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Executive Summary.. -

Chlorpyrifos-methyl, an organophosphate, is an insecticide that is used primarily in
stored wheat, with lesser use in other grains such as barley and sorghum. Because of the

Environmental Protection Agency’s (EPA) review process under the Food Quality

Pi’oiection Act (FQPA); phase-out of chlorpyrifos-methyl began in 2001 withthe - .~

termination of sales of dust formulations that were associated with greater worker risks.
Sales of the liquid formulation will be allowed until the end of 2003, with use allowed
until the end of 2004. Tolerances will not be revoked until 2008 to allow treated grain

and processed food products to clear the market.

The FQPA review process disallowed several data “bridges” that were used in the

6riginal registration of chlérpyrifés—methyl; from chlorpyrifos-ethyl toxicity studies,
creating numerous gaps in the toxicology profile. EPA requires additional studies for
continued registration of: chlorpyrifos-methyl. ‘Irr light'of these requirements; the- .
manufacturer, Dow AgroSciences, has entered into the ‘vOﬁintary'cancellaﬁbn agreement’ -
described above. . .

Chlorpyrifos-methyl is the only effective grain protectant currently available for use on-

stored wheat. While malathion continues to be used, its efficacy has been severely

" diminished due-to the development of insect resistance. Cancellation of

chlorpyrifos-methyl eliminates the use. of grain protectants as a pest management option.
In grain growing regions where on-farm storage is prevalent, where pest pressure is high,
or where facilities or environmental conditions are not amenable to aeration or

fumigation, the impacts will be greatest. Increased reliance on on-farm storage due to

trends towards identity preservation and rising transportation costs will increase the need . ..

for reliable pest control practices that are practical for use by growers in their varied

storage facilities. In addition, seed producers.will be particularly. impacted as pest. .

| management is more valuable in this setting, and reliance on chlorpyrifos-methyl is :

highest. Further, tightening grain standards and increased competition from foreign



.. producers will also increase the need for sound pest management throughout the grain

storage and transportation system.

Several issues complicate estimating the potential losses of the phase-out of

chlorpyrifos-methyl. The primary difficulty rests on a genefal lack of data on which to

base loss estimates. USDA sutveys pesticide usage in only commercial grain storage.: As:: ., .-

grain protectants such as chlorpyrifcjs-r.nethyljare.bclieved more commonly used in
on-féhﬁ storage, the use of these matéﬁals is grossly underestimated. With roughly
one-third of wheat in on-farm storage at any point in time, the omission of estimates of
pesticide use in this setting is a potentially large gap. Few surveys have been conducted

to estimate the use of pesticides in on-farm storage.

Data on losses in stored grain due to insect damage, and insect infestation, are simitarty- -

incomplete. Surveys of discounts received by growers have been only sporadically

- conducted’ The prevalence of various insects-in-stored: grain, whicly is notregularly:

sampled by farmers or even commercial grain managers, has also been surveyed for
particular areas.at.certain moments in time.: However, much of these data were collected. .-
in the 1980’s.

Due to these data gaps, a rule of thumb has emerged, as many cite an estimate of 5 to -
.-10% loss of total production to-insect pests; at a value of $500 million. However, the
~ basis for.this estimate appears to be a 1965 USDA report. Many parameters of grain "~
storage and pest management have changedin ‘the past 35 years, which leads one to-

question the relevance of this estimate. -

. It is estimated that loss of chlorpyrifos-methyl would result in an $18.3 million loss, with
approximately 72% of this loss experienced by farmers in their on-farm storage.’ This .
estimate is based on total usage of 67,700 1bs of chlorpyrifos-methyl on stored wheat...
annually, which accounts for 183 million bushels of treated wheat. It is assumed that all

currently treated wheat will be subject to a $0.10/bushel discount. Taking into account
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-~ the cost savings of not treating. with chlorpyrifos-methyl at $0.02/bushel, the net loss is
estimated at $14.64 million.

This estimate is based on chlorpyrifos-methyl usage data from 2000/2001, a year with
relatively low levels of on-farm storage compared to levels typical over the last 15 years. .
“Anticipated increased reliance on on-farm storage for reasons cited abéve would.result in.. 5+

even higher losses than thosé estimated here. = o i

To ensure the sustained stability and success of the U.S. wheat storage and marketing
system, the needs of on farm and small bin storage must be met. The continued

availability of safe and cost-effective stored grain insecticides is primary among these |
needs, requiringxregulatory action to provide for the extended use of current insc:_ctici_c}?s
and éxpedited registration of new products. ‘A minor-use waiver for acute;, subc;;m, a
and developmental neurotoxicity studies must be granted for chlorpyrifos-methyl for use

at 3 ppm; half the current rate. - Use at:this rate will mitigate any . dietary concems
generated by anomalous food detects of chlorpyrifos-methyl while providing for the
development and use of highly.effective-combination insect control products.
Unfortunately, this transition to lower rates and greater efficacy cannot be made

immediately. CODEX MRLs or-equivalent interim measures must be established for all -

components of combination products for use in stored wheat. Until these MRLs are set,

* 5. amy combination-product treated wheat is limited exclusively to domestic marketing. To

maintain U.S. presence and competitiveness in international wheat trade, use of
chlorpyrifos-methyl at 6 ppm must be continued until the CODEX MRL:s for
combination product components are available. Additionally, to provide growers with
the greatest number of insect control options and to promote positive resistance
.- management, Spinosad and Deltamethrin must be granted U.S. registration for use on .
stored wheat. With these regulatory actions: .

» granting of a chlorpyrifos-methyl acute, subchronic, and.developmental . s o

‘neurotoxicity minor use waiver at 3 ppm -

= continuation of chlorpyrifos-methyl use at 6ppm until MRLs for combination

5«6101%
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.. -« product. components are established,
» establishment of international MRLs for Cyfluthrin and Spinosad for use on
stored wheat and,
» domestic registration of Spinosad and Deltamethrin for use on stored wheat,

U.S. wheat storage managers, especially those on farm or using small bins, will have the

 most cost-effective; safest, and varied insect control options possible.:.. - .

In recognition of the constraints piaéed upon crop protection companies by the small
market and specialized use patterns of stored grain protectants, it is difficult for
companies to develop and market new grain storage insecticides at costs practical for use
by on-farm storage managers. With this understanding and the above-prescribed

regulatory actions, the U.S. grain storage and marketing system is provided with the

" greatest opportunity to mMmaintain its ‘prominent and competitive place in intermational

markets.
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U.S. Wheat Industry IR

Wheat is the third largest crop in the U.S. in terms of acreage planted, with 60 million
o acres planted in 2002. [86] Total crop value for 2001 was $5.5 billion. [87] Wheat
TS o production is concentrated inthe “bread basket” states. Kansas, North Dakota, » * ... . .x%«
Oklahoma and Texas are the largest wheat states, in terms of acreage planted. (Table'T"
shows wheat acreage and production by state. Figure 4 shows acreage by state.) Total

wheat acreage has declined steadily over the past five years. (See Figure 2)

The United States is the fourth-largest producer of wheat, harvesting 2.23 billion bushels
s in 2000, or 10% of total world production, in 2000/01. [87] Other major wheat
producing countries include China (17% of world‘fot"al in 2000/01); India (13%); France - -
(6%), Russian Federation (6%), Canada (5%) and Australia (4%). [87]
Wheat is primarily used in food, with a much smaller portion of the crop used as
livestock feed.or seed. In 2001, 76% of domestic use was infood, 18% for.feed-and 7%..
for seed. [87]

Exports accounted for 44% of U.S. wheat usage in 2001. [87] Over 97% of wheat

exports are raw ‘wheat; with the remaining portion exported as flour. Of major importers:

of whole wheat grain, Egypt accounts for the largest share.(16%.in 2000/01), followed by.. . ..+ = -

Japan (11%), Mexico (7%), Philippines (7%), Nigeria (5%), Korea (5%) and Taiwan
(4%). [87]-

In recent years, foreign wheat producers have become more competitive in the world

wheat market. Canada, Australia, the European‘Union, and Argentina are producing .- -
more, higher quality, and less expensive wheat than ever before. Though imports. .. ... ..
accounted for only 29% of supply in 2000/01, U.S. wheat grain imports increased by .
1500% since the early 1980’s. [20] During the same period, U.S. wheat grain exports

T of log-



have decreased by;33%. [20] (See Figures 2&5)

Since 1998-99, wheat prices have slumped to near 30-year lows, sustaining average
prices between $2.48 and $2.80 per bushel. [20][87] Figure 1 shows wheat prices

. received by farmers since. 1953-56. .

There are two general types of wheat, winter and spring, reflecting the time of year the’ «-
seed is planted. Normally, about 70 to 80% of U.S. production is winter wheat. [1]

These two types of wheat may be further divided into six major classes: hard red winter,
hard red spring, soft red winter, hard white, soft white and durum. Hard red winter
wheat accounts for the largest acreage, 40% of total production in 2001. [88] Figure 3
shows U.S. whest production by class. ‘

The classes differ in protein and gluten content, which makes each class desirable for-
different uses. Hard wheat contains higher-levels of glutenthansoft wheat: Hard red -~
wheat is primarily milled into flour used to produce breads. Soft red winter and white
wheat.are milled into flour for baking, cereals, and noodles while durum wheat is milled .

to produce semolina, the flour used to make pasta. [1]

Each class of wheat requires particular growing conditions, which has resulted in

" . regional specialization:  [1~}. ‘Hard red winter wheat production is concentrated in the .

central plains and northern tier states, with some scattered production throughout the - "«
west. Hard red spring and duram wheat production is located almost exclusively in the'+
northern tier. Soft red:spring is grown mostly in-the Mississippi and Ohio River valleys -
and along the central and southern Atlantic coast. White wheat production is
concentrated in the Pacific Northwest with some additional growth in southern Michigan
and western New York. [33]

A higher proportion of white wheat is exported than other classes of wheat. Nearly ' .

two-thirds of white wheat usage in 1999 was for export, compared to 46% for all wheat.
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[88} Approximately half of white wheat exports were destined for Japan (18%), Korea
(14%) and the Philippines (19%). [20]

Postharvest Storage .. ... .

After harvest, wheat moves through a series of channels within the'wheat marketing ' -

system. Once introduced into the wheat marketing system, the grain is used, exported, or
stored. This system may include almost any combination of storage in on-farm facilities,
commercial elevators, export terminals, mills or processor warehouses, and transportation

by truck, rail or waterway. Figure 6 shows possible market channels after harvest.

In‘,:{ ’

In the major wheat production areas of the U.S; most farms have grain storage bins, and - -

nearly every small town has a grain elevator. Often, wheat first enters the marketing.

systenr at a country elevator, where grain is collected from the surrounding farms. - Wheat .- -

then moves to a terminal elevator, a regional load-out facility or a river terminal where it
is blended with other wheat.and shipped to an export terminal or major domestic use - .

point. Grain typically moves from the harvester to a farm bin or country elevator by

truck, but some-is trucked directly to aterminal elevator. Grain is moved from country to- -

terminal elevators mainly by truck and railcar. [3]

All wheat is stored for some period of time after harvest, the length of which is largely ...
determined by market conditions, as growers and marketers strive to sell when prices are
high. - Wheat may:remain in storage at any of these locations from a few days to several -
years, althongh multi-year storage is increasingly rare in the U.S. because the government

programs that encouraged long-term storage have been discontinued. {3] In any crop

year, some portion of supply may be comprised of wheat harvested in previous seasons. - .* -

The average storage time for wheat is probably in the range of 6-9 months. [3] . .

As of September 1, 2000, when the amount of grain in storage is at a peak just after
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. " barvest, the U.S. whest storage system held 2.35 billion bushels, with approximately 1/3

held on-farm and 2/3 at commercial elevators, export terminals, or processor warchouses.
[21] Throughout the year, wheat stocks decrease as they are consumed or exported,
being depleted to approximately one third of peak capacity before being replenished by
the next harvest.

It is difficult to generalize about storage levels, as many factors contribute to-variability

'~ in how much grain might be in storage at any point in time, including the impact of
weather on annual production, the influence of farm programs on planting and marketing
decisions, and fluctuations in domestic and international demand. Between 1960 and
2000, the maximum level of wheat in storage varied between a low of 2 billion bushels
(1966) and a high of 4 billion bushels (1986). The variability has been somewhat less
extreme since 1991, with a low of 2.7 billion bushel$§ (1996) and a high of 3.3 billion-
bushels (1998). [87] Maximum annual storage of wheat, as comprised by beginning

- stocks and production,.is shown in Figure 7. ..

The distribution of storage between on-farm and off-farm facilities.also-varies.- On-farm... "

storage grew between the early 1960s and the early 1980s, as the government attempted
to decrease government-held grain stores. A federal program to encourage on-farm graine
storage, the Farmer Owned Reserve (FOR), was established in 1977, after which time,
on-farm storage grew substantially. The early to mid 1980s were a period of high-levels-

of storage, both on and off the farm. In September 1987, there were about 3 billion .. """ .+ -

bushels of wheat stored in the U.S., which was an all time high. The combination of :- -
drought in 1988 and a growth in exports drove stocks down until the late 1990s. In the
late 1990s, off-farm' grain storage reached near-peak levels. (See Figure 8) After the
mid-1980s, there were fewer incentives under the FOR program to store grain on-farm
and it was eliminated in the 1996 Federal Agricultural Improvement and Reform Act...
[42] .. .

Grain stores are either flat or upright. Upright stores are more than twice as tall as they

1006 [0 5
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" - . are wide and-are usually:made of concrete, although some are made of metal sections

bolted or welded together. Flat stores, either cylindrical bins or warehouse-type, may be -
built of metal or concrete. In general, concrete stores are better able than metal structures

to exclude insects, to insulate grain from changes in ambient temperature, and to retain
fumigant. [3]

Steel bins ortanks are the' most common on:farm type of storage facility on U.S. wheat
farms. In a 1996 survey of stored wheat management practices in key food-use wheat
producing areas of the U.S., about 93% of farmers indicated they stored some wheat in
the 1995-96 year in a steel facility. Flat and wooden storage was used by 3% of farmers,

each, while the use of concrete storage facilities was reported by 1% of farmers. [42]

vy
'

As wheat stock’s pass through the storage and transportation system, the grain is sﬁbjéct""' =
to numerous stresses, such as elevations in temperature, éhanges in atmospheric moisture,. .
mechanical damage from conveyance, mold growth and toxmr-deposition, and most
significantly, insect infestation. The longer grain is held in storage, the greater the ..

potential for damage, especially that caused by insect feed.

Storage Insects

Stored grain is constantly under threat of infestation by a number of insects. When

improperly cared for, stored grain is susceptible to weevils, moths, grain borers, grain and . - L
flour beetles, and other insects... These insects are classified as either internal or external . |

- feeders. Internal feeders bore throughthe Kernel’s shell to féed on the contents and are

the most damaging. External feeders feed primarily on broken kernels and the fine grain

dust present in.the bin. While the féeding patterns of external feeding pests are not as
economically destructive as that of internal feeders, their mere presence in grainat . .

inspection and sale is just as detrimental as the presence of internal feeders. : - -

11



-. The most damaging irisect pests of stored wheat in the U.S. are rice weevil and lesser

grain borer, which are both internal feeders. Lesser grain borer is the most damaging pest
of farm-stored wheat. Other insect species in the genera Tribolium, Oryzaephilus,
Cryptolestes, Ahasverus, and Typhaea are commonly found in stored wheat but cause

little damage to grain and contribute little to insect fragment count in flour. [3] Table 2

- shows common and scientific names of common wheat infesting insects. . .. ¢ ., 7=

"Insect infestaﬁon of stored grain varies both temporally and geographically. Insect

populations on farms and at elevators reach their highest densities and are most
noticeable in the autumn. [3] In southern parts of the U.S. wheat belt and the Pacific

Northwest insects are a greater problem than in the northern portions of the wheat belt

- and thus receive greater attention. [3] -

A 1980 survey provided the most comprehensive view geographically of insect
infestations in farm-stored wheat in 17 states. Overall; 25% of samples were-infested-
with an average insect density of 105 per 1000-g of wheat. Flat and rusty grain beetles = *
were the predominant insects found; occurring in 13.8% of samples at an average density:
of 45 insects per 1000g of wheat. Sawtoothed grain beetle was the second most
frequently identified insect; found-in-7.9% of samples at 30 insects per 1000g of wheat: ..
Only four other species or groups of species were found in more than 1% of the total - :
samples: - psocids (booklice), lessér grainy borers; dermestid beetles and red and confused
flour beetles.. Among the 7 most heavily sampled states (North Dakota, Montana, -
Minnesota, South Dakota, Nebraska, Kansas, and Colorado), Minnesota had the highest:-
incidence of insects (42.9%) and Montana the lowest (1.1.6%). [13}: Table 3 shows the

' -~ incidence and density of insects infesting wheat by state from the 1980 survey.

Other surveys have found higher levels of infestation. A survey of farm-stored wheat in
central and south central Kansas at four times during the 1975-76 storage season found. .
79% of samples infested with Indian meal moth. [14] A subsequent survey of -~

farm-stored wheat in Kansas in 1986-87 also showed high levels of insect infestation. [9]

12
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- Through the-use-of pitfall traps and/grain sampling, it was estimated that 95% of the bins

were infested during September and November when infestations were at their highest,
mainly with flat and rusty grain beetles, red flour beetle and sawtoothed grain beetle.
Sampling results from September indicated that flat and rusty grain beetles infested 61%
of samples, while red flour beetle was found in 59% of samples. Other prevalent insects
included lesser grain borer (34%) and sawtoothed grain beetle (31%)...: .

A 1992 survey of elevator managers in the hard red wheat production system ranked six
wheat-infesting insects as to their order of importance. Nationwide, granary weevil
received the highest ranking, followed by “other,” lesser grain borer, and Indian meal

moth. [28] Elevator manager insect rankings from that survey are shown in Table 4.

A 1980 survey of farm-stored wheat in Minnesota indicated that 44.7% of samples were
infested with insects in May-June and 50.0% of samples in August-September were
infested. {48] Flat and rusty grain beetles were the:most commonly found:species, in *. -
31.6% and 44.7% of samples in May-June and August-September, respectively. In'térms
of the number of storages in which grain infesting insects were found, 57.9%and 71.1%.

of storages were found infested in May-June and August-September, respectively.

On-farm stored wheat in north central Oklahoma was sampled monthly in 1982-85.

" Between 79.9% and:81:8% of samples were infested, across the 3 years.. Lesser grain © -7~

borer was the most prevalent primary insect species found in 29.0 to 37.5% of on-farm '
grain bins over the 3 years. Rice weevil was detected in 4.4 to 7.7% of bins. Flatand .
rusty grain beetles; Indian meal moth and Confused andred flour beetles were the most: -
abundant secondary stored grain insect species, in each of the 3 years. {67] ~

On-farm and commercial storages were surveyed for insect infestation in Oklahoma from. .
1985 to 1988. [2]: Lesser grain borer was found to be the most important insect pestby .. -
far, found in 23% to 62% of bins, over the 4 years, followéd by flat and rusty grain = "

beetles, confused and red flour beetles and Indian meal moth. (See Table 5.)

13
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Insect infestations at port terminals were surveyed at 79 terminals in the U.S. and Canada
in 1977-78. [47] One or more live-stored-product insect species were found in 17.9% of
wheat samples. The most common insect pests were maize and rice weevils, infesting

7.7% of samples at an average density of 4.2 insects per 1000 g, followed by flat and

rusty gfain beetles in 7.5% of samples at 1.9 insects per 1000 g and lesser grain borerigi +.: . .-

5.6% of samples at 4.3 insects pef. 1000 g. Indian meal moth was less prevalent, in 1.2 %'

- of samples, but found at a much higher average density, of 21.5 insects per 1000 g.

Farm-stored grain in South Carolina was sampled for insects during 1979 and 1980. 96%

of wheat samples were infested. [68]

Insect Damage in Stored Grain

Insect damage to stored wheat may be direct or indirect. The total quantity of grain may
be reduced directly due to insect feeding.: Indirect losses result.from.reduced grain: -
quality. After harvest, losses in quantity and quality of grain, due to insects and other
factors; can only increase; which underscores the importance of proper grain storage

management.

Direct losses in the quantity of grain between harvest and eventual sale, are not generalty ..
measured. One estimate of direct losses to insects in wheat was made based on a survey: .-+

. of growers in 17 states conducted in 1980. It was estimated that insect infestations

caused an average weight reduction of 0.8 pounds per bushel, 1.33% of the bushel mass,
reducing the aggregate mass of that year’s grain production by 4 million bushels.or

approximately 240 million Ibs. [53]
More information is available on indirect losses due to decreased quality, as these are.
observable characteristics of the grain at the time of sale. Wheat quality is assessed by

14
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~ ' characteristics that rhay be grouped into two categories: composition and physical state.

Grain composition, including protein, starch, oil, fiber, and mineral Ievels, is established "
while the grain is growing in the field. The physical characteristics of grain are divided
into two types, purity and soundness. Grain purity is decreased by the presence of fungal

toxin residues and foreign material including organic and inorganic matter. Grain

" soundness results from measures‘of grain moisture, kernel size, test weight, and defect. s .- - -

and damage levels. {27]". .

Insect infestation reduces test weight, reduces nutrient content through the consumption

_ of proteins and starch, causes the grain to have a foul odor and appearance, and increases
the moisture and heat within the grain mass, compounding insect infestation and
promoting fungal growth and subsequent mycotoxin deposition. When assessing wheat

at the time of sale, the mere eXistt;ﬁ;e of insects in the grain mass, even if nograinis =~ -
damaged, can be an equally important determinant of quality as damage or low-test

weight. [11] |

' Quality Standards and Price Discounts

The importance of quality maintenance is reflected in the price assessment practices of

the U.S. wheat marketing system:- The value of wheat as it moves through the wheat

marketing system is determined by its quality at the point of sale.: Assessments of wheat ... -

composition and physical state determine price discounts and premiums.

The USDA Federal Gtain Inspection Service (FGIS) administers a national inspection *
and weighing program with descriptive standards and terms to facilitate trade.. The . .
Commodity Credit Corporation (CCC), which acquires grain from commodity loan.
defaults, recently established minimum standards on grain cleanliness.. In addition, ..

- domestic or foreign buyers may require that grain meet certain minimum levels of
quality.
15
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FGIS
The United States Grain Standards Act (USGSA) was enacted in 1916 to provide a

uniform inspection and grading system to facilitate interstate and international commerce.
Prior to passage of the USGSA, there had been as many as 73 separate and distinct sets of
i grades and grade rulés, developed by state agencies and trade organizations. [27] The . " -~ .
first federal wheat standards were established in 1917. [27]

USGSA requires the inspection and weighing of all export grain. Any U.S. grain sold by
grade and shipped in foreign commerce must be officially inspected and officially
weighed by FGIS with a few exceptions. Grain destined for domestic markets may be

" inspected by FGIS upon request. {69] - -

Under USGSA, there are five grades for wheat for human consumption and a “sample”
grade, which is unfit for human consumption. Special grades supplement the primary
grades. Tables 6 and 7 show USDA FGIS official and special grades and grade
requirements for wheat. Each of the wheat grades is associated with specific tolerable
levels of impurities, defects, and damage. The physical quality characteristics of grain,
such as test weight, foreign material and damaged kernels, generally serve as the basis for

the numerical grades. [27] .. -

‘Other characteristics of grain may be sampled during inspéctioﬁ, and may affect the price = :
received, but are not official criteria under current USGSA grading rules. Dockage, |
which is matter such as weed seeds, wheat stems, insect parts, dust and small parts of
wheat or other grains, is one such characteristic. Dockage may be removed from a

shipment by grain cleaning methods. - Moisture and- protein:-content may-also be recorded - - - -

during inspection, but are not grade-determining factors.

The USDA Grain Inspection Packers and Stockyard' Administration (GIPSAYhas™~ .-

16 )
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proposed that dockage for all. wheat exports be included as a grade factor. Currently, the
percentage of dockage is recorded, but not figured into the wheat grade. Under the
GIPSA proposal, it must contain no more than 0.3% for the top grade and 0.5% for the
second grade level. The proposal was published in the Federal Register for public

comment. [77]

FGIS regulations on insect infestation and insect-damaged kérnels were implemented in
May 1988. Wheat containing 32 or more insect damaged kernels (IDK) per 100 g
sample is judged unfit for human consumption and designated “Sample Grade.” Further,
a special grade category;"fSpccial Grade Infested,” sometimes referred to as “Special

Grade Weevily,” indicates the presence of two or more insects known to be injurious to

- . graimin a 1 kg sample. Any primary grade can be classified as infested.

CcCC
In 2000, then—-Secretary of Agriculture Glickman announced raising the standard for

cleanliness of U.S. wheat exports destined for overseas food aid. Historically, CCC
purchas'es for government -donation programs had been at the 1.0% dockage level, which
is the level often used in U.S. commercial purchases. In June 2000, Glickman announced
a 0.8% dockage standard. Later that year, in October 2000, the maximum acceptable
dockage level was lowered further to 0.7%. [77][79] .

On February 5, 2002, USDA announced that it would lower the maximum acceptable’ .
dockage level to 0.6%, for the remainder of FY 2002. On MarchkS, 5002, USDA issued a
Federal. Register notice seeking public comment on whether the limit should be further
reduced to 0.5% for FY 2003. [70]

Other Standards.

Many elevators and processors employ stricter or more spectalized quality standards.to.
identify and acquire high quality wheat for specialty uses or export markets. Among the

17
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. most common private standards applied by processors are revisions of allowable IDK
levels, lowering the acceptable threshold from 32 IDK per 100g to 3-5 IDK per 100g, or’

requiring specific starch and protein levels.

Growers who wish to grow and market specialized qualities generally enter into contracts
with processors. The contract establishes the volume of wheat to be produced, the .. ..~ .
specific qualities desired, and the price for the agreed upon quality. The farmér must
then grow wheat with the characteristics desired and maintain these quality

characteristics in storage after harvest until the time of sale.

Foreign buyers may also require that U.S. wheat meet minimum quality standards. In

. Japan, millers have long requested cleaner U.S. wheat, resulting in the Japanese Food
Agency, which controls most imports in Japan, to gradually phase in-tfghter dockage
specifications. [89] In 1994, the Japanese wheat purchasing agency implemented a
program-of bonuses and discounts to reduce the'amount of dockage that is acceptable in
wheat impoﬁed from the U.S. [3] Eventually, a standard was implemented lowering the
allowable level of dockage t0.0.5%.. The standards were expected to be tightened to . ~.....
0.3%. The U.S. may need to meet this level to remain competitive as Canadian wheat
imports average 0:2% dockage. Taiwan also has voiced concerns about dockage levels in

U.S. wheat, and in 1998 instituted a maximum dockage level of 0.5%. {89]

Blending |
Blending is a practice that is used .to create a uniform pmduct from lots of varying quality
or to meet specialized standards.. Blending of grain over wide margins of quality to
create a uniform product for sale is necessitated by the lack of any minimum receival
standards. The U.S. systenr lacks uniformity in quality throughout the market channel:.- =
When grain reaches export, blending is used in an attempt to produce a uniform quality

meeting the buyer’s specifications. {27} =
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- Specialized quality standards are'met through different means by different type.

- storage operations. Larger elevators often create lots with the special quality -

characteristics by purchasing only wheat with qualities approaching the specialized
standard, and then blending these various qualities to achieve the exact standard desired.

This method requires not only specific wheat qualities, but also the facilities and

equipment to blend large quantities of grain. I DU

Discounts

As the U.S. wheat marketing system has no minimum quality standards, growers and
storage facility managers can market grain of any quality, the levels of which are

reflected in prices. Producers can deliver any quality of grain and it will be accepted

f  with appropriate discounts. . The magnitude and prevalence of grain discounting by

buyers for insect damage and infestation has been surveyed in various areas. Survey
results are summarized in Table 8. o |

A 1986-87 survey of elevator managers in Kansas indicated $0.02/bushel discount for 0.1
to I’iﬁsects per 1000 g sample, $0.021/bushel for insect density of 1.1 to 5.0 insects per
1000 g sample and $0.041/bushel for insect density greater than 5.0 insects per 1000 g
sample. {11] A similar survey was conducted in Kansas in 1991, though this latter survey
was expanded to include whwt growers. In the 1991 survey, the value ofaprice -
discount for live insects ranged from $0.02 to $0.05 per bushel with a mean of $0.043 per
bushel. In the same study, elevator managers reported an average discount of $0.044 per
bushel for live insects. [24] A 1980 survey of elevators in Minnesota indicated an
average discount for insect infestation of $0.07/bushel with modes at $0.05 and
$0.10/bushel. [48] A 1988 survey of South Dakota grain producers indicated an average
charge for required fumigation of $0.05/bushel, an average discount for odors.or insect+ .
damage of $0.07/bushel and an average discount for musty or mold damaged grain of

$0.06/bushel. [SO] A 1992 survey of elevator managers indicated:an average discount - .. . -~

for insect infested hard red wheat of $0.081/bushel. [28]
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Weat is usually sampled to determine grain quality when received at elevators or moved-
from one bin to another. Sampling is designed to provide grain quality information for

segregation, blending and marketing. Routine grain sampling practices focus on factors
other than the presence of insects, and sampling rates are much too low to routinely
" detect sparse msect populations. Because of the low grain-sampling rate, insect related. . -
. quality factors are subjectively evaluated and inconsistently penalized. [3] Policieson *
discounts for insects or insect-related grade factors vary greatly from one elevator to
another, and are applied less consistently than discounts for moisnue‘,_d_(zglg_g_agugst
weight. [11] =

[

One study of discounts assessed in relation to various quality characteristics found that
lots ;vhose samples were infested with insects were no more likely to receive a discount o
than lots with samples free of insects. Neither the presence nor the abundance of
insect-damage kernels was significantly associated with'a greater risk of price discount; . -~
which appeared to indicate a tolerance of live insects and their damage on the part of

many elevator managers. However,; when discounts were applied to wheat that was.. -

infested, the value of the discounts was significantly associated with the number of live °

———a

insects and the number of insect-damaged kemels in the samples. [11]

—_

- Aggregate Loss Estimates

It is generally accepted that'5 to 10% of U.S. stored grain is lost to insect infestation each
year, costing the grain industry $500 million annually. However, the basis of this widely
cited estimate is unclear. Table 9 summarizes aggregate wheat and combined grain loss

estimates.

The USDA Agricultural Research Service presented an early estimate of stored grain -

losses due to insects in 1965. [58] In that report, the average annual losses from 1951 to
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. 1960 caused by insects.in wheat were estimated at 3% of the total crop, not including

costs of control or secondary losses. [58]

In a 1990 survey, extension entomologists were asked to estimate the total amount of
damage caused by insects and molds to stored corn and wheat for their state. [17] Of the

" 15 states reporting, estimates ranged from none in Alaska and New Hampshire to $73« 7 -
1989 of $356 million. [17] A $50 million annual loss to insect and mold in stored grain

in Oklahoma has been estimated. [26]

A Kansas State University extension publication cites industry estimates of 5 to 10% of

stored corn and wheat lost to insects each year, amounting to diminished revenue from $1

" < billion to $3 billion. [59] '

Damage caused by insects, molds, heat and sprouting was estimated to resuit in annuat
losses totaling more than $1 billion for U.S. grain. [60]"

Total stored product insect control costs for stored grains in Georgia were estimated in
1993 at $3 million. [23) The proportion of these costs that could be attributed to wheat’ -
alone is $747,950. ' ‘ ‘.

The South Dakota Department of Agriculture estimated potential economic losses to
wheat resulting from infestations of lesser grain borer. Of the 114 million bushels of
wheat produced in South Dakota, it was estimated that 33% would be infested to

- economically damaging Ievels. The assumed average discount applied to infested wheat -
was $0.29/bushel, approximately 10% of market value, accounting for $10.9 million in

potential lost wheat value for the state of South Dakota. [29]

Insect Pest Management -
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: . Farmers and elevator managers.employ a variety of practices to protect grain from factors

that could reduce the quality of stored grain. The most important factors affecting stored”

grain insect and mold population dynamics are: stored grain moisture content,

“temperature, the time grain is in a susceptible condition and accessibility to pests. [26]

Recommended insect-control practices include sanitation, grain drying and cooling,

‘monttoring and the use of pesticides. INo one set of management practices can insure that. .« .7« 1.
" - wheat will remain sound and infestation free throughout the stérage period. Climatic and - 4

storage infrastructure conditions are factors that influence which management tools are

most effective.

Sanitation, Loading, Aeration and Monitoring (SLAM)

‘Sound: grain storage practices rely on a combination of sanitation, loading, aeration, and

monitoring (SLAM). Thoroughly cleaning all harvesting, loading, and storage equipmént
and facilities removes old, dirty grain and preexisting infestations, allowing the storage
manager to begin with a clean, insect free storage space. . Upon loading, wheat should be
dried to about 12% moisture content, have the grain peak leveled after loading, and as
much of the fine material within the mass as possible should be removed. These
practices establish a consistent and manageable microclimate within the storage facility,

miniﬁiizing the available amount of food and water to attract organism infestations.

Aerating, when done selectively, can manipulate and homogenize the temperature and L
moisture content within the grain mass, making the microclimate more hostile to insects -
and fungi. The desired microclimate manipulations are accomplished by circulating

outside. air. through the. grain mass. . By:replacing the warm air trapped within the grain
storage with cooler outside air, the ambient temperature within the storage facility is

lowered.

The use of aeration is limited by environmental conditions. A prerequisite for effective * «." -

aeration is cool, dry air:" In climates such as those in the'southeast and 'southern phains
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- where the air is. warm and/or moist for much of the early fall, acration can not be
effectively employed as early in the storage season as is possible in northerm climates,

where cool, dry air is quick to replace summer heat.

To be employed effectively, aeration requires a combination of proper facilities,

equipment and managenient. Storage facilities must be fitted with aeration fans and. ¢ .. ..

either exhaust or intake ports. While air can be forced through' the mass with fans
applying positive pressure, a greater volume of air can be transferred more rapidly using
aeration fans to draw outside air into the mass through the application of negative
pressure. Ideally, aeration fans are only operated while outside air is at its coolest and
driest in comparison to that contained within the storage mass. Advanced aeration
systems connect the fans to temperature and moisture monitors within and w1thout the

| gram mass, which turn fans on and off according to comparative climate dlfferences

- Manual systems can be as effective as automated systems, thereby avoiding the

associated capital costs, if the operator vigilantly monitors climatic conditions inside and

outside the stored mass and turns the aeration system on and off accordingly. This

method of operation is labor and knowledge intensive, and therefore is frequently. -

abandoned in favor of less precise operation of aeration fans, consuming greater amounts

~ of electricity-and transferring air at:less than optimal temperature and moisture levels:

The efficacy of aeration as an insect pest control technique has been demonstrated. In
trials conducted on 5 farms in south-central Kansas, insect infestation in grain that was. . . -
aerated early in the storage season was compared to infestation in grain that was not ‘7
aerated until October/November.: The grain cooled early in the storage season had’

~ significantly lower insect infestation than the grain with delayed aeration. [82]

When favorable environmental conditions exist, equipment is present, and it is operated
properly, acration can be an effective pest control option. However, if climatic® . . -
conditions are not favorable, aeration equipment is not present or ill maintained, or not

operated properly, aeration can have a negative impact upon the stbrage microclimate and
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- consume significant amounts of electricity.

These sanitation and aeration practices to limit infestation should be supplemented by a
regiment of monitoring temperature, moisture, and insect presence within the grain mass.
By frequently monitoring the grain mass, storage managers can discover possible

problems early in development and initiate corrective measures before a crisis occwrs. <.+

o

Insecticides

Augmenting the techniques of SLAM with the selective use of insecticides can maximize
quality maintenance of stored wheat. Insecticides for storage management are used as
prophylactlc treatments and crisis management tools. Prophylactic chemical usage

- includes empty bin treatments, residual entire mass grain treatments, and residual top .
Vdress applications. Crisis management of insect infestations in stored grain is achieved

through fumigation of the grain mass.

Prophylactic stored grain insecticides, often referred to as grain protectants, may be
applied to enipty bins or directly to the grain mass. Empty bin sprays are made to interior
surfaces, openlngs and surroundmg areas of storage bins before loading. This type of
application aims to surround the stored grain mass with a chemical barrier against insects
moving into the bin from outside. Entire mass treatments and top-dress applications are
made using insecticides‘with residual activity, in order to provide sustained protection:..

. over &e storage penod.'Entu‘e mass applications of grain protectants are designed to ~ o
. prevent insect infestations throughout the entire body of stored grain. The chemical
protectant is applied to the stream of grain as it is conveyed out of the. transport vehicle

and into the storage bin so that all of the stored grain receives treatment. Top dress

applications treat only the upper portion of the grain'mass. Such applicationscanbe -~ *

made either to the flow of grain as the top of the bin is being loaded or to the top of the
grain mass after loading is complete. The application timing is determined by-the: -

formulation of the protectant and ease of application.” Top dress applications of graim '
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".+ protectants provide a barrier within the grain mass at the top of the bin, where

infestations most frequently begin, without incurring the costs of treating the entire mass: -

Grain protectants, as the name would imply, protect grain from infestation, but do not
. eliminate existing infestations. Fumigants are used for crisis management of developed

insect infestation. Fumigants release toxic gas into the grain mass, killing any existing. . .. .

. insect infestations. Fumigants can provide 100% mortality to existing insect infestations ™ « - =

if used properly. Fumigants must be held at critical concentrations and above minimum
temperatures within the bin, frequently for several days, in order to be effective. This
often proves difficult in old or poorly maintained storage structures and can result in
incomplete mortality. Fumigants provide no residual insect control.

| Farmers feiied'upon liquid fumigants to eé)ntml insects in stored ;fain\from shortly after
World War II until the mid-1980°s. The main ingredient.of the most widely used
fumigants was carbon tetrachloride, which was banned in‘1986 due to concemns over:-
potential carcinogenicity. Ethylene dibromide had also been used as a stored grain
fumigant, but was removed from the market in: 1985 for similar reasons. Phosphine .. -
fumigants have been more widely relied upon since the removal of these other fumigants

from the market. ‘Malathion, a residual insecticide, has also been used since after World "

Coade,

War I, though its eﬁicacy has been diminished due to the development of resistance..

" Chlorpyrifos-methyl (Reldan) was registerediri 1985 for direct application to stored .+~ -

wheat and other small grains asa protectant. [24][38][63] -

Few protectants have been availablé for postharvest application because of the relatively-..
small size of the stored-product market compared to markets for broad-spectrum field
insecticides, strict regulation of pesticides on food and feed grains, and a lack of

incentive for farmers to protect stored grains from insect damage. [62]

Among the insecticides available today for use in stored wheat, growers and elevator;

managers primarily use chlorpyrifos-methyl, ﬁéiathion and cyfluthrin, as well aslt(he 7
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phosphine:fumigants... Achlorpyrifos-methyl/cyfluthrin combination product, used
previously only with emergency exemption, has just recently been fully registered for use

and will surely be adopted by storage managers.

‘Chlorpyrifos-methyl . . . & -

Chlorpyrifos-methyl is @ re51dua1 insecticide that i$ registered for use as either a birisspray, . - -
or a direct grain treatment;  Originally marketed in both dust and emulsifiable concentrate
formulz.itions, only the emulsifiable concentrate is still available. Chlorpyrifos-methyl is
labeled for the control of stored grain insect pests, including granary weevil, rice weevil,

red flour beetle, confused flour beetle, saw-toothed grain beetle, Indian meal moth and

Angoumois grain moth. [32] Although it was not registered until 1985, efficacy trials of
o chlofpyrifo’s—methyl,‘m organophosphate, began in the 1970’s. A 1977 efficacy study

found that residues from an initial application to hard winter wheat at 3 ppm in samples
withdrawn at intervals during a 12-month storage period controlled rice weevils, granary
weevils and maize weevils. Other insect pests required higher application rates. A dose

as high as 8 ppm controlled 90% of lesser grain borers, 83% of confused flour beetles,

" 'and 98% of red flour beetles, 12 months after initial application. [15]

The efﬁéécj of ichlorpyrifos-methyl treatments varies depending on temperature and .

- moisture content. {7] . When applied at a calculated rate of 6.00 ppin-, the actual rate of .- .

deposition is 4.39 ppm. [7] Chlo'rpyrifbs-methyl residues further degrade at half-lives of

8.9 and 6.7 weeks on wheat stored at 30°C and 11.2% and 13.7% moisturé content, o .

respectively. [35] Corn treated at an application rate of 6 ppm of chlorpyrifos-methyl and
held at.various temperatures was sampled every 2 months over a 10-month storage period

for survival of maize weevil. Noweevils survived on corn stored at low temperatures

until month 10. Weevil survival increased as moisture content increased in‘corn storedat = .~

30.0 and 37.5 C. Population growth, the percentage of insect-damaged kernels, and

dockage weight were all correlated with insect survival. [8] While this demonstration of - w2 i,

chlorpyrifos-methyl efficacy does not reflect a registered or proposed use, it does provide -
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. -an iﬂﬁsﬁatiéﬁ'ofﬂﬁptodnct’&:eﬁicacy under differing environmental conditions. The
half-life of chlorpyrifos-methyl is shorter at higher temperatures and moisture contents:
In areas where wheat is harvested and stored in mid-summer at temperatures above 30°C,

the duration of chlorpyrifos-methyl efficacy may be dramatically reduced.

- The efficacy of ¢hlorpyrifos-methyl in combination with aeration has also been:«z .05 70 1o

- investigated.” A'1995 study comparing aeration alone to chlorpyrifos-methyl followed by
aeration in stored wheat in Georgia showed significantly more dockage and
insect-damaged kernels in the untreated samples over a 9 month storage period. [16]
Wheat samples treated with chlorpyrifos-methyl were examined from aerated and
non-aerated batches over a 16-week beridd. No differences in either biological efficacy
or.the rate of chermcal dccomposmnn were detected between the aerated and non- aerated

' samples. [41]

Malathion.

Malathion is among the oldest of the prophylactic chemical treatments still registered for
use in stored wheat. Since its registration in 1958, it has been the most widely used -
residual insecticide for direct application to stored grain in the U.S. Malathion is an
organophosphate that is labeled for use as an empty bintreatment and a grain protectant.
Tt is sold iin:liquid and dust formulations. . The development of resistance in target pesti®:-
populations limits the utility of malaﬂlion as'a grain protectant. [4][38][63] o

Malathion’s efficacy is also compromised by susceptibility to degradation induced by
enmonmemal factors. . Malathion residues.degrade quickly at rates. that. vary directly

with ternperature {71 The mid-summer harvest of most wheat in the United States, and

the subsequently high grain temperatures after harvest, catalyze temperature degradationy” ;- -

when malathion is applied directly after harvest. NG

- The cooperative extension service recently mounted ‘anr educational campaign-against -~
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+ + malathion use because of its.near complefe lack of efficacy as a residual insecticide.

- Insecticide resistance to stored grain insecticides is discussed in the next section."

Cyfluthrin

First registered in 1987, cyﬂuthrin (Tempo) was labeled for use with stored wheat only as
an empty bin spray. On Séptember 30, 2002, Cyfluthrin was registered for direct 4’ L
application to grain. Formulated as'an emulsifiable conéeritrate or a wettable powder for
structural use, stored grain usage is among several insecticide uses, including foliar
application in crops. Unlike chlorpyrifos-methyl and malathion, cyfluthrin is a
pyrethroid. Pyrethroids are synthetically produced analogs of natural insecticides, called

pyrethrins, which are derived from plants. Pyrethroids are synthetically developed to

. enbance the‘phdtostaﬁlit}, insecticidal toxicity, and spectrum of coverage, of naturally ..

produced pyrethrins. [37] The standard impact of pyrethroids is a “l&nﬁckdown,” or

immobilization of the insect pest, which may be followed by recovery. .

Efficacy tests of cyfluthrin on partially treated concrete surfaces were undertaken for
confused flour beetle. Between 20 and 80% of the total area was treated, and beetles
were exposed for 1 hour to each of the treated areas four times at monthly intervals. The

percentage of beetles still mobile after exposure decreased as the percentage of treated

area increased, with no significant difference with respect totime. Further, a delayed -, Sy

toxic effect was-observed; as some beetles that remained mobile after exposure did.not

sprvive; 5]
In a study of the efficacy of cyfluthrin treatments of concrete surfaces on confused flour . ', .
beetle at variable exposure intervals and application rates, all beetles were knocked down

after 4 hours of exposure at all application rates. [56} .~*

Although cyfluthrin was just recently registered as a direct applicant to grain, its efficacy. .~

for use-as a protectant has been determined for some time:.~Efficacy of cyfluthriron*+"« = -~ ..

&
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~.. lessergrain borer and rice weevil in soft red winter wheat was evaluated in southern
Georgia. At an application rate of 2ppm, cyfluthrin demonstrated greater than 88%
mortality among lesser grain borer over a 10-month storage period with no definite
pattern of variation between efficacy and length of storage. Control of rice weevil was
equally effective, producing mortality rates of no less than 87% over a 10-month storage
period. [6] 'When applied to com at a rate of 2ppm, cyfluthrin exerted 100% mortality...» -
.over maize weevil and 90% or 'gr(:ater mortality among red flour beetle over the course of
a 10-month storage period. [36] To achieve required efficacy as a grain protectant,
cyfluthrin is marketed only as a formulated product in combination with
chlorpyrifogmethyl. There are no plans to market cyfluthrin as a “stand alone” grain

protectant.

Storcide

Storicide is a new stored grain insecticide that combines chlorpyrifos-methyl at 3ppm

with cyfluthrin at 2ppm. Through the combination of two insecticides with different -
chemical modes of action, Storcide is able to achieve efficacy among insect populations
that may be resistant to any single insecticide. Although Storcide just recently received

its section three registration in September 2002, it was previously used in South Dakota
and the Pacific Northwest with section 18 emergency use exemptions issued for
chlorpyrifos-methyl resistant Lesser Grain Borer infestations. - During its use.under: ..
section 18 exemptions; there were numerous anecdotal reports of its strong efficacy.. In.
Laboratory tests conducted with Storcide, 100% mortality among Rice Weevil and Lesser :

Grain Borer was exhibited 48 weeks after treatment. [40] =~ *

Phosphine:. < -

The most widely used fumigant in wheat is phosphine gas. This fumigant is most
commonly formulated as aluminum or magnesium phosphide tablets or pellets that are
mixed with the grain flow during bin loading or turning, or probed into the.grain.mass_

after it is in storage.
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. When‘used properly, phosphiné:gas has historically resulted in 100% mortality of all
stored product insects. When used improperly, in bins that are not completely sealed, in
grain that is below 40°F, in concentrations below a critical level, or if the critical
concentration level is not maintained for a sufficient length of time, phosphine’s efficacy

can decrease dramatically. Even when used properly and maximum efficacy is achieved,

. phosphine fumigation provides no residual insect control. . <. o RV

Phosphine is an extremely toxic, restricted use substance requiring the supervision of a
trained and certified applicator for use. Phosphine’s extreme toxicity also imposes other
demands upon its use. Phosphine users are required to establish and follow a
“Fﬁmi'gétécjﬁ Management Plan,” placard all facilities and vehicles being fumigated,
provide focal emergency management agencies with material safety data sheets and

| notify them when fumigating.

Methyl Bromide - S : -
Methyl bromide is another broad-spectrum fumigant that is infrequently used in stored
grain. It is more expensive than phosphine and is problematic as improper application

may kill the germ of the wheat, causing rancidity. Phase-out of methyl bromide began in

. 1999, due to concerns about its ozone-depleting qualities, and will be complete by 2005, .+ - w.n .

« - with.uses allowed after.that time only by exemption.' v+ » ui oo AR

| Chloropicrin

Chloropicrin, commonly known as tear gas, is a fumtgant that is also infrequently used in.

grain storage. It is sometimes combined with methyl bromide in order to widen the

spectrum of ‘control; as it is a particularly effective fungicide.. It is also combined with* . -

methyl bromide at low concentrations as a marker, due to its pungent odor. Chloropicrin

use in grain storage is restricted to use in empty bins.

Diatomaceous Earth
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Y. «..» - Diatomaceous earth (DE) is an alternative stored product insecticide whose action is
mechanical, not chemo-toxic. Diatomaceous earth is a dust formulated from the -
fossilized remains of aquatic microbes. The silicate exoskeletons of these microbes are
ground into a dust that acts as a desiccant, absorbing and abrading the moistufe-retaining

cuticle of stored product Vinsects, causing them to dehydrate.

The. potential for use of DE in stored grain is considered to be‘limited to surface
treatments. Efficacy across species is variable. Further, application of the dust to grain
can alter the physical properties of the grain, including bulk density and flow rate.
Ideally, DE would be removed from grain after the storage period, which would increase
costs. [83]
Methoprene
Methoprene is another alternative insect control substance that, unlike insecticides, does
not kill insects.. Methoprene is an insect growth regulator that arrests insect development
in the pupa stage, preventing adult emergence and subsequent reproduction. When used
at the proper time in an infestation cycle, Methoprene can effectively arrest the
development of entire pest generations. Without the development of successive
generations of adults, the infestation will age and eventually die out..[90} Because .- o
ws . . . Methoprene requires specifically timed application and does not immediately eliminate: . |
or prevent infestations; its proper use require a certain amount of training and tolerance . i
for insect damage. Cost and efficacy concerns have severely limited adoption and use of

the chemical in grain storage.

Othef alternatives - - ..

Besides the discussed grain protectants and fumigants, there are a number of alternative
insect control and quality manégement practices that are under investigation for use in
U.S. stored grain. Among the discussed alternatives are synthetic chemicals including
various.synergised pyrethroid combinations, dichlorvos, biopesticides like Bacillus. .

thuringiensis (Bt), insect growth regulators, neem oil, plant, fungal and bacterial -
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- derivatives; phesromones for trapping and reproductive interference, biological controls

including pathogens, parasites (parasitic wasps), and predators, and environmental
manipulations such as grain heating, chilling, irradiation, and CO, infusion. Some of

these alternatives appear to be promising; especially the bacterial derivatives and some

pyrethroid combinations, but-will most likely cost substantially more than current insect

controls: Two especially promising alternative grain protectants-for use in wheat arec " *-0 7

Spinosad and Pirimiphos-methyl. .

Spinosad

Spinosad is an emerging alternative product for the control of insects infesting stored
grain. Spinosad, a bacterial derivétive, is labeled for use on a multitude of crops and has
receivéd an experimental use permit for use as a stored grain protectant. Asa bacterial
derivative, Spinosad has a pesticidal profile very different from those of conventional
grain protectants like organophosphates. While the product is highly toxic to insects, its .
mammalian toxicity is:low. Spinosad has been approved. for‘use,mkorganiaproduc‘;tionﬁn

regulated by the USDA’s National organic program.

While Spinosad is still under development as a stored grain protectant, there is

- preliminary efficacy data indicating that Spinosad may be effective against some stored

" product insects.. When tested against lesser grain borer and Indian meai moth latrva on

four classes of wheat, Spinosad treatments of 1 ppmresulted in total mortality, 84 to

100% progeny repression, and 66 to 100% reduction in kernel damage among lesser’

B grain borer infested samples. The same dosage of Spinosad also resulted in 98 to 100%

larval mortality and 95 to0:100% kernel damage reduction in Indian meal moth infested .
samples. Efficacy among populations of rice weevils, sawtoothed grain beetles, and red
flour beetle was lower at all dosages of Spinosad on all classes of wheat than the efficacy j
demonstrated against lesser grain borer and Indian meal moth. Rice weevils were
generally more susceptible to Spinosad, especially at 1 ppm'dosés; than red flour beetles
and sawtoothed grain beetles, and all species were most éﬂ'ectivgly'cbnt‘rolléd in Durum* -
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- wheat.s While efficacy:against rice weevil after 14 days exposure to 1 ppm rates

remained at or above 80% mortality in all classes of wheat, mortality under the same time
and rate conditions never reached 80% among red flour or sawtoothed grain beetles and

never rose above 14% in red wheat samples. [31]

Deltamethrin..” <~ -~ .-

Deltamethrin is a pyrethroid simitar to Cyfluthrin. Its mode of action is the same as
Cyfluthrin’s, a rapid, paralyzing “knockdown” induced by a toxic effect to the central
nervous system. Deltamethrin’s toxic effect is more powerful than that of Cyfluthrin,

often resulting in lethal knockdowns. [91] While not currently registered for use on

- stored wheat in the U.S., Deltamethrin has been proven an effective insecticide for use in
" stored wheat, especially when used in combination with Chlorpyrifos-methyl. An

evaluation of Deltamethrin used in isolation at 0.5, 0.75, and 1.0 ppm and at 0.5 and 1.0
ppm in combination with 6.0 ppm Chlorpyrifos-methyl demonstrated its ability to control
lesser grain borer and rice weevil infestations. After 10 months of storage, no insects
survived in lots treated with any combination of Deltamethrin and Chlorpyrifos-methyl.
During the same storage period, in lots treated with Deltamethrin only, lesser grain borer
survival varied throughout the storage period, with maximum survival occurring at 10

months (48% survival), 10 months (35%), and 4 months (15%) in the 0.5, 0.75, and 1.0

' ppm treatments respectively.. Rice;weevil survival in these same:lots ranged froma: .+ .75 5.

maximum of 84.5% in 0.5 ppm treated wheat to 26.2% and 3.5% survival in 0.75 and 1.0
ppm treated wheat, respectively. [92] As is the case with cyfluthrin, there are no plansto . *

market deltamethrin as a “stand alone” grain protectant.

Pirimiphos-methyl

Another possible alternative is pirimiphos-methyl, marketed under the name Actellic. .’
Actellic, an organophosphate, is registered for use as a grain protectant on corn and R
sorghum. Although its efficacy pattern is similar to that of chlorpyrifos-methyl, it costs

approximately twice as much. Recent efficacy studies illustrate pirimiphos-methyl’s

33

33 of i0d



feasibility as an alternative to-chlorpyrifos-methyl. Pirimiphos-methyl’s lethality against'
red flour beetle, flat grain beetle, lesser grain borer and rice weevil was demonstrated in’
1990 among populations sampled from Kansas. Among these populations, all red flour
and flat grain beetles and lesser grain borers and 95% of the rice weevil populations were

susceptible to pirimiphos-methyl. Similar mortality patterns were observed with

comparable doses of chlorpyrifos-methyl, with the exception of slightly greater resistance.” , & ~ ... .

., among lesser grain b_qrei:(L?%) and rice weevil (14%) populations. [71] The

.’ development of resistance to chlorpyrifos-methyl among lesser grain borer populations
occurring throughout the 1990’s was mirrored by resistance to pirimiphos-methyl. In
1996, lesser grain borer populations sampled from Kansas demonstrated 58.4% mortality
to discrixixinating'doseé of pirimiphos-methyl while mortality resultant from
. - chlorpyrifos-methyl was 38.8%. [85]

Resistance

The potential for insect populations to develop resistance to insect control practices is a.
recurring issue in the development and stewardship of effective pest control practices.
Insect populations may exhibit resistance by different mechanisms: innate resistance,
mutated development of resistance or cross-resistance due to exposure to similar

" practices.

Chlorpyrifos-methylis related to relatively few instances of resisténce, with the notable
exception of lesser grain borer. Chlorpyrifos-methyl resistance’ among lesser grain borer::
was documented prior to its registration and use as a stored grain insecticide. [15] A

1990 study found that.among 22 populations of lesser.grain borer sampled from
Oklahoma, all were less susceptible than laboratory control populations. Laboratory
control populations exhibited 98% mortality, while field-sampled populations exhibited -
mortality rates from 79% to as low as 1%. [10] S '

* Observations of lesser grain borer resistance to chlorpyrifos-methy! are' supportedbya "~ -
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« - 1996 study of Iésser-grain borer populations from Kansas and Brazil. Populations from .
both areas exhibited resistance from 5.6 to 167.9 times higher than susceptible :-
populations. Although Brazilian populations tended to be more resistant than U.S.
populations, with 24.9% and 38.8% mean mortality respectively, both resistance patterns

were statistically significant. The existence of resistant lesser grain borer in Brazil is

- unlikely to be due to the use of chlorpyrifos-methyl, as.it is not a recommended or widely. . - - -

" used grain protectant. Instead, Brazilian lesser grain borer resistance may have resulted

from cross-resistance to another insecticide. [85]

Chlorpyrifos-methyl resistance in sawtoothed grain beetle has also been detected, in

Minnesota barley storage. Of six populations sampled, four had mortality rates lower

. than susceptible laboratory controls. Resistant population mortality rates ranged from__

40.0%"&5 8.3% and were statistically significant when compared to the 100% mortality
rate of the control population. The barley from which the resistant populations were .
extracted had never been treated with chlorpyrifos-methyl. This may indicate that the

resistance exhibited by sawtoothed grain beetles is the result of natural tolerance or

cross-resistance to another pesticide and not selection by insecticide pressure. [12]

Insect resistance to malathion has long beenrecognized in several insect pests. As early
as 1967, inséct resistance to malathion was observed among stored grain insect pest. .
poﬁuiations: [38] Field strains of red flour beetle were found tc be up. to11.3 'timeé as :
resistant to malathion as susceptible laboratory strains, and that even field strains:
collected from sites where no malathion had been used were an average of 2.1 times more. -
resistant than susceptible lab strains. This study concluded that the development of
resistance was directly related to malathion use. [38] In 1997; the first definitive
evidence of malathion resistance among confused flour beetle was published. After
being administered a 2 mg/g dose of malathion, 10 field strains of confused flour beetle
exhibited an average mortality. of 76.1% compared with 100% mortality among
susceptible strains of the same insect. Using the same-doses, this study:also demonstrated. -

a 204% average mortality among 14 field strains of red flour beetle. [4] Similérly ldw
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» - low as 8%. This same study also suggests that phosphine resistance may be beginning to

. mortality rates were found among U.S. and Brazilian populations of lesser grain borer in

1996. Seven U.S. populations of lesser grain borer had an average mortality rate of * -
31.6% after exposure to varying concentrations of malathion, while the mean mortality of

Brazilian populations was 27.3%. [85]

*. Lack of efficacy of phosphine fumigants is most commonly the resuit of improper use;.. .. . -
‘however, some recent research documents the development of insect resistance. A 1990

study found that 12 field strains of lesser grain borer infesting wheat exhibited a mean
mortality rate of 71% when fumigated with phosphine. Of these twelve populations,
eight had mortality rates at statistically significant lower levels than the 100% mortality

found among laboratory strains. One of the resistant populations showed mortality as

develop among some populations:‘of red flour beetle living in stored wheat. While the
mortality rates are not as striking as those among lesser grain borer, one of the eight
populations of red flour beetle tested with phosphine fumigant did-exhibit a-mortality that-
was lower and statistically significant when compared with the 100% mortality among

the laboratory strain. [10]

The possibility of resistance to phosphine among wheat dwelling red flour beetleis ~ . - -

strengthened by evidence of phosphine resistant red flour beetle dwelling in peanutsin. . = ; -
* the'Southeastern United: States:” When administered a discriminating doses of phosphine,: * - -

8 out of 23 field strains of red flour beetle in peanuts exhibited resistance through:
mortality rates that were lower and statistically significant when compared to a laboratoi‘y =
susceptible strain. The resistant strains suffered a mean mortality rate of 91%. This
study also revealed some phosphine resistance patterns among Indian meal moth. Of
seven field strains tested with discriminating phosphine doses, four displayed
significantly lower mortality rates than a laboratory susceptible population, indicating

phosphine resistance. Among resistant Indian meal moths, the mean mortality rate was .

83%. While such low levels of resistance may not be high enough to cause insect control -

failures, they do demonstrate that phosphine resistance definitely exists and will only
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. - increase.dn severity and scope.as more phosphine is used. [44]

Strains of stored-product insect pests collected on farms and at country elevators
throughout Kansas in 1987 were screened for resistance to chlorpyrifos-methyl,
pirimiphos-methyl and malathion. 7ribolium castaneum and Cryptolestes spp. were
-uniformly susceptible to both chlorpyrifos-methyl and pirimiphos-methyl, butall T.. .. -+ «
© castaneum strains were strongly resistant to malathion. -Of 22 strains of Oryzaephilus -
.sunnamen51s tests, all but three were susceptible to chlorpyrifos-methyl, but only about
one-third were susceptible to malathion. One of the chlorpyrifos-methyl -resistant strains
was cross-resistant to pirimiphos-methyl. Of the 18 strains of Rhyzopertha dominica
tested, all but three was susceptible to chlorpyrifos-methyl. These resistant strains were

. not cross-resistant to pirimiphos-methyl. The data indicate that Kansas populations of O.

surinamensis, T. castaneum, R. dominic¢a and Cryptolestes spp. are generally susceptible = -

to chlorpyrifos-methyl and pirimiphos-methyl as of 1987. [62]

CODEX MRLs

CODEX Alimentarius is the commission charged with the development and maintenance
of international food safety standards and the facilitation of fair international food trade.

The commission was established and is operated as a joint venture between the Food and

' Agncultural and World Health Organizations of the United Natmmt Among itsdutiesis . - ¢

the establishment of tolerances for acceptable maximum residue limits (MRL) for
pesticides in food products being traded internationally. Currently, chlorpyrifos-methyl’ |
,and'inalathion are the only stored wheat protectants that have both U.S. registrations and '.
CODEX MRLs.: The lack of existing MRLs for other insecticidal producté places o
restraints upon storage managers and wheat marketers. The limited number of CODEX
MRLs for stored grain insecticides forces storage managers and wheat marketers to either-
confine their insecticide use to chlorpyrifos-methyl or malathion, or market their wheat . ‘.,'
for domestic use only. Until ret:ehtly,'this situation did not compromise U.S. wheat

storage because chlorpyrifos-methyl was the most cost effective insecticide-available: = -~
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However, because there is no-MRL for cyfluthrin on internationally traded wheat, storage
managers are not able to take advantage of the recent Storcide registration uniess they are
committed exclusively to domestic marketing. While Storcide provides is an effective
insecticide, the opportunity for its use is limited by the current lack of CODEX maximum
residue tolerances. Until an international MRL or interim measure is adopted for
cyfluthrin on stored wheat; Storcide’s real potential will not be realized.... + - .

On-farm vs. off-farm pest management

Storage conditions and pest management practices for grain held on the farm can be quite.
different those for wheat held in commerc1al storage. Farmers manage approximately
one third of U.S? stored ‘wheat. The vanatxon among on-farm storage practlces is greater

than among commercial storage facilities.

Generally, farmers are more reliant on sanitation and the. use. of grain protectants.:than
commercial storage managers, who tend to rely more on fumigation for controlling insect
infestations. Variation in facilities, costs and management skill are all factors that
contribute to these differences. Regardless of the differences between farm and
commercial storage; emphasis on IPM fééhniques is essential for effective insect control.
The ease of use for any one particular insect control method is generally dependent upon. .
the storage facilities available. The storage structures commonly used to store wheat.
on-farm are generally, in both form and condition, not conducive to effective and
economic fumigation and farmiers. are frequently not licensed to use.chemical fumigants.. .
Empty bin residual sprays, which must be ap;;lied directly to the interior surfaces of the

* grain bin, are much easier to use in the smaller bins characteristic of farm storage than'in‘ - -
large commercial bins. Application of a residual top dress, made after the bin is loaded,

is also easier in smaller farm bins than large commercial bins." " .. o
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. .~ Commercial storage facilities are best suited for the use of fumigants as the primary

quality maintenance tool. Commercial facilities generally have professional staff that are
trained and certified to apply restricted use fumigants, bins are properly sealed and
prepared for fumigation and environmental monitoring, and they have the equipment and
storage space to ai)ply fumigants by introducing them while turning the grain.

Thé cost of using fumigants in on-farm storage is substantiaily highér than at commercial
facilities, estimated to co§t' a minimum of $0.06 to $0.12 per bushel, in comparison to the
cost of ; érain protectants which ranges from about $0.01 per bushel for malathion to
approximately $0.02 per bushel for chlorpyrifos-methyl. A higher cost of fumigating
on-farm grain storage results from the logistical challenges faced by on-farm storage

systems. On—farm storage bms are 0 often oold or in ill repair, requiring extensive effort to

:properly seal the bin agamst funngant leakage. Even new, good quahty farm storage bins:~ -

*. require-some effort to ensure proper sealing. . Most farm storage managers are not trained
and certified to apply restricted use fumigants; requiring them to hire outside contractors
to fumigate for them. Depending upon interpretation of new label restrictions, these
contractors may be required to remain on-site:during the entire multi-day.period during

which fumigants are held in farm bins, which would greatly increase fumigation costs.

.Differences in niéfketing strategies between farmers and commercial elevator managers
| also drive differences in*pcst‘manégement. Farmers storé wheat to increase market- .

| flexibility. For many wheat-producing areas, wheat prices are at seasonal lows at harvest .
time because of the abundance of newly available wheat. By storing wheat on-farm,.
farmers may wait to market their crop until prices beginto rise. In order to ensure
maximum value for their whet, farmers need to maintain quality during the entire
storage period by mlmmlzmg insect infestation. The resxdual insect control provxded by -
a single harvest time application of grain protectants frequently makes them a -

cost-effective quahty mamtenance tool for on-farm wheat marketmg strategxes

Marketing strategies for commercial storagé facilities are based upon moving wheat from
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" the storage facility to processors and exporters. With frequent inflow of new grain and
outflow of sold grain, commercial storage emphasizes shorter-term storage. The low
tolerance of processors for live insects and insect damage favors the more complete
efficacy that can be achieved with fumigants immediately before sale. The fumigation
friendly infrastructure of commercial storage facilities combines marketing factors to
' favor fumigation as' more a more cost effective insect control tool than residual . .2 ¢ ~....

- insecticides for commercial storage. s

Regional patterns in reliance on on-farm and off-farm storage have developed. In the
central and southern plains, wheat is harvested relatively early before prices decline to
seasonaI lows. In thxs area, there i is less reliance on on-farm storage. In contrast, wheat
- grown in the northem tieris genemlly stored on-farm. It is harvested well into the

| national harvest season when wheat prices are at annual lows. This combines with the
ease of aeration resulting from early cool weather to provide economic incentive to store-

on-farm and wait for prices to rebound before marketing.: - -

Pest Management Practice Use

Data on the use of pest management practices in stored grain are incomplete. The extent .

of use of non-chemical pest management practices has been surveyed occasionally in - .

various areas.; Pesticide use.is estimated annually by USDA NASS; but these surveys. . .

include only commercial storage facilities. Information on on-farm pesticide use is.- * - _
sparse aﬁd irregularly collected. Surveys of on-farm pesticide use on stored-grain have -
been conducted only occasionally and often include only limited geographic areas.
Pesticide industry sales data provide information on the total amount of pesticides sold, :

but do not accurately describe where the pesticides are being used.
Surveys have shown that farmers and elevator managers are using basic sanitation -

practices. U.S. farmers surveyed in 1996 indicated that 98% swept floors, 60% cleaned
conveyors, 34% lifted aeration ducts and 24% blew down ‘the walls. [42]"A 1992 survey
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of elevator managers of hard red wheat showed that 95% would sweep prior to recelvmg

grain, 6% would hose, 9% would blow and 15% would vacuum. [28]

Aeration is also widely used. Forty-three percent of U.S. farmers surveyed in 1996
indicated that between % and 2 of all bins were equipped with aeration equipment. [42]
A 1992 survey of elevator managers estimated the percentage of commercial storage-. .. -

facilities with aeration equipment, by storage type. That survey indicated that 81% of © -

round steel facilities, 51% of concrete facilities and 69% of flat steel facilities were
equipped for aeration. The proportion of facilities equipped with aeration systems varied
across the wheat area. Areas with the greatest aeration present were Texas, Kansas,
Nebraska, Indiana, and Oklahoma. The higher proportion of facilities equipped with
acration in the southern areas can be explained by the critical need to manage __ .

terﬁperatures to reduce insect and mold populations. [28]

USDA NASS data on the postharvest use of pesticides in stored wheat at.commercial-
facilities show that fumigation is the most widely used, with 18% commercially-stored
wheat in surveyed states treated with aluminum phosphide alone. [49] All other
pesticides are used on less than 3% of total commercially stored grain.

Chlurpyn’fos—methyl' is the next most widely ‘used pesticide, used on 2.09%, followed by

malaﬂnon which was used oni 1.05%. State level data show that chlorpynfo&methyl use

is more common in the Pacific Northwest than in‘other areas of the country.: Washington, = =

Idaho and Oregon estimates show between 4 and 6% of commercially stored wheat .
treated with chlorpyrifos-methyl.' Fumigation was more prevalent in the southern plains
states. According to USDA NASS survey, more than 25%.of commercially stored wheat
in Oklahoma, Texas, Kansas and Missouri was fumigated with phosphine. Table 10
shows USDA NASS postharvest wheat pesticide use for 2000.

An Oregon state extension survey of pesticide use at commercial storage elevators
conducted in. 1994 estimated that between 60% and. 100%.0f wheat:was treated with
chlorpyrifos-methyl in different regions of the state. [46] Table 11 shows estimated grain
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. protectant use by region.in Oregon.

EXI
Other surveys do not estimate the volume of grain treated with pesticides, instead
reporting simply the number of managers who use a particular practice. While these

surveys are useful in describing the extent of adoption of various practices by stored

' grain managers, they are Jess useful in determining the amount of grain that is treated .. .* =~ ...
. with pesticides, as it is unknown what portion of grain is being treated. A 1992 survey of

elevator managers for hard red wheat in 11 states estimated the reliance by managers on
various pesticides. Between 12 and 39% of elevator managers reported treating stored
wheat with malathion, across the surveyed states. [28] Chlorpyrifos-methyl use was
reported by between 4 and 49% of managers. Table 12 shows results from the 1992

Y

survey. S KL X

- A survey of southern plains elevator managers conducted during the 1996-97 storage
year, indicated that 19% of managers used chlorpyrifos-methyl insteel bins; and 12% of*-
managers used chlorpyrifos-methyl in concrete bins. Malathion use was more common,

reported by 34% of managers for use in steel bins and 17% for use in concrete bins. [45) -

Ina2001 survey of four elevators in"Washington State, only one reported theuse of -~ - -
- chlorpyrifos-methyl in the past.two jrears. Further, the manager reported that . . ...~
chlorpyrifos-metlryl was used die to the Jack of aeration. {34} Tennessee elevator-
managers surveyed in 1994 reported widespread reliance on malathion, with 72% of - . . .
managers reporting malathion use as a bin spray, 38% as an entire mass treatment and -

' 37% as a top-dress. Chlorpyrifos-methyl was the next most widely reported pesticide
used, by 14% of managers as a bin"spray, 19% as an entire mass treatment and 37% asa” .~

top-dress. [30] Results of the Tennessee survey are shown in Table 13.

Two surveys addressed on-farm use.of pesticides in stored wheat. . A survey of Alabama

farmers was conducted in 2001. Malathion was the most widely used insecticide, as an. - W

empty bin treatment; grain protectant or top-dress. Malathion usage results are presented
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‘ in.Table 14. Fumigation with phosphine was also widely reported. Seventy-seven

percent of growers reported fumigating with phosphine. [22]

A 1987 Oklahoma survey includes both on- and off-farm pesticide usage. In that survey,

malathion was the most commonly reported insecticide as a bin spray and grain

protectant. Grain protectants were generally used more widely on-farm than off-farm. ... i = .

Conversely, fumigation was more commonly reported by commercial elevator operators

than by farmers. [2] Results of the Oklahoma survey are shown in Table 15.

It is generally accepted that chlorpyrifos-methyl use is more prevalent in on-farm storage
than at commercial elevators. Therefore, the USDA NASS survey data of insecticide use
in commercial storage facilities greatly understates the total usage of chlorpyrifos-methyl
and other grain protectants that are more likely to be used by farmers. Gustafsonsales
data indicate total annual sales of approximately 81,000 Ibs. of chlorpyrifos-methyl for
use on all labeled stored grains: [72} It is believed that approximately 80% of this usage’
is on stored wheat, or approximately 67,700 Ibs. [25] USDA NASS estimates only
18,900 1bs of chlorpyrifos-methyl use in commercial storage, or 28%. [49]- Gustafson has: ..
also estimated the total amount of wheat in the Pacific Northwest that is treated with
chlorpyrifos-methyl to be approximately 73 million bushels. At an application rate of 6
ppm, the Pacific Northwest would account for 39% of chlorpyrifos-methyl use on wheat.

Gustafson sales data for chlorpyrifos-methyl are also calculated by state. However, these
data indicate sales from distribution centers that may serve regional markets. Therefore,
we have aggregated the state level sales data to the regional level. Further, these data are
for total chlorpyrifos-methyl sales. Assuming that 80% of total sales in any region are
used for wheat, regional estimates of chlorpyrifos-methyl use can be derived. Those .
estimates are shown in Table 16.

The available data suggest some regional péttems in pest management practices between. .

the three major wheat-producing regions of the U.S.: the Central and Southern Plains,
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- the Northern tier and the Pacific Northwest. Stored grain managers in the Central and
. Southern Plains, where there is a large commercial storage capacity and less reliance on
on-farm storage, primarily fumigate to control insect infestations. In the Northern Tier,
naturally low harvest and winter temperatures favors reliance on aeration as primary

insect control practice. Farmers and elevator managers in the Pacific Northwest treat a

comparatively high percentage of its wheat with residual grain protectants, ..> v+ /. s« o

Pest Management in Wheat for Seed

The maintenance of quality during storage is especially important for those growers who
produce wheat for seed. Foundation seed growers first produce seed. The plants grown
from foundation seed are used to mass-produce seed for distribution to farmers. This
seed production system is organized and overseen by state crop improve.r?ﬁgflimi
associations and universities. Although farmers frequently save some of their own
harvest to provide seed for planting the following season, they must periodically refresh -
their seed. stocks, often with new, improved, or purified wheat varieties from.the.

foundation seed system. [64]

Those who grow and store wheat for seed rather than processing, especially those
involved in the production of foundation seed, must pay special consideration to the
maintenance of quality, including the suppression of insect infestations. A wheat
kernel’s value as seed is dependent upon its viability to produce a healthy wheat plant.
The viability of a seed is quickly destroyed by damage to the germ, the part of the seed
that grows into a new plant. Seed germs are made unviable by direct insect feeding or by
excessive heat, which can be generated by insect and mold infestations. To avoid germ .

damage, it is imperative that insect infestations be minimized. [66]
The maintenance of quality within seed stocks is further complicated by the conditions

under which seed is commonly stored. Seed 'is frequently stored in small lots, in bags " -

ready for sale to farmers or in 50--or 100-bushel bins. Storage containers such as these -
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“mietieTt - prohibit the practical application of fumigants for insect control. Fumigating bagged seed ..
or seed stored in small bins requires sealing, applying, monitoring, and airing out each lot
individually. Seed is sometimes bagged and distributed to the point of sale early in the
storage season. Even though the seed leaves the producers’ facilities, its quality must

-+ remain high until it is purchased and planted. To ensure quality maintenance after the

seed is distributed, residual insect control is needed. [66] L T T L I PR

The difficulty of fumigation in small lot seed storage combined with the need for residual
insect control to protect sensitive seed germs throughout the storage season has lead the
wheat seed industry to become particularly reliant upon grain protectants. The seed
industry currently treats a large portion of its wheat with chlorpyrifos-methyl.

.- -.Chlorpyrifos-methyl is the product of choice among wheat seed storage managers
because of its broad-spectrum insect control, its residual toxicity, and its food additive *
tolerance. Using a product registered for food to protect seed gives seed storage
managers the ability to release their wheat into the food processing system.  While'seed:
storage managers enjoy the flexibility chlorpyrifos-methyl’s food additive tolerance gives
them, chlorpyrifos-ethyl (Lorsban) is an effective and economical alternative.
Chlorpyrifos-ethyl provides comparable efficacy to chlorpyrifos-methyl, resulting from
the similar chemical structures and- action, at approximately half the‘cost: This low cost
alternative can provide the quality protection in stored wheat seed required by the
industry, but compromises the ability of seed producers to sell leftover or damaged seed

into the processing market. [65]

The rigorous insect control necessary to ensure viable wheat seed is justified by the
added value of seed wheat in comparison to processing wheat. High quality wheat seed
generally sells at two to five times the price of wheat for processing. This higher value

allows seed producers to invest more heavily in infestation suppression and prevention... ... .
[66]
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‘Trendsin grafn storage "

Many factors influence the structure of the U.S. grain storage and marketing system.

Changes in storage type and capacity, federal programs, transportation.infrastructure,

demands for segregation, changing cleanliness standards, increasing pest management :* <" ..¢ =~ /% |

costs and increased foreign competition all contribute to an evolving system with
differing implications for pest management needs. The U.S. stored grain marketing
system is adapted to current conditions. However, the system is shifting to accommodate
trends in these influences that impose greater pressures on grain storage, at once making
storage quality maintenance more important and more complex.
Grain storage capacity increased grcatly in the 1970’s; as the government supported
construction of storage structures, both on and off the farm, through low interest loan
programs. U.S. grain storage capacity continued to increase through much of the 1980s;
peaking in 1987. For the next decade, capacity steadily declined, but has risen slightly in -
the past few years.. A large proportion of the storage facilities in use were therefore
constructed in the 1970’s. The useful life of steel storage bins, common in on-farm

~ storage; constructed in'that period was typically 20-30 years. Therefore, much of the
on-farm grain storage capacity constructed up through 1980 is past, at, or near the end of

" its useful life: {19} .~ -

Most grain elevators currently being used in the U.S. were built in the 1950’s and 1960’s. . .
.The cost of constructing upright concrete bins has increased more rapidly than thatof - =~
metal storage bins, much of thie new elevator space are metal bins. Thése bins are usually -
larger and are more likely to have aeration equipment than concrete bins, but they have .

less thermal insulating capacity, are more accessible to.insects, and are more difficult to

seal for fumigation. [33]

Four primary federal programs influence wheat planting and marketing decisions: the
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Farm Storage Facility Loan (FSFL) program, the commodity loan program, the Farmer ..
Owned Reserve (FOR) program and the conservation reserve program:

The Commodity Credit Corporation (CCC) has made loans on grain storage and drying

. equipment under its authorities intermittently since 1949. CCC stopped making new
storage facility loans in 1982 because studies indicated that producers had sufficient"..*
on-farm storage for their crops at that time. The Farm Storage Facility Loan program " -
was again implemented by CCC under an interim rule published in the Federal Register
on May 11, 2000.

Grain storage capacity has increased modestly (2%) since its low in 1997 as a result of
expansion in both on- and off-farm facilities. However, these small increases in capacity
have not kept pace with expanding production, ﬁarﬁcularly in the western growing areas.™ -
Between 1987 and 1999, U.S. grain and soybean production increased by 20 percent,
from 12.8 and 15.4 billion bushels.' The largest regional increases were in the western-
Corn Belt and central plains states where grain and soybean production increased 31% "
during the period. These regions are also the regions where storage capacity-has been -
especially short following the past three harvests and where rail abandonment has been a
significant problem:” On-farm grain storage capacity has expanded in the past 2 years
substantially more than off-farm capacity, with the largest share of that expansion coming
in 1998 {19} . ¢

Commodity loan programs, starting in 1933, allowed producers of designated cropstolf ‘

.. receive loans from the government at a crop-specific loan rate per unit of production by -
pledging production as loan collateral. A farmer may obtain a loan for all or part of a
crop at any time following harvest through the following March or the following May,
depending on the crop. For production put under loan and pledged as loan collateral, the . .
farmer receives a per-unit amount equal to that year’s loan rate (by county) for the crop....
Under the loan program, the producer must keep the crop designated as loan collateral in .

approved storage to preserve the crop’s quality. The producer may repay the loan (plus
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. interest) at-any time during the 9 to 10 month loan period. Before marketing loans were ...

introduced, the farmer tould satisfy the loan by repaying the loan principal plus accrued
interest charges. Alternatively, the farmer could choose to settle the loan at the end of the
loan period (loan maturity) by keeping the loan proceeds and forfeiting ownership of the

. loan collateral to the government. Thus, the program supported prices by removing crops

from the marketplace. Marketing loans for wheat were implemented in 1993." Markefing .- .+ . »

loan provisions allow farmers to repay commodity loans at less than the original loan rate
when market prices are lower. Alternatively, farmers may choose to receive benefits

through direct loan deficiency payments. [74]

New provisions of the marketing loan program distinguish loan rates for different grades
of wheat, which will affect areas that produce lower priced grades of wheat adversely,

likely lowering wheat acreage planted.

The current farm marketing loan program ends after 9-months. The now discontinned: =~ -
FOR program provided incentives for farmers to store wheat for longer periods,

- depending on market prices.- The FOR began in 1977 and was terminated in:1996. |57}

The elimination of subsidies as incentives fof long-term storage has reduced the amount

- of grain carried over from one crop year to the-next. Grain reserve programs provide -

strong income just for storing grain and not necessarily to maintain the quality of the

product, acting in an-almost counter-productive manner. [43])

. Under the voluntary Conservation Reserve Program, USDA pays farm owners and
operators to idle highly erodible and/or environmentally sensitive cropland for 10-15 "
years.’ Participants receive annual rental payments during the contract period, and half
the cost of establishing grass ortrees on enrolled acreage. Begun by the 1985 Food..
Security Act during a period of excess commodity supplies, low prices, and farm -
financial stress, the CRP was initially conceived as much for supply control as for. .
environmental improvement. However, beginning with the droughts of the late 1980s, .

supply control became less important, and CRP implementation increasingly reflected its
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environmental and natural resource objectives. In April 1996, Clinton signed into law
FAIR that continues the CRP through the year 2002. Under the act, USDA' can re-enroll
existing eligible CRP acres as well as enroll new land, subject to a maximum annual
enrollment of 36.4 million acres. Although the elimination of annual acreage reduction

programs by the 1996 farm act makes the CRP the principal remaining program that

reduces cropland availability, USDA has made it clear that it will operate the CRP not a8, ..+ .~ "

a supply control program, but to conserve and improve natural resources including
wildlife habitat, water quality, and soil. [76] The CRP had been one of USDA’s most
ambitious program efforts. At the height of the program in 1993-95, some 36.4 million
cropland acres had been enrolled in the environmentally oriented land retirement
program. Approximately 60% of those acres were located in the Great Plains States,
where wheat is the main crop. According to a 1993 survey, nearly 41% of CRP land had

been planted to wheat prior to their entollment. [76]°

Rail abandonment during the last 20 years has also increased storage demand: - -
Reductions in the size of the U.S. rail network, primarily from the loss of branch lines
that once served rural and agricultural areas, has resulted in many farmers having to rely
on trucking, a less cost-effective transportation alternative. Still other farmers are finding
that Class I'railroads are tending to de-emphasize carload business, preferring shipments
of unit-train length or for the short-line feeder railroads to provide the gathering
fonctions. These changes -have left farmers in many areas with fewer and less accessible

markets and a greater need for on-farm grain storage. [19]

Changes in the rate structure for railroad transportation have resuited in more grain being - . -

" moved by truck than ten years ago and grain is now less likely to be officially inspected.

The rate changes also have made it more likely that wheat used domestically will be
stored at the first handler level (country elevator) rather than at terminal elevators.. Grain. .
moving to export is received at traditional terminal elevators or new regional high-speed .

loading facilities, which have the capability to efficiently load 25 to 100 car unit trains. . ~ -
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. The impending introduction of genetically engineered wheat varieties and other quality
. differentiated varieties will require-increased reliance on identity preservation systems; ~ - * -
and contribute to the need for expanded on-farm storage and handling capacity. {19]
Identity preservation involves the isolation and tracking of specific qualities or lots of

wheat as they move through the marketing system. Currently, identity preservation’s

_ importance is seen in storage of special quality, often value-added, wheat being marketed 2"~ .. *”

for specialty use. In such lots not only must the special quality be maintained, but also’
the lot must be isolated to ensure that other quality wheats do not contaminate it and that
it is accessible at the time of sale. Identity preservation’s role in the wheat marketing
system will only increase in the future as genetically modified wheat, currently under

development, enters the general marketplace.

The need for identity preservation poses other unique challenges to the U.S. grain storage - -
system. Commercial grain storage facilities heavily rely upon blending to manage grain
quality and insect infestation in their wheat stores. Identity preservation inherently -
prohibits grain blending as a quality control technique. Identity preserved wheat’s need

to be isolated and accessible will also remove emphasis from the large, high-capacity -
storage bins and warehouses that are the basis of contemporary commercial storage and
increase reliance upon small bin storage. “Identity preservation needs especially increase-
reliance upon on-farm storage, since that is where the segregation and isolation

 responsibilities will begin. - - -

Foreign wheat producers have become more competitive. As described above, U.S.. -
wheat exports have declined in recent years as imports have increased at a rapid rate: . .-
These changes in international wheat grain trade reflect the increasing prodiction and
quality of foreign wheat and a widely held perception of U.S. wheat as low quality and .
“dirty.” S B

Pest management costs have increased recently as stored grain managers strive to comply ~ .

with increasingly strict safety regulations. The increased costs may be in the form of
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" more training requirements for pesticide applicators, or new restrictions on the method of
application of pesticides.* Over time, this may reduce the amount of regulated pesticide *~ '~

used in grain storage, placing more emphasis on best management practices.

Wheat quality. standards are rising, which imposes additional pressure on storage

managers to maintain wheat quality. In Japan, millers have long requested cleaner U.SJ» "« .00 7o+

wheat, resulting in the Japanese Food Agéncy, which controls most imports in Japan has -
tightened dockage requirements to'a 0.3% maximum. [77] The U.S. may need to meet
this level to remain competitive as the Japanese say that dockage in Canadian wheat
imports averages 0.2%. Taiwan also has voiced concerns about dockage levels in U.S.

wheat, and in 1998 instituted a maximum dockage level of 0.5%. [89]

The demand for higher quality wheat is seen spreading to other parts of the world; such” -
as South Africa, where privatization of wheat buying is occurring and customers are
expected to become more sophisticated and specific about their grain purchases: The .~ -
Canadian Wheat Board subsidizes quality maintenance, which éxport customers say
provides cleaner wheat than the U.S. Growth of U.S.:-wheat exports has been limited in--.© .
recent years because cleaning facilities are not widely available within the U.S. export
distribution system. Canadian dockage is 0.2% to 0.3% and Australian dockage is 0.3% -
««. for buyers concerned about cleanliness, with dockage running slightly higher to less
sophisticated buyers: [89} " . o

The 2002 Farm Bill included new incentives for hard white winter wheat, which is: m :

- greater demand for export:- The bill adds $20 million to other government wheat -~

subsidies to build up whité wheat production. {80] ‘Some types of oriental noodlés

require hard white wheat, of which the US produces little. Now, hard white wheat

varieties are being developed for U.S. farmers that would be competitive with Australian
varieties for this noodle market. Some hard white wheat is currently produced-in the

Pacific Northwest region for export to Asia. Elsewhere, however, U.S. production of” .- - -

hard white wheat is very limited because previously available varieties produced low
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Lo yieids.t"':-Varieties are now being released that have yields comparable to the hard red

wheat varieties. It is unlikely that substantial premiumns would be offered initially for the < * ™
white wheat to encourage the growers to switch. High premiums are not likely because
there will be some initial expenses as the marketing system adapts to keep the white

. wheat segregated in the hard red wheat areas. Grain storage and transportation systems

will have to handle a second class of wheat in these areas. The white grain-will have to' - < 5.0 075

~ be kept separate from other wheat varieties through the entire production chain to the
end-user. {383] ™"

As in the current market, insecticides will play a vital role in insect control and quality
maintenance in stored wheat under the emerging market conditions. Insecticides will
remain particularly vital in regions especially conducive to insect infestation, like the
Southeast and the Pacific Northwest.” As emphasis within the U.S. grain storage'system -
shifts in response market pressures from centralized commercial storage to small bin and--
on-farm storage, so too will the need for insecticides. In response to increased volume of . -
small-bin storage and international and domestic demands for high quality wheat, grain'
protectant use will increase in volume and significance. New closed fumigation systems-
have potential to supplement the reliance upon grain protectants for small bin quality
maintenance:‘ The effective use of theése fumigation systems will require much of the
nation’s small grain storage facilities to be retrofitted with the equipment necessary to
fumigate, including bifr sealing and‘installation of fumigant circulating equipment. With.: .
much of the nation’s storage capacity at or.near the end of its serviceable life, installation.” ..".
. of such fumigation systems Will be restricted to only the newer, sounder storage el
structures. Older structures and those in il repair will continue to rely upon grain+"
protectants to secure the quality of grain stored within."" = - '

Reldan’s Impending Cancellation

Chlorpyrifos-methyl is currently in the midst of a voluntary phase-out schedule that is set
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- . to complete on December 31; 2004. The regulatory process that led to its phase-out is

rooted in some features of its original registration.' Chlorpyrifos-methyl was first .=+
registered for use as a stored wheat and small grain insecticide in 1985. The original
registration was granted for three formulations, all marketed under the name Reldan.

These formulations.included a 2% dust, a 3% dust, and an emulsifiable concentrate. . . -

These products could be used on small grains including wheat, barley, oats, rice'and /., 2~ ..

sorghum. Food tolerances were established, including meat and milk products. To
expedite and simplify the registration of chlorpyrifos-methyl as a grain protectant, much’
of the toxicity data from chlorpyrifos-ethyl, marketed under many names including

- Lorsban and Dursban, was “bridged’’ for use on chlorpyrifos-methyl. This data bridge
allowed many of the regulatory decisions supporting the registration of

chlorpyrifos-methyl to be based on data for chlorpyrifos-ethyl. Use of the bridge was

justified by the chemical similarities between chlorpyrifos-methyl and chlorpyﬁfoé—ethyl.'" e

On August 3, 1996 the Food Quality Protection Act (FQPA) was passed into law. FQPA-
amended the Federal Food, Drug and Cosmetics Act with the expressed purpose to better
protect children and other sensitive subpopulations of Americans from risks associated. -
with pesticide use and exposure. FQPA mandates that pesticide tolerances be
recalculated; considering the aggregated risks of exposure through drinking water, food
consumption and non-occupational exposure. FQPA also mandates that the risks of

 active ingredients with common mechanisms of toxicity be considered cunmulatively. -~

. Aggregate and cumulative risks are then evaluated and managed through the potential . -

addition of a 10x safety factor applied to uncertainty in the supporting data or to mitigate .. .

risk to children and other sensitive subpopulations. ; In implementing the required FQPA- "~

tolerance reassessments, the U.S. Enivironmental Protection Agency (EPA) designated '
organophosphates, including chlorpyrifos-methyl, as the first major class of chemicals to.

be reassessed. .
Upon conducting the FQPA tolerance reassessment, the data bridge between
chlorpyrifos-ethyl and chlorpyrifos-methyl was disallowed, producing several gaps in the
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- chlorpyrifos-methyl toxicity characterization database. Regardless of the data gaps, an

initial risk ‘assessment was conducted. ' It was determined that acute and chronic dietary
risks for chlorpyrifos-methyl were below EPA’s level of concern. When considering the
use pattern of chlorpyrifos-methyl, EPA did not anticipate any residues in drinking water

and therefore did not conduct a drinking water assessment.. Likewise, because there are

no residential uses of chiorpyrifos-methyl a residential risk analysis was not conducted.: i -..

- Based on these findings, the dietary, water, and residential aggregate risks for -
chlorpyrifos-methyl were below the EPA level of concern and no risk mitigation ™.

measures were proscribed. These calculations included the 10x FQPA safety factor.

When conducting occupational exposure assessments, data from the Pesticide Handler

Exposure Database were used. Based upon these calculations, risks at or above the level

of concern were generated in all but one application scenario (automated liquid admix -~ =~

application). To further analyze the occupational risks of concern, EPA required a full

chiorpyrifos-methyl database, which did not exist after the chlorpyrifos-ethyl data bridge’

was removed.

EPA noted the presence of residues in foods frequently consumed by children,
spectfically teething biscuits; cookies, and crackers: {54} Among these cited residues of
concern the highest single detect measured 0.265 ppm and was observed in teething

- biscuits: The average residue level among thie 25 teethirig biscuits sampled was 0.0204-
- ppm. When considered within the context of the established chlorpyrifos-methyl

tolerance of 6.0 ppm, the average tecthing biscuit residue represents residues at 0.34% of .

tolerance and the maximum detect represents only 4.42% of tolerance. . Even after - . -+ -
application of a 10x safety factor for children and sensitive subpopulations, the average:
residue represents 3.4% of the 10x safety factor reduced tolerance and the maximum .
detect would occupy less than half of the 10x reduced tolerance.. Among the other cited..
cookies and crackers of concern, none had mean residue levels higher than 0.02ppm, .
0.33% of the 6.0ppm tolerance, or higher maximum residues than 0.107ppm, 1.8% of
tolerance. [55][51][52]
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- To satisfy the data gaps produced by disallowing the data bridge, the EPA Health Effects: . -

Division identified a list of specific data to be supplied by chronic dog, chronic mouse,
2-generation rat reproduction, rat developmental toxicology, and metabolism studies. [18]

- - The list of data gaps and corresponding studies was then expanded in September of 1999

delayed neurotoxicity hens, acute neurotoxicity rat, subchronic dermal toxicity rat, -
chronic toxicity dog, prenatal developmental rabbit, 2-generational reproductive rat,
developmental neurotoxicity rat, general metabolism rat, aspirated grain fraction field
trial, and occupational exposure studies. A data call in (DCI) was issued for studies that
could supply the needed data. [18] .

After considering the costs associated with satisfying the data call in, estimated at or
above $4 million with the developmental neurotoxicity study alone costing -
approximately $1.5 million, Dow AgroSciences applied for a minor use waiver for the
acute; subchronic, and developmental neurotoxicity studies in December 1999: [83} In- -
March of 2000, EPA rejected Dow’s request for the neurotoxicology DCI waiver. The
reason cited for denial was the presence of chlorpyrifos-methyl residue in Food and Drug
. Administration Total Diet Study samples. [49]

On August 16, 2000, following the rejection of the neurotoxicology DCI waiver request,.. . .~

Dow AgroSciences entered into negotiations with the EPA regarding a voluntary . -
cancellation agreement for chlorpyrifos-methyl. : The negotiations were completed on” - -
December 20, 2000 and the agreement was finalized January 30, 2001. Under the
voluntary cancellation agreement, the sale of chlorpyrifos-methyl dust formulations
would stop on March 30, 2001. Use of chlorpyrifos-methyl dust could continue until

December 31, 2001. This early removal of the dust formulation was designed to mitigate.

the high occupational exposures associated with application of the dust formulation. To". .-

allow the grain industry time to transition to new insect management products and
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techniques, the end sale.date for liquid chlorpyrifos-methyl formulation was established
. ..on December 31; 2003 with an’end-use data-of December 31; 2004:. To allow treated :.+. ..~ *
grain to clear the marketing channels, EPA will not revoke tolerances on

chlorpyrifos-methy! until 2008.

Béyond the near immediate discontinuation of the chlorpyrifos-thethyl dust formulation,*: <; « /.. V.

risk mitigation measures mandated for the duration of chlorpyrifos-methyl’s phase-out ' -
include a number of label changes.” Among the changes, ail registered uses of |
chlorpyrifos-methy! other than direct application to grain and treatment of empty grain

bins were cancelled, application as an empty. bin spray must be made from outside the bin
while wearing basic personal protective equipment plus an approved respirator, and all

- direct grain applications must be made by an automated admixture apparatus.

While entering into a voluntary cancellation agreement and adopting prescribed risk
mitigations measures reduced the amount of data supplements required by EPA; it didnot -
eliminate all the data gaps. To continue with the phase-out of chlorpyrifos-methyl as
negotiated, the registrant still needed to.supply studies inciuding acute neurotoxicity in: . -

hens and two-generation rat reproduction. [18]

Alternative Combination Products™ -

Three combination products are being developed that could address some ofthe .-~ .-~ « -
registration problems of chlorpyrifos-methyl by allowing its'use at a reduced rate.
Chlorpyrifos-methyl; when used alone, is an effective and inexpensive insect control ..
measure, however, it can be more effectively used in combination with other insecticides. ..
By combining chlorpyrifos-methyl at a reduced rate of 3 ppm, compared to the current.

rate of 6ppm, with cyfluthrin at 2 ppm, a broad spectrum and cost-effective residual ... .«
insecticide is created. This product has been developed, under the trade name Storcide,

and tolerances for the cyfluthrin component on stored grain were approved in September,
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. 2002.. Efficacy data generated by.Oklahoma State University demonstrated 100%

mortality among both lesser grain borer and rice weevil, two of the most prevalent and
damaging stored wheat insects, for up to 48 months after treatment with Storcide. [40] In
2000 and 2001, the South Dakota Department of Agriculture requested Section 18

emergency registrations for Storcide to control infestations of lesser grain borer. The

Section 18 was granted in 2001 and feedback from farmers using the product was«'.»“ » r - -« ..

resoundingly positive. The Idaho Department of Agriculture submitted a Section 18
request for use of Storcide in Idaho, Montana, Oregon and Washington State in July of
2002. The EPA approved that application.
The estimated cost per bushel for Storcide is $0.035. The cost for Storcide is
approximately 1.5 times that of chlorpyrifos-methyl. Because it is a liquid applied in the
same manner as chlc;;;fﬁfoé—methyl; no capital éxpenditures for aﬁplication equipment
or storage facility modification would be required. The chlorpyrifos-methyl in a liquid
formulation that is applied through an automated admix to the grain flow or from outside -
an empty Bin to the interior surfaces eliminates the occupational exposure concerns of the

- EPA that surrounded the dust formulations and empty bin application from the inside. .
Further reducing occupational exposure concerns and mitigating the already below
tolerance food detect of concern for chiorpyrifos-methy! is the reduced rate at which -
chlorpyrifos-methyl is used in Storcide. Inclusion of chlorpyrifos-methyl at 3ppm, half . .

that of the current, stand-alone labeled rate; automatically halves the chiorpyrifos-methyl "

residues deposited on grain and exposed to workers... . ..

A similar product combining 3 ppm Chlorpyrifos-methyl with 0.5 ppm Deltamethrinis . .~ -

currently being considered by Gustafson and Bayer. This combination has proven
effective against both lesser grain borers and rice weevils. [92] While the prospective

registrant of this product is still considering the feasibility of bringing it to market, both ..

Chlorpyrifos-methyl and Deltamethrin have established CODEX MRLs for stored wheat, . - .

enabling wheat treated with this combination product to enter the international marketing .

system. However, before this product becomes a viable alternative for use in U.S. stored
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- wheat, Deltamethrinr must be granted food tolerances and a registration for use on stored . . .
wheat in the U.S. by the EPA. - -, ~ © e ‘

A third combination product, with chlorpyrifos-methyl and Spinosad, is also in

development. . Spinosad is the most promising stored wheat insecticide in the research

2

pipeline.. Spinosad recently received an experimental nse permit for elevator scale’ ., .~ 7 i .

- efficacy and residue trials. In laboratory trials conducted at Kansas State University,

" Spinosad provided total, 100% mortality among populations of lesser grain borer for

. twelve months at application rates as low as 0.1 ppm. The same study also examined
Spinosad’s efficacy against red flour beetle. At twelve months of storage, mortality
dropped to 50% with treatment at 1ppm and 80% with treatment at 3 ppm. [31] Another
study conducted by the same researcher demonstrated efficacy of Spinosad at 1ppm on

rice weevils where mortality rates dropped below 83% on hard red wheat after only
fourteen days. [31] If combined with chlorpyrifos-methyl for its weevil and flour beetle
control, in a similar manner as Storcide, Spinosad/chlorpyrifos-methyl could prove a very- -

effective insecticide.

Requisite for these combination products to be viable stored grain protectants is a

. continued registration for chlorpyrifos-methyl. . Cyfluthrin, Deltamethrin; and Spinosad

are particularly. effective against the Lesser Grain Borer, an insect with demonstrated
resistance to chlorpyrifos-methyl;” Conversely; Cyfluthrin; Deltamethrin, and Spinosad .- .
are relatively ineffective against weevils, insects against. which chlorpyrifos-methyl is.
particularly effective. Without a continued registration for chlorpyrifos-methyl, even if

at a maximum rate half the current, these three promising alternative products would be . .-
irrelevant. This'would leave a situation in which the most promising new stored grain

+ protectants control only Lesser Grain Borer allowing weevil infestations to continue =

unchecked.

NCFAP Survey
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" A survey of growers who store grain on-farm was conducted to determine the

significance of chlorpyrifos-methyl in on-farm storage systems and to examine the
alternatives that would be used by farms were chlorpyrifos-methyl no longer available.
While the survey was distributed nationwide, the Pacific Northwest received special

_ attention during distribution because of their historical reliance on grain protectants.

In February 2002, the National Ceénter for Food and Agricultural Policy (NCFAP) issued
a call for feedback regarding the significance of chlorpyrifos-methyl in farm stored "
wheat. The issued press release included a brief discussion of the regulatory status of
chlorpyrifes-methyl.. The call for feedback requested that any individual or group
interested in the chlorpyrifos-methyl specifically or in stored grain pest management in

- general contact NCFAP. . This request was distributed through regional newspapers,
agricultural journals and periodicals, and state and national grain and‘feés‘;séociations g

via newsletters, web postings, and e-mail digests.

The call for feedback was subsequently augmented by NCFAP through the issuance of a
storage pest management survey. The survey was distributed in a number of short, long, -
and industry specific forms by the National Association of Wheat Growers in conjunction
with several state wheat commissions and crop improvement associations. Respondents

were asked to comment on the general size and scope of their grain storage, the -

significance of chiorpyrifos-methyl in their storage operation,:the impacthny canceliation- - .

of chlorpyrifos-methyl may have on their storage operation, and what alternatives, if any,. " ..

would be employed to compensate for the loss of chlorpyrifos-methyl.

The call for feedback and various surveys have generated approximately 200 responsesto - **
date.. The storage operations and goals of respondents vary. widely, including farmers
storing as little as 10,000 bushels of wheat on-farm, commercial storage elevators with . .
many hundreds of thousands of bushels stored, and seed producers concerned with
storing wheat specifically for certified seed. Each type of respondent has different

concerns regarding chlorpyrifos-methyl’s future, but all share common satisfaction with
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Most survey respondents reported rarely experiencing economically damaging insect
infestation in chlorpyrifos-methyl treated storage, but fear that without the product the

incidence of these infestations will increase. Farm storage managers universally

expressed concern that a loss of chlorpyrifos-methyl would force them to adopt toxic and” '« - .
. volatile phosphine fumigants as their primary means of insect control. Regardless ofthe =

size and nature of storage, current level and frequency of infestation, or willingness to
adopt phosphine, all respondents project negative economic impacts ranging from loss of
a few cents per bushel to.“monumental” economic impacts following a phase-out of
chlorpyrifos-methyl.

No statistical coné?&;iohs can be drawn from the survey, but the responses qualitatively
describe the views and needs of on-farm storage managers. All respondents who
currently use chlorpyrifos-methy! in their storage described cgmp}ete‘eﬁicacy‘ throughout:

the storage season. None of the respondents noted discounts or penalties having been

assessed at time of sale for insect-damage in treated wheat. One farmer who stores wheat .-

on-farm in North Dakota noted receiving a $0.02 per bushel premium for

chlorpyrifos-methy! treated wheat.

- Whetrasked what they will do should chlorpyrifos-methyl no longer be available; farmers - -

responded with a variety of answers, but all expressed consternation and concern. A few. -

farmers stated that they would abandon on-farm wheat storage or wheat production all ;. -~ .+

together. Many responded that they would have to sell their wheat earlier in the storage . .

season before large insect infestations develop, suffering low prices to avoid quality -

discounts. The rest of respondents, including farmers who grow and store wheat for seed, .- -

who are unwilling to sell early for low prices see no other option but to use phosphine .
fumigants or revert to malathion. Among this group, most recognize malathion’s
inefficacy, yet they feel that it may provide them at least some minimal protection against

insect infestation. Those who plan to use phosphine fumigants are not satisfied with their
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alternative.: All respondents are concerned about the toxicity and dangers associated with™ -
. phosphine use and recognize that multiple applications may be required to affect insect

management.

For seed producers, the prospect of using phosphine is especially problematic. Seed is

frequently stored in small marketable bags or in bins as small as 50 bushels. The use of "< ... <

-phosphine fumigants to control insects in these storage vessels would require them to be’
wrapped in plastic and fumigated individually. Such scenarios involve large amounts of
labor and maximize possible exposure to toxic fumigants. Regardless of the strategies
farm-storage managers will use to compensate for chlorpyrifos-methyl’s loss, they all .,
concede that their ability to maintain wheat quality and retain already slirﬂ profit margins

EN

will be compromised. .

Impact

The completion-of the chlorpyrifos-methyl phase-out will leave U.S. grainstorage; and - -
especially wheat farmers who store on-farm, in a precarious position. With the’

. elimination of the only .currently available effective grain protectant, storage managers. - . .

are left with few truly feasible options.

- The potential impact of chlorpyrifos-methyl cancellation to on- and off-farm wheat .- .
storage is based on' USDA: wheat production data and chlorpyrifos-methyl sales and use:

data supplied by Gustafson. . In 2000, U.S. wheat growers produced approximately 2.3.-.. - .. ..

billion bushels of wheat of all classes. With an average market. value of about $2.65/bu, " : -
this production was valued at $6.1 billion. {20} .. . ~

Approximately 67,700 Ibs. of chlorpyrifos-methyl were.applied to stored wheat in 2001. . .
According to USDA NASS, 18,900 Ibs. are applied to wheat held in commercial storage, . .-
leaving 48,800 lbs. that is assumed used in on-farm storage. [72] When used at the = -
labeled rate of 0.00036 Ib/bushel, on-farm chlorpyrifos-methyl usage accounts for

approximately 130 million bushels treated. This is approximately 16% of all wheat
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stored on-farm and has a value of $345 million. Off-farm use is estimated at

* . approximately 53 million bushels treated, with a total value of $139 million.

The cost of treating the 183 million bushels of wheat is estimated at $0.02/bu or $3.66
million total. Without chlorpyrifos-methyl, it is assumed that all previously treated wheat

- will become infested and be assessed discounts averaging $0.10/bu. . The potential loss ; .+ ~~ 7+ 77

- for the 183 million bushels currently being treated with chlorpyrifos-methyl is $18.3% % '+~
" million dollars. The net loss, when the savings for not applying Reldan are included, is -

$14.64 million dollars. This aggregate loss represents $0.08 per bushel loss suffered on

.. . each currently treated bushel.. Table 17 shows estimated losses broken down by on- and

off-farm use.

This estimate is made upon the assumption that all ' wheat currently being treated is either~-* * -

not discounted at the time of sale or receives a lower discount than would be expected if .

not treated with chlorpyrifos-methyl.

The estimated losses represent a maximum loss to stored insect pest damage in stored-:
wheat due to the loss of chlorpyrifos-methyl as an option for grain protection, under
current market conditions. - Managers would be expected to attempt to limit these losses

by increasing expenditures on storage insect pest management. Multiple fumigation ....© -
applications it current on farm storage to maintain quality at‘a level equivalent with -, .+
foreign producers and raising commercial standards will certainly elevate that cost of - .. -

insect control without increasing wheat value. = . . .. - ¢

Losses may become greater as reliance on on-farm storage increases, identity

preservation becomes more significant, transportation costs increase, and grain standards -
are tightened. The compounded economic impacts of the damage due to the loss of grain
protectants, an increased reliance upon multiple on-farm fumigations, and an increased
need for on-farm and small bin storage drive the cost of stored wheat quality maintenance

higher with uncertain potential for increased revenue through value-added specialty
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The statements of farmers augment the quantitative analysis of lost revenues. Grain
protectants are an integral part of U.S. stored wheat quality maintenance, especially in

. areas where.on-farm storage is.prevalent, where pest pressure is high or where facilities

or environmental conditions are not aAmenable to acration or fumigation. - Fasrmershave ... " " (7 &

made it clear that they are unwilling and unable to store wheat without the assistance of
grain protectants, and chlorpyrifos-methyl is their last available and effective grain

protectant for wheat. . ..

To ensure the sustained stability and success of the U.S. wheat storage and marketing
system, the needs of on farm and small bin storage must be met. The continued
availability of safe and'ég;-éffective stored grain insecticides is primary among these -
needs, requiring regulatory action to provide for the extended use of current insecticides
and expedited registration of new products. A minor-use waiver for,,acpte, subchronic,
and developmental neurotoxicity studies must be granted for chlorpyrifos-methyl for use
at 3 ppm, half the current rate. Use at this rate will mitigate any dietary concems.
generated by anomalous food detects of chlorpyrifos-methyl while providing for the
development and use of highly effective combination insect control products.

Unfortunately, this transition to lower rates and greater efficacy cannot be made .

- immediately; CODEX MRULs or equivalent interim measures must be established forall . '

components of combination products for use in stored wheat. Until these MRLs are set, ..

~ any combination product treated wheat is limited exclusively to domestic marketing. To » =

maintain U.S. presence and competitiveness in international wheat trade, use of
chlorpyrifos-methy! at 6 ppm must be continued until the CODEX MRLs for ' -
combination product components are available. Additionally, to provide growers with
the greatest number of insect control options and to promote positive resistance . -
management, Spinosad and Deltamethrin must be granted U.S. registration for use on-. :
stored wheat. With these regulatory actions:

» granting of a chlorpyrifos-methyl acute, subchronic, and developmental



' neurotoXxicity minor use waiver at 3 ppm >
. = ' continuation of chlorpyrifos-methyl use at 6ppm untii MRLs for combination
product components are established,
= establishment of international MRLs for Cyfluthrin and Spinosad for use on
“stored wheat ahd,,

"= domestic registration of Spinosad and Deltamethrin for use on'stored wheat, »~ ¢~ ...c 0t

U.S. wheat storage managers, especially those on farm or using small bins, will have the”

most cost-effective, safest, and varied insect control options possible.

In recognition of the.constraints placed upon crop protection companies by the small ..
market and specialized use patterns of stored grain protectants, it is difficult for
companies to develop and market new grain storage insecticides at costs practical for use
by on-farm storage managers. With this understanding and the above-prescribed -
regulatory actions, the U.S. grain storage and marketing system is provided with the
greatest opportunity to maintain its prominent and competitive place in international .

markets.
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Table 1., U.S. Wheat Production 2001 by State

State Area Planted Yield Total Value
1,000 Acres Bushels/Acre 1,000.0

AL 174 48.( 7,896.
A7, 94 91.4 31,795.
AR 1104 52.0 118,534.
LA 613 76.14 112,544.

FO 2397 33. 190,054,
105 6( 61.( 8.519.8)
L 14 41.4 33001
$A 30d 53.( 21,730.9
D 128( 71.0 279,144.9
IL 75( 61.4 107,604.

N 40(] 66.( 60,192.

A 23 54.( 2,430.

$ 980( 40.( 902,000.
LY 55 66.( 60,588.
LA 175 50.( 22,000.
D 19( 63.( 27,011.

m 570 64.4.. 87,808.31 -
/N 1867 43 238,798.
S 250 52.( 28,665.
e 904 54.( 100,548.
T 536( 229 316,746.
VE 175( 37.( 165,760.
v 15.4 90.( 844.

] 310 45.( 2,795.
M 500.0 34.( 21,216.

Y 125.( 53.( 15,582.
iC 680.4 39.( 46,742.
D 9,450.( 32.2 831,420.
DH 950.4 67.( 150,750.
DK. 5,600.( 33.( 341,880.9
DR 930.4 38.( 133,050.

A 170.4 52.0 22,048.

C 220.4 434 20,769.

D 3,025.( 37.6 219,949.%
'N 500.4 54.( 4590081
X 5,600.( 34.( 310,080.M
pT 160.4 - 2.4 19,4269 -
P A 200.4 60.( 23,460.
| 2,490.( 55.7 442.680.
1
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\% 12.4 58.4 1,137.
{ 71 CoE 178.( 64.% 24,628.
VY 168.( 24.7 8,263.9
'OTAL 59,617.4 51.4 5,573,815.

Source: [87]

Table 2. Common and Scientific Names of Wheat-Infesting Insects

Common'Name:* . * - - Scientific Name. ... -
Sawtoothed grain beetle:: . Oryzaephilus surinamensis. - - .
Red flour beetle - - Tribolium castaneum
Confused flour beetle Tribolium confusum

Rice weevil Sitophilus oryzae

Lesser grain borer ' Rhyzopertha dominica

Rusty grain beetle Cryptolestes ferrugineus

Flat grain beetle Cryptolestes pusillus
Angoumois grain moth Sitotroga cerealella- -

Indian meal moth Plodia interpunctella
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. Table 3., Insect Infestation in Farm-Stored Wheat 1980

67

State  |No. of sample* % Avg. insect
infested | density/1000 g
North Dakota 1455 24.8 9
innesota 616 429 107
outh Dakota 54 32.5 117
[Nebraska - 244 194
ontana 7714 11.6 ) | B
Kansas 23} 203 110
Colorado 159 25.2 131
Ilinois 1 100 109
ichigan 2 50 14
Dregon 42 28.6 14
Washington 27 3.7
klahoma 23 34.§ 1% |
daho 19 10.3 264]
Wyoming 17 5.9 1]
Jtah g (
[exas 3 33.3
New Mexico g | i
\1] states 4178 259 10
Source: [13]
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Table 4. Elevator manager ranking of insect problems encountered 1992

State

RGB

GW

IMM

LGB

RFB

RWwW

Other

Colorado
2.001.7
2.752.29
2.67 4.67
Idaho

i

3.11

2.00

4.00

2.18

1.61

5.20

2.00

2.303.39
2.87 443
Kansas .-

3.11151

- 345) -

1.92

- 2.82

257}

- 3.07

<496

3.00

Montana
3.111.72
3.722.37

Nebraska
3.00 2.00
2.752.25
3.50 6.00
N. Dakota

208563 °

- 2.79

1.74

2.93

3.18

2.59

5.90

1.33

Nevada

3.19

1.83

2.60

3.20

2.90

5.20

1.75

Oklahoma

3.38

1.81

3.02

2.56

3.71

4.19

3.78

S. Dakota

3.29

1.58

2.79

3.51

2.94

5.01

1.33

Texas

2.65

-1.681

3001

2391

3.48

4.15

2.671H

1.00
Nationwid
e

Wyoming. |
1.00°2.00" |

EETI

177]. -

2384] .

277

. i 4.92 -

2l

Note:' 1=most important, 5=least important . -
RGB: . Flat and rustry grain beetles. =~ :

GW: Granary weevil

IMM: Indian meal-moth
LGB: Lesser grain borer
RFB: Red and confused flour beetles

RW:

Rice weevil

Source: [28]
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Table 5.. Percentage of bins where insects were detected in commercial and on-farm
storage in Oklahoma (1985-1988) * -

I Insect !! % Infested

1985-86 | 1986-87 | 1987-88 } 1988-89

Rice/granary weevils 0 0 11 13
Indian meal moth 43 18 41 77
Tribolium spp. . ‘. - 23 56 21 68)]
Lesser grain borer : 23 49 62 4811 -
Cryptolestes spp. . 36 66 32 77
Long horned flour beetle 0 0 4] 0
Sawtoothed grain beetle 15 25 21 5
Hairy fung@s beetle 0 0 0 41
Foreign grain-beetle 0 0 0 27
Black fungus beetle 0 0 0 5
Corticaria spp. 0 0 0 41
Cyngeusspp: .. - =)+  0f 0 0 9
Source: [2]
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Table 7. Special Grades and Special Grade Requirements

Special Grade

Definition

Infested

Representative sample contains two or more live weevils, or
one live weevil and one or more other live insects injurious to
stored grain, or two or more live insects injurious to stored
grain OR the lot as a whole when two or more live weevils, or

-one live weevil and one or more other live insects injurious to

stored grain, or two or more other live insect i ngunous to stored
grain are found in, on , or about the lot =

Ergoty

Contains more than 0.05% of ergot

Garlicky

Contains in a 1000 gram portion more than two green garlic
bulblets or an equivalent quantity of dry or partly dry bulblets

" Light smutty, -+ .

Has an unmistakable odor of smut, or which contains, in a 250
g portion, smut balls, portions of smut balls, or spores of smut
in excess of a quantity equal to 5 smut balls, but not in excess

of a quantity equal to 30 smut balls of average size

Smutty

Contains, in a 250-g portion, smut balls, portions of smut balls,
or spores of smut in excess of a quantity equal to 30 smut balls
of average size

Treated -

Wheat that has been scoured, limed, washed, sulfured; or
treated in such a manner that the true.quality is not reflected.by.
either the numerical grades or the U.S. Sample grade
designation alone

Source: [39]

71

s
Feas



~

m._owﬂas J018A9]0 Aq payodal s E:oom_v owﬁo><\ﬂo§m Aq papodai se unoosip o8eioay y

s3ewep 1005u1

10 10351y QAl[ O} bﬁ_o anp sem E:oum_w 3y} pies Sunoosip voaoou._ onB m:_ovco%ﬁ JO %196 uﬁ mo oAy u1 ouo ‘paptodarsy 3
pakaAins s19geuetti JORAIJD JO JOQUINN/PILIAINS SIULIEY JO JoquinN J
“uresd vuwaamn plou Jo Ajsnw pue omemv aooms Jo Eovo ‘sod1eyd uonediwng JoJ SUNOISIp Jo wng
"L8-¥861 98eIAY P

adewe( pjo pue
aFeureq 89.5 “o9suf 03 o:Q ureln) wESw uo s3exdo( Furapoy _unau?_:m ﬂuozvoi mo 1UR0I0J pue paxydo(] spaysng 23eloay o
‘UDAIS SHUNOISIP _aaou uo pdseq jou ‘s1ofeueit Jogeaaje Aq papodal Junodsip aderoay q
u_msmm 3y 1 1od d s1095U1 2] d10W IO ¢ YUM sojdures sapnjouy ®

e

»

LI

- F

,93eurep

| I T - S aE%
100U} pus . (2] €661
: s103sUL 3A17 | - sestie)y 1661  yprORSESBDS
L . uopeisayul " {8zl e
180°0$ 0'0¢ 0201 13su] ‘SN 661 10 ‘[oojuay
] los]
< - Loy 6861 ‘e 12
- - 79. 1008uf yinos 8861 ‘uospBidly
o [r1] 6861
1$0°08-20°08 Sop - sjoasut oAl | sesuey £8-9861 ‘1219 3oy
: D L [8¥] 1861
- %9'91 9% S1935UL 9AYT | ejossuunpy 0861 ‘[ 10 PO
) sJunoas|q N . )
(1PYsngyg) Buaday | suoljealasqQ - saay Laaing
Junodsiq uonsodoig | jodsqumy | wendunsaq | aydessosn Jo aeax 32Inos
A e

SJUNOISI(J JEIYA HO SIMSIY AIAING JO AlemmIng ‘g qe .



¢$;

N

. PRRN ‘jonag _mwﬁz o1 pajejode;xa Suntodar sajeis ¢ wWoly SS1BWINSS SSOT B
— = ——
(UNOSSIP [NSNQ/67 0% ) : - ] [6z] aamnougy
$9A19231 Hoianpoid v ! 1010q uteI3 198891 03 : . , Jo jusunredaq
Jo %£€ Buunssy uolfjiw 601§ uoA18 10N atip Aienb oMoy Bl03e( YInos 66-5661 2Be10Ay €103e( YIN0g
[PUSNY/SO 0§ o o
12 s9ofjomud
JUETIE 0 T - Y .
[l oomsomo .
01103qNE 8) 9,05 ~ = .
ue [ (1) ~ R !
am ov“ouno”\:_m%m» . ca oS00
pajean st uondnpoad . . , |onups S:E& [e7] e18100n
30 %09 uiwnssy uoljiw 9'c§ 2413 JON ulksd posois 0], eifionn €661 Jo Aysiaatun
< .o 188 “Splow ‘j30sut
uoatf 16N soiq 1§ £q pesnes sfewsg N u9A18 1ON [09] T8 13 “sruadny
A |IYM .
a1puIse syskeue ) pue woo pasols ‘ .
Ansnpitt 3utio uotfiiq £5 01 1§ %01-§ ul §129sU 01 §38%0°] s - u3A13 10N (651 NS
. Ssjasuy .
uaai joN Y18 10N Aq pasneo sémepry ol 0961-156@38krony | [35] Suv vasn
L A C_w.nm‘.; =
e T padols ul pjol pus o
usAlS JoN &._:_E 0s$ usAIS JON $1995U1 0} mo.meq_ T ewoyepO uaAId JON [97] e 10 “snuadn)
| Jeaym pus ce
sisBojowotug Fee , wioD) ut ploj it photiy
uoISUNNG Jo £oAIng 9SEQuoNIIW 6€78 U2A13 JON $3035U] 03 SISO 8 ()/5NBIS G - 0661 [L1] warey
Hodal « . - -
SV VA8 961 43418 J0N %6 - $9850| 1S9AIBYIEDG 'S’ : usA18 10N [19] rausuig
o
$80'] In[BA $S07] 23e)IIJ _.E_E_..ou&,,l [TX17 u_._._a._ucou NeUNS JO ABd X ERETTNY
- — ——

sdjewin)sH §SOT U[BAT) PIUIGIIO)) puk J8I

vl

1A\ 21839133V JO Alemwng ‘¢ d[qe],




1)

‘aki v:n umys3ios ‘s1eo ‘Jeaym ‘U109 sapnou] o
syoasul JO :o:«SES:ou 10 om«sav 0 o:v 51509 AIEPUOSS 10 (OO 103SUI JO 1500 OPRIOUL 10U SIO(] q

-~y

ke,

&7



[ot] :221n0g

e . —
R B %€ . %ot UONIE[EIN
) S JAyjou-
’ .. %09 %06 ° 86001 %06 %06 sojuAdiofy)

< (pores) | (puelAiq)

o AofreA uodsiQ ¢ iseq urseg KaleA
. ansear], :E:ou eSEEoU elquinjo) anowrelI M

e asn) ESooSi w1 1Y A\ PadoIS bEEuEEoU U010 b661 11 2198L

o el oazom I'6%b8'S €T1%LT9 VM. POF %96'EF SO'0> V10 ST %S0 XL I'1 %88y TO%P60 dS
:gﬂv YO €PT%SI8Y €6 %6500 61 %801 '0%I01 6L %80HO L0%860 I'l %LETTO%EI0 AN
I'L%IN'ET0'S %Lr'd - AN 11 %I0°E €0%ZIT 1'0%C10 LT %YE0 LN 98 %LL'ST ¥'0%S8T 1 40 %EL'O OW 0 %0P0
NN S'91 %8H€€ 09 %L60 T0 %0E0 60 %0E'T S SO%EYL 0'1%96F 8L %6ET Al 61%S0SI €L%ITE 0D ¥Sll
%81 061 %SE0 681 %60°T 611 %S01 THIT %LE 0 S91RIS Pakoaing (sq710001) paddy feo] pateai] 9 (sq77 0001) panddy
1101 pateal % (5471 0001) palddy [eio], pateasL % (s4710001) B__&< [810L pa1ea1L % (SQ'T 0001) patddy [ei0], paesi] %

’75—'«'% [EY<%

)
A o ‘

spfidsouq : L _2 o

wRanunyy apruroag (Ao «oE-mo.:...E.EEU noiyje B

yeq
snodseuoyei(

0007 B1BQ s() PPN u«o.;» amu?.s&uen— SSVN vas(l 01 ?1qeL



Table 12. Elevator.Managers Reporting Use of Particular Insecticides in Hard Red .
‘ Wheat Storage

Malathion

Concret
e

% Use | % Use % Use ||
% % l % | % I % % e .
Control | Control § Control | Control § Control { Control§}:- - -

Co J] 11.76 | 2500 ] 588 | 1429 | 0.00 | 4.76

€

40.00 {} 31.91 3478 .| 49.06 | 58.70 233, 333

73.00
89.00
81.57

ND | |
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. 77.00
79.38
87.50
84.19
100.00
TX

85.60 79.71 96.50 88.50 86.67 W

Y 23.44
66.67
' . 0.00.
g L L . 65.00
e ' AVG..

2121 6.

3.56

7741
Source: [28] - -

90.00
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Table 13. Ténnééséé E‘Ilévat&rschporting Use of Various Insecticides

Malathion | Chlorpyrifos- | D.E. Actellic | Phosphine { Methyl
Methyl Bromide

Empty Bin Residual Spray 72% 14%
3%

- 0%N/A .} NA .. N/A N/A } - NA 29% 7%
N[A‘ Grainl: " : “ "‘: MV Y \ % . ) RT
. - 38% 190/0 o ' . c Rt : H : i ‘, ;{ * . ﬁ -

* r‘;.‘:

0% 0% N/A
N/A
Top-Dress § = o BETORN
sms% | L N IR AR
0% 15%
N/A N/A
Fumigation

Source: [30]

Table 14. Alabama Farmers Reporting Insecticide Use in 2001

% Adoption % Of Adaptors -
Using Malathion

Empty Bin Residual 77% 53%

Grain Protectant 50% 60%

"~ Top-Dress _ —ny, | 5% Ml e e

Source: [22]
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' Table 15. 1987 Oklahoma Stored Wheat Ma‘hagement Practices On and Off Farm {2}

Adoption

Malathion

Chlorpyrifos
-Methyl

Methoxyc
hlor

Other

Residual

% On Farm

85%

77%

8%

5%

4%

Bin spray

- f"

* - Grain -
Protectant
% On
Farm 62%
-} 69% 10%

Farm 35%
63% 17%
Top Dress
% On
Farm 42%
% Off
Farm 35%
Phosphine
Methyl
bromide

n 80/20*
Other:-.
Fumigation

Chloropicri .

% Off .
" Farm

I%onFarm | -

. % Oﬁ’4 ’ A'_

OPALY o -
A il e

87%-

0%

5%

13%

e

~ %Of

- 94%

P
Ly e

. 2%

1%

. 0%,

4ot
4

3%, -

*Use still reported even though 80/20 fumigants were banned in 1985. :
**Number may result from misunderstanding of what fumigants are. Several pmducers
listed malathion, chlorpyrifos-methyl, and methoxychlor as fumigants used.
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Table 16. Gustafson Sales Data by Region

Sales | 80% of | Bushels State % of
Sales Treated [Productiory Prod.
(1000 Bu)] Trtd
Cast 3,24 2499 6,929,600 74,297 9°
Midwest” 1 10,653 8,527 23,628,074 533,960 44
Northern -} . 16,188 12,9501 35,906,818 1,615,174 - 294
Plains 12,50 10,0094 27,741,691] 1,719,724 20
PNW 16,433 13,144 36,450,339 854,874 49
Fouth 10,724 8,583 23,798,874 397,114 6°
Vest ° 15,024 12,01 33,317,091 241274 149
[otal 84,651 67,721] 187,772,48 10,631,51 29
5
Source: [84]
80
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Cancellation of Chlorpyrifos-methyl

g1 ¢f 108

. Table 17.. Estimated Losses Dug to. in
S ' - Stored Wheat )
On-farm Off-farm Total
Chlorpyrifos-methyl | 48,800 18,900 67,700
use (Ibs.)
‘Wheat freated . .- 130 million - . 53 million 183 million
Revenue loss $13 million $5.3 million $18.3 million. . .-
Cost savings - } $2.6 million - - §$1.1 million- - '$3.66 million
Net loss $10.4 million $4.3 million $14.64 million
81
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Figure 6. Wheat Marketing Channels

Exports

Processor

TerminaElevator

T T

Country
Elevator

¥ T OverseaPortElevator -
PortElevator . .
RiverElevator:* . -« - R
Source: [27]
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Appendix. . -

The immediate concern regarding the stability of the U.S. wheat storage and marketing systems e

is the current lack of safe, effective, and inexpensive chemical insect control options, especially -
for farmers storing their harvest on-farm. While this concern must be promptly and directly

addressed, its remedy will not ensure a stable and competitive future for U.S. wheat. No single

improvement in pest management considered and implemented in isolation can accomplish this. . .+ >4

To ensure a stable and competmve future for U.S. wheat a host of pest management tools must
be developed to ensure that U.S. ‘wheat remains mtematxonaﬂy competitive.

The efforts to provide storage managers with the most effective set of pest management tools
possible include the provision of information, not just the development of new insecticidal

~ products. Among the most promising and important.information sources that must be provided

to storage managers are expert systems for the prediction and control of insect inféstations, crop -

profiles, and Pest Management Strategic Plans for various grain storage regions. Expert systems
for pest management are computer programs that allow storage managers to input data reflecting
the current characteristics of their storage bins. These data include exterior and interior
environmental, insect sampling, and storage facility data.. After data input, the system givesa' .

recommendation regarding appropriate pest control options. This system is heavily reliant upon

two types of data, insect population models and insect damage economic thresholds, which-are - ... .

currently being developed. Insect population models take the data provided regarding the: '+ -

current insect infestation levéls and extrapolate how the population will grow based upon '+ -

provided and projected environmental data. . These population models are then applied to the .- :
economic damage thresholds, levels of insect infestation needed to create damage within the
storage mass that would result in discounts at the time of sale. By combining these data, the
expert system can advise storage managers when treatment for infestation is warranted. These’
systems reduce the cost of insect control by advising against unnecessary treatments, saving

managers treatment costs and time, while simultaneously reducing pesticide use.

Pest Management Strategic Plans address pest problems and pest control options for specific

crops from a regional perspective, providing a comprehensive dverview of the pest challenges.
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The document is directed.toward EPA, USDA, universities, and pest management stakeholders

as a source of information regarding the status of regulations, research, and education regarding -~

pests and pest management in specific crops. The information for Pest Management Strategic
Plans are assembled from state and regional crop profiles, researchers, producers, and pest

management professionals. The value of this document is as a one-stop, easily accessible

-resource for regulators and stakeholders. The development of a Strategic Pest Management Plan .. -
for wheat in the southern and northern plains and the Pacific Northwest would vastly improve = -

the body of descriptive information specifically diréctéd at individuals Wwithout agricultural
experience who make decisions that directly impact wheat production and pest management.

. The current absénce of this information contribistes to a sub optimal environment in which pest
management is often regulated without full understanding of the crop/pest system by all parties

Similar to Pest Management Strategic Plans, crop profiles are general overview documents
designed to inform both a technical and popular audience about the entire system of a specific

crop’s production and mérketing. Crop profiles already exist for wheat production:in many

- states, however, these profiles do not address the specific concerns of wheat storage. A stored . - . .

wheat profile has been developed as a prototype in Kansas, however it is not currently available
through the Office of Pest Management Policy. The further development and dissemination of -~
crop profiles for stored wheat would not only provide the regulatory commnmty witha .

. ,:',t,

comprehenswe descnptton of storage managementpractices and. pestmde use; but also pnmde a’

definitive guide of accepted best management practices for storage managers. With the current
lack of these profiles, there is not reliable and comprehensive source of pesticide use data for -
wheat storage. Without reliable and comprehensive pesticide use data and an accurate depiction
of industry practices, regulation of stored grain pesticides can only be conducted though -~ .'

assumption and analysis of old, incomplete, and inaccurate data.
While improvements in the aggregation and presentation of information regarding pest

management in stored wheat will certainly advance both regulatory and pest control

effectiveness, improvements in pest management technology are equally important. Beyond
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- new or continued pesticide registrations, the largest advances in stored wheat pest management ...
technology are taking place with the storage facilities themselves. Three interconnected--- . S
technologies are greatly improving storage managers’ ability to employ true IPM techniques:

~ internal electronic monitoring systems, automated aeration systems, and closed system

fumigation. Many new storage facilities are designed to employ these technologies and some

older facilities are Being retrofitted to accommodate them. Internal electronic monitoring ... » 7 .

systems are comprised of a series of wires that run throughout the .grain mass, measuring
temperature and moisture at several Iocations. These measurements can be used by storage
managers to monitor the conditions within the grain mass, recognize infestations, and make pest
- management decisiofis. . Internat electronic monitoring systems can be particularly effective
when paired with an automated aeration system. These systems compare information gathered
by the monitoring system with external environmental conditions. When significant and
appropriate difference‘s‘ekis't between the external and internal temperature and moisture; the’
aeration system is automatically turned on and off to maximize its cooling effect and energy.

efficiency.

- Advances are also being made in fumigation technology.. The most pfomising and practical of - -
them is closed system fumigation. Closed system fumigation can use the same fumigants

currently employed for insect infestation crisis control more effectively that traditional

. fumigation practices.: Closed system fumigation uses acration fans configured with special ducts. ...

" to re-circulaté fumigants througk the grain mass. This type of fumigation requires completely -~
closed and sealed grain bins to be effective.. If this closure is achieved, the re-circulation ensures:. -
.. that the fumigant is evenly distributed throughout the mass, eliminating safe havens in which

insects could survive within the mass. To take best advantage of closed system fumigation, new

cylinderized fumigants are being developed. These cylinderized fumigants, including phosphine” *- " ¢

gas and carbon dioxide, are introduced into the grain mass directly in a gaseous state, rather than
the traditional solid or liquid states, further improving fumigant distribution within the grain
mass. The cylinderized carbon dioxide fumigants being developed have the added advantage of

being less toxic to workers than phosphine fumigants.
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