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1. DISCLAIMER

This paper classifies 23 active ingredients in the organophosphate (OP) class and seven
active ingredients in the carbamate class of chemistry as “insecticides.” Many of these
products are not strictly insecticides, but also act as miticides, aphicides and nematicides.
The OP and carbamate pesticide active ingredients that are subject to FQPA rulemaking
are not limited to insecticides, but also include certain fungicides, herbicides and plant
growth regulators. This paper is limited to the 30 active ingredients. It does not include
any analysis of the uses of the fungicides, herbicides or growth regulators.

The usage data used in this report reflects registrations of organophosphates and
carbamates in 1995. Several of the active ingredients have been withdrawn from use in
the U.S.: sulprofos and fonofos. In addition, all but three of the uses of methamidiphos
have been withdrawn.

2. INTRODUCTION

Thirty pesticide active ingredients belonging to the organophosphate (OP) and carbamate
classes of chemistry are widely used as insecticides in U.S. production of fruit, vegetable
and field crops. These active ingredients, their trade names and major crop uses are
identified in Table 1. The organophosphate and carbamate insecticides are used to
control insect pests that, otherwise, would lower crop yields significantly. Although
alternative chemical and non-chemical controls are available for most of these crops, the
organophosphate and carbamate insecticides, generally, are more effective and/or
significantly less costly.

In August 1996, the President signed the Food Quality Protection Act (FQPA), which had
passed Congress unanimously. FQPA includes significant amendments to the nation’s
laws regulating pesticide registrations and tolerances in foods. Congress included
sections in FQPA that broaden the consideration of health risk factors while reducing the
role that pesticide benefits play in granting tolerances. FQPA requires the EPA to
reassess all existing pesticide tolerances considering the best available data on aggregate
exposure to the pesticide, the cumulative effects from pesticides sharing a common
mechanism of toxicity, exposure to children and potential as an endocrine disrupter.

EPA plans to review 33 percent of existing tolerances by August 1999. On August 4,
1997, EPA published a list of its tolerance reassessment priorities and reregistration
scheduling priorities. For the August 1999 deadline, EPA intends to reassess those
pesticides that appear to pose the greatest risk to the public health. EPA has included
pesticides of the organophosphate and carbamate classes of chemistry in this first group
of pesticides to be subject to FQPA’s requirements. Initially, EPA plans to review the
registrations of the organophosphate and carbamate insecticides individually, using FQPA
requirements regarding aggregate exposure, protection of children and endocrine effects.
Following the individual assessments, EPA plans to conduct a cumulative effects analysis
of exposure to all of the active ingredients sharing a common mechanism of toxicity. For



this analysis, it is likely that all of the organophosphates will be considered as one group
and all of the carbamates as another group. Although the results of the aggregate risk
analyses are unknown at this time, it may be that EPA will propose canceling many
organophosphate and carbamate insecticide uses in order to reduce the calculated risk to
human health to below the acceptable safety standard.

The organophosphate and carbamate insecticides share the ability to depress the levels of
cholinesterases enzymes in the blood and nervous systems of insects, animals and
humans. Most of the organophosphate and carbamate insecticides are regulated currently
by EPA on the basis of threshold effects. FQPA specifically instructs EPA not to
consider the benefits of a pesticide when considering threshold human health risks. If the
theoretical risk exceeds the safety standard, risk must be reduced by cancellation of uses
or otherwise until the standard is met, no matter the cost. However, Congress did not
preclude EPA from conducting cost-effective rulemaking. Careful analysis of the
individual uses of the organophosphate and carbamate insecticides might identify those
crops for which the use of alternatives would be least costly as replacements. On the
other hand, EPA may determine that it has no recourse but to propose cancellations of a
long list of organophosphate and carbamate insecticide registrations, which may leave
many growers without effective alternatives, and be very disruptive to U.S. production of
crops. When EPA proposes these regulations, it will be necessary for the Agency to
estimate the costs of this rulemaking. However, if pesticide registrants propose to
remove registrations voluntarily, it will not be necessary for the EPA to estimate the
resulting economic effects. FQPA provides only broad outlines for implementation of the
“reasonable certainty of no harm” standard. The impact of FQPA will depend largely on
the policies, procedures and default assumptions EPA uses in its implementation.
Extremely conservative policies, procedures and assumptions will increase the cost
impact of FQPA.

3. OP AND CARBAMATE INSECTICIDE USAGE DATA

The estimates of the usage of organophosphate and carbamate insecticides used in this
paper are drawn from the National Pesticide Use Database issued by the National Center
for Food and Agricultural Policy (NCFAP) in 1995 [1]. The NCFAP pesticide use
database accounts for the use of 200 active ingredients by crop and state. The NCFAP
database is the only comprehensive, publicly available pesticide use database for the U.S.
and reflects usage patterns circa 1992. The NCFAP database currently is being revised to
reflect 1995/96 usage patterns. A key part of the update is an ongoing review of usage
estimates for organophosphate and carbamate insecticides, that is being conducted by
NCFAP in coordination with EPA, pesticide registrants and commodity organizations.
The revised NCFAP usage database will be available in Spring 1998.

The following data summaries are based on the NCFAP usage database issued in 1995
without revision. Tables 2 and 3 show the national usage patterns for the 23
organophosphate and seven carbamate insecticides. National usage for each active
ingredient is summarized in terms of the acreage of each crop for which the active



ingredient is used in the U.S. As can be seen, acephate is used on 13 crops in the U.S.,
azinphos methyl on 40 crops, malathion on 61 crops, etc. In all, there are 690 use sites
for organophosphate and carbamate insecticides in U. S. crop production. Table 4 lists
the number of crop use sites for each organophosphate and carbamate active ingredient.
In many cases, different organophosphates and carbamates are used on the same crop.
For example, 23 of the organophosphate and carbamate insecticides are used on cotton.
Each of the 690 use sites for organophosphate and carbamate insecticides warrants an
analysis as to why a particular active ingredient is used on that crop (What are the target
pests?) and warrants an analysis of the potential alternatives if the use of the
organophosphate or carbamate for that particular crop were canceled.

One readily apparent feature of the national usage pattern for individual
organophosphates and carbamates is that there are very few use sites where the active
ingredient is used on more than half of U.S. acreage. Of the 690 use sites, only 27
represent more than 50 percent of the nation’s acreage of the crop. On the other hand,
44?2 use sites represent less than 10 percent of the nation’s acreage of a crop treated with
an individual active ingredient. The NCFAP use estimates reflect normal, average usage
patterns. In some cases, risk assessments are conducted with the assumption that

100 percent of the crop acreage is treated with all registered products. The NCFAP data
indicate that such assessments are gross overstatements of the normal usage patterns for
the organophosphate and carbamate insecticides. On the other hand, insecticide usage
can vary tremendously depending on pest pressure and unusual weather patterns. The
NCFAP database does not identify the likely maximum usage patterns for these
chemicals. While it is accurate to say that few individual products are used on the
majority of the acreage of any crop, it may be the case that the majority of the acreage of
many crops is treated with one or more organophosphate or carbamate insecticides during
the same growing season.

4. OP AND CARBAMATE USAGE ANALYSIS

The organophosphate and carbamate products represent 30 of the 59 active ingredients
used as insecticides in U.S. crop production. The other major classes of insecticides used
in U.S. crop production are pyrethroids and biological products. Oil is used widely to
control insects in tree crops. Of the acres treated with insecticides in U.S. crop
production, 70 percent are treated with organophosphate or carbamate insecticides.
Tables 5 and 6 list the shares of insecticide treated acres for each crop that is accounted
for by organophosphate and carbamate active ingredients. As can be seen for certain
crops, organophosphate and carbamate insecticides are the only ones used: barley,
canola, dates, flax, oats, rice, rye, safflower, sweet potatoes and wild rice. For 35 crops in
the U.S., organophosphate and carbamate insecticides account for more than 70 percent
of the insecticide treated acres. Tables 7 and 8 summarize the use of organophosphates
and carbamates by state. As can be seen, for most states, the majority of insecticide
treated acres are treated with organophosphate and carbamate insecticides.



The total use of organophosphate and carbamate insecticides in U.S. crop production is
83 million pounds. NCFAP estimates that the poundage of insecticides used in U.S.
agriculture is 149 million pounds total. However, 51 million pounds of the national
usage is accounted for by oil, that is used at a high per pound rate per acre.
Organophosphate and carbamate insecticides respectively represent approximately

65 percent and 19 percent of the poundage of insecticides used in U.S. crop production
(exclusive of oil). - .

Tables 9 and 10 show the distribution of poundage of organophosphate and carbamate
insecticides used by crop in the U.S. As can be seen, two crops, corn and cotton, account
for 54 and 40 percent of national poundage of organophosphate and carbamate
insecticides, respectively. Twenty-four crops account for 95 percent of the poundage of
organophosphate and carbamate insecticide use while 60 crops, collectively, account for
the remaining S percent of national use.

5. INDIVIDUAL CROP ANALYSES

For 22 of the crops treated with organophosphate and carbamate insecticides in the U.S.
a literature search was conducted to identify the pests and reasons for usage.

Alfalfa:
Weevils, potato leafhoppers and aphids are the three top pests of alfalfa in the
U.S. The organophosphate insecticides dimethoate and chlorpyrifos and the
carbamate insecticide carbofuran are the most widely used products because of
their efficacy against all the major pests. Pyrethroids were introduced for alfalfa
insect pest management about 10 years ago. Weevil control with pyrethroids has
been uneven. The pyrethroids do not control aphids.

Apples
San Jose scale and codling moth are two of the key pests which organophosphate
insecticides control. The scale is a tiny insect that sucks the plant juices from
twigs, branches, fruit and foliage. This pest has become of increasing concern to
apple growers in the northwest because of the importance of exports, as
phytosanitary regulations ban infested fruit from some countries [46]. The most
effective method of control is to use oil plus an organophosphate insecticide, such
as malathion, diazinon, phosmet, methidathion or chlorpyrifos during the dormant
season [47]. Oil could be used at higher rates without the organophosphates, but
increased use of oil could lead to increased plant injury. Fruit infestation with
scale can be prevented with summer applications of insecticides (oil cannot be
used in the summer). The only insecticides recommended for scale control during
the summer are organophosphates — diazinon, chlorpyrifos and methyl parathion.
Although it could control scale insects, esfenvalerate (a pyrethroid) is not
recommended as a summer spray since it is very toxic to beneficial mites, and its
application would be disruptive of the biological of harmful mite species [47].



Codling moth is the key pest of apples in Washington State. Apple losses from
this insect alone would each 50 percent in one or two years if no insecticides were
applied for control [48]. Its larvae bore deeply into the fruit and feed on seeds.
Brown frass, or excrement, extrudes from the hole [47]. Survey data indicate that
96 percent of the growers apply an average of three applications of an
organophosphate insecticide (azinphos methyl, phosmet, methyl parathion,
chlorpyrifos) for control of codling moth [48]. Available alternatives to the
organophosphates tend to be less effective, more expensive or disruptive of IPM
programs [48]. Carbaryl and esfenvalerate are toxic to predatory mites and can
cause severe mite outbreaks. Codling moth has not been controlled adequately
with soft pesticides (such as BT) in the northwest [47]. Generally, efficacy of
these compounds, even when applied five to seven times as often as azinphos
methyl, do not provide equal control [48]. A synthetic insect pheromone
(Isomate C) is available to disrupt codling moth mating. However, mating
disruption is a less effective alternative in areas of high codling moth pressure.
Growers in this situation usually supplement mating disruption with azinphos
methyl.

Artichokes:

In California, the plume moth is the most serious pest of artichokes. The insect
feeds on the leaves and tunnels throughout the main stem. Over the past decade
the number of insecticide applications has been reduced by half, following the
registration of the organophosphate insecticide methidathion, that provides longer
residual control than alternatives [13].

Avocados:

The major insect pest of California avocado orchards is Greenhouse thrips. Areas
on which thrips have been feeding are browner in color and covered with black
specks of their excrement. Fruit scars can result in economic losses of

50 percent [14]. The organophosphate insecticide malathion has been used for
several decades and controls the thrips with residual control of up to three weeks.
A botanical insecticide is registered, but has no residual control and has to be
sprayed two to three times [15]. A parasitic wasp has been introduced but has not
proven effective in broad scale biological control.

Blackberries:

The raspberry crown borer is one of the most damaging pests of blackberries in
the U.S. The insect damages the underground crown of the perennial blackberry
plants. The organophosphate insecticide diazinon is applied as a drench on the
row to kill the young larvae prior to their tunneling into the crown [16]. Once
inside the crown, they cannot be killed with insecticides.

Blueberries

The blueberry maggot, or blueberry fruit fly, is the major insect pest of blueberries
in Maine [49]. Flies emerge from the soil from June through August. Once
mated, the females seek ripening blueberries in which to lay eggs. In seven to 10
days the eggs hatch, and the larva (maggot) begins feeding. As the larva feeds and
grows, the berry begins to shrink. After two to three weeks the berry is destroyed
almost completely. The presence of infested fruit at harvest can result in the



condemnation of whole fields of harvested fruit. Maggots became serious
problems in Maine blueberries in the 1920’s [S0]. Dusting with arsenic was the
common control method employed in the 1930 - 1950 time period. Currently,
blueberry fruit fly emergence is monitored with sticky traps. Action thresholds
have been developed to guide the timing and necessity of treatment. The only
insecticides recommended by the University of Maine for blueberry maggot
control are OP’s (malathion, phosmet, azinphos methyl) and a carbamate
(carbaryl). Azinphos methyl and phosmet are most widely used because they are
the most effective. Some Maine growers who do not use insecticides use the
tactic of late harvesting as a means of eliminating some of the maggot infested
berries, as these berries tend to drop off the bush as the maggots inside them
mature. Research results suggest that this technique may work well in some
years, but not in others [51]

Cherries

Corn:

The most important insect pests in Michigan tart cherry orchards are cherry fruit
fly and plum curculio. Both insects directly damage the fruit. Female fruit flies
lay their eggs under the skin of the fruit (each female can lay from 50 to 200
eggs). The hatched larvae feed inside the fruit. A Food and Drug Administration
rule mandates a zero tolerance for cherry fruit fly maggots in processed cherries.
In unsprayed trees a high percentage of fruit is likely to be attacked

The organophosphate insecticides azinphos methyl, phosmet and chlorpyrifos are
used widely in Michigan tart cherry orchards because they provide effective
control of all the major insect species [45]. Alternatives to the organophosphates
include pyrethroids, including esfenvalerate and permethrin. The pyrethroids are
less effective and more costly. Unlike the organophosphates, the pyrethroids
destroy beneficial mites. With the resulting build-up of damaging mite species,
miticide use would have to be increased.

Corn rootworm larvae are the primary and most damaging insects pests in corn
production. The larvae chew on and tunnel inside or along the roots in summer
months. As they feed, the larvae prune roots back to the stalk. Injured plants
cannot take up water and nutrients efficiently. Yield losses of up to 55 percent
can occur as a result of both root pruning and lodging [3]. For continuous corn
production, granular soil insecticides, applied at planting, are the primary method
used to control corn rootworm. The three major corn rootworm insecticides are
the organophosphates chlorpyrifos and terbufos and the pyrethroid tefluthrin.
Chlorpyrifos is used most frequently in the Corn Belt because of its efficacy
against both cutworms and rootworms. Terbufos is the market leader in the
Western Plains, where the predominant rootworm species is the western corn
rootworm, and where rootworm populations are higher. Terbufos also is the
market leader in Southern states, where billbugs are problems in corn. Crop
rotation has long been an acceptable alternative to insecticide use for control of
corn rootworm. However, for the past several years, a new phenomenon has been
causing serious rootworm infestations in first-year corn fields in Illinois and



Dates:

Indiana. Extension personnel believe that the Western corn rootworm beetle has
adapted to laying eggs in soybeans, thus minimizing the utility of a corn/soybean
rotation for corn rootworm control [4].

Four species of beetles are pests of dates in California. In addition to the primary
damage caused by feeding, losses result from the presence of excreta, larvae and
the moulting skin in the damaged dates. Crop damage is higher during years with
above-average rainfall. In the late 1940’s, up to 75 percent of the date crop was
lost to insect damage in some years [17]. Since 1953, the organophosphate
insecticide malathion has been recommended and widely-used for beetle control
in California date trees.

The major insect pests of California figs are dried fruit beetles, that feed on
ripening or overripe fruit. During years of unseasonable rains, fig orchards attract
insects from great distances, and populations reach astronomical levels [18]. In
order to salvage a portion of the crop after unseasonable rain, fig growers employ
the organophosphate insecticides malathion or diazinon.

Grapes:

A Special Local Needs label for the use of the organophosphate insecticide
chlorpyrifos for control of grape mealybug exists for California and Washington
(approved in 1996/97). Mealybugs feed on grape sugars and proteins and secrete
the ingested sugars, leaving behind honeydew, that promotes the growth of sooty
mold on the fruit. Grape pickers dislike the mealybug infested grape clusters
because the black mold gets all over their clothing and is transferred by their
hands from infested bunches to uninfested bunches. Chlorpyrifos, when directed
at the vines’ trunks and applied in a delayed dormant application, has proven to be
the most effective control material against the grape mealybug [19].

Hazelnuts:

Until the 1990’s, the organophosphate insecticide chlorpyrifos was used widely
for management of the filbert aphid. In addition, sporadic use occurred when
leafrollers were an economic threat. In recent years, chlorpyrifos use has declined
because of the successful introduction of a parasitoid wasp for biological control
of filbert aphids [20]. Leafrollers remain a sporadic pest, and chlorpyrifos is most
commonly used for its control currently.

Hop aphid is a primary pest of hops in the U.S., and chemicals are used on

100 percent of U.S. hop acreage every year for its control. Hop aphids excrete
prolific amounts of honeydew. Sooty mold grows on the honeydew and can
render hop cones unmarketable as moldy hops cannot be used for brewing {27].
Until recently, the organophosphate insecticide diazinon was used on 100 percent
of U.S. hop acreage for aphid control. However, the recent registration of
imidacloprid has resulted in a significant decline in diazinon’s use. Diazinon is
used currently as an early season spray for aphid control and is also important for
resistance management for imidacloprid.



Kiwi:

Mint:

Olives:

In California, heavy infestations of scale insects cause premature fruit softening,
which is a significant problem for packers storing kiwi fruit [22]. Although
widely used to control scale, research indicates that spray oil does not provide
adequate control of high populations. In kiwi vineyards with high scale
populations, the organophosphate methidathion is used [23]. Methidathion is
registered for kiwi under a Special Local Needs registration.

The organophosphate insecticides chlorpyrifos and acephate are used to control
cutworms in mint fields. Even low populations of cutworms will reduce plant
vigor significantly or will kill plants through feeding on roots [24]. Currently,
chlorpyrifos is the only insecticide registered for control of mint root borer and
garden symphylans. The mint root borer weakens plants by feeding within the
rhizomes, making these plants susceptible to winter injury. Garden symphylans is
a severe pest in Oregon’s Willamette Valley [25]. It feeds on the fine roots of
mint and can reduce mint yields in newly planted fields and destroy entire stands
of mint.

Efforts to control black scale in California olive orchards have encompassed one
of the largest biological control programs ever attempted. Beginning in the
1890’s, about 70 species of natural controls have been introduced; however, none
has proven to be effective [26]. Dormant oil treatments are effective against light
to moderate populations. However, for heavy infestations, in the summer months,
the organophosphate and carbamate insecticides diazinon and carbary] are
recommended.

Raspberries:

Most raspberries are machine harvested. Any insects shaken loose by machine
harvesting contaminate the crop and can result in downgrading the product with a
loss of up to $1,400 per acre [27]. Insecticide tests have indicated that the
organophosphate insecticide malathion essentially reduces insect contamination of
harvested raspberries to zero [28].

Soybeans:

Typically, insecticides are not used in Midwestern soybean fields. Parasites and
diseases usually maintain insect populations well below the economic injury

level [5]. However, in drought years, such as 1988, when high populations of
spider mites develop, 30 percent of Midwestern soybean acreage has been treated,
primarily with organophosphate insecticides, including chlorpyrifos and
dimethoate in order to prevent substantial yield losses [6]. Insecticide use is more
commonplace in Southern U.S. soybean fields, where insects typically arrive on
winds from the Tropics. Insect populations in Southern soybean fields have
developed a high level of resistance to pyrethroids and the most commonly used
insecticides currently in Southeastern soybean fields are the organophosphate
methyl parathion and the carbamates carbaryl, methomyl and thiodicarb [7].



Sugarbeets:
The sugarbeet root maggot is the most destructive insect pest of sugarbeets in the

U.S. Adult female flies migrate to beet fields and deposit their eggs in the soil
around small beet plants. A single female lays up to 200 eggs. The damage to the
sugarbeet is done by the larvae. They scrape the root surface with their mouth
hooks causing irregular scars that later become darkened from sap escaping from
the injured root. Small tap roots can be severed completely, and such plants
usually die [8]. Typically 85 to 90 percent of the sugarbeet acreage in the Red
River Valley is treated with an application of an organophosphate insecticide
(terbufos, chlorpyrifos) for control of the maggot [9]. Research has indicated that
uncontrolled maggots can reduce beet yields by 42 percent in comparison to the
most effective insecticide control. No commercially viable alternatives to
insecticides are available currently to sugarbeet growers [10].

Sugarcane:
The sugarcane borer reduces sugar yield by causing retarded growth and stunted
stalks, thus causing losses in plant weight (tonnage). Despite the repeated use of
inorganic compounds, sugarcane fields in Louisiana lost about 13 percent of their
annual cane yield to the sugarcane borer prior to 1960 [11]. Since the 1960’s,
azinphos methyl has been the most commonly used insecticide for sugarcane
borer control. Two azinphos methyl sprays substituted for 12 annual applications
of the inorganic compounds. Currently, azinphos methyl is limited to one
application per year and is used typically in combination with a pyrethroid.
Applications of the pyrethroid can cause secondary outbreaks of aphids because of
disruption of natural controls of aphids.

Sunflowers:
The primary insect pest targeted by ethyl parathion are seed weevils, that feed on
pollen and deposit eggs within the developing seeds. The larvae consume the
inner meat of the seed and there is considerable difficulty in separating
undamaged from weevil-damaged seeds [12]. Pyrethroid insecticides are equally
efficacious with ethyl parathion for early season applications; however, for late
season applications, when the heads of the sunflower plants are drooping, ethyl
parathion is considered more effective because of its volatility that allows
penetration into the head from below.

Walnuts:
No adequate cultural or biological controls are currently available for managing
codling moth in walnuts [29]. The organophosphate insecticide chlorpyrifos has
been the most widely used insecticide since it is effective and is less toxic to
beneficial organisms in the orchard [30]. The recent registrations of the insect
growth regulators diflubenzuron and tebufenozide for codling moth in walnuts has
provided growers with alternatives. However, these products do not control high
worm populations and do not affect adult worms [31].

Wild Rice:
The organophosphate insecticide malathion is the only registered insecticide for
controlling riceworm in Minnesota wild rice paddies. There are no cultural
alternatives. Other chemicals researched have low efficacy. Replicated



experiments in 1971 indicated that malathion reduced riceworm populations by
92 percent [32]. A single larva per plant will reduce wild rice yields by
11 percent [37].

6. POTENTIAL IMPACTS OF RULEMAKING

Very few studies exist that project the effects of the potential removal of organophosphate
and carbamate insecticides. Five studies recently have included an analysis of the
potential impacts of banning certain organophosphate and carbamate insecticides. These
estimates are for asparagus, cranberries, apples, rice and cotton.

Asparagus:
Special Local Needs Registrations permit the organophosphate insecticide

disulfoton to be applied to asparagus in California and Washington for control of
the asparagus aphid. This aphid was first detected in the West in 1979. The
aphids feed by sucking plant juices, causing shrinking, dwarfing and death of
asparagus shoots [38]. Natural enemies and diseases have kept the aphid under
control in the Eastern U.S., but have not proven effective in the West.
Washington State University recently concluded that [39]:



