exceeds pest control costs.  Usage of
pesticides by either the preventative or curative approach (or both) can be prudent (in line with
economic thresholds), i.e,, not wasteful. In any case, there is some uncertainty as to whether usageis
judtified. The uncertainty tendsto be greater for preventative applications because of difficulty/cogsin
projecting future pest infestation/damage levelsin the absence of preventative trestment. For this
reason, curative treatments are often viewed as less likely to be wasteful, even though that may or may
not be the case in agiven Stuation.

3. Hisoricd Time Line for Pest Control

One author has begun abook by stating: “The history of man isthe record of a hungry cresture
in search of food.” (Stakman, E. C., p.3) Thisisobvioudy agross overamplification, but it cannot be
denied that an adequate supply of food is of fundamentd importance and has been a preoccupation (if
not occupation ) of mankind going back to earliest times. Man struggles to obtain adequate supplies of
food (and fiber) againg dl the dements, including pests of various sorts which reduce the quantity and
quality of output, by physical damage, disease, etc.  Asde from pedtsinterfering with production of
food (also fiber, other goods and services), pests cause damage by spreading disease and as
nuisances by their mere presence where man does not want them.

Through the ages, it seems, increasingly, that people find a need to minimize the existence
and/or damage of pests, with the use of pesticide chemicas and by other means noted above. Some of
the factors that lead to increased need for pest control are: development of succulent crops attractive to
pests, eg., high sugar content of fruits; large acreage/mass production of monoculture crops which

FIFRA originaly became law on June 25, 1947 and has been amended severa times since.
See:EPA report published March, 1997 (730L 97001) which contains FIFRA and applicable sections
of FFDCA as amended by the Food Quality Protection Act of 1996 (FQPA).
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facilitates pest development; widespread incursion of people into new areas occupied by pests not
formerly interacting with man; use/development of plants/animals susceptible to pest damage; mohility
of people and commerce leading to importation of pests without natura controls, expectations of
people that there should be a minimum of interference from pests; and adaptation of peststo chemica
and other control measures.

Presented in Table 2-1 isalisting of developments relating to pest control and pesticidesin
particular, ranging form prehigtoric times to the present. In looking over the listing, one redizes there
has been arapid acceleration in the rate of pest control devel opments as time passed. For hundreds of
years earlier on, few noteworthy things happened. On the other hand, during the last 100 years,
especidly the last 50 years, pest control has been revolutionized.
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Table 2.1 Higtorical Timeline for Pedticide-rdlated Developments

CIRCA/YEA PESTICIDE DEVELOPMENT REMARKS
R REFERENCE
----BC Early stone tablets said to have referred to red squill Shepard, p.4
as arat poison
12000BC First records of insects in human society Jones, p. 309
8000BC Beginnings of agriculture Cereals provide staple diet, storage Jones., pp., 309-
from one harvest to next, established 10
villages
2500 BC Ancient Sumarians use sulfur to control Jones, p. 321
mites/insects
1200 BC Biblical armies sowed conquered fields with salt and Probably first non-selective pre-
ashes to make land unproductive emergent herbicide
---BC Romans applied hellebore for control of rats, mice One of earliest poisons Shepard, p. 4
and insects Frear, p. 41
1000 BC Homer refers to the use of sulfur compounds Shepard, p. 4
324 BC Chinese use ants in citrus groves to control Early use of biocontrol or IPM Shepard, p. 4
caterpillars
2\ p S—
70 Pliny the Elder notes the use of gal from green Early use of organic chemical
lizard to protect apples from worms and rot
900 Chinese use arsenic to control garden insects Early use of inorganic stomach poison Shepard, p. 4
as pesticide
1300 Marco Polo writes of the use of mineral oil against Shepard, p. 4
mange in camels
Circa 1300 Marco Polo is claimed to have brought Pyrethrum Pyrethrum biological extract till in Mrak, p. 44
to Europe as a wondrous compound of secret origin use; inspired modern synthetic
pyrethroids
Severd South American natives use sabadilla plant Mrak, p. 44
centuries preparations as louse powders
1669 Earliest use of arsenic as insecticide in Western Honey ant bait Shepard, p. 4
World
18th century Petroleum, kerosene, creosote and turpentine Frear, p. 120
introduced as insecticides Mrak., p.44
Asealy as Ground tobacco recommended in France to kill Mrak, p. 44
1763 aphids
1787 Soap mentioned as insecticide and turpentine Shepard, p. 4
emulsion recommended to kill/repel insects
1809 Nicotine discovered in France to kill aphids Mrak, p. 44
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Table 2.1 Higtorical Time line for Pedticide-rdlated Devel opments

1825 BHC produced by Michael Faraday But insecticidal properties not known Ordish, p. 131

Asealy as Rotenone used as insecticide Usage not common until 1920's, Mrak, p. 45

1848 expanding greatly in 1930's

1867 Unknown inventor discovers that the dye Paris For chewing insects Shepard, p. 4
Green killed insects

1860's Paris Green (arsenical) used to control Colo. potato Shepard, p. 6
beetle in Rocky Mountain Region, as inorganic
chemicals emerge as pesticides

1873 DDT first made in alaboratory (Otto Ziedler) But insecticidal properties not Ordish, p. 152

discovered until 1939

1882 Bordeaux mixture discovered in France to control Mostly copper sulfate; became Shepard, p. 5
plant diseases mainstay for many years

1883 John Bean invents pressure sprayer to apply Key development leading to efficient
pesticides, leading to fire engine mfg. by FMC gpplications to crop surfaces

1877/78 Kerosene emulsified in soap developed to kill Prof. John Cook, Mich. Ag. College. Perkins, p. 5
sucking insects

1886 Inorganic lime sulfur washes introduced to control Hydrogen cyanide led to one of first Shepard, p. 5
scale insects in California; also fumigation with instances of insect resistance to a
hydrogen cyanide introduced chemical

1892 Lead arsenate discovered as control for gypsy moth F.C. Moulton, MA State Bd. of Ag. Perkins, p.5
in Massachusetts

1893/1906 Lead arsenate found to be effective against many Widely accepted by home gardeners Perkins, pp. 5-6
insects and usage of home-made preparation
expands

1894/1900 Steam/mechanical/horse driven spray equipment Permitted larger-scale field Ordish, p. 118
developed applications

1901 USDA issues Farmer Bulletin 127 containing For sucking insects, it recommended USDA F. Bul.
recommendations for preparation and use of soaps, pyrethrum, tobacco decoction, 127

1908 (Revised arsenicals (Paris Green, copper arsenite, arsenite of sulfur and petro. oils. Resin and lime-

version) lime, London purple, lead arsenate) for chewing sulfur was for scale.
insects.

1907/1911 Chemica industry begins production of lead Usage reaches 40 mil. |bs. by 1934 Perkins, p. 6
arsenate; home manufacture no longer
recommended

1910's/1920's USDA tests'recommends chemicals for animal dips Chemicals include carbolic acid, Whitaker,
and disinfectants chloride of lime, sulphur, pet. oils, pp.72/72

nicotine, creosote and arsenicals

1921/22 First airplane field application of insecticides Ohio experiments in 1921 Shepard, p. 5
(cotton, La.,, 1922)

1913/1915 Organic mercury compounds introduced in U.S. Mercurial fungicides were widely Frear, p. 170
from Germany as seed trestments adopted for fungi/disease control by Ennis.., p. 109

late 1920's.
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Table 2.1 Higtorical Time line for Pedticide-rdlated Devel opments

1920's/mid- Calcium arsenate dust developed by USDA found to Usage quickly adopted for usage in USDA Y earbook,
1930's be effective against boll weevil, but chemical is cotton, potatoes and tomatoes, plants 1920, pp. 241 ff.
toxic to many plants that would tolerate its toxic properties.
Usage reaches approx. 30 mil. Ibs. by Perkins, p. 6
1934
1928 Sodium chlorate tested at rates of 200 Ibs. per acre Landowners desperate for controls of Harper, p. 417
to control Johnson grass the pest in South
1928 Ethylene oxide patented as insect fumigant Shepard, p. 6
1930 Y earbook of Agriculture recommends poisoning Use 100 Ibs. lead arsenate for 3,000 sq. USDA, 1930,
lawns with lead arsenate for beetle/grub control ft., 3 inches deep pp. 348-49
1932 Methyl bromide first used as fumigant (France) Shepard, p. 6
1932/39 Search by Swiss firm, Geigy, (Dr. Paul H. Mueller) Compound had extraordinary killing Perkins, p. 169
for insect controls/seed disinfectants results in power and duration outdoors, exposed
discovery of DDT to wesather; Mueller won Nobel prize. Perkins, p. 10
1940 BHC insecticidal properties discovered in France Jones, p. 322
and England
1941/42 DDT used on crops and for human lice control in Geigy makes DDT available to other Perkins, p. 11
Switzerland countries
1942 Li