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This memo transmits the Preliminary Pollinator Assessment to support the Registration Review of

Imidacloprid.

It transmits an updated version of the December 11, 2015 assessment by

incorporating editorial comments on the executive summary and corrections to selected study
citations. This assessment reflects information currently available to the agency for assessing the
risks of agricultural uses of imidacloprid to bees. By the end of 2016, it is anticipated that this
information will be updated to reflect additional information that becomes available in 2016.
Finally, this assessment was conducted in collaboration with scientists from the California
Department of Pesticide Regulation.
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1. Executive Summary

1.1. Background and Scope

Imidacloprid, along with the other nitroguanidine-substituted neonicotinoid insecticides, clothianidin,
thiamethoxam, dinotefuran, are currently undergoing Registration Review by the USEPA. With
imidacloprid, the EPA published a final registration review Work Plan in 2009 and issued a Generic Data
Call-in in 2010 to obtain data required for assessing risks to bees and other taxa. This 2015 Preliminary
Ecological Risk Assessment evaluates the risk of the registered agricultural uses of imidacloprid to bees
alone. Consistent with the EPA 2014 Guidance for Assessing Pesticide Risks to Bees (USEPA et al. 2014),
risks are quantified for the honey bee, Apis mellifera, and to the extent that data are available,
characterized qualitatively for other bee taxa relative to the honey bee to the extent that data are
available. Following the receipt of public comments on this Preliminary Pollinator Risk Assessment, the
EPA planstoissue a revised Preliminary Ecological Risk Assessment at the end of 2016 that will: (i) consider
any comments or information submitted in response to this bee-only preliminary risk assessment; (ii)
incorporate additional data EPA anticipates to receive that is relevant to bees; and, (iii) assess the
potential risks of all registered uses of imidacloprid to all taxa.

1.2. Use Characterization

Imidacloprid is registered for a variety of agricultural crops, including (but not limited to): root and tuber
vegetables, bulb vegetables, leafy, brassica, cucurbit, and fruiting vegetables, beans and other legumes,
citrus fruit, pome fruit, stone fruit, berries, tree nuts, cereal grains, herbs, oilseed crops (e.g. canola,
cotton) and other use patterns not associated with a crop group such as peanuts and tobacco. It has been
registered for use in the United States since 1994. Maximum application rates vary by crop and method,
but typically do not exceed 0.5 Ibs. a.i./A (single application or per year). Imidacloprid may be applied to
crops via a variety of methods including aerial and ground foliar sprays, soil drench, chemigation, soil
injection, in furrow sprays, and seed treatment, including multiple application methods within the same
growing season so long as the 0.5 |bs a.i/A rate is not exceeded. There are a wide variety of non-
agricultural uses, some examples of which include tree trunk injection, forestry, pet spot-on treatments,
turf, and applications to ornamentals; non-agricultural uses will be assessed in the Preliminary Risk
Assessment scheduled for 2016. Additionally, there are a number of use patterns that specifically prohibit
applications during the pre-bloom or blooming period or whenever bees are foraging.

1.3. Environmental Fate and Transport

Imidacloprid is a systemic insecticide that is associated with a high water solubility and low volatility.
These properties, combined with low propensity to partition to organic carbon suggest that imidacloprid
will be highly mobile in the terrestrial environment (i.e., subject to leaching in soils and runoff). The
dominant transformation processes for imidacloprid are photolysis (very fast in the presence of water)
and aerobic soil degradation. However, aerobic soil metabolism for imidacloprid is very slow (half-lives
range from 200 days to more than one year) and therefore, imidacloprid is expected to persist in the soil
system. Based on their occurrence as the primary degradates identified in plant metabolism studies and
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comparable toxicological properties with respect to bees relative to parent imidacloprid, the primary
stressors of concern include parent imidacloprid and its metabolites IMI-olefin (IMI-olefin) and IMI-5-OH
(5-OH-IMI). As a systemic chemical, in plants, imidacloprid is absorbed via the roots, stems and foliage
and is considered xylem mobile, with dominant uptake routes following the transpiration stream (i.e., no
downward transport from leaves to roots). Additionally, numerous field studies have demonstrated that
imidacloprid applied via foliar, soil or seed treatment methods can result in residues in pollen and nectar
of blooming plants.

1.4. Exposure Assessment

Exposure of bees through direct contact by foliar spray of imidacloprid (i.e., interception of spray droplets
either on or off the treated field) and oral ingestion (e.g., consumption of contaminated pollen and nectar)
represent the primary routes of exposure considered in this assessment. Bees may also be exposed to
imidacloprid through other routes, such as contaminated surface water, plant guttation fluids, honey dew,
soil (for ground-nesting bees), and leaves; however, there is high uncertainty regarding the importance of
some of these exposure routes, and the Agency lacks information to understand the relative importance
of these other routes of exposure and/or to quantify risks from these other routes. With respect to
potential exposure via drift of abraded seed coat dust, the Agency is working with different stakeholders
to identify best management practices and to promote technology-based solutions that reduce this
potential route of exposure. Finally, the “carryover” of imidacloprid residues in soil (i.e. the potential for
year-to-year accumulation in soil leading to higher residues in pollen and nectar) was considered as a
potential route of exposure in this assessment. This potential for carryover was evaluated using multiple
lines of evidence. While model results and some empirical data from multi-year applications in soil
suggest possible year-to-year accumulation in soils, available residue data in pollen and nectar are not
indicative of imidacloprid carryover in treated crops. Furthermore, imidacloprid residues in succeeding
crops (e.g. white clover following seed treatment applications to corn) are low when detected, such that
risks to honey bees is not expected.

In accordance with the 2014 Guidance for Assessing Pesticide Risks to Bees (USEPA et. al. 2014), the
exposure assessment considered Tier | (model-generated/screening-level) exposures of bees via contact
and oral routes. Prior to this step, a determination was made on the potential for exposure based on
indications of crop attractiveness to bees and cultural practices (e.g. whether the crop is harvested before
bloom) referenced in the United States Department of Agriculture document, Attractiveness of
Agricultural Crops to Pollinating Bees for the Collection of Nectar and/or Pollen (2014). For foliar sprays,
off-field exposures via spray drift were also considered. These modeled/screening-level, exposure
estimates were then refined using available information on measured imidacloprid residues in pollen and
nectar of representative crops to assess risks to individual bees. This same residue information was also
used to characterize risks at the colony level.

1.5. Effects Assessment

As with other neonicotinoid insecticides, imidacloprid acts on the insect nicotinic acetylcholine receptors
(nAChRs) of the central nervous system via competitive modulation. At the individual organism level, a
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number of molecular, cellular, physiological, histopathological and behavioral effects of imidacloprid to
bees have been reported from laboratory tests at varying levels of exposure for adult and larval bees.

A robust registrant-submitted dataset was available to characterize the acute and chronic toxicity of
imidacloprid to adult and larval honey bees at the Tier | (individual) level. Additionally, the EPA, through
a joint review effort with Health Canada’s Pest Management Regulatory Agency (PMRA) and the State of
California’s Department of Pesticide Regulation (CDPR) evaluated over 75 studies from the open literature
that investigated the toxic effects on Apis and non-Apis bees at the individual and colony level. Consistent
with the aforementioned 2014 guidance, the focus for this assessment was on apical endpoints, that is,
those related to growth, development, survival, and reproduction known to impact bees at the colony
and population/community level.

There are a number of data designed to evaluate the toxicity of acute and chronic exposures to individual
bees including data for adults as well as larvae. Based on these data, imidacloprid is classified as very
highly toxic to adult honey bees (Apis mellifera) with acute oral and acute contact LDso values of 0.0039
and 0.043 ug a.i/bee, respectively. For larval toxicity, there was no acute oral study available, and a 21-
day chronic toxicity test did not show significant effects (p>0.05) up to and including the highest
concentration tested, 40 pg a.i/L (equivalent to 0.00183 ug a.i/bee). For chronic oral toxicity to adults,
while a 10-day registrant-submitted study did not achieve a No Observed Adverse Effect Concentration
(NOAEC), based on significant effects (p<0.05) on food consumption at all concentrations, a 10-day study
evaluated from the open literature (Boily, 2013, MRID 49750601), determined a definitive NOAEC at
0.00016 pg a.i/bee based on significant effects (p<0.05) on mortality and body weight. Table 1-1 below
shows the endpoints to be used for risk estimation for adult and larval honey bees at the individual level.

Table 1-1. Summary of the toxicity endpoints to be used in risk estimation for individual bees.

Study Type Endpoint? Reference Classification
Adult Acute Contact 96-hr LDso: 0.043 pg a.i/bee MRID 49602717 | Acceptable
Toxicity
Adult Acute Oral Toxicity 48-hr LDso: 0.0039 ug a.i/bee MRID 42273003 | Acceptable
Adult Chronic Oral 10-day NOAEC/LOAEC (mortality, body Boily, 2013, Quantitative
Toxicity weight): 0.00016/0.00024 pg a.i/bee MRID 49750601
Larval Acute (single dose) | No data available
L | Chroni t 21-day NOAEC/LOAEC: 0.0018/>0.0018

arval Chronic (repea -day / /> M8 | MRID 49090506 | Supplemental
dose) a.i/larva

1Represents most sensitive (i.e. lowest) of all endpoints within a particular study type for studies for which raw data (to allow for
independent statistical verification of the endpoint) are available.

Currently available data (registrant-submitted and from the open literature) suggest that colony level
effects of imidacloprid on honey bees may result for some uses through multiple mechanisms including
(but not limited to) reduction in number of worker bees available for foraging or maintaining hive
temperature (during over-wintering), reduction in foraging efficiency via sublethal effects on workers,
decreased number or delayed development of brood either from direct exposure or indirectly from
reduced brood feeding and maintenance by hive bees, and reduced fecundity and survival of queens. The
colony level effects assessment (Tier Il) is based on a registrant-submitted colony feeding study that
assessed a 6-week exposure through nectar (spiked sucrose). This study was subjected to a tri-agency
review by EPA, PMRA, and CDPR that included a comprehensive statistical re-analysis of the raw data.
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Although there were other evaluated colony studies conducted with colonies of Apis mellifera, only this
study was considered acceptable for quantitative use in this risk assessment. Based on a tri-agency
analysis of the statistical and biological considerations of the data, a NOAEC and LOAEC of 25 and 50 pg
a.i./Lin nectar were determined based on reductions of the number of adult workers, numbers of pupae,
pollen stores and honey stores which persisted across much of the study duration. The level of
imidacloprid in nectar at or below which no effects would be expected to the colony is determined to be
25 pg a.i./L.

1.6. Pollen Route of Exposure

Honey bees are exposed to both pollen and nectar, which serve as the protein and carbohydrate sources
in the diet, respectively. The risk assessment for individual bees assumes an equal contribution of these
two food sources in the diet and equal potency at the individual level. No information was identified that
enabled these assumptions to be directly evaluated at the individual organism level. At the colony level,
the risk assessment is based on comparisons of imidacloprid residues measured in nectar in various crops
to the sucrose-based dietary endpoints from the registrant-submitted colony feeding study. Comparison
of imidacloprid residues in pollen to the sucrose-based dietary endpoints from the colony feeding study
was not considered appropriate due to the differential utilization of pollen by the colony relative to nectar,
and the subsequent differences in exposure of bees to dietary imidacloprid via pollen and nectar.
Although this represents a limitation in the risk assessment, several lines of evidence suggest this
uncertainty is not likely to substantially alter the risk conclusions for several reasons. First, while colonies
were not fed spiked pollen in the colony feeding study, bees were nonetheless exposed to imidacloprid in
pollen in the form of bee bread (a combination of stored pollen and honey) at concentrations that
approximated 20% of those measured in uncapped nectar. Therefore, from an in-hive exposure
perspective, the effects observed from the sucrose colony feeding study actually reflect a combination of
exposure to contaminated nectar and pollen in the form of bee bread. Second, nectar is the dominant
food source for adult foragers and hive bees whereas pollen is not consumed directly by adult bees and
is processed into bee bread for feeding to developing larval bees. Third, the assessment for individual
bees indicates that larval bees are at least one order of magnitude less sensitive than adult honey bees
on a chronic basis. Finally, although not definitive, the available suite of higher-tier studies resulting from
the pollen route of exposure suggest that colony-level effects on honey bees via contaminated pollen
occur at higher residue levels than those in nectar. Taken together, these lines of evidence suggest that
the lack of pollen consideration in the assessment of colony effects is not likely to substantially alter the
risk conclusions except when exposure via pollen is extraordinarily high relative to nectar. The latter is
noted for certain crop groups where pollen is expected to be the dominant route of exposure (e.g., corn),
and additional consideration is given to available data in the open literature on colony-level effects
associated with spiked pollen.

1.7. Non-ApisBee Characterization
The risk profile of imidacloprid to non-Apis bees (e.g., bumble bees, solitary bees) may differ relative to

honey bees due to differences in their exposure and sensitivity to imidacloprid. Therefore, uncertainty
exists in extrapolating the risk findings of this assessment to non-Apis bees. The relative importance of
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this uncertainty was evaluated by first considering the relative differences in exposure (e.g., oral
consumption rates) and sensitivity (e.g., acute toxicity) individual level. Although data were very limited
for non-Apis bees, results suggest oral exposure and effects of imidacloprid on the honey bee are
reasonably representative (protective) of available data on adult non-Apis bees (primarily bumble bees).
It is also noted that there are limited data on the toxicity of imidacloprid to non-Apis bees. At the colony
level, however, a review of studies published in the open literature suggests that bumble bees may be
adversely affected at the colony level at concentrations in sucrose considerably lower than those observed
for the honey bee. These effects are primarily associated with reproduction (i.e. worker and queen
production) in sucrose and/or pollen feeding studies. These studies were considered for qualitative use
in thee risk assessment, primarily from a lack of analytical verification of the test substance and lack of
raw data, and therefore additional data with Bombus would benefit the risk characterization for non-Apis
bees.

1.8. Additional Lines of Evidence

The agency evaluated available wildlife incidents for bees and for most incidents, there was not a strong,
established association between individual bee or colony losses to imidacloprid as indicated by
confirmatory residue analysis. In the cases where a link between imidacloprid exposure and individual or
colony losses was made, these reports generally concerned residential uses or other uses pesticide control
operators (PCOs). Additionally, there were studies available from the open literature that surveyed
imidacloprid residues in agricultural fields as well as various hive matrices. Results from the agricultural
monitoring studies, where pollen samples originated from corn and sunflower fields seed treated with
imidacloprid, indicated that while imidacloprid was detected frequently (ranging from 36 — 58% of the
total samples), the mean values of quantifiable residues ranged from 0.6 — 3.0 ppb, which is just above
the limit of quantitation for these studies. The hive monitoring studies included surveys across the United
States and Europe where imidacloprid residues were investigated in pollen, nectar, bee, and wax samples.
These studies indicated that while imidacloprid was detected in various matrices, the frequency of
detection was generally below 10% and where the frequency exceeded 10%, the mean values were
generally marginally above the limit of quantitation (varies depending on the study). Although there was
one study in which the mean residue of imidacloprid in pollen samples reached as high as 39 ppb, this
mean originated from 10 detections out of 350 analyzed samples (2.9%). The studies suggest that despite
widespread use of imidacloprid on crops through multiple application methods, the magnitude and
frequency of detection in hive matrices is relatively low.

1.9. Risk Conclusions

The agency conducted a screening level assessment (Tier |) for the various uses of imidacloprid utilizing
the toxicity endpoints in Table 1-1 above and either conservative (modeled) exposures or, as a more
refined assessment, actual residue values from pollen and/or nectar (where data were available) to
determine if there are risks to individual bees. If these analysis indicated that the level of concern is not
exceeded, the agency concluded that there is not a risk and that there is not a concern at the colony level.
In these instances, no further analysis was necessary. However, if the analysis demonstrated a risk to
individual bees, the agency did, when data were available, conduct a risk assessment to determine
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whether there were risks posed to the colony. As mentioned above and further described in Section 2
(Problem Formulation), the risk assessment approach to honey bees proceeds in a stepwise, tiered
process evaluating risks to individual bees first and, if needed, risks to the colony. After the initial step in
determining the potential for exposure of bees to agricultural uses of imidacloprid, risk quotients (or levels
of concern) are estimated to evaluate the risk to individual bees using modeled/screening-level exposure
estimates and the acute and chronic laboratory toxicity endpoints (i.e. adult acute contact LDso, adult
acute oral LDsg, adult chronic oral NOAEL, and larval chronic oral LOAEL). For all crops and application
methods where on-field exposure, is expected, values exceeded risk levels of concern. Even in cases
where on-field exposure was not expected, an off-field spray drift assessment was conducted and
indicated that there could be risk for all foliar uses (depending on what crop is adjacent to the field,
whether the crop is in bloom, whether the crop is pollinator attractive, etc). Additionally, a refined
analysis was conducted using available measured residue data to supplant the modeled/screening-level
estimates of exposure that were mentioned above. These refined values were compared to the hazard
endpoints tabulated above. For all use patterns where residue data were available, LOCs were exceeded
based on refined estimates of exposure.

Table 1-2 summarizes the agency’s preliminary risk findings on a crop group-based approach. The table
presents the findings for groups of crops that have similar use patterns and application methods and are
further split out into three categories of risk findings. When residue data are available, the crop is
identified parenthetically within the table along with the respective crop group.

Crop groups/use patterns where either on-field exposure is not anticipated due to attractiveness or the
crop is harvested before bloom, or the tiered process indicates a low potential for on-field risk, are listed
in the green group in Table 1-2. These include all application methods of root/tuberous, bulb, leafy
greens, and brassica vegetables, globe artichoke, and tobacco (harvested before bloom) as well as soil
applications to blueberries (berries and small fruits) and seed treatment applications to corn (cereal
grains). Additional members of the cereal grain group (which is registered for seed treatment uses only)
including wheat, barley, oats, rye, and millet are either not attractive to honey bees or primarily wind
pollinated. Finally, members of the fruiting vegetable group (of which soil and soil + foliar residues data
for tomato are available) are largely unattractive to honey bees with the exception of okra. Therefore, a
low potential for on-field risk is determined for all members of this group, except okra, for all application
methods based on a lack of exposure.

The yellow/gold group represents crop groups/use patterns for which the assessment for individual bees
indicates that the LOCs have been exceeded; however, uncertainty exists in the assessment of risk to the
colony. These include uses where either no data are available (with indications of the potential to bridge
to other neonicotinoid chemicals where data are expected for that same use pattern and application
method) or where there is uncertainty in the nectar and pollen residue data originating from uncertainties
in the available studies. For several crop groups including legumes, tree nuts, and certain application
methods of stone fruits, berries/small fruits, and oilseed, residue data are unavailable but there is the
potential to bridge from data for other neonicotinoid chemicals with forthcoming data for certain
application methods. In other cases, data are not available and there are no data expected for the other
neonicotinoid chemicals such as certain application methods for legumes, tree nuts, berries/small fruits,
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nectar producing cereal grain members, and herbs and spices. In the case of cucurbit vegetables (soil
applications to melons data available), citrus fruits (soil applications to oranges and grapefruits data
available), and berries/small fruits (soil applications to strawberries data available), there are limitations
with the residue studies that create uncertainty in the risk determinations with these use
patterns/application methods. This uncertainty is generally associated with these studies having an
unknown timing of application relative to bloom (strawberry), no nectar data available (strawberry), no
pollen data available (citrus fruits), and no available residue data from coarse soils, which are shown
through several studies to yield residues in nectar and pollen up to an order of magnitude higher as
compared to medium and fine soil types. Furthermore, the soil-applied citrus study was conducted with
a post-bloom application while the label does not restrict pre-bloom or during bloom applications and
therefore the residues from this study are likely underestimated. For soil applications to cucurbits and
citrus fruits, there is a potential to bridge with forthcoming data for other neonicotinoid chemicals. In the
case of cucurbit vegetables, a full field study (Tier Ill) on pumpkins is expected in 2016 to further refine
the risk picture. Additionally, although foliar applications to stone fruits resulted in pollen residues
exceeding a threshold that is indicated in the open literature to cause colony level effects, the bloom
duration of stone fruits is markedly shorter than the exposure duration employed in from those studies
that determined these effects and therefore there is uncertainty with this determination. Finally, while
data are unavailable for pome fruits, residue data for imidacloprid are expected in 2016.

Lastly, the red grouping within the table indicates use patterns with associated application methods that
present a risk to individual bees as well as a risk in nectar or both nectar or pollen. These include foliar
applications (with a 10-day pre-bloom interval) to citrus fruits and foliar, soil, soil + foliar, and seed
treatment + foliar applications. (with no bloom restrictions) to cotton. A full field study with cotton is
expected in 2016 to further refine this risk determination.
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Table 1-2. Summary of risk findings for honey bees (Apis mellifera) for the registered use patterns of imidacloprid

Individual Bee (Tier I) Risk?

Colony (Tier II) Risk?

i’:\gﬁ;g;p Appl. On Field Off Field On Field Risk Conclusions
. Method | (Screening | (Screening . Nectar Pollen® (Basis and Other Considerations )
Residue Data) (Refined)
Level) Level)
Crop Groups/Use Patterns that Present Low On-Field Risk
Root/Tuber F;)(I::;al\r : Low On-Field Risk (all uses, lack of exposure)?; Off-Field
Vegetables® Risk (Tier I, foliar uses only)
Seed N
Bulb Soil N Low On-Field Risk (all uses, lack of exposure)?; Off-Field
Vegetables Seed N % . Risk (Tier I, foliar uses only)
Leafy Greens Foliar N Y No further analysis conducted Low On-Field Risk (all uses, lack of exposure)?;
Vegetables Soil N Off-Field Risk (Tier I, foliar uses only)
Brassica Foll-ar N Low On-Field Risk (all uses, lack of exposure)?; Off-Field
Vegetables Soil N Risk (Tier I, foliar uses only)
Seed N ’
Foliar Y Low On-Field Risk (Tier Il, pollen; nectar not produced,
Fruiting lack O.f exp(.)sure') .
Vegetables ' Y No data? N Off-FleId' RIS'k (Tier I, foliar uses only)
Soil Y (Determinations apply to all members except okra due
(Tomatoes) .
to unattractiveness of group to honey bees, Bombus
used for pollination services in greenhouse)
Berries/Small
Fruits Soil Y Y N N Low On and Off-Field Risk (Tier Il, nectar and pollen)
(Blueberry)
Cereal Grains Low On and Off-Field Risk (pollen; nectar not produced)
(Corn) Seed Y Y No data? N (Other members such as wheat, barley, oats, millet and
rye are either not attractive to bees)
Tobacco, globe Foliar N No further analysis conducted Low On-Field Risk (all uses, lack of exposure)?;
artichoke Soil N Off-Field Risk (Tier I, foliar uses only)
Crop Groups/Use Patterns with Uncertainty in Colony (Tier Il) Assessment
Foliar Y Y No data No data No data On Field Risk (Tier I, all uses); Tier Il Risk unknown
Soil Y No data No data No data Off Field Risk (Tier I, foliar uses only)
Legumes No data No data No data (Honey bee attractive; no bloom restrictions; seed
Seed Y (Potential | (Potential (Potential | treatment of soybean = highest usage of all registered
| Dridging) | bridging) bridging) | crops (400,000 Ibs a.i/year).
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Individual Bee (Tier I) Risk?

Colony (Tier II) Risk?

C(r:‘:)a;iar;:;p Appl. On Field Off Field On Field Risk Conclusions
. Method | (Screening | (Screening . Nectar Pollen® (Basis and Other Considerations )
Residue Data) (Refined)
Level)
On-Field Risk (Tier 1); Tier Il Risk uncertain
(Long [6 weeks +] bloom duration; uncertainty of lower
Cucurbit Uncertain Uncertain | than maximum annual rate used and one sampling
Vegetables Soil Y Y (Potential (Potential interval, no residues in coarse soils, unknown as to
(Melons) bridging) bridging) whether application closer to bloom would yield higher
residues; Tier Il full field study [pumpkins] expected for
2016 assessment)
On-Field Risk (Tier 1); Tier Il Risk uncertain
. . . (6 week + bloom duration; uncertainty of no residues in
Citrus Fruits Uncertain No data . .
. . . coarse soils and residues do not reflect worst case
(Oranges/ Soil Y Y (Potential (Potential . . .
rapefruits) bridging) bridging) scenario as current labels permit pre and during bloom
grap ging ging applications where these applications were made post-
| bloom)
Foliar Y Y No data No data On-Field Risk (Tier I); Off-Field Risk (Tier I, foliar uses
Pome Fruits . 7 only)
soil v % v No data No data (Residue data expected in 2016)
Low On-Field Risk (Tier Il, Nectar;), Tier Il Risk possible
(Pollen); Off-Field Risk (Tier I)
. (Stone fruits associated with short bloom duration [2-3
Stone Fruits . . . L .
(Cherries) Foliar Y Y Y N Possible weeks] relative to exposure duration in open literature
pollen feeding study [12 weeks] which likely mitigates
the potential for colony level from pollen route of
, exposure)
No data No data
Stone Fruits Soil Y Y (potential (potential | On-Field Risk (Tier I); Tier Il Risk unknown
_ bridging) bridging)
Berries/small . No dat.a No dat.a On-Field Risk (Tier 1); Tier Il Risk unknown
. Foliar Y Y (potential (potential . . .
fruits L s Off-Field Risk (Tier I)
bridging) bridging)
. On-Field Risk (Tier 1); Tier Il Risk possible (pollen)
Berries and (Long [6 weeks +] bloom duration; uncertainty of one
small fruits Soil Y Y No data Possible g ! ¥

(Strawberries)

sampling interval, no residues in coarse soils, unknown
timing of application relative to bloom
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Individual Bee (Tier I) Risk?

Colony (Tier II) Risk?

c(;_‘\)‘:)a;i;;:;p Appl. On Field Off Field On Field Risk Conclusions
. Method | (Screening | (Screening . Nectar Pollen® (Basis and Other Considerations )
Residue Data) (Refined)
Level) Level)
No data No data
Foliar Y Y Y (potentia] (potentia] On-Field Risk (Tier 1, all USES); Tier Il Risk unknown
Tree nuts bridging) bridging) (Variable bee attractiveness within group);
Soil Y Y No data No data Off-Field Risk (Tier I, foliar uses only)
On-Field Risk (Tier 1); Tier Il Risk unknown
Cereal grains Seed Y Y No data No data (Nectar producers within the group (i.e. sorghum,
buckwheat).
Foliar Y Y No data Nodata | On-Field Risk (Tier I); Tier Il Risk unknown
Herbs/Spices Soil Y Y No data No data Off-field Risk (Tier I, foliar uses only)
Seed Y Y No data No data (Variable attractiveness within group)
No data No data
Oilseed® Seed Y Y (potential (potential | On-field Risk (Tier 1), Tier Il Risk unknown
| bridging) bridging)
Crop Groups/Use Patterns with Colony (Tier Il) Risk Indicated
On-field Risk (Tier 1), Tier Il Risk (nectar), Tier Il Risk
. . possible (pollen)
(C(l)trr:s I;r:)lts Foliar Y Y Y Y Possible Off-field Risk (Tier I)
g (10-d pre-bloom restriction for foliar uses; 6 week +
bloom duration; used for honey production)
Foliar Y Y Y Possible On-field Risk (Tier 1), Tier Il Risk (nectar), Tier Il Risk
Oilseed® possible (pollen), Off-field Risk (Tier I, foliar uses only)
(Cotton) Soil Y Y Y Possible (Tier N full field study [cotton] expected for 2016

assessment.

Hash marks represent no off-field exposure expected for soil and seed treatment uses.
1Crop is harvested before bloom (except for small acreage for seed production; nectar and pollen residue data were not required as minimal on-field exposure is expected.

2Nectar is not produced by representative crop where residue data are available

3possible Tier Il Risk for pollen indicated when residues in pollen from a residue study exceed 100 ppb, which is indicated in the literature to be a level where colony
overwintering survival is potentially impacted.
4Two members of this group, potatoes and sweet potato, are noted to be harvested after bloom, although potatoes are not honey bee attractive and in the case of sweet

potato, require pollination only for breeding, which is a small percentage of the total acreage.

5Cotton is registered for all application methods. All other members of the oilseed group including canola and sunflower are registered only for seed treatment use
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1.10. Major Assumptions and Uncertainties

There are several assumptions and uncertainties associated with both the effects and exposure
assessments for imidacloprid. While these assumptions and uncertainties are described in further detail
throughout this assessment, a list of the major assumptions and uncertainties is provided below:

e Pollen and nectar are assumed to be the dominant routes of exposure for bees. Potential
exposure via abraded seed coat dust is being addressed through separate ongoing development
of best management practices.

e Model-predicted, screening-level EECs serve as a conservative estimate for predicting exposure
to individual adult and larval honey bees resulting from foliar, soil, and seed treatment
applications and therefore may over-estimate exposure.

e Itis assumed that pollen and nectar are equally potent routes of exposure when assessing the risk
to individual bees.

e Extrapolation of individual bee risk findings to risks at the colony-level is uncertain due to the
complexities of exposure and effects at the colony level.

o Off-field estimates of risk are based on screening-level exposure estimates which cannot be
refined with available residue data and are assumed to be to pollinator friendly crops at the time
of bloom. Therefore, potential off-field risks may be overestimated.

e Available data from crop residue studies may not fully capture variation in temporal and spatial
factors (e.g., weather patterns, soil type) that affect imidacloprid residues in pollen and nectar for
the tested crop.

e Except for citrus where multiple crops are represented by residue information, most crop groups
are represented by residue studies for one or two crops. It is therefore assumed that residue
information for the tested crop(s) are representative of other crops in the same crop group.

e Interpretation of Tier 2 risks based on the 6-week, sucrose colony feeding study assumes that
bees forage on the treated crop nearly 100% of the time to represent the nectar needs of the
colony. In the field, bees may forage for significantly shorter periods of time particularly for crops
such as cherries and blueberries that have a 2-3 weeks blooming duration. Bees may also forage
on alternative (untreated) plants. Conversely, bees associated with migratory colonies used for
pollination services may feed on treated crops for similar or possibly longer periods of time over
the course of a growing season.

e Available full field data (Tier Ill) for sunflower, canola, and corn are considered inadequate to
evaluate risk for use patterns where further refinement of risks to the colony are indicated.
However, full field studies for pumpkin and cotton are expected in 2016.
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2. Problem Formulation

Problem formulation serves as the first step of a risk assessment and it provides the foundation for the
entire ecological risk assessment. In addition to identifying the risk assessment scope and objectives, the
problem formulation includes three major components: (1) assessment and measurement endpoints that
reflect management goals and the ecosystem they represent, (2) conceptual models that describe key
relationships between a stressor (i.e., pesticide) and assessment endpoint or between several stressors
and assessment endpoints, and (3) an analysis plan that summarizes the key sources of data and methods
to be used in the risk assessment (USEPA 1998).

2.1. Registration Review Background

As articulated by the Agency’s Registration Review Schedule, the nitroguanidine-substituted
neonicotinoid insecticides (imidacloprid, clothianidin, thiamethoxam, dinotefuran) are currently
undergoing Registration Review. With imidacloprid, the first installment of the Registration Review
process was the publication of the Problem Formulation and Preliminary Work Plan documents in 2008,
(USEPA 2008a; 2008b). With respect to assessing ecological risk, these documents summarized the
available data on ecological effects and environmental fate of imidacloprid, identified key data gaps, and
set forth a schedule for obtaining these data and completing the ecological risk assessment. Following its
receipt and response to public comment comments, the Agency published a Final Work Plan in 2009
(USEPA 2009), which was subsequently amended in 2010 to request additional data related to assessing
risks to bees (USEPA 2010a). Also in 2010, a Generic Data Call-In (GDCI) was issued (USEPA 2010b) that
required registrants to submit certain types of environmental fate and effects data in preparation for the
forthcoming Preliminary Ecological Risk Assessment document.

2.2. Nature and Scope of Assessment

Unlike most of the Agency’s Preliminary Ecological Risk Assessment for pesticides which focus on multiple
taxa of aquatic and terrestrial non-target organisms, this preliminary assessment focuses solely on the risk
of registered imidacloprid uses to bees. The decision to focus on imidacloprid’s potential risk to bees
(honey bees [Apis mellifera] and non-Apis bees) reflects that Agency’s desire to evaluate potential risks
and appropriate mitigation measures earlier in the Registration Review process relative to other taxa. It
also reflects the large volume of information related to environmental exposure and effects of
imidacloprid to bees which has been generated over the past decade. Following receipt of public
comments on this Preliminary Pollinator Assessment, the Agency plans to issue a revised Preliminary Risk
Assessment (PRA) at the end of 2016. The revised 2016 assessment which will include all taxa traditionally
considered in Agency pesticide ecological risk assessments (e.g., fish, aquatic invertebrates, mammals,
birds, amphibians, reptiles, plants) and update the bee risk assessment with additional information that
may have become available.

Several other aspects related to the scope of this assessment are important to note. First, this assessment
includes a quantitative estimate of risk (i.e., derivation of risk quotients) for the honey bees. Other types,
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i.e. non-Apis bees, are also considered in this assessment, e.g., bumble bees (Bombus spp.) and solitary
bees), but risks are evaluated qualitatively (i.e., without derivation of risk quotients) due to limitations in
available data and suitably vetted risk assessment methods for these species. This approach is consistent
with the Agency’s Guidance for Assessing Pesticide Risks to Bees (USEPA/PMRA/CDPR, 2014) which
recognizes that methods and data for assessing pesticide effects (and exposure) to bumble bees and
solitary bees are still evolving and lack standardized regulatory guidelines.

Second, this assessment is limited to registered agricultural uses of imidacloprid and therefore, does not
include evaluation of risks associated with non-agricultural uses (e.g., residential, forestry uses). The
revised assessment to be published at the end of 2016 will include all registered uses of imidacloprid
(agricultural and non-agricultural) as there is additional information expected to be incorporated for the
non-agricultural uses including ornamentals.

Finally, the effects data considered in this assessment are centered on the Agency’s protection goals and
their associated assessment endpoints previously identified for bees (USEPA et. al. 2014). As described
further in Section 2.5, the assessment and measurement endpoints used to support these protection
goals are those that closely relate to survival, growth and reproduction of individual (solitary) bees and
overall colony strength and survival (for eusocial bees). A large body of literature has been generated on
effects of imidacloprid on bees at lower levels of biological organization (e.g., molecular, organ-level
effects) in addition to endpoints relating to behavioral aspects of individual bees. While such data serve
as additional lines of evidence in risk assessment and understanding the mechanisms of toxicological
effects, they were formally evaluated in this assessment only when they were quantitatively linked to
Agency assessment endpoints described in Section 2.5.

2.3. Pesticide Type, Class, and Mode of Action

Imidacloprid (IUPAC name: N-[1-[(6-chloropyridin-3-yl)methyl]-4,5-dihydroimidazol-2-yl]nitramide) is a
systemic, neonicotinoid insecticide which acts on the insect nicotinic acetylcholine receptors (nAChRs) of
the central nervous system via competitive modulation (IRAC 2015). Imidacloprid in the N-nitroguanidine
group of neonicotinoids (IRAC subclass 4A) along with clothianidin, thiamethoxam and dinotefuran.? Its
mode of action on target insects involves out-competing the neurotransmitter, acetylcholine for available
binding sites on the nAChRs (Zhang et al. 2008). At low concentrations, neonicotinoids cause excessive
nervous stimulation and at high concentrations, insect paralysis and death will occur (Tomizawa and
Casida 2005). Imidacloprid is a xylem-mobile systemic compound that is readily taken up by the roots of
the plant and translocated throughout the plant via the transpiration stream?.

1 http://www.irac-online.org/
2 Sur, R. and Stork, A. (2003). Uptake, translocation, and metabolism of imidacloprid in plants. Bulletin of
Insectology. 56 (1), 35 —40.
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2.4. Overview of Imidacloprid Uses

Imidacloprid is a registered on a wide variety of agricultural crops, including (but not limited to): root and
tuber vegetables, bulb vegetables, leafy, brassica, cucurbit, and fruiting vegetables, cereal grains, citrus
fruit, pome fruit, stone fruit, berries, tree nuts, beans and other legumes, herbs, oilseed crops (e.g. canola,
cotton) and other use patterns not associated with a crop group such as peanuts and tobacco. It has been
registered for use in the United States since 1994. Maximum application rates vary by crop and method,
but typically do not exceed 0.5 pounds of active ingredient per acre (lbs a.i/A; single application or per
year). Imidacloprid may be applied to crops via a variety of methods including aerial and ground foliar
sprays, soil drench, chemigation, soil injection, in-furrow sprays, and seed treatment. There are a wide
variety of non-agricultural uses, some examples of which include tree trunk injection, forestry, pet spot-
on treatments, turf, and applications to ornamentals. Additionally, there are a number of use patterns
that specifically prohibit applications during the pre-bloom or blooming period or whenever bees are
foraging. However, as described in Section 2.2, the focus of this preliminary risk assessment for bees is
on agricultural uses only. A detailed summary of registered agricultural uses of imidacloprid is provided
in Section 3.

2.5. Overview of Physicochemical, Fate, and Transport Properties

As described in Section 4.1, imidacloprid is a highly water soluble chemical with low vapor pressure and
Henry’s Law Constants. These properties suggest that the chemical will be readily soluble for movement
with water and that it is unlikely to volatilize to a meaningful degree. Furthermore, the organic carbon:
water partitioning coefficient (Koc) for imidacloprid is low.

The dominant transformation process for imidacloprid are photolysis (very fast in the presence of water)
and aerobic soil degradation. However, aerobic soil transformation for imidacloprid is very slow (half- life
values range from 200 days to more than a year) and therefore, it is expected to persist in the soil system.
Photodegradation may occur on soil surfaces via soil application and on wet foliage in case of foliar
application, although photolysis on dry soil appears to be slow. Several metabolites of imidacloprid may
be formed in the terrestrial soil/plant system and are of toxicological concern with respect to bees. These
include IMI-olefin (IMl-olefin) and IMI-5-OH (5-OH-IMI). In plants, imidacloprid may be taken up via the
roots or across plant stems and leaves. Imidacloprid is considered xylem mobile, with dominant uptake
routes following the transpiration stream?. Details of imidacloprid fate and transformation pathways are
provided in Section 4.1.

2.6.  Stressors of Toxicological Concern

As discussed in Section 4.1, imidacloprid is considered persistent in the terrestrial environment with the
exception of conditions that favor aqueous photolysis. Metabolites identified from aerobic soil
metabolism studies include IMI-olefin, nitrosamine, guanidine, and 5-keto urea isomers. Based on plant
metabolism studies submitted to the Agency, metabolites of imidacloprid detected in various plants

3 Ibid
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include guanidine, IMI-5-OH, [Ml-olefin, IMI-4,5-OH, 6-chloronicotinic acid (6-CNA), 6-chloro-
picolylalcohol (6-CPA), nitrosamine and urea. Data on the relative toxicity these metabolites are discussed
in Section 5. These data indicate that two metabolites (IMI-olefin and 5-OH-IMI) are of similar toxicity as
parent imidacloprid to the honey bee, while other metabolites are much less toxic (e.g. 6-CNA and
urea). Therefore, based on relative toxicity of various imidacloprid metabolites to bees and their
occurrence in pollen and nectar, the primary stressors of toxicological concern for this assessment are:

° Imidacloprid (parent)
° IMI-olefin, and
. IMI-5-OH.

2.7. Protection Goals and Assessment Endpoints

The Agency has recently defined protection goals for assessing pesticide risks to bees which include: 1)
maintenance of pollination services, 2) hive product production (e.g., honey, wax, propolis), and 3) bee
biodiversity (Table 2-1; USEPA/PMRA/CDPR 2014). These goals do not apply uniformly across Apis and
non-Apis bees; however, they are considered relevant for both social and solitary bees, and honey bees
are generally used a surrogate for non-Apis bees. Protection goals dictate assessment endpoints for
which specific measurement endpoints are identified. As EPA regulates pesticides under the Federal
Insecticide, Fungicide, and Rodenticide Act, which directs EPA to weigh ecological risks associated with a
pesticide product against the benefits of that product, protection goals serve to clarify the potential risks
against which benefits can be balanced.

The management goals, assessment endpoints and measurement endpoints depicted in Table 2-1 reflect
the Agency’s use of honey bees as a surrogate for other bee pollinators. Although this approach has
limitations, it is assumed that data on individual organisms as well as colony-level data can provide
relevant information on the potential effects of a pesticide on both solitary bees as well as social bees. In
addition, protection of honey bees would contribute to pollinator diversity indirectly by preserving the
pollination and propagation of the many plants species pollinated by honey bees, which also serve as food
sources for other pollinating insects. In evaluating potential risks specific to honey bees, the protection
goals of preserving pollination services and production of hive products (e.g., honey, wax) are readily
assessed through the assessment of population size and the stability (e.g., presence of a queen, uniform
brood pattern) of the colony and through direct and indirect measures of the quantity and quality of hive
products®. As such, the sensitivity of individual larval or adult honey bees based on laboratory-based
acute and chronic toxicity studies serve as reasonable measurement endpoints for screening-level
assessments of potential adverse effects on colony strength, survival and capacity of the colony to
produce any products. While these measurement and assessment endpoints are tested using managed

4 USEPA. 2012. White Paper in Support of the Proposed Risk Assessment Process for Bees. Submitted to the FIFRA
Scientific Advisory Panel for Review and Comment September 11 — 14, 2012. Office of Chemical Safety and Pollution
Prevention Office of Pesticide Programs Environmental Fate and Effects Division, Environmental Protection Agency,
Washington DC; Environmental Assessment Directorate, Pest Management Regulatory Agency, Health Canada,
Ottawa, CN; California Department of Pesticide Regulation
http://www.regulations.gov/#!documentDetail;D=EPA-HQ-OPP-2012-0543-0004
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honey bee colonies, they apply to feral honey bee colonies and, in the absence of data specific to other
bees, these measurement endpoints provide useful information for assessing the survival and
development of solitary bees and potential effects on bee species richness and biodiversity. To the extent
that data are available for other species such as the bumble bee (e.g., Bombus terrestris), blue orchard
bee (Osmia lignaria), and the alfalfa leafcutting bee (Megachile rotundata), the effects of imidacloprid on
these species are also considered in this risk assessment.

Table 2-1. Protection goals and examples of associated assessment and measurement (population and
individual) endpoints for bees.

Example Measurement Endpoints

Protection Goal

Assessment Endpoints

Population level and
higher

Individual Level

Contribution to Bee
Biodiversity

Species richness! and
abundance

Individual bee survival
(solitary bees) and
colony strength and
survival (social bees)
Species richness and
abundance?

Individual worker and
larval survival assays;
larval emergence;
queen
fecundity/reproduction

Provision of Pollination
Services

Population size? and
stability of native bees
and commercially
managed bees

Colony strength and
survival; colony
development

Individual worker and
larval survival assays;
queen fecundity;
brood success;
worker bee longevity

Production of Hive
Products

Quantity and quality of
hive products

Quantity and quality of
hive products;
including pesticide
residue levels on
honey/wax

Individual worker and
larval survival assays;
gueen
fecundity/reproduction;
larval emergence

1 Use of honey bees as a surrogate for other insect pollinators has limitations; however, it is assumed that as with all surrogates, data on individual
organisms as well as colony-level data would provide some relevant information on the potential effects of a pesticide on both solitary bees as
well as “eusocial” taxa. In addition, protection of honey bees would contribute to pollinator diversity indirectly by preserving the pollination and
propagation of the many plants species pollinated by honey bees, which also serve as food sources for other pollinating insects.

2 For managed honey bees, population size can include numbers of colonies.

2.8. Conceptual Models and Risk Hypotheses

The risk hypothesis and conceptual model are used to depict the hypothesis in terms of the source of the
stress, route of exposure, receptor, and changes in the receptor attribute(s) of concern (USEPA, 1998).
With imidacloprid, the conceptual models are depicted separately for each method of application to
agricultural crops (i.e. foliar spray, soil application and seed treatment).

2.8.1. Foliar Spray

There are many factors that determine the exposure of bees to a pesticide, including methods and timing
of application, application rate, attractiveness of the crop to bees, and agronomic practices such as
harvesting crops prior to bloom. In general, however, foliar application of systemic pesticides such as
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imidacloprid are expected to result in exposure of bees via two dominant routes: 1) direct contact with
the bee via interception of pesticide spray droplets and newly-sprayed vegetation, and 2) oral ingestion
through contaminated pollen and nectar (Figure 2-1). With foliar sprays, these routes of exposure may
occur on the treated field or adjacent to the treated field in the case of spray drift. With honey bees,
nectar and pollen foragers are expected to receive high exposure via their frequent interaction with
blooming crops. Dominant exposure routes of in-hive bees (e.g., nurse, queen, drone bees) include
ingestion and processing of pollen and nectar and exposure through production. Stored honey is expected
to be an important exposure route for over wintering bees. Processed bee bread, brood food, and royal
jelly are major routes of exposure for developing larvae and the queen, although limited evidence
suggests pesticide levels in royal jelly are orders of magnitude below those found in pollen and nectar
(USEPA 2012).

Exposure through the vapor phase is not expected to be a significant route of exposure for imidacloprid,
regardless of application method. Exposure of honey bees through contact with contaminated soil is also
not expected to be a major route of exposure, although this may be important for ground-nesting bees
on or near the treated site. Other routes of exposure are also possible, including consumption of plant
guttation fluids, water from dew droplet formation on leaves, puddles, and other surface water. Although
relatively high concentrations of neonicotinoid insecticides have been reported in plant guttation fluid
(e.g. Girolami et al. 2009), recent reviews of honey bee exposure routes indicate high uncertainty in the
importance of guttation fluid ingestion relative to other oral ingestion sources of pesticides (e.g., nectar
and pollen). This uncertainty is partly due to the availability of guttation fluid at times of the year when
crops are generally unattractive to pollinators and there are other sources of water (Godfray et al. 2014;
USEPA 2012). Furthermore, there is presently a lack of robust information on water intake rates by bees
from surface water and multiple factors that affect these rates. Therefore, this pathway is not currently
considered for quantitative estimation of risk to bees.

Changes in the assessment endpoints (e.g., size and stability of bee colonies, production of hive products,
pollinator species richness and abundance) as a result of the aforementioned pesticide exposure routes
may occur through various means, including reduction in number of worker bees available for foraging or
maintaining hive temperature (over wintering), reduction in foraging efficiency via sublethal effects on
workers, decreased number or delayed development of brood either from direct exposure to pesticide or
indirectly from reduced brood feeding and maintenance by hive bees, and reduced fecundity and survival
of queens. Changes in these assessment endpoints are directly related to impacts on protection goals of
maintaining pollination services, production of hive products and contribution to pollinator biodiversity.
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Stressor Imidacloprid: Foliar Spray Application
v v I ¥ v
s Spray Deposition| | Deposition onto Deposition onto | | Deposition onto
ource On Bees Plants Saoil Surface Water
/\/l Funott/
I Erosion
N /ﬁ::uarTrans[c-catiy ¥ 'If F___,:___I
Residues On | Residues [“Root Residuesin || Residues !
Exposure Plant In Soil | Uptake > (On) Pollen, 'in Surface |
Media Surfaces Nectar, 1 Water |
Exudates, L mm = =
Dermal Uptak Honey Dew ;
Inhalation e e e e - '
Brood Provisions’
Foraging Bees Hive Bees —W—
Receptors (workers) (Nurse, Worker,|_YV2x, Propolis )
La]
_ Drone™) Rovyal Jelly :@_
Pollen & Nectar Processing, 1"
Ingestion; Comb Production
, )
Population Size and Stability of Colonies Quantity and Quality of Hive Products
Attribute |g.4uced colony strength and survival Reduced honey, wax, propolis production
Change |Reducedqueen fecundity & brood success — - -
Reduced individual Sunl'i'l"al. behavior Chﬂnga C{}ntl‘lbutl{!l'l t_ﬂ Pﬂllll‘lalﬂrEiﬁdW«EI‘Sity
Reduced species richness and abundance
* Brood initially rely om brood jelly and roval pelly, but later in development consume processed pollen and honey, whereas queens rely
solely on royal jelly
" interception of spray droplets is also a potential route of exposure during mating and cnentation fights

Figure 2-1. Conceptual model for risk assessment of foliar spray applications of imidacloprid to honey
bees. Red depicts systemic pathways. Dashed lines represent routes of exposure that are not considered
major.

2.8.2. Soil Application

Exposure of honey bees to imidacloprid via soil applications (e.g., drench, injection, in-furrow sprays and
chemigation) are expected to follow the same routes of exposure as shown previously with foliar sprays,
except that contact exposure (on-field and off-field) is not expected to be significant since applications
are typically made close to soil surfaces where the likelihood of drift is reduced (Figure 2-2). Furthermore,
the nature of these applications is not expected to result in substantial spray drift to adjacent sites relative
to foliar sprays. Depending on the timing of rainfall events, there is some potential for exposure via
imidacloprid runoff and subsequent translocation into plants adjacent to the treated field. Also, given its
persistence in soil, there is potential for soil applications of imidacloprid to be taken up by rotational plants
(e.g., cover crops) that are planted after crop harvest. Some of these rotational crops may be attractive
to bees as sources of pollen and/or nectar (e.g., clover).
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Imidacloprid: Soil Application
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* For spray applications to soil, exposure of bees via off site drift of pesticide would be addressed as illustrated for foliar spray applications,

accounting for the amount of pesticide drift.  ** Brood initially rely on brood jelly and royal jelly, but later in development consume processed
pollen and honey, whereas queens rely solely on royal jelly.

Figure 2-2. Conceptual model for risk assessment of soil applications of imidacloprid to honey bees. Red
depicts systemic pathways. Dashed lines represent routes of exposure that are not considered major.

2.8.3. Seed Treatment

Potential exposure routes of honey bees to imidacloprid used as seed treatments include pollen, nectar,
exudates (e.g., guttation fluid), and honey dew resulting from translocation from the seed to growing
plant tissues (Figure 2-3). Another route of exposure includes contact with abraded seed coat dust during
planting. The latter pathway has been associated with incidents of honey bee mortality (Pistorius et al.
2009, Forster et al. 2009) and is the focus of considerable research (e.g., Tapparro et al. 2012, Krupke et
al. 2012). The extent to which honey bees are exposed via contact with abraded seed coat dust is
determined by many factors including the physico-chemical properties of the seed coating, seed planting
equipment, use of fluency agents (e.g., talc), environmental conditions (wind speed, humidity), and hive
location in relation to sowing. Off-site drift of contaminated seed coat dust also may contribute to
residues on plants, soil, and surface water to which bees may be exposed through direct contact and
ingestion of surface water, pollen, and nectar. This is further described in Section 2.10 (Measures of
Exposure). One important attribute of the seed treatment exposure pathway is that exposure to pesticides
may occur over a wide time scale (e.g., at seed sowing, during plant growth and flowering, and potentially
at plant harvest from exposure to contaminated plant dust).
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Imidacloprid: Planting of Treated Seeds

Stressor |
v v
Orift of Abraded | Residues an
Source Seed Coating : FPlanted Seeds
]
l;’ Seed-hased |Translocation
[P S —— . .
: Deposition onto ! Foliar , Fesidues In
1 Translocation
Exposure [pemnal Uptake ' soils, plants, Fr ot Untare > Paollen, Mectar ,
Media & Inhalation 1 surface water : oot Uptake Exudates,
lemmm == i Honey Dew
- ot W
\}Q\%\f‘% - \0@3‘;‘“
ga‘@?égg‘wﬁ
7\ Brood Provisions?
Foraging Bees Hive Bees — ruwspns {_BeeBrood
Receptors (workers) (Nurse, Worker,|__/¥ax, Fropolis
Drone™) Roval delly s Oue

Faollen & Mectar Proce ssing?
Ingestion; Comb Production

v

Guantity and Quality of Hive Products
Feduced haney, wax, propolis production

Attribute P opulation Size and Stability of Colonies
Feduced calony strength and survival
Change Feduced gueen fecundity & brood success
Feduced individual survival, behavior changes

Contribution to Pollinator Biodiversity
Feduced species richness and abundance

= Brood initially rely anbrood jelly and raval jelly, but later in development consume processed pollen and honey; whereas gueensrely
olely onroyal jelly.
= interception of dust particles is also & potential rowte of exposure during mating and arientation flights

Figure 2-3. Conceptual model for risk assessment of planting of imidacloprid-treated seeds to honey bees.
Red depicts systemic pathways. Dashed lines represent routes of exposure that are not considered major.

2.9.  Analysis Plan

The analysis plan provides a rationale for selecting and omitting risk hypotheses in the actual analysis. As
with any risk assessment process, the analysis plan also articulates data gaps, the methods used to
evaluate existing and anticipated data, and the assumptions that will be made where data may be missing.
The analysis plan also identifies the specific measures of exposure (e.g., estimated environmental
concentrations; EECs) and effect (e.g., median lethal dose for 50% of the organisms tested; LDso) which
will be used to develop risk estimates.

2.9.1. Risk Assessment Methodology
For assessing the risks of registered agricultural uses of imidacloprid to bees, this assessment follows the

Agency’s guidance entitled: “Guidance for Assessing Pesticide Risks to Bees” (USEPA et al. 2014). The risk
assessment consists of an iterative, tiered process that considers multiple lines of evidence related to
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exposure and effects of pesticides to bees. The overall risk assessment framework for foliar spray
applications and soil/seed applications are shown in Figure 2-4 and Figure 2-5, respectively.

Assessing the Potential for Exposure. The first step of this process is to determine whether exposure to
adult and larval bees is of concern. This determination is made based on information about the application
methods, application timing, attractiveness of crops to bees, and agronomic practices for the treated
crops. This process also considers the potential for bees to be exposed both by foraging on the treated
field (i.e., on-field exposure) and from foraging at sites adjacent to the treated field (i.e., off-field
exposure). With foliar spray applications of pesticides such as imidacloprid, it is presumed that off-field
exposure would occur due to spray drift to adjacent areas regardless of the attractiveness or agronomic
practices pertaining to the treated crop.

Tier | Assessment (Screening-level). The next step in this process is to conduct a Tier | risk assessment
based on estimated exposure via contact and oral routes and effects on individual bees tested in the
laboratory. The (EECs) are first calculated at a screening-level using conservative (high end) assumptions
of potential exposure. For foliar sprays, these screening-level EECs are calculated for both “on-field” and
“off-field” exposures. The screening-level EECs are then compared to acute and chronic toxicity endpoints
for adult and larval bees (oral exposure) and acute toxicity endpoints for adult bees (for contact exposure)
for the purposes of calculating risk quotients (i.e. the ratio of the EEC to toxicity endpoints).

Tier | Assessment (Refined). If the screening-level tier | RQ values exceed the acute or chronic risk level
of concern (LOC), then refinements to the Tier | screening-level RQs are considered. These refinements
include additional information on the potential exposure of bees to the pesticide, such as field studies
that quantify the pesticide residue in pollen and nectar of treated crops, i.e. using measured rather than
estimated exposure levels. The Tier | RQ values are then recalculated using the refined EECs and again
compared to the acute (0.4) and chronic (1.0) LOCs. If the acute or chronic risk LOCs are again exceeded
using the refined Tier |, then mitigation options may be considered and/or a higher tier assessment may
be conducted.

Tier Il Assessment. The Tier Il assessment is based on effect studies that characterize pesticide effects at
the whole-colony level and therefore, reduce uncertainty associated with extrapolating effects on
individual bees under laboratory conditions (Tier | toxicity studies) to effects on the colony. Itisimportant
to recognize that Tier Il effect studies are conducted under semi-field conditions where the high-end
exposure at the colony level is generally expected. Often, Tier Il semi-field studies are conducted in which
whole colonies are exposed to the pesticide of concern, either in enclosed mesh tunnels or via the diet,
such as through feeding spiked sucrose. In Tier Il studies other stressors may be present and potential
compensatory mechanisms of the colony may occur. Unlike Tier I, characterization of risk in Tier Il does
not involve the calculation of RQ values per se. Rather, risks at the colony level are usually characterized
in relation to pesticide application rate and/or measured residue levels in their diet. Interpretation of
such whole-colony effects studies is often much more complex than Tier | studies, and relies on
comprehensive considerations of the extent to which adverse effects are likely to occur at the colony
level. Based on the risks identified at lower-tier assessments, their associated uncertainties, and other
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lines of evidence, the risk assessor considers the impact of any risk mitigation options identified for the
pesticide of concern.

Tier lll Assessment. The need for more refined information conducted at the Tier Il level is determined
depending on the nature of the estimated risks, the associated uncertainties, and available risk mitigation
options. Tier lll studies are full-field studies that are designed to mimic actual pesticide applications and
exposure of bees encountered in the environment. Tier Il full field studies are usually highly complex and
require a high level of effort to design and conduct so as to address specific sources of uncertainties and
potential risks identified in lower risk assessment tiers. Similar to risk characterization at Tier Il, risk
characterization at Tier Il considers multiple lines of evidence available from lower Tiers and other
information sources (e.g., open literature) that meet the respective Agency’s standard for inclusion in risk
assessments. Risk assessment conclusions are made based on the weight of evidence, available risk
mitigation options, and uncertainties in the available data and methods.
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Figure 2-4. Tiered approach for assessing risk to honey bees from foliar spray applications
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2.10. Measures of Exposure

The primary routes of exposure being assessed quantitatively in this assessment are the contact and oral
routes. These are considered the dominant exposure routes for imidacloprid. Measures of contact
exposure include the estimated contact dose on a per bee basis (e.g., ug a.i./bee). Contact exposure is
also incorporated into Tier Il semi-field (tunnel) studies; however, it is not quantified on a per bee basis.
Oral exposure is also determined on a mass a.i. per bee basis and considers ingestion of contaminated
pollen and nectar. Detailed methods for estimating contact and oral exposure to honey bees are
described later in Section 4.

Bees may also be exposed to pesticides via other routes of exposure such as through plant guttation fluid,
surface water, soil (for ground nesting bees) and drift of abraded seed coat dust. As noted previously, the
extent to which bees are exposed via plant guttation fluids and surface water is considered uncertain.
Furthermore, the Agency currently lacks reliable methods for evaluating these exposure routes in a
guantitative manner (i.e., derivation of Tier | EECs). Therefore, consistent with the Agency’s 2014 risk
assessment guidance, this risk assessment will focus on quantitative estimates of exposure via contact
and ingestion of, pollen and nectar only. Although exposure and effects to bees via abraded seed coat
dust has been documented, obtaining quantitative estimates of this route of exposure is also considered
highly uncertain. Rather than assess the risks of abraded seed coat dust, the Agency is focusing its
resources on mitigating risks from this exposure pathway through best management practices and
working with the regulated community in the development of alternative technologies to reduce dust-off
during planting (e.g., alternative fluency agents, equipment modifications, etc.)®

An additional potential route of exposure that is assessed to some extent but certain available data is the
carryover of imidacloprid residues in soil from one planting season to another. As will be discussed,
environmental fate data suggest a high persistence in the soil and to the extent that residue studies allow,
it will explored the magnitude of residues in pollen and nectar following planting in a field where
imidacloprid applications were made in previous years.

2.11. Measures of Effects

The primary species of focus in this risk assessment is the honey bee and reflects the dominant role this
species maintains in providing managed pollination services for agricultural crops throughout the U.S. It
also reflects the availability of standardized methods for estimating exposure and effects on A. mellifera.
As such, this assessment will consider a variety of measures of effects for quantifying risk to honey bees
which differ according to the level of biological organization being assessed. At the Tier | (organism) level,
measures of effects include:

e The acute contact LDso to adult worker bees,
e The acute oral LDs to adult worker bees
e The chronic (10-d) oral NOAEL® for adult worker bees, and

5 http://www?2.epa.gov/pollinator-protection/2013-summit-reducing-exposure-dust-treated-seed
6 No Observed Adverse Effect Level
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e The chronic (21-d) NOAEL for larval bees.

The acute contact and oral endpoints are derived from standardized laboratory toxicity tests conducted
according to EPA Office of Chemical Safety and Pollution Prevention (OCSPP) and the Organization for
Economic Cooperation and Development (OECD) guidelines and consider lethality as its primary test
endpoint, although sublethal effects are commonly noted. Currently, standardized test guidelines do not
exist for the 10-d adult chronic oral test or the chronic larval test, but draft guidance have been developed
by the OECD’. This test measures lethality and food consumption of adult bees during a 10-d oral
exposure. For larval honey bees, measures of effect at the Tier | level include the acute oral LDso,
conducted by OECD Test Guideline 237 and the chronic oral NOAEL following draft OECD guidance or
other testing protocols currently in development. Acute effects on honey bee larvae are based on lethality
while chronic effects include larval bee mortality and the percent emergence of adult bees following
pupation. While, the acute LDso for larval bees is also commonly included as a measure of effect, the
acute data for honey bee larvae were not available for imidacloprid.

At the Tier Il and Tier Il levels, measures of effect at the colony level typically include:
o forager bee mortality,
o fecundity (e.g., eggs production),
e brood development and survival,
e hive weigh, strength and survival,
e foraging activity, and
e the quantity and quality of food provisions.

These effects may be expressed in terms of a particular pesticide application rate (e.g., lbs. a.i./A) or the
concentration of the active ingredient in the diet (e.g., ug a.i./L in sucrose). As discussed in USEPA et al.
2014), other sublethal endpoints such as proboscis extension reflex (PER), histopathological effects, and
behavior anomalies are not considered as regulatory endpoints by themselves. However, to the extent
that these effects contribute to impairment of the aforementioned colony level effects, they are indirectly
incorporated into Tier Il and Tier Il measure of effect and the ensuing risk assessment.

Although the focus of this risk assessment is on the honey bee, the Agency recognizes that numerous
other species of bees occur in North America and that these non-Apis bees have ecological and in some
cases, commercial importance. For example, several species of non-Apis bees are commercially managed
for their pollination services, including bumble bees (Bombus spp.), leaf cutting bees (Megachile
rotundata), alkali bees (Nomia melanderi), and blue orchard bees (Osmia lignaria), and the Japanese horn-
faced bee (Osmia cornifrons). Importantly, a growing body of information indicates native bees play an
important role in crop and native plant pollination, besides their overall ecological importance via
maintaining biological diversity. Although standard methods are currently not available to quantitatively
assess exposure and effects to non-Apis bees, this assessment will include data on the effects of
imidacloprid to non-Apis bees and qualitatively assess risks to non-Apis bees.

7 Available at:
http://www.oecd.org/chemicalsafety/testing/Draft GD honeybee larval tox repeated exposure 25 February 2014.pdf
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3. Use Characterization

As noted in the problem formulation, Imidacloprid is registered for the control of sucking insects on a
large variety of agricultural and non-agricultural sites, including vegetable crops, tree nuts, tree fruits,
stone fruits, cotton, tobacco, grapes, citrus, turf, and ornamentals. Target pests include aphids, thrips,
whiteflies, termites, turf insects, soil insects and some beetles. Imidacloprid formulations are available as
wettable powder, granular, seed dressing (flowable slurry concentrate), and soluble concentrate.

Overall agricultural use of imidacloprid includes a large component as a seed treatment where
approximately 520,000 pounds are used, and main seed-treatment uses include soybean, followed by
cotton, then corn and potato. Use of imidacloprid appears to have increased, where approximately 5
million acres received an imidacloprid treatment in 1998, and approximately 30 million acres received an
imidacloprid treatment in 2012. Part of this usage increase (as a foliar or soil treatment) has occurred on
a number of specialty crops such as on apples, carrots, cauliflower, cherries; other usage increase, as a
seed treatment, has occurred on crops such as soybean and wheat.

3.1.  Agricultural Uses

Table 3-1 shows the maximum application rates and maximum number of applications for the different
crops for imidacloprid with foliar applications, as well as other labeled use information. Each of the tables
provides additional comments where there are caveats to the federal labels. Table 3-2 shows use
information for the different crops for imidacloprid with soil applications, and Table 3-3 shows use
information for different crops for seed-treatment applications.

It is noted that several crops have restrictions on applications made during the pre-bloom and bloom
period. These include use patterns that have either a pre-bloom interval associated with them or prohibit
applications made pre-bloom, during bloom or when bees are foraging (i.e. only post-bloom applications
are permitted).

Those use patterns and associated application methods that require a 10-day pre-bloom interval include:

e Foliar applications to strawberries
e Foliar applications to citrus fruits

Those use patterns and associated application methods that prohibit applications made during the pre-
bloom or during bloom period, or when bees are foraging include:

e Soil applications to strawberries (annual and perennial varieties)

e Soil and foliar applications to bushberries (e.g. blueberry)

e Soil and foliar applications to caneberry (e.g. blackberry and raspberry)
e Soil (containerized) applications to citrus fruits

e Soil and foliar applications to coffee

e Soil applications to cranberry
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e Soil and foliar applications to pome fruits

e Soil and foliar applications to stone fruits

e Soil and foliar applications to tropical fruits
e Soil and foliar applications to tree nuts

3.1.1. Foliar Applications

Table 3-1. Summary of labeled use information for foliar applications of imidacloprid

Crop Grou Max. Single Max # Apol Annual
(Us: Pattefn) Appl. Rate of Aool Inr:re,r‘val total (lbs | Appl. Method | Appl. Timing Comment
(Ibs a.i/A) ppl. a.i/A)
From emergence
1 (Potato) 0.05 4 7 0.2 Ground/Aerial | to 7 days priorto | --
harvest
3
1(Tuberous After planting up
and corm 0.04 (1 only 5 0.13 (per Ground/Aerial | to 7 days priorto | --
vegetables on season) harvest
radish) ’
4A (Leafy 0.23 (per . After plantlrllg up
greens 0.046 5 NA Ground/Aerial | to 7 days priorto | --
season)
vegetables) harvest.
5 (Brassica 0.23 (per After planting up
(Cole) Leafy 0.046 5 5 <21p Ground/Aerial | to 7 days priorto | --
season)
vegetables) harvest.
6 (Legume .
After planting up
vegetables 0.04 3 7 0.13 (per Ground/Aerial | to 7 days priorto | --
(except season)
harvest.
soybean)
At bloom to 21
6 (Soybeans) 0.05 3 7 0.14 Ground/Aerial | days prior to -
harvest
8 (Fruitin 0.24 (per After planting up
€ 0.08 3 5 A Ground/Aerial | to 0 days priorto | --
vegetables) season)
harvest.
. Anytime up to 0
10 (.CItI’US 0.25 2 10 0.5 Ground/Aerial | days prior to --
Fruits)
harvest.
0.25 Ibs./Ais
11 (Pome . Anyt|mfe upto?7 only for pear,
. 0.25 2 10 0.5 Ground/Aerial | days prior to other crops
fruits)
harvest. have max. of
0.1 lbs./A
Yearly
maximum 0.3
Ibs./A for
. Apricot,
Anytime up to 0-7 .
12 (Stone . ) Nectarine,
fruits) 0.10 5 7 or 10 0.5 Ground/Aerial ﬁ:\:jezr;lor to Peach; 0.5
’ Ibs./A for
Cherry, Plum,
Plumcot,
Prune.
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Crop Grou Max. Single Max # Apol Annual
(Usz Patterr,n) Appl. Rate of Aool Inr::r-val total (lbs | Appl. Method | Appl. Timing Comment
(Ibs a.i/A) PPl a.i/A)
13A After bloom up to
0.1 3 7 0.3 Ground/Aerial | 3 days prior to
(Caneberry)
harvest.
138 After bloom up to
0.1 5 7 0.5 Ground/Aerial | 3 days prior to --
(Bushberry)
harvest.
Anytime up to 30
13 (Grape) 0.1 1 14 0.1 Ground/Aerial | days prior to -
harvest.
After planting up
13 0.047 3 5 0.14 (per Ground/Aerial | to 7 days priorto | --
(Strawberry) season)
harvest.
Anytime up to 7
14 (Tree nuts) | 0.10 3 6 0.36 Ground/Aerial | days prior to -
harvest.
After planting up
19A (Herbs) 0.04 3 5 0.13 (per Ground/Aerial | to 7 days priorto | --
season)
harvest.
40 days after
. planting up to 14
20 (Cotton) 0.06 5 7 0.31 Ground/Aerial - --
days prior to
harvest
No group Anytime up to 0
(Banana and 0.1 5 14 0.5 Ground/Aerial | days prior to -
plantain) harvest.
No erou Anytime up to 7
group 0.1 5 7 0.5 Ground/Aerial | days prior to --
(Coffee)
harvest.
No group After planting up
(Globe 0.126 4 14 0.5 Ground/Aerial | to 7 days priorto | --
artichoke) harvest.
No erou Anytime up to 28
group 0.10 3 21 0.3 Ground/Aerial | days prior to --
(Hops)
harvest.
No grou From emergence
group 0.04 3 5 0.13 Ground/Aerial | to 14 days prior --
(Peanut)
to harvest
No grou Anytime up to 7
group 0.10 3 7 0.3 Ground/Aerial | days prior to --
(Pomegranate)
harvest.
No erou From emergence
group 0.05 5 7 0.28 Ground/Aerial | to 14 days prior --
(Tobacco)
to harvest
No grou Anytime up to 7
group 0.10 5 10 0.5 Ground/Aerial | days prior to --

(Tropical fruit)

harvest.

NA = not applicable; Ibs a.i./A = pounds of active ingredient/acre
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3.1.2. Soil Applications

Table 3-2. Summary of labeled use information for soil applications of imidacloprid

Max.
Single Annual
el Ll albg QEA(;‘X el i Appl. Method Appl. Timin Comment
(Use Pattern) | Rate Aol Interval | (lbs PPl PPl g
(Ibs PPl a.ilA)
a.i/A)
1 (Sugar beet) | 0.18 1 NA 0.18 In-furrow Prior to or at planting | --
1B (Root 0.38 In-furrow / band At or after pIantl.ng
0.38 1 NA (per L up to 21 days priorto | --
vegetables) / chemigation
season) harvest.
in-furrow / band
1 (Potato) 0.31 1 NA 0.31 / subsurface At Planting --
side-dress
1 (Tuberous 0.38 In-furrow / At or after planting
and corm 0.38 1 NA (per shank / side- up to 3 days prior to -
vegetables) season) | dress harvest.
3 (Bulb 0.5 (per In-furrqw /_ band Prlor.to, at, or after Gene.rally applied at
0.5 1 NA / chemigation / planting up to 21 planting for greatest
Vegetables) season) - .
drench days prior to harvest. | benefit
4A (Leafy 0.38 In-furrow / band | At or after planting
greens 0.38 1 NA (per / chemigation / up to 21 days priorto | --
vegetables) season) | drench harvest.
0.38 In-furrow / At or after planting
4B (Leafy band/ .
. 0.38 1 NA (per L up to 45 days priorto | --
petiole season) chemigation / harvest
vegetables) drench )
5 (Brassica 0.38 In-furrow / band | At or after planting
(Cole) leafy 0.38 1 NA (per / chemigation up to 21 days priorto | --
vegetables) season) | /drench harvest.
6 (Legume 0.38 In-furrow / At or after planting
vegetables band/ .
0.38 1 NA (per - up to 21 days priorto | --
(except chemigation /
season) harvest.
soybean) drench
" In-furrow/band/ . . - 0.5 Ibs./a for pepper
se(F;ltj:kl)Tegs) 0.5 1 NA Sésas(gﬁ; chemigation / ?;lﬁ)ummeglszﬁ:y and okra, 0.38 lbs./a
& drench ep J for other crops
. In-furrow /band
9 (Cucurbit 038 |1 NA 0.38 /chemigation At Planting -
vegetables)
/drench
10 (Citrus Chemigation / Anytime up to 0 days
fruits) 0.5 ! NA 0.5 band/drench prior to harvest. -
11 (Pome 038 |1 NA 038 Chemigation Anytime up to 21 -
fruits) days prior to harvest.
12 (Stone 038 |1 NA 038 Chemigation Anytime up to 21 -
fruits) days prior to harvest.
13A Chemigation After bloom up to 7
(Caneberry) 0.5 1 NA 0.5 /drench days prior to harvest. |
13B Chemigation / After bloom up to 7
(Bushberry) 0.5 1 NA 0.5 band days prior to harvest. |
Chemigation / .
13 (Grape) 0.5 1 NA 0.5 side- ggy:n;?ol:f:?]:’gest -
dress/drench ysp ’
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Max

(Tropical fruit)

prior to harvest.

Single Max Annual
Crop Group Appl. Appl. total -
(Use Pattern) | Rate iofI Interval | (Ibs Appl. Method Appl. Timing Comment
(Ibs ppl. a.ilA)
a.ilA)
Chemigation / Anytime up to 30
13 (Cranberry) | 0.5 1 NA 0.5 direct app. days prior to harvest. |
13 (Strawberry 0.5 (per | Chemigation / Prlor.to, at, or after
(annual and 0.5 1 NA planting up to 14 -
. season) | band -
perennial) days prior to harvest.
13076 During renovation up
(Strawberry 1 35 | 4 NA 0.38 Chemigation/ | 4 14 days priorto | -
(perennial and band
harvest.
post-harvest)
Chemigation / .
14 (Tree nuts) 0.50 1 NA 0.5 side- A:\cl):ltcr;ehifvt:sz days | _
dress/drench P ’
0.38 in-furrow / At or after planting
19A (Herbs) 0.38 1 NA (per shank / drench up to 14 days priorto | --
season) | /chemigation harvest.
In-furrow / band Labels allow both at
20 (Cotton) 0.33 1 NA 0.33 o At Planting planting AND foliar
/chemigation L
applications
No group .
(Banana and 0.5 1 NA 0.5 Chemigation An.ytlme uptoOdays |
. prior to harvest.
plantain)
Chemigation / . - Basal treatment
z\'c%ff;‘;‘;p 0.5 1 NA 0.5 side- Azztr':;eh‘;?\fgsz days | _vailable on 264-827,
dress/drench P ’ 264-758)
No group In-furrow Prior to, at, or after
(Globe 0.5 1 NA 0.5 Jchemigation planting up to 7 days | --
artichoke) & prior to harvest.
Chemigation / .
oo os 1w o | e e e |-
P dress/drench ysp ’
No group 038 |1 NA 0.38 In-furrow / At Planting -
(Peanut) chemigation
No group 050 |1 NA 05 Chemigation Anytime up to Odays | _
(Pomegranate) prior to harvest.
Single app rate is based
No group In-furrow / tray Prior to or At on I.bs. a.i/1000 plants.
(Tobacco) 0.04 NA 0.5 drench Planting Optimum plant
/chemigation population = 6200 to
7200 plants per acre.
No grou Anytime during the
group 0.50 1 NA 0.5 Chemigation year up to 6 days --

NA = not applicable; lbs a.i./A = pounds of active ingredient/acre

3.1.3. Seed Treatments
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The maximum single application rate in (Ibs a.i/A) was estimated based on the amount of product applied
to seeds coupled with the number of seeds planted per acre. The number of seeds per acre were either
provided or calculated from parameters listed in Acres Planted per Day and Seeding Rates of Crops Grown

in the United States. (US EPA, March 24, 2011).

Table 3-3. Summary of labeled use information for seed treatment applications of imidacloprid

Crop Group (Use pattern)

Max. Single
Appl. Rate
(Ibs a.i/A)

Comment!

1A (Sugar beet)

0.293

Calculated from labeled application rate of 0.2 lbs a.i/2.2 lbs
seed. Application rate =((1/2.2) ¥ 0.2 * 3.24)). 3.24 is the
number of pound of seed per acre

1A, 1B (Carrot)

0.036

Calculated from labeled application rate of 0.003 Ibs a.i/lbs seed
and lbs of seed/acre (11.95). Pounds of seed/acre calculated
from number of seeds per acre and number of seeds per pound.

1C (Potato)

0.50

Calculated from labeled application rate of 0.001 Ibs a.i/lbs seed.
As the rate that was calculated from number of seeds per acre
and number of seeds per pound exceeded the maximum single
application rate (in Ibs a.i/A) of all imidacloprid uses, the rate was
capped at 0.5 lbs a.i/A.

03-07A, 03-07B
(onions/leeks/scallions)

0.15

Calculated from labeled application rate of 0.002 0z./1000 seed
and lbs seed per acre. Rate =((0.002/16) * 1,229,929 seeds /
1000))

5A (Broccoli)

0.18

Calculated from labeled application rate of 0.014 0z./1000 seed
and Ibs seed per acre. Rate =((0.014 / 16) * 210,845 seeds /
1000))

6A (Soybean)

0.210

Calculated from labeled application rate of 0.0013 lbs a.i/lbs seed
and lbs of seed/acre (167). Pounds of seed/acre calculated from
number of seeds per acre and number of seeds per pound.

6 (Beans and peas)

0.50

Not permitted in California. Calculated from labeled application
rate of 0.001 lbs a.i/lIbs seed. As the rate that was calculated
from number of seeds per acre and number of seeds per pound
exceeded the maximum single application rate (in lbs a.i/A) of all
imidacloprid uses, the rate was capped at 0.5 lbs a.i/A

15 (Barley)

0.130

Calculated from labeled application rate of 0.00094 lbs a.i/lbs
seed and lbs of seed/acre (138). Pounds of seed/acre calculated
from number of seeds per acre and number of seeds per pound.

15 (Buckwheat)

0.017

Calculated from labeled application rate of 0.00023 Ibs a.i/lbs
seed and Ibs of seed/acre (72). Pounds of seed/acre calculated
from number of seeds per acre and number of seeds per pound.

15 (Corn, field)

0.118

Calculated from labeled application rate of 0.004 Ibs a.i/lbs seed
and lbs of seed/acre (29.57). Pounds of seed/acre calculated
from number of seeds per acre and number of seeds per pound.

15 (Corn, pop)

0.056

Calculated from labeled application rate of 0.003 lbs a.i/lbs seed
and lbs of seed/acre (22.04). Pounds of seed/acre calculated
from number of seeds per acre and number of seeds per pound.

15 (Corn, sweet)

0.189

Calculated from labeled application rate of 0.006 Ibs a.i/lbs seed
and lbs of seed/acre (31.52). Pounds of seed/acre calculated
from number of seeds per acre and number of seeds per pound.

15 (Millet)

0.12

Calculated from labeled application rate of 0.004 lbs a.i/lbs seed
and lbs of seed/acre (30).

15 (Oats)

0.081

Calculated from labeled application rate of 0.0009 lbs a.i/lbs seed
and lbs of seed/acre (90).

15 (Rye)

0.436

Calculated from labeled application rate of 0.004 lbs a.i/lbs seed
and lbs of seed/acre (109).
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Max. Single

Crop Group (Use pattern) Appl. Rate Comment?
(Ibs a.i/A)
Calculated from labeled application rate of 0.004 Ibs a.i/lbs seed
15 (Sorghum) 0.092 and lbs of seed/acre (23).
Calculated from labeled application rate of 0.0009 Ibs a.i/lbs seed
and lbs of seed/acre (188). Pounds of seed/acre calculated from
15 (Wheat) 0.176 number of seeds per acre and number of seeds per pound.
Calculated from labeled application rate of 0.0009 lbs a.i/lbs seed
15 (Triticale) 0.10 and lbs of seed/acre (109).
198 (Mustard) 0.070 Calculated from labeled application rate of 0.01 Ibs a.i/lbs seed
and lbs of seed/acre (7).
Calculated from labeled application rate of 0.01 lbs a.i/lbs seed
20 (Canola/Rape) 0.082 and lbs of seed/acre (8.23). Pounds of seed/acre calculated from
number of seeds per acre and number of seeds per pound.
Calculated from labeled application rate of 0.005 lbs a.i/lbs seed
20 (Cotton) 0.095 and lbs of seed/acre (18.89). Pounds of seed/acre calculated
from number of seeds per acre and number of seeds per pound.
Calculated from labeled application rate of 0.005 Ibs a.i/lbs seed
20 (Sunflower) 0.02 and lbs of seed/acre (4). Pounds of seed/acre calculated from
number of seeds per acre and number of seeds per pound.
Calculated from labeled application rate of 0.005 lbs a.i/lbs seed
20 (Safflower) 0.175 and lbs of seed/acre (35). Pounds of seed/acre calculated from
number of seeds per acre and number of seeds per pound.
Calculated from labeled application rate of 0.00062 Ibs a.i/lbs
No group (Peanuts) 0.141 seed and Ibs of seed/acre (228). Pounds of seed/acre calculated

from number of seeds per acre and number of seeds per pound.

Number of seeds per acre either provided or calculated from parameters listed in “Acres Planted per Day and Seeding Rates of Crops Grown in

the United States.” (US EPA, March 24, 2011).

3.1.4. Multiple Application Types (e.g. combinations of seed, soil, and/or foliar)

As indicated above, the maximum annual application rate for several use patterns of imidacloprid is 0.5
Ibs a.i/A. Several use patterns stipulate that a variety of application methods (i.e. foliar, soil, and seed
treatment) can be used so as long as the applied rate does not exceed 0.5 Ibs a.i/year. As will be discussed,
there are residue studies available for combined application methods of soil + foliar treatments and seed

+ foliar treatments.
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4. Exposure Assessment

Imidacloprid is a systemic insecticide that is associated with multiple use patterns. Exposure of bees to
imidacloprid is determined by many factors that are expected to affect the concentration of the chemical
in plant parts visited by bees. Two main procedures are used for applying this pesticide: soil and foliar
applications.

(1) Direct Soil application including in-furrow, drench, chemigation (through drip irrigation), band, shank
injection and planting treated seeds: These types of applications deliver most of the pesticide mass
into the soil system with the potential for relatively low amount of drift such as seed drilling dust; and

(2) Foliar application by ground and air equipment. These types of applications deliver the pesticide on
to the plant foliage (target) with a percentage being deposited or drifting to the soil upon application
(also, later from plant wash-off).

Figure 4-1 depicts important processes governing exposure of bees to imidacloprid through the plant. In
this figure, it is assumed that imidacloprid alone is systemic as it is uncertain if any of imidacloprid
metabolites are systemic.
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Flowers \

Imidacloprid
Pool for Plant

Foliage Uptake Foliar Applied

Q
&
Indirect Spray
Soil Applied

Run-Off

Carried-over/Accumulated

Figure 4-1. Imidacloprid application and processes involved in bee exposure
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As shown in Figure 4-1, determining the extent of bee exposure to imidacloprid through the plant requires
knowledge of the source and movement of the compound from the point of application into the point of
plant entry (roots and/or foliage). To help in the analysis, two virtual imidacloprid pools are assumed: a
pool for plant root up-take and a pool for plant foliage up-take. In case of the “root up-take poo
of imidacloprid are from direct soil application including seed treatment, indirect spray following foliar

IM

, sources

application, in addition to that reaching the soil later by plant wash-off. Other sources could be
imidacloprid carried-over from applications to previous rotational crop(s) (accumulated in the soil and/or
added from treated plant material left in the field after harvest). In case of the “foliage up-take pool”, the
source of imidacloprid is from direct foliar application noting that part of the foliage-applied chemical is
expected to reach the soil during application and later through wash-off. The dynamic nature of these
two virtual pools is expected because chemical species present in these pools and their concentrations
will vary with time following application. Therefore, it is important to understand factors that govern the
characteristics of these imidacloprid virtual pools including important factors such as: mode of application
(e.g., soil, foliar), procedure (e.g., ground, aerial), rate, and timing in relation to the crop growth stage;
and, imidacloprid physical/chemical and fate and transport properties (solubility, mobility and persistence
in the soil system in case of the “root up-take pool”
“foliage up-take pool”). Furthermore, it is equally important to understand factors related to crop
including: root and foliage up-take properties, imidacloprid physical distribution, and metabolism within
various plant parts.

or persistence within the plant foliage in case of the

Ahead of this discussion, it is noted that this exposure section includes several studies that characterize
the residues of imidacloprid and its metabolites in plant parts other than those frequented by pollinating
insects, such as honey bees. While these studies do not allow for the assessment of residues in the pollen
and nectar for a given crop, they will be used to provide further characterization of exposure in terms of
availability of resides in plant parts (e.g. stems, leaves, fruits) available for consumption by other taxa such
as birds and mammals in the subsequent assessment for imidacloprid expected by the end of 2016.

4.1. Physical/chemical and fate and transport properties

Table 4-1 contains a summary of the chemical profile of imidacloprid. These data indicate that
imidacloprid is highly soluble with low vapor pressure and Henry’s Law Constant. These properties suggest
that the chemical will be readily soluble for movement with water and that it is unlikely to volatilize to a
meaningful degree. Furthermore, the Ko for imidacloprid is low, and this property along with the high
solubility are known attributes of systemic pesticides although the systemic nature of the pesticide should
be based on residue and fate analyses to reduce uncertainties (Bonmatin et al, 2015).
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4.1.1. Physical/Chemical properties

Table 4-1 contains a summary of the chemical profile of imidacloprid.

Table 4-1. Chemical profile of imidacloprid

Property | Value

cl / \ *CHZfN/ \NH
o /
Imidacloprid |
O'—IN\I*:O
1-(6-chloro-3-pyridin-3-ylmethyl)-N-nitroimidazolidin-2-
Chemical Structure: Name ylidenamine
Molecular Formula CoH10CINsO,
Molecular Weight (CAS No.) 255.7 g/mole (13826-41-3)
Water Solubility @ 20°C 580 mg/L (ppm)
Octanol: Water Coefficient Kow 3.7@21°C
Vapor pressure (Henry’s Law
Constant) 1.5 x 10 torr (9.9 x 10*3 atm m3 mol* @ 20°C

Data in Table 4-1 indicate that imidacloprid is highly soluble with low vapor pressure and Henry’s Law
Constants. These properties suggest that the chemical will be readily soluble for movement with water
and that it is unlikely to volatilize to a meaningful degree. Furthermore, the octanol: water coefficient
(Kow) for imidacloprid is low, and this property along with the high solubility are known attributes of
systemic pesticides.

4.1.2. Environmental Fate and Transport Properties

The environmental fate and transport characteristics of imidacloprid are summarized in Table 4-2. These
data suggest that the compound is relatively stable to multiple routes of degradation other than
photolysis in water and is therefore likely to be persistent in soils. Given the persistence in soil and the
mobility of imidacloprid, the compound has the potential to leach into ground water and to run-off into
surface waters for extended periods of time depending on soil and climatic conditions.

Table 4-2. Fate and transport properties for imidacloprid

Property Values MRID Reference
. Stable @ pH 5, 7 and hydrolyzed slowly (Extrapolated
Hydrolysis t % t %= 355 d) in sterile alkaline solutions @ pH 9 420553-37
0.2 days
Environmentally | Major Metabolites: Guanidine or desnitro compound (NTN-38014): Max 17%
Relevant Direct and urea compound (NTN-33519): Max 10% @ End of study= EOS
Aqueous Additionally, three major un-knowns reached Maximums of 8-13% @ EOS. 422563-76
Photolysis t % Minor Metabolites: Several un-knowns with a total Max of 13% @ EOS
(Two hours Important Notes:
study) (1) UV spectra of the chemical has a maximum absorption at 269 nm, therefore
degradation by sunlight is expected
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(2) Under natural sunlight, in a dilute aqueous solution in the greenhouse: 60%
of the chemical degraded within 4 hours supporting the results of the study

Environmentally
Relevant Soil

171 days in a sandy loam soil from Kansas (pH=5.2; 0.C= 1.4% and CEC= 22
meq/100 g)

Major Metabolites: None

Minor Metabolites: 5-hydroxy compound (WAK-4103): Max 6%; Nitosimine

Photolvsis t % compound (WAK-3839): Max 1% and a mixture of urea compound (NTN- 422563-77
(15-d s‘t,ud ) : 33519) and Olefin compound (NTN-35884): Max 3%; and 6-Cloronictonic acid:
v Max 2%,; All Maximums @ EOS. Additionally, two unidentified reached

Maximums of >>5% @ EOS
Un-extracted Residues (UER): Max 11% @ EOS
>>Year (Parent reached only 71% @ EOS) in a sandy loam soil from Kansas (pH=
4.8; 0.C=1.4% and CEC= 16 meq/100 g).
L Note: Levels of metabolites were insufficient to permit their identification
Aerobic soil t %2
(Needed 20x to 100x the rate)
@20+2°C , ,
(End of stud Major Metabolites: None
“EOS= 366 ;a .| Minor Metabolites: Olefin compound (NTN-35884), WAK-4230-1, Nitosimine 420735-01
L 1 \ compound (WAK-3839), Guanidine or desnitro compounds (NTN-33014) and
Pyridinyl-**C- R i . oo
the two isomers of 5-keto-urea compounds. Additionally, one unidentified
methylene .
imidacloprid) reached Maximums of nearly 1% @ EOS
P Un-extracted Residues (UER): Max 10-15% @ 30 d-EOS after additional reflux
extraction yielding parent
Mineralization to CO;: Max 7.4% @ EOS
289 d (Extrapolated value because parent reached 71% @ EOS) in BBA 2.2, a
i = M = 0 =
Aerobic soil t % loamy sand soil from Ge'rmany (pH 5.5', Q.C 2.2% ar?d CEF '10 rr?e'q/l'OO g).
Note: Levels of metabolites were insufficient to permit their identification
@20+2°C
(Needed 20x to 100x the rate)
(End of study Major Metabolites: None
“EOS”= 100 day; .] L . . 452393-01
Pyridinyl-C- Minor Metabolites: Same as in the soil, above
n:,eth lene Mineralization to CO;: Max 10% @ EOS
imida‘élo rid) Un-extracted Residues (UER): Max 13-16% @ 30 d- EQOS after additional reflux
P extraction yielding parent_Un-extracted Residues (UER): Max 13-16% @ 30 d-
EOS after additional reflux extraction yielding parent
o -
Aerobic soil t % 210d (Ex.trapolated value because parent rfached 75% @ EOS) in Hoefchen, a
@22+2°C loamy soil from Germany (pH=5.3; 0.C= 1.2% and CEC= 11 meq/100 g).
y Major Metabolites: None
(End of study Minor Metabolites: Several metabolites occurred at very low levels: total= 7%
“EOS”= 100 day; . e * . ¥ ) - | 452393-02
Pyridinvl-14C- (not identified nor quantified)
myeth IZne Mineralization to CO;: Max 6.4% @ EOS
.. v . Un-extracted Residues (UER): Max 11-13% @ 35 d- EOS after additional reflux
imidacloprid) - o
extraction yielding parent
Aerobic soil t % >Year (Parent reached 73% @ 125 days to EOS) in Monheim 1, a sandy loam
@ 22+2°C(End | soil from Germany.
of study “EOS”= Major Metabolites: None
366 day; Minor Metabolites: None were tracked, if any 452393-03
Pyridinyl-24C- Mineralization to COz: Max 5% @ EOS
methylene Un-extracted Residues (UER): Max 12-22% @ 100- EOS after additional reflux
imidacloprid) extraction yielding parent

Terrestrial Field
Dissipation

All studies were unacceptable

GA: 422563-79
MN: 422563-80
CA: 422563-81

Koc ( (L Kg _1)

Parent

425208-01

49




Average= 318 (n=5) with a range from 277 to 411 L Kg "t in soils differing in and
texture (sand, loamy sand, silt loam “replicated” and loam), cation exchange 425208-02
capacity (4-16 meq/100 g), organic carbon content (0.4-2.6%) and pH (4.5-6.5);
Found no relation with 0.C, Clay or pH

Guanidine Compound (a metabolite)

Average= 742 (n=4) with a range from 327 to 942 in the same soils used for the
parent, above

Persistence

Available environmental fate data suggest that the main route of imidacloprid, transformation in
terrestrial ecosystems, is abiotic aqueous photolysis with very low metabolism in the aerobic soil.

Aerobic soil transformation of imidacloprid is expected to be slow with degradation half-lives ranging from
305 to >2,000 days and 90™" percentile t; of 1,669 days (n=4). Based on this route of degradation alone,
imidacloprid is expected to be highly persistent in the soil system. This persistence in soils may lead to
accumulation over time with repeated applications. For example, if it is assumed that imidacloprid
dissipates in the soil by aerobic soil metabolism alone with the shortest half-life of 305 days or the 90t
percentile half-life of 1,669 days, an accumulation of about five times the yearly rate is possible, with the
long half-life, within 10 years of repeated yearly applications (Figure 4-2). In reality, the magnitude of
accumulation is expected to be highly affected by other important routs of dissipation including: leaching,
run-off and plant up-take which is expected to reduce this accumulation.
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Figure 4-2. Imidacloprid expected accumulation in 10 years of repeated application at a rate of 0.5 Ib.
a.i/A (This rate is equal to 0.245 ppm distributed on the top 6” of the soil); Noting that the graph was
constructed based on yearly application coupled with daily degradation based on the aerobic soil
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degradation rate constant.

Photo-degradation may occur on soil surfaces in the case of direct/indirect soil application and on foliage
in the case of foliar application. Photolysis on soil data suggest that dissipation of imidacloprid through
this process is expected to be slow (tx = 171 days). In contrast, aqueous photolysis is expected to be a
significant process for imidacloprid transformation on wet foliage. The significance of this process is
dependent on the presence of light and moisture (rain and/or irrigation) on foliage and factors that
determine how much of the chemical is taken up by the plant (application rate, formulation, tank mixes,
timing, application procedure and plant foliage density/characteristics) and for how long (affected by
plant wash-off by rain and/or irrigation). Although many factors are required for dissipation of the
chemical by aqueous photolysis, laboratory data suggest that abiotic photolysis may play an important
role in imidacloprid dissipation (t’2 = 0.2 days). Unfortunately, this parameter was not measured in the
field although measurement of imidacloprid decline and formation of the urea metabolite on foliage may
be used as an indication of the importance photolysis. These factors will be examined later in this
assessment.

For persistence of imidacloprid in the field, available terrestrial field dissipation studies are all classified
as invalid for several reasons including application rates not confirmed, and metabolites were not tracked.
However, it could be stated that the chemical showed relative stability in the field. Additionally, available
rotational crop studies confirmed occurrence of soil carry-over from application to one crop to the
following crop based on data obtained for magnitude of residues in rotational crops (MRIDs: 432459-01
and 440637-01). In these studies, detectable residues of imidacloprid were found in variable quantities in
rotational crops planted after 1, 4, 8 and 11 months rotational intervals following a single granular
application of 0.29-0.32 Ib. a.i/A. Measured average residues of imidacloprid plus its metabolites (parent
plus metabolites containing the 6-chloropyridinyl moiety) were observed in California: wheat
forage/straw (0.12-0.19 (ppm), turnip tops (0.58 ppm), and spinach leaves (0.32 ppm) all planted-back
after 8 months. It is noted however, that residues were much lower in other parts of the plant such as
roots and grain (e.g., grains: <0.05 ppm) and that the magnitude of residues varies within a given crop
depending on the planting location (i.e., CA vs. KS or MS). It is noted that the list of degradates containing
the 6-chloropyridinyl moiety includes the two degradates of concern (IMl-olefin and IMI-5-OH) plus
guanidine, 4-5-hydroxy, nitrosimine and urea compounds.

With the exception of the soil applied blueberry residue study (MRID 495356-02), field soil residues data
were not obtained for studies conducted to measure pollen, nectar and/or leaves residues in several other
crops. In the blueberry study, imidacloprid residues (imidacloprid, IMIl-olefin, and IMI-5-OH) were
measured in three locations (Site 1: Loam soil in NY, Site 2: Silt loam soil in IL and Site 3: Sand soil in MI).
In each site, nine samples, from the top 6” of the soil, were analyzed (after the first application of 0.50 lbs
a.i/A) at two separate sampling intervals (245 and 361 days after the 1 application at site 1 and 275 and
357 days after the 1°* application at site 2). At 366, 360 and 366 days after the 1% application a 2™
application of 0.50 Ibs. a.i/A was applied to sites 1, 2 and 3, respectively. After this 2" application, the
same scheme of sampling/ analyses were performed after 588, 611 and 608 days following the 1°
application at sites 1, 2 and 3, respectively (Appendix H). Parent was the major constituent of the tracked
residues (on the average 72% of the applied after nearly a year following the 1% application at sites 1 and
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2). The IMI-olefin metabolite constitutes 2 to 5% of the applied after same period at site 1 and 2. Within
the year after the first application, each of the three sites received a second application of 0.5 Ibs a.i./A.
Residue analyses was not performed just before and just after this 2" application but rather within a year
after the application (nearly two years after the 1°* application). Again, residue data indicate that parent
was the major constituent of the tracked residues (on the average 50, 69 and 48% of total applied “% of
the 1%t plus the 2" applications” after nearly two years following the 1%t application at sites 1, 2, and 3,
respectively). The IMI-olefin metabolite constitutes 2, 5 and 2% of the applied after same period at sites
1, 2 and 3, respectively. The IMI-5-OH metabolite was not detected at sites 1 and 2 within the first year
from the first application but was sporadically detected, after two years in the three sites, at very low
level (<0.4% of the total two applications). A wide range of concentrations were observed and some were
even higher than what is expected from the amount applied (further details in Appendix H). This may be
a reflection of the small width of the band application (18” on each side) in relation to the larger area of
sampling (100 x 200 ft and 200 x 400 ft). However, the large number of samples may reflect the real
concentration present resulting from application followed by dissipation (degradation and movement).

Mobility

Based on laboratory batch equilibrium studies, parent imidacloprid is expected to be moderately mobile
(Koc = 318 L Kg %, n=5; FAO Classification). Persistence/mobility data suggest that imidacloprid has the
potential to leach into groundwater and to move into surface waters through run-off for long periods of
time. The mobility of imidacloprid was confirmed in the field by two prospective ground water (PGW)
studies. One of the studies was conducted in Montcalm County, Michigan (0.34 Ibs. a.i/A to potatoes;
MRID 458582-01) and the other in Monterey County, California (0.45 Ib. a.i/A to broccoli; 458787-01). In
both studies, the registrant monitored for imidacloprid parent, imidacloprid guanidine, imidacloprid
olefin, and imidacloprid urea in the vadose zone (area between ground surface and where groundwater
is at atmospheric pressure) and in shallow ground water. In both studies, the predominant compound
detected in soil, soil-pore water throughout the vadose zone, and in ground-water (when detectable) was
parent imidacloprid. Of the three degradates analyzed for (guanidine, olefin, and urea compounds) only
the urea compound leached at concentrations that were frequently detectable in the shallow ground
water. It was noted that detections in ground water (i.e., breakthrough) started after 500 days from
application and continued five years after application. Residues of imidacloprid in ground water were
most frequently observed under use conditions which promoted greater ground-water recharge and/or
when imidacloprid was used in multiple growing seasons at the same site.

Degradation Profile
Based on various laboratory fate studies (Table 4-2), abiotic direct photolysis appears to be the major
degradation pathway for imidacloprid. In contrast, the chemical is expected to resist biotic metabolism in

the aerobic soil. Based on this data, Figure 4-3 is suggested to represent the degradation pathways for
imidacloprid in terrestrial ecosystems.
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Imidacloprid parent, and the IMI-olefin and IMI-5-OH degradates are considered residues of toxicological

concern.
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Data in Figure 4-3 show the following:

e Direct aqueous photolysis: photolysis is expected to be rapid (t; = 0.2 days) producing the following
metabolites: guanidine/desnitro compound (NTN-38014) at a maximum of 17% and imidacloprid urea
(NTN-33519) at a maximum of 10%. Both maxima occurring at the end of the study suggesting their
stability to further photo-degradation. Many other metabolites were not identified with only three of
them at levels ranging from 8-13% of the applied residues. Availability of water and sunlight is
necessary for this process to occur and therefore is expected to be important in clear shallow surface
water exposed to sunlight and could be important on wet foliage exposed to sunlight; and

e Biotic aerobic soil metabolism: this process is expected to be very slow producing metabolites at very
low concentrations. Although it is very slow, aerobic soil degradation is the only degradation pathway
that is expected to affect applied parent reaching the soil directly upon soil or seed application or
indirectly from foliar applications and later from wash-off. Limited, biotic degradation in aerobic soil
systems is expected to produce the following minor metabolites: olefin (NTN-35884), WAK-4230-1,
nitrosimine (WAK-3839), guanidine/desnitro (NTN-38014) and the two isomers of 5-keto-urea
compounds.

The degradation profile of imidacloprid suggests the following:

» Imidacloprid parent is expected to be the major species present in the soil system of the terrestrial
eco-systems because it resists aerobic soil bio-degradation and abiotic photolysis on soil. Therefore,
parent is expected to be the dominant species in both imidacloprid pools (root and foliage), noting
that metabolites are also expected to be present but at low concentrations. In addition to parent, the
only other two metabolite that are reported to be of toxicological concern for bees are the olefin and
5-hydroxy imidacloprid; and

» Although, aqueous photolysis is expected to be a significant process for imidacloprid transformation
on wet foliage during daylight (t% = 0.2 days). However, the importance of this parameter was not
demonstrated in the examined field trials herein.

In terrestrial ecosystems, there are two dissipation processes that appear to be of varying importance in
imidacloprid exposure: degradation and movement. Degradation in the soil system is expected to have
minimal effects on parent imidacloprid and available field data do not show that photolysis is important
in degradation of imidacloprid reaching foliage. In contrast to degradation, imidacloprid exposure is
expected to be highly affected by its movement including leaching down the soil profile, movement into
the plant (plant up-take) and with surface water run-off. Imidacloprid mobility is necessary for its
movements towards the root system from the point of application for root up-take but it may also reduce
its availability for the same root up-take, by leaching downwards, as it reduces the available pool of
imidacloprid from which the roots could up-take the pesticide. In this respect, it should be noted that
dense/deep plant root systems may overcome effects of imidacloprid leaching. This factor depends on
the plant type and the stage of growth in relation to application timing of the pesticide. Although the
compound is expected to leach and no longer be available for root uptake for crops with shallow/thin root
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systems, it would still be available for those plants with deep/dense root systems. Similarly, reduction of
the available pool of imidacloprid for root-uptake is expected as a result of its movement away from the
application site in run-off waters. This dissipation pathway is highly dependent on many factors such as
soil type/slope and rainfall intensity/timing in relation to the time of pesticide application.

4.2. Imidacloprid Plant Up-take

Several studies were evaluated in order to understand root and foliage up-take. These studies were not
specifically designed for this purpose but rather for determining the nature of imidacloprid residues in
varied raw agricultural commodities (apples, corn, tomatoes, potatoes and eggplants). In this section,
plant up-take will be examined for imidacloprid applied to soil (including seed treatment) as well as
applied to foliage.

4.2.1. Imidacloprid applied to soil including seed treatment

In four studies, radio-labeled compound (**C-imidacloprid) was soil applied to cotton, potatoes, corn and
eggplant (MRIDs: 425561-05/06/10 and 11, respectively). Only a summary of the results obtained from
these studies is included herein and more details are included in Appendix H.

Results from these four studies are summarized in Table 4-3. In this Table 4-3, observed up-take in percent
of applied and resultant concentrations are included. It is noted, that data for foliage were combined
from stems and leaves but most of the radioactivity assigned for foliage in Table 4-3 is present in leaves
rather than stems.

Table 4-3. Imidacloprid root up-take/distribution and resultant concentrations in cotton, potatoes, corn
and eggplant (%= up-take in % of the applied radioactivity and numbers in brackets are resultant
concentrations in mg/kg)

Timing ! 211 days

Type 2 Foliage

Cotton m 4.7% (0.11) | 0.2% (0.007)

129 days

Foliage

2.2% (5.76) 0.3% (0.091)

Potatoes 98.4% (0-20 cm: 0.98-0.47; 20-50 cm: 0.007-0.002)

Timing ! 33 days 61 days 134 days
Type 2 Foliage Foliage Foliage Husks Cobs Grain
4.2% (5.84) 10.2% (1.52) | 19.7% (3.08) | 0.12% (0.21) | 0.15% (0.12) | 0.14% (0.04)
Timing ! 14 days 35 days 69 days
Eggplant | Type? Foliage Foliage F/FC/IMMF Foliage F/FC/IMMF Calyx Fruits
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Plant 2.7% (5.89) 2.7% (3.63) | 0.03%(0.73) | 1.6% (1.47) | 0.04% (0.74) | 0.01% (0.17) | 0.03% (0.04)

Soil 79% (1.67) 74% (1.43) 78% (1.60)

1Timing: Timing in days from imidacloprid application which coincides with planting time noting that it was transplanting time for

eggplant plantlets which were transplanted at the eight leaves stage

2Type: Type of sample noting that Foliage= Stems and leaves/vines; F/FC/IMMF= Flowers, flower clusters and immature fruits

Data in Table 4-3 suggest that the total root uptake for soil-applied imidacloprid, appeared to take place
upon application reaching equilibrium in the early growth stage of the plant. Uptake was generally very
low (ranged from 2-5% of the applied in cotton, potatoes and eggplant). In corn, much higher uptake was
observed with quantities increasing towards maturity (from 4 to 20% of the applied). In all cases,
radioactivity that was up taken through the roots concentrated in foliage (leaves and stems) with minor
amounts reaching the productive parts of the plant at maturity (ranged from 0.1 to 0.5% of the applied).
As a result of the skewed distribution of radioactivity within the plant, concentrations in the foliage ranged
from 0.1 to 5.89 ppm compared to 0.007 to 0.2 ppm in the reproductive parts of the plant.

Radioactivity left in the soil was measured in only two studies in eggplant at 14, 35 and 69 days showing
that radioactivity left in the soil were almost constant (74 to 79% of the applied). The same was observed
in the soil planted with potatoes in which 98.4% of the applied radioactivity left in the soil. Loss of
radioactivity may be related to leaching, in addition to expected analytical errors. Transformation of
imidacloprid was observed in the soil planted in eggplant as observed parent concentrations were
between 62 and 82% with not more than 2% of the metabolites 5-hydroxy and nitrosimine compounds
and 6-CNA.

Data, not shown in Table 4-3, suggest that the presence of high concentrations of imidacloprid in the soil
lead to high root up-take. This was demonstrated in cotton by applying an additional soil drench of
imidacloprid to some of the cotton plants (60 X of the seed treatment amount applied in the main
experiment). Application of 60 X the rate to cotton resulted in 379 to 1908 fold increase in concentrations
related to root up-take.

4.2.2. Imidacloprid applied to foliage and fruits

In three studies, **C-imidacloprid was applied as formulated liquid spray to the foliage of potato plants
and to the fruits of apple and tomato plants planted in the greenhouse (MRIDs: 425561-07/08 and 09,
respectively). These studies represent application of the chemical directly to foliage and depending on the
growth stage of the plant, it may also be directly applied to flowers and fruits. In this case, plant up-take
is determined by the amount of chemical inside the fruits in the case of application to fruits (tomato and
apple experiments). However, uptake can be only confirmed in the case of foliage (the potato experiment)
by the occurrence of plant metabolism inside leaves and stems (when metabolism on the surface can be
discounted) and by translocation to other plant parts that are not directly sprayed by the chemical (such
as tubers when no chemical is present in the soil). Only a summary of the results obtained from these
studies is included herein and more details are included in Appendix H. Data obtained from the three
studies for radioactivity distribution and resultant concentrations are summarized in Table 4-4.



Table 4-4. Imidacloprid up-take/distribution and resultant concentrations in various parts of the potato
plants and only in the fruits of apples and tomatoes (%= up-take in % of the applied radioactivity and
numbers in brackets are resultant concentrations in mg/kg).

Potatoes

Timing
g 7/90 days 28/111 days 64/147 days
Type 2 Vines Tubers Vines Tubers Vines Tubers
Plant 40.1% (2.51) 0.02% (0.01) | 48.5% (1.97) 0.02% (0.01) 49.0% (1.35) 0.20% (0.01)
50.75% (0-15 cm: 0.006-0.004; 15-55 cm: 0.001-<0.001); Samples for 64/147 days only and the depth of
Soil sampling, in cm, is indicated
Timing

4 days 7 days 14-21 days

Fruit Surfaces Fruit Pulp Fruit surfaces Fruit Pulp Fruit surfaces Fruit Pulp
76-60% (0.65- | 24-40% (0.2-
Tomatoes | Fruits 88% (0.89) 12% (0.12) | 77% (0.64) 23% (0.19) | 0.39) 0.25)
Timing
£ Zero Day (Just After) the Last of 3 Applications 14 Days After the Last of 3 Application

Fruits

Fruit Peel Fruit Pulp Fruit Surfaces Fruit Peel

15.9% (0.28) | 9.9% (0.17) | 64.9% (0.94) 21.1% (0.31)

Fruit Surfaces Fruit Pulp

74.2% (1.31) 14.0% (0.2)

1Timing: Timing in days from imidacloprid application; For potato 7/90 days mean that (vines)/tubers were sampled 7 days after
application on plants at age of 90 days)
2Type: Column: Type of sample noting that Potato Vines= Stems and leaves

Data in Table 4-4 indicate that only half of the chemical reached/stayed on/in the foliage of the potato
plants (40-49% of the applied radioactivity), the other half reached the soil and only 0.2% reached tubers
presumably by direct up-take from the contaminated soil or by translocation from the foliage. In the case
of tomato and apples fruits, most of the applied radioactivity stayed on the surface of the fruits (60 to
88%) with relatively substantial amounts entering the fruits (12 to 40% in tomatoes and 26-35% in apples).
Additionally, increasing residence time on the fruit surfaces appears to increase radioactivity that enters
the fruits (an increase from 26 to 35% in apple peel+ pulp after a resident time of 21 days and from 12 to
40% in tomato pulp after a resident time of 14 days. The results suggest the likelihood of an increase in
residues in fruits sprayed at younger age compared to those sprayed at older age. Data suggest that
important translocation may occurred from the surfaces fruits to the fruits inside. In contrast, no apparent
transport of radioactivity occurs from plant leaves into fruits in both apples and tomatoes in a separate
imidacloprid translocation experiments (refer to Appendix H).

4.2.3. Imidacloprid: soil versus foliage applied

As expected, the chemical residues present on/in foliage from foliar applied imidacloprid was much higher
than that resulting from soil application (A total of 49.2% on mature plants, 64 days after application
compared to a total of 2.5% on mature plants, 129 days after application ). In the first case, imidacloprid
reaches foliage directly and the soil indirectly while in the second case, only a comparatively small fraction
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of the chemical reaches foliage by root up-take. In this respect, it is noted that the level of chemical ending
up in the foliage, from foliar application, depends on many factors that were not investigated here such
as photolysis on wet foliage, use of stickers and levels of wash-off (weather dependent).

Soil (at planting) and foliar applications were investigated in parallel in potatoes. Data obtained from
previously stated experiments are summarized in Figure 4-4. It isimportant to note that in the soil applied
part of the graph: radioactivity in the soil is from application and that radioactivity in foliage is from root
up-take and radioactivity in the tubers is from soil/root up-take; however, in the foliar applied part of the
graph radioactivity in BOTH soil and foliage are from direct/indirect application and ONLY the amount in
tubers is from soil/foliage up-take. These data indicate that a large percentage (49%) of imidacloprid was
present on foliage due to direct application while a relatively low percentage (2.2%) reached the foliage
from the soil by root up-take. However, the amount of radioactivity moving from the foliage into the
tubers was almost the same (0.3% in the case of soil application and 0.2% in case of foliar application).
Although radioactivity reaching tubers was the same, it is noted that measured concentrations in tubers
from soil-applied imidacloprid is relatively higher than that present in the tubers from foliar applied
imidacloprid (0.09 mg/kg compared to 0.01 mg/kg). A possible explanation to the observed may be
related to higher yield of tubers in the foliar applied experiment compared to that in the soil applied
experiment.

Tubers: . Tubers
0.3% (0.09 mg/kg) - 0.2%(0.01 mg/ke)
.................. Foliage '
2 100%
2
= :
S 90w Foliage
k]
®
S 60%
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Figure 4-4. Comparison of up-take data obtained for imidacloprid applied to soil and that applied to
foliage in potatoes

4.3. Plant Metabolism of Imidacloprid

In the experiments discussed in the preceding section, radioactivity that was applied and/entered into the
plant, as parent, was examined to obtain data on imidacloprid plant metabolism during the period from
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initial exposure (application time) to fruit maturity. Only a summary of the results obtained from these
studies is included herein and more details are included in Appendix H.

4.3.1. Imidacloprid metabolism in various plants

In contrast to the persistence of imidacloprid in the soil system, plant metabolism appears to play an
important role in its degradation within various plant parts. Biotransformation occurs as a result of
changes in in moieties associated with the imidazole ring with the backbone structure of the chemical
staying intact in addition to cleavage of the chemical structure between the imidazole and chloropyridinyl
rings. The following is a summary of the data obtained for metabolism of imidacloprid in various plants:

(1) In cotton (seed treated), almost all parent (99 to 97%) was transformed into mainly guanidine and
glucoside in the leaves and 6-CNA in seeds with relatively high percentages of un-identified
compounds (extracted and un-extracted);

(2) In potatoes (soil applied), high percentage of parent persisted in both leaves and tubers (25 and 48%).
Transformation in potatoes produced the major metabolites 5-hydroxy, guanidine and 6-CNA and the
minor metabolites nitrosimine, IMI-olefin and 6-CPA with relatively high percentages of un-identified
compounds (extracted and un-extracted) in the leaves compared to the tubers;

(3) Incorn (seed treated), relatively high percentages (65 to 47%) of imidacloprid parent appear to persist
in the whole plant throughout the plant growth stages up to maturity as it then decreases to 22%.
High concentrations were observed in corn husks and cobs (43 to 47%) with lower concentrations in
grains (24%). Imidacloprid appears to be transformed primarily into IMI-5-OH and guanidine with
minor amounts of IMI-olefin, 4, 5-hydroxy, nitrosimine, 6-CNA, 6-CPA and open ring guanidine. Higher
percentage of un-identified compounds (extracted and un-extracted) appear to form as the corn plant
matures;

(4) In transplanted eggplant (soil applied), Imidacloprid parent appears to decrease (i.e., degrade) in
foliage as the plant matures (decrease from 33 to 9% of the total residues) with relatively higher
percentage of parent persisting in the fruits (22% of the residues). In all cases, parent degradation
resulted in formation of imidacloprid transformation products and substantial amounts of un-
identified compounds (extracted and un-extracted). Transformation products found in foliage
included the major metabolite guanidine with minor amounts of IMI-olefin, IMI-5-OH, nitrosimine,
glucoside and 6-CNA but glucoside and 6-CNA were the major metabolites in fruits;

(5) In potatoes (foliar applied), parent imidacloprid dominated the percentage of radioactive residues in
the vines at Day 90 but declined (i.e., degraded) as the plant matured. Metabolite residues in young
and immature vines consisted primarily of the metabolites guanidine, 4,5-hydroxy and IMI-5-OH and
minor amounts nitrosamine, IMI-olefin and glucoside. Residues in the tubers were primarily 6-CNA
with a large percentage of un-identified compounds (extracted and un-extracted).

(6) In potatoes, comparison between two cases: Case 1 in which the chemical entered potato plant
through the leaves from foliar application (root up-take from soil may not be discounted as
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imidacloprid was present in the soil during foliar application), and Case 2 in which the chemical
entered the leaves from soil through root up-take following a soil application suggested the following:

(a) Plant transformation of imidacloprid in the leaves, following foliar application in Case 1 (38% of the
applied persisted and 62% metabolized), is less pronounced than in Case 2 in which imidacloprid
was applied as a soil treatment (25% of the applied persisted and 75% metabolized). This might be
resulting from the longer resident time of imidacloprid in the plant in Case 2 compared to Case 1
(129 days compared to 64 days) giving more time for metabolism to occur; and

(b) Chemical residues reaching the tubers in Case 1 (0.2% of the applied) contain 11% as parent and
those reaching the tubers in Case 2 (0.3% of the applied) contain 48% as parent. Residues in both
cases are at least partly translocated from other parts of the plant, therefore, no conclusions can be
drawn on possible imidacloprid transformation in the tubers. The high amounts of parent in tubers
in Case 2 compared to Case 1 (48% compared to 11%) appear to suggest the tubers are affected by
direct up-take of parent from the soil. It is noted however, that imidacloprid parent was available,
in the soil, for tuber up-take in both cases.

(7) In apple and tomato Fruits, parent imidacloprid was applied to the surfaces of immature fruits. Data
indicated the following:

(a) Parent dominates residues in both outside and inside apple and tomato fruits with no major
transformation products present in either outside or inside the fruits;

(b) Minor metabolites were observed on the surface of the apple fruits including: Guanidine, 4-5-
Hydroxy, Urea and Nitrosimine. The same minor metabolites were present on the surface of
tomatoes with 5-Hydroxy replacing 4-5-hydroxy. Authors suggested minimal abiotic
transformation (assume minimum photolysis possibly due to lack of moisture (plant in
greenhouse irrigated through the soil);

(c) Minor metabolites were observed inside the apple fruits including Guanidine, 4-5 & 5-Hydroxy,
Olefin and Glucoside Minor metabolites identified inside tomatoes included: Guanidine, 5-
Hydroxy, Nitrosimine, Olefin and Glucoside.

Finally, it is generally noted that the importance of plant metabolism in the fate of imidacloprid
appears to differ from one species of plant to another. Additionally, un-identified compounds

(extracted and un-extracted) appear to form as the plant matures due to association of residues with
natural plant compounds resulting in compounds that are difficult to identify.

4.3.2. Imidacloprid metabolism profile in plants

Based on data presented earlier, parent imidacloprid appears to be metabolized in the plant through two
main processes:
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(1) Changes occurring in moieties associated with the imidazole ring with the backbone structure of the
chemical staying intact. This includes reduction and loss of the nitro group as well as hydration of the
imidazole ring and subsequent loss of H,0; and

(2) Breakage of the backbone of the chemical structure between the imidazole and chloropyridinyl rings
resulting in the formation of the metabolite 6-CPA followed by either association with glucose forming
glucoside or oxidation into 6-CNA.

Figure 4-5 contains a summary of the plant metabolism profile of imidacloprid based on submitted data.
It is noted that not all of the plant metabolism radioactive residues were extracted/identified (due to
possible incorporation into the natural plant constituents) or were extracted but not identified. The first
fraction of the residues is termed herein as un-extracted residue (UER) while the second is termed as
unidentified residue (UN-ID).
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Figure 4-5. Suggested Imidacloprid degradation profile in plants (based on submitted plant metabolism
data).
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4.3.3.

Imidacloprid metabolism profile in plants

As a result of plant metabolism, the quantity of parent entering the plant through root or foliage/fruit up-
take is expected to decrease with time. However, plant metabolism produces two metabolites that are
considered of concern: IMI-5-OH and IMI-olefin and olefin. Table 4-5 contains a summary of the estimated
stressor concentrations in various plants and plant parts.

Table 4-5.

Observed estimated concentrations of the stressor in parts per million= ppm) (parent

imidacloprid + IMI-olefin and IMI-5-OH compounds) in varied crops, plant parts and application

procedures based on radi

oactivity data

Soil Applied

Type ? Foliage Seeds
Cotton

Timing * 129 days

Type ? Foliage Tubers
Potatoes

33
Timing * days 61 days 134 days

Foliage

Foliage

Foliage

Eggplant

14
Timing * days 35 days 69 days
Foliage Foliage F/FC/IMMF Foliage F/FC/IMMF Calyx Fruits

0.088 0.206 0.163 0.037 0.009

Foliar Applied

Timing *

7/90 days

28/111 days

64/147 days

Potatoes

Tubers

Vines

Tubers

Tubers

Timing *

4 days

7 days

14-21 days

Surface

Tomatoes | Fruits

Surface

Surface

0.0455- 0.0700

0.068- 0.1040

Pulp

Timing *

Apples

Zero Day (Just After) the Last of 3
Applications

14 Days After the Last of 3 Application

Surface

Fruits

Peel

Pulp

Surface

0.031 0.019 0.526 0.040 m

Peel

Pulp

1Timing: Timing in days from imidacloprid application;
2Type: Column: Type of sample noting that Potato Vines= Stems and leaves ; Foliage= Stems and leaves/vines; F/FC/IMMF= Flowers,

flower clusters and immature fruits




4.4. Potential for Exposure to Bees

As described in the Problem Formulation (Section 2), the first step in the tiered pollinator risk assessment
process is assessing the potential for exposure to adult and larval honey bees for a given use pattern.
Tables 4-6 to 4-8 below summarize potential exposure pathways for each of the registered use patterns
for imidacloprid, organized by application method. The determination for potential on-field exposure is
based on whether the crop is attractive to bees and the agricultural practices, such as whether the crop
is harvested prior to or after the bloom period. The potential for on-field exposure is presumed for crops
harvested after bloom and which are attractive to visiting honey bees, while off-field exposure is pertinent
only for foliar uses, whether the crop is attractive to bees or not, as a result of spray drift.
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Table 4-6. Attractiveness of crops for the registered foliar uses of imidacloprid to bees (as indicated by USDA, 2014). Note, the potential for off-
field exposure is indicated from all foliar uses.

57 s R (e G Honey Bee Bumble Bee Solitary Bee Potential for On-
N Attractive? Attractive? Attractive? Notes Field Exposure?
(Y/N) (Y/N) (Y/N) (Y/N)
1 (Root and Tuber Vegetables)? Y (Pollen and Y Y Bees important for seed production, | Y
Nectar) typically harvested prior to bloom.
Potatoes noted to be harvested after
bloom
4A (Leafy Green Vegetables) Y (Pollen and Y Y Bees important for seed production, N
Nectar) crop harvested prior to bloom when
not used for seed production.
5 (Brassica Leafy Vegetables) Y (Pollen and Y Y Harvested prior to bloom N
Nectar)
6 (Legume Vegetables) Y (Pollen and Y Y Not harvested prior to bloom Y
Nectar)
8 (Fruiting Vegetables) Y (pollen and Y Y May be grown in glasshouses, with Y
nectar)* bumble bees for pollination
10 (Citrus Fruit) Y (Pollen and Y Y - Y
Nectar)
11 (Pome Fruit) Y (Pollen and Y Y Not harvested prior to bloom Y
Nectar)
12 (Stone Fruit) Y (Pollen and Y Y Not harvested prior to bloom Y
Nectar)
13 (Berry and Small Fruit)? Y (Pollen and Y Y Not harvested prior to bloom Y
Nectar)
14 (Tree Nuts) Y (Pollen and Y Y Not harvested prior to bloom Y
Nectar)
9 (Herbs) Y (Pollen and Y Y Not harvested prior to bloom Y
Nectar)
20 (Oilseed)? Y (Pollen and Y Y Y
Nectar)
Non-crop group uses (Globe artichoke, | Y (Pollen and Y Y Globe artichoke harvested before N (globe
banana and plantain, peanut, Nectar) bloom, tobacco deflowered as part of | artichoke,

pomegranate, tobacco, coffee, hops,
tropical fruit)

the harvest process

tobacco) Y for all
others

1Refer to members of subgroups 1C (potato) and 1D (yams, ginger, others) only
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ZIncludes 13A, 13B, 13-07D, 13-07F, 13-07G

3Cotton is sole member of this group with registered foliar uses
4Okra nectar and pollen indicated to be attractive to honey bees (USDA, 2014)

Table 4-7. Attractiveness of crops for the registered soil uses of imidacloprid to bees (as indicated by USDA, 2014)

Honey Bee Bumble Solitary Potential for | Potential for

Crop Group Number (Crop Group . Bee Bee On-Field Off-Field
Attractive? . . Notes

Name) (Y/N) Attractive? | Attractive? Exposure? Exposure?

(Y/N) (Y/N) (Y/N) (Y/N)

1 (Root and Tuber Vegetables) Y (Pollen and Y Y Bees important for seed production, Y N

Nectar) typically harvested prior to bloom.
Potatoes noted to be harvested after
bloom

3 (Bulb Vegetables) Y (Pollen and Y Y Typically harvest prior to bloom. N N
Nectar)

4 (Leafy Vegetables) Y (Pollen and Y Y Crop harvested prior to bloom when N N
Nectar) not used for seed production.

5 (Brassica Leafy Vegetables) Y (Pollen and Y Y Harvested prior to bloom N N
Nectar)

6 (Legume Vegetables) Y (Pollen and Y Y Not harvested prior to bloom Y N
Nectar)

8 (Fruiting Vegetables) Y (Pollen and Y Y May be grown in glasshouses, with Y N
nectar) bumble bees for pollination

9 (Cucurbit Vegetables) Y (Pollen and Y Y -- Y N
Nectar)

10 (Citrus Fruit) Y (Pollen and Y Y -- Y N
Nectar)

11 (Pome Fruit) Y (Pollen and Y Y Not harvested prior to bloom Y N
Nectar)

12 (Stone Fruit) Y (Pollen and Y Y Not harvested prior to bloom Y N
Nectar)

13 (Berry and Small Fruit)* Y (Pollen and Y Y Not harvested prior to bloom Y N
Nectar)

14 (Tree Nuts) Y (Pollen and Y Y Not harvested prior to bloom Y N
Nectar)

19 (Herbs) Y (Pollen and Y Y Not harvested prior to bloom Y N
Nectar)
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Honey Bee Bumble Solitary Potential for | Potential for
Crop Group Number (Crop Group . Bee Bee On-Field Off-Field
Attractive? . . Notes
Name) (Y/N) Attractive? | Attractive? Exposure? Exposure?
(Y/N) (Y/N) (Y/N) (Y/N)
20 (Oilseed)? Y (Pollenand | Y Y - Y N
Nectar)
Non-crop group uses (Globe Y (Pollen and Y Y - Y N
artichoke, banana/plantain, peanut, | Nectar)
pomegranate, tobacco, coffee, hops,
tropical fruit)

YIncludes 13A, 13B, 13-07D, 13-07F, 13-07G, 13-07H
2Cotton is sole member of this group with registered soil uses.
30kra nectar and pollen indicated to be attractive to honey bees (USDA, 2014)

Table 4-8. Attractiveness of crops for the registered seed treatment uses of imidacloprid to bees (as indicated by USDA, 2014)

ey e Bumble Solitary Bee Potential for Potential for
Crop Group Number (Crop Group . Bee . On-Field Off-Field
Attractive? . Attractive? Notes
Name) (Y/N) Attractive? (Y/N) Exposure? Exposure?
(Y/N) (Y/N) (Y/N)
1 (Root and Tuber Vegetables)? Y (Pollenand | Y Y Bees important for seed Y N
Nectar) production, typically harvested
prior to bloom. Potatoes noted to
be harvested after bloom
3 (Bulb Vegetables)? Y (Pollenand | Y Y Typically harvest prior to bloom. N N
Nectar)
5 (Brassica Leafy Vegetables)? Y (Pollenand | Y Y Requires pollination only when N N
Nectar) grown for seed; small % of acreage;
harvested prior to bloom
6 (Legume Vegetables)? Y (Pollenand | Y Y Not harvested prior to bloom N N
Nectar)
15 (Cereal grains)®* Y (Pollenand | Y Y Not harvested prior to bloom Y N
Nectar)
19 (Herbs)® Y (Pollenand | Y Y Not harvested prior to bloom Y N
Nectar)
20 (Oilseed)’ Y (Pollenand | Y Y - Y N
Nectar)
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Honev Bee Bumble Solitary Bee Potential for Potential for
Crop Group Number (Crop Group 14 . Bee y On-Field Off-Field
Attractive? . Attractive? Notes
Name) (Y/N) Attractive? (Y/N) Exposure? Exposure?
(Y/N) (Y/N) (Y/N)
Non-crop group uses (peanut) Y (Pollenand | Y Y -- Y N
Nectar)

Labels specify sugarbeet (1A), carrot (1B), and potato (1C)
2Labels specify onions/leeks and scallions (03-07A, 03-07B)
3Labels specify broccoli (5A)

“Labels specify soybean (6A) and beans/peas (6)

SLabels specify buckwheat, triticale, wheat, barley, oats, millet, sorghum, rye, and corn (pop, sweet, field)

SLabels specify borage (19A) and mustard (19B)
7Labels specify flax, sunflower, safflower, cotton, canola, and crambe
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4.5. Screening-level Exposure Estimation

As described above in Section 2, the pollinator risk assessment process is a tiered approach that begins
with model-generated (based on consumption rates of pollen and nectar and application rate) or default
estimates of exposure and laboratory toxicity data at the individual level (Tier I). These estimates are also
based on the bee’s life stage (i.e. adult vs larvae) and the method of application (i.e. foliar, soil, or seed
treatment applications).

In Tier |, pesticide exposures are estimated based on honey bee castes with known high-end consumption
rates. For larvae, food consumption rates are based on 5-day old larvae, which consume the most food
compared to other days of this life stage. For adults, the screening method relies upon nectar foraging
bees, which consume the greatest amount of nectar of all castes while nurse bees consume the greatest
amount of pollen. It is assumed that this value will be comparable to the consumption rates of adult
drones (males) and will be protective for adult queens as well. Although the queen consumes more food
than adult workers or drones, the queen consumes “processed” food (i.e., royal jelly produced by the
hypopharyngeal glands of nurse bees) that is assumed, based on currently available data, to contain
orders of magnitude less pesticide than that consumed by adult workers.

Nectar is the major food source for foraging honey bees as well as nurse bees (young, in-hive females).
Therefore, pesticide residues in nectar likely account for most of the exposures to bees, and may
represent most of the potential risk concerns for adult bees. However, if residues in pollen are of concern,
exposures to nurse bees, which consume more pollen than any other adult honey bees, should be
considered. This is the case especially when pesticide concentrations in pollen are much greater than in
nectar, or for crops that mainly provide pollen to bees and would be assessed on a case-by-case basis. In
fact, the screening level Tier | risk estimation model for honey bees (Bee-Rex; v.1.0) allows calculation of
exposure and resulting risk quotients (RQs) for all types of bee castes. As described in the 2012 White
Paper (USEPA et al. 2012) presented to the FIFRA Scientific Advisory Panel and the final Guidance
Document for Assessing Risk to Bees (USEPA et al. 2014), for dietary exposure from foliar applications, it
is assumed that pesticide residues on tall grass (from the Kenaga nomogram of T-REX which is
incorporated into Bee-REX) are a suitable surrogate for residues in pollen and nectar of flowers that are
directly sprayed. The Bee-REX model is a screening level tool that is intended for use in a Tier | risk
assessment to assess exposures of bees to pesticides and to calculate risk quotients. This model is
individual-based, and is not intended to assess exposures and effects at the colony-level (i.e., for honey
bees).

The Tier | exposure method is intended to account for the major routes of pesticide exposure that are
relevant to bees (i.e., through diet and contact). Exposure routes for bees differ based on application
type. In the model, bees foraging in a field treated with a pesticide through foliar spray could potentially
be exposed to the pesticide through direct spray as well through consuming contaminated food. For
honey bees foraging in fields treated with a pesticide through direct application to soil (e.g., drip
irrigation), through seed treatments, or through tree injection, direct spray onto bees is not expected. For
these application methods, pesticide exposure through consumption of residues in nectar and pollen are
expected to be the dominant routes.

68



Table 4-9 below (extracted from Guidance for Assessing Pesticide Risks to Bees, USEPA et al. 2014)
summaries the exposure estimates for contact and dietary exposures for adult and larvae resulting from

foliar, soil, seed treatment and tree injection application of pesticides.

Table 4-9. Summary of contact and dietary exposure estimates for foliar applications, soil treatment,
seed treatments, and tree trunk injections of pesticides for Tier | risk assessments.

Measurement . :
. Exposure Route Exposure Estimate*
Endpoint
Foliar Applications
N i) :’
Individual Survival (adults) Contact ARenghn™(2.7 g a.1./bee)

ARMenic* (2.4 yg a.i/bee)

Individual Survival (adults)

Diet

AREnglish ¥(110 ug a.i/g)*(0.292 g/day)
ARMemic *(98 pg ad /g)*(0.292 g/day)

Brood size and success

Diet

AReEnglish *(110 ug a.i/g)*(0.124 g/day)
ARMetric ¥(98 pg a.i /g)*(0.124 g/day)

Seil Treatments

Individual Survival (adults) Diet (Briggs EEC)*(0.292 g/day)

Brood size and success Diet {Briggs EEC)*(0.124 g/day)
Seed Treatments

Individual Survival (adults) Diet (1 pga.ilg)*(0.292 g/day)

Brood size and success Diet (1 pgai/g)*(0.124 g/day)

Tree Trunk Applications™

Individual Survival (adults)

Diet

(ug a.i. applied to tree/g of foliage)*(0.292 g/day)

Brood size and success

Diet

(ug a.i. applied to tree/g of foliage)*(0.124 g/day)

ARgugicn = application rate m Ibs a.1/A; ARyewm: = application rate in kg a.1./ha
‘Based on food consumption rates for larvae (0.124 g/day) and adult (0.292 g/day) worker bees and concentration in pellen and nectar.
“Note that concentration estimates for tree applications are specific to the type and age of the crop to which the chemucal 1s applied.

The consumption of nectar and pollen vary depending on the bee’s life stage and caste within the hive.
The consumption rates tabulated below inform the exposure estimates and resultant RQs in the default
Tier | and refined Tier | analyses that are presented in Section 6. Table 4-10 below is extracted from
Guidance for Assessing Pesticide Risks to Bees, USEPA et al. 2014, and additional detail of the derivation
of these consumption rates can be found in the White Paper (USEPA et al. 2012).
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Table 4-10. Summary of estimated food consumption rates of bees.

Life ‘ o Average age Daily consumption rate (imng/day)
Caste (task in hive®) . a ) - o
Stage (in days) Jelly Nectar Pollen Total
1 1.9 0 0 1.9
2 9.4 0 0 9.4
Worker 3 19 0 0 19
4 0 60° 1.8 62
L arval 5 0 120°¢ 3.64 124
Drone 6+ 0 130 3.6 134
1 1.9 0 0 1.9
2 94 0 0 9.4
Queen 3 23 0 0 23
4+ 141 0 0 141
Worker (cell cleaning and capping) 0-10 0 60f 1.3-1268h 61-72
Worker (brood and queen tending, nurse bees) 6-17 0 113 - 167¢ 1.3 - 122h 114 - 179
Worker (comb building. cleaning and food handling) 11-18 0 60* 78 62
Worker (foraging for pollen) =18 0 35-52f 0.0418 35-52
Adult Worker (foraging for nectar) =18 0 39.3 . 0.041% 292
{median)
Worker (maintenance of hive in winter) 0-90 0 20f 28 31
Drone =10 0 133 -337° 0.0002° 133 - 337
Queen (laying 1500 eggs/day) Entire lifestage 525 0 0 525
*Winston (1987)

®Consumption of honey is converted to nectar-equivalents using sugar contents of honey and nectar.

¢ Calculated as described in this paper.
d5impson (1955) and Babendreier ef al. (2004)

Pollen consumption rates for drone larvae are unknown. Pollen consumption rates for worker larvae are used as a surrogate.

‘Based on sugar consumption rates of Rortais ef al. (2005). Assumes that average sugar content of nectar is 30%.

#Crailsheim ef al. (1992, 1993)
"Pain and Maugenet 1966
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4.6. Experimental Residue Studies

In cases where the screening-level Tier | RQs exceed the level of concern (LOC, discussed below), estimates
of exposure may be refined using measured pesticide concentrations in pollen and nectar of treated crops,
and further calculated for other castes of bees using their food consumption rates (see Table 4-10).

As discussed above in Section 4.2, the most conservative (highest) exposure estimates for contact and/or
diet exposure routes are selected for the Tier | screening-level assessment. These exposure estimates are
based on adult and larval bees with the highest food consumption rates among bees. The Bee-REX tool
also calculates dietary exposure values and associated RQs for larvae of different ages, adult workers with
different tasks (and associated energy requirements) and the queen. This is accomplished using the food
consumption rates provided in Table 4-10. Those food consumption rates are based on work described
in the White Paper® and updated to reflect comments from the Scientific Advisory Panel (SAP). Exposure
values for other groups of bees within a hive along with their RQs can be used to characterize risks of
dietary exposures of different bees within the hive. Empirical data can be used to refine conservative
exposure estimates and reduce uncertainties associated with the Tier | exposure assessment by providing
direct measurements of pesticide concentrations resulting from actual use settings. Studies investigating
pesticide concentrations in pollen and nectar should be designed to provide residue data for crops and
application methods of concern. The available residue studies for imidacloprid for foliar, soil, and seed
treatment applications from both registrant and open literature sources are summarized below. For
detailed summaries of the methods and findings of each study, please see Appendix E.

4.6.1. Rationale for Residue-based EEC Selection for Refined Tier |

The Agency has a long standing practice of deriving estimated environmental concentrations (EECs) using
model-derived exposure data (USEPA 2000). For example, acute EECs for aquatic organisms are based on
the maximum peak (daily) concentration with an estimated return interval of 1-in-10 years while chronic
EECs are based on the 21-d average (invertebrates) or 60-d average (fish) concentration with the same
return interval. Generally speaking, these EECs are considered “high-end” estimates of exposure within
the context of the available model output. Terrestrial EECs produced by the T-REX model similarly reflect
high-end estimates of exposure to birds and mammals. The general rationale behind the Agency’s
selection of EECs from its exposure models relates to the desire to achieve an EEC that is sufficiently
protective given the temporal and spatial variability in exposure concentrations that can be expected to
occur across the United States.

Unlike EEC selection from its standard exposure models, the Agency does not yet have a standard process
for selecting EECs in pollen and nectar obtained from field residue studies. This partly reflects the wide
diversity of residue study designs from which residue data are obtained and the relatively recent adoption
of a quantitative risk assessment process for bees. Nonetheless, the conceptual approached used by the

8 USEPA, PMRA, CDPR (2012) White paper in support of the proposed risk assessment process for bees. United States
Environmental Protection Agency, Office of Pesticide Programs, Washington DC. Pest Management Regulatory
Agency, Health Canada, Ottawa. California Department of Pesticide Regulation, Sacramento, CA.
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Agency for selecting model-based EECs appropriate to other taxa (e.g., fish, birds) is used here to guide
the selection of pollen and nectar EECs obtained from field residue studies.

In selecting the acute and chronic EECs from field residue data in pollen and nectar, the following factors
were considered:

1.

Field residue data typically have relatively coarse resolution with respect to capturing the
temporal variability in pollen and nectar residues that would be expected to occur for a given crop
in the U.S. This reflects the technical and resource constraints associated with the conduct of
these studies. Specifically, pollen and nectar residue trials sample residues at discrete times
following pesticide application, usually 5 or fewer sampling intervals. Often, these sampling
intervals may span one or more weeks such that the pattern of residues in between the sampling
events is not known. Furthermore, data are usually available for 1 or 2 growing seasons, which
likely underestimates the temporal variation associated with pesticide residues in pollen and
nectar over multiple growing seasons.

From a spatial variability perspective, field residue data for pollen and nectar generally reflect a
limited number of sites in the U.S. (commonly 3 or less). Where a substantially greater number
of sites have been included in pollen and nectar residue studies (e.g., 10), these tend to be located
in one specific region or State for practical reasons. Therefore, available field residue data sets
currently available to the Agency likely underestimate the extent of spatial variation that exists in
in pollen and nectar residues in the U.S.

From a toxicological perspective, the averaging period associated with a given EEC should reflect
the time period necessary to elicit adverse effects in the toxicity studies to which it is being
compared. In the case of honey bee toxicity studies, acute toxicity endpoints obtained from Tier
| studies reflect a single oral or contact dose to the bee. Therefore, the EEC averaging period
appropriate for comparing to acute toxicity endpoints should be relatively short (e.g., 1 day).
Chronic toxicity endpoints derived from Tier | toxicity studies reflect exposure durations of 10
days (adult) and 21-days (larvae). However, the actual dosing in chronic larval tests last only for
3-4 consecutive days, after which larvae undergo pupation and emergence. Based on these
considerations, it seems appropriate for the chronic EEC to reflect several days at most, given that
toxicological effects may be manifest from exposure periods that are shorter than the duration of
a chronic test.

Most of the residue studies available to the Agency with imidacloprid contained multiple sample
replicates for a given sampling period. Therefore, some variation due to sampling and pesticide
application methods was captured in these cases.

Tier | Acute EEC. Given the limitations of residue trial data to account for temporal and spatial variability,
the Agency defines the field residue acute EEC as the overall maximum residue value measured for each
matrix (pollen, nectar). If replicate data are reported (i.e., multiple samples on a given sampling day),
then the acute EEC would be the maximum of the replicates. These field residue acute EECs are then used
to calculate the acute RQ for adult and larval bees (caste and life stage/task specific).
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Tier | Chronic EEC. Given the short exposure windows of chronic adult and larval toxicity tests and
relatively coarse temporal resolution associated with the field residue data, the Agency defines the field
residue chronic EECs as high average residue value determined from a given sampling event (usually a
daily average).

Additional characterization of RQ values derived from the aforementioned EECs will be conducted using
the entire pollen and nectar data set obtained for each representative crop where the totality of the data
will be compared to the Tier | endpoints to yield a set of resultant RQs. This will be expressed as a
percentage of the RQs which exceed the respective LOC.

4.6.2. Rationale for Comparing Residue Data With Tier Il Endpoints

According to the 2014 Guidance for Assessing Pesticide Risks to Bees, RQ values are not determined in
evaluating risks at higher tiers. Rather, risks are evaluated qualitatively and consider multiple lines of
evidence. In the case of the Tier 2 colony feeding study, consideration is given not only to the magnitude
of the residue in nectar relative to the NOAEC and LOAEC, but also the duration and frequency that
residues exceed these Tier 2 endpoints. Additionally, information regarding the duration that the crop
remains in bloom is also factored into the Tier 2 risk characterization to characterize the potential for long-
term exposure of bees to contaminated pollen and nectar. The quality and quantity of available residue
data are also carefully considered at the Tier 2 level. For example, available information suggests that soil
applications of imidacloprid in coarse soils results in substantially greater residues in pollen and nectar
compared to fine/heavy soils. Thus, if no data are available for coarse soils for a particular soil application,
this information will be considered when evaluating the uncertainty associated with the Tier 2 risk
characterization.

4.6.3. Foliar Application Residue Studies — Registrant Submitted

There are three registrant submitted studies available to characterize the total residues of parent
imidacloprid and the metabolites IMI-olefin and IMI-5-OH in pollen and nectar. There were no studies
that were available from the open literature that examined residues on crops following foliar applications
of imidacloprid. Table 4-11 below summarizes the key elements of the available registrant submitted
foliar application residue studies. Further details of each residue study are provided in Appendix E.

Available studies on oranges, cherries, and cotton were conducted at rates that represent 20% (cotton) —
100% (orange and cherry) of the maximum permitted annual rate for these crops (and respective crop
groups, noting that no foliar applications are permitted for other members of the oilseed group, of which
cotton is a member). In the case of the foliar cotton study, an additional 4 foliar applications of 0.06 Ibs
a.i/A are permitted during the indeterminate bloom period, but the available study only assessed on
application. Cotton represents one of the few use patterns of imidacloprid where there are no restrictions
for foliar applications associated with the bloom period given the protracted period of time over which
cotton bloom:s.

In the study on oranges conducted in Florida in 2012-2013 (MRID 49521301), imidacloprid as the
formulated product Admire® Pro SC (42.9% a.i) was applied twice at 0.25 lbs a.i/A with a reported 8 — 10
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day reapplication interval and the last application prior to the 10-day pre bloom interval, in accordance
with labeled parameters and represents the highest single and annual rate on oranges and other citrus
fruits. Maximum residues across all individual replicates (i.e. acute EEC) and the maximum average
concentration among all individual sampling events (i.e. chronic EEC) were noted to be an order of
magnitude higher in pollen as compared to nectar (acute and chronic EEC of 4,100 and 3,000 ppb,
respectively in pollen compared to 430 and 324 ppb, respectively in nectar).

In the cherry study (conducted in New York and Oregon in 2013 - 2014), 5 applications of Admire Pro®
(42.9% a.i) at 0.1 Ibs a.i/A were made post-bloom after harvest in the first year of the study and pre-
harvest in the second year of the study (MRID 49535601). This scenario is in accordance with labeled
parameters and represents the highest single and annual rate of foliar application on cherries and other
stone fruits. Acute and chronic EECs in pollen were noted to be two orders of magnitude higher than in
nectar (1000 and 545 ppb, respectively in pollen as compared to 10 and 5.6 ppb, respectively in nectar).
It is noted that the label permits foliar applications to stone fruits only after the bloom period.

As indicated previously, the available foliar-applied cotton study represents approximately 20% of the
permitted maximum annual application rate. For this study (conducted in California from 2008 — 2010,
MRID 49103301) one application of imidacloprid (as Provado® 1.6 F, 17.4% a.i) of 0.06 Ibs a.i/A was made
during the bloom period. It was noted that previous applications of Admire® Pro (42.9% a.i) were made
as soil application in 2008 and 2009 to other crops with rates ranging from 0.18 — 0.38 lbs a.i/A in the
same fields as the cotton. Due to the lower annual application rate and lack of pollen data, the acute and
chronic EEC of 66 and 56 ppb, respectively, are considered underestimates of the potential risk associated
with foliar applications on cotton.
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Table 4-11. Summary of available registrant submitted foliar application residue studies

Residue- | Residue-
Crop No. Sites/ . based based A
F | , Appl. Rate, . . lassif
Group Location/ I:tren::alat'lr?;in ppl. Rate Matrix! | Acute Chronic | DAA*(days) | Study Notes (cRaesf:r(l::ct:;n
(Crop) Duration ¢ & EEC? EEC3
(ppb) (ppb)
e Experimental trials (sandy
soils);
e Data are from trials NTO05
Gaucho® 600 FL Admire® and NTOO06 only;
Pro SC e Nectar residues declined Acceptable
. . with time; pollen usually (NTOO5 & NT006
Cit 3 sites (FL
trus sites (FL) | 5 025 Ibs.ai/A@8-10d | Pollen | 4,100 | 3300 |74 remained constant or only)
Fruits — 2 years . - . .
interval (0.5 lbs. a.i/A total) declined (one trial/year);
10 (2012, .
(Orange) | 2013) Nectar | 430 324 4 e Year-to-year residue (Murphy et al.
g Ground applied ~10d pre- carryover uncertain 2014, MRID
bloom e LOQ and LOD for total 49521301)
imidacloprid residues were 1
and 0.7 ppb in nectar,
respectively, and 1 and 0.5
ppb in pollen, respectively
e Experimental trials
e Sandy loam soils
Gaucho 600° FL Admire® ] NY' sites 10X higher pollen
. residues vs. OR,
Pro SC (airblast) post bloom
. e Post-harvest (fall) appl. >
4 sites, 'd pre-h X Acceptable
Stone (NY,OR) | 5x0.1lbs.ai/A@8-11d | Pollen | 1000 | 545 208 [es' ues ‘)’5' e
Fruit—12 | 2 years interval (0.5 Ibs. a.i/A total) summer app.'d (Miller et al.
(Cherry) | (2013- Nectar | 10 5.6 208, 212 * Yearto year residue carry 2014, MRID
2014) Year 1: Post harvest (fall) overis uncertain 49535601)

Year 2: Pre-harvest
(summer)

e LOQ and LOD for total

imidacloprid residues were 1
and 0.7 ppb in nectar,
respectively, and 1 and 0.5
ppb in pollen, respectively
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Residue- | Residue-
Crop No. Sites/ . based based A
F | , Appl. Rate, . . lassif
Group Location/ I:tren::alat'lr?;in ppl. Rate Matrix! | Acute Chronic | DAA*(days) | Study Notes (cRaesf:r(l::ct:;n
(Crop) Duration ¢ & EEC? EEC3
(ppb) (ppb)
e Commercial fields;
2010: Provado® 1.6F e Heavy (clay) soails;
. 1x0.06 Ibs-. a.i/A during e Field portion of study was Supplemental
. 5 sites (CA) | bloom (aerial) non-GLP
Oflseed - 2-3 years e Only 1 sampling event post
(zcootton)5 (2008- 2008-2009: Admire® Pro: Nectar | 66 > ° application (nectar only) I(_lB;ic.ljrllezaonﬂ
2010) 0.18-0.38 lbs. a.i/A e Less than max seasonal rate .

(chemigation to other
crops)

tested
e LOQ reported to be 1 ppb in
nectar

MRID 49103301)

NR: Not reported; LOQ: limit of quantitation; LOD: limit of detection; DAA: Days after application

1Refers to hand collected pollen and nectar
2 Acute EEC chosen as the maximum reported concentration among all individual replicates following application, refers to parent + IMl-olefin and IMI-5-OH

3 Chronic EEC chosen as the maximum average concentration among all individual sampling events following application, refers to parent + IMI-olefin and IMI-5-OH
4 DAA = Days after the last application of the pesticide
5Cotton represent sole member of oilseed group with registered foliar uses.
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4.6.4. Soil Application Residue Studies — Registrant Submitted

There are seven registrant-submitted studies available to characterize the total residues of parent
imidacloprid and the IMI-olefin and IMI-5-OH metabolites in pollen and nectar. Table 4-12 below
summarizes the key elements of the available registrant-submitted soil application studies. Detailed
methods and findings of each study are provided in Appendix E.

Studies on tomatoes, melons, citrus fruits, blueberries, strawberries, and cotton are available that
represent 47% (tomatoes) — 100% (tomatoes, citrus, melons, blueberries, strawberries, and cotton) of the
maximum permitted annual rate for these crops (and associated groups).

There are two studies available for tomato with one study (California, 2009 — 2010; MRID 49090503)
testing 47 — 66% of the maximum annual rate permitted for tomatoes and other fruiting vegetables while
a more recent study (California, 2013 — 2014; MRID 49090503) assessed the highest annual rate of 0.38
Ibs a.i/A. Both studies tested the formulated product Admire® Pro (42.9% a.i) and applications ranged
from at being made at transplant to 25 days after transplant, depending on the trial. Both studies
employed a drip irrigation method of soil application. It is noted that tomato does not produce nectar,
and therefore only pollen data is available. In the case of the more recent study testing the higher
application rate, the residues in pollen collected by bumble bees was assessed. The higher acute and
chronic EECs resulted, as expected from the more recent study and were 242 and 198 pg a.i/L (parts per
billion; ppb), respectively.

In the available melon study (California, 2008 — 2011; MRID 49090501), cantaloupe and unidentified
varieties of melons were treated with Admire® Pro (42.9% a.i), Alias® (40.6% a.i), and an unidentified
formulation of imidacloprid at application rates ranging from 0.23 — 0.38 Ibs a.i/A, representing 60 — 100%
of the maximum annual rate permitted for melons and other cucurbit vegetables. Applications were
made via soil drip or seed line drench at transplant depending on the trial. Bee-collected (trapped) pollen
and hive (comb) nectar were sampled as opposed to hand-collected nectar and pollen directly from the
melon flowers. Acute and chronic EECs in trapped pollen were 32 and 19 ppb, respectively, and 8 and 4.9
ppb in hive nectar, respectively.

In a soil-applied citrus study (California, 2009 — 2011; MRIDs 49090504 and 49090505), orange, tangerine,
and grapefruit orchards were treated in multiple trials at applications rates ranging from 0.25 — 0.50 Ibs
a.i/A which represent 50 — 100% of the maximum labeled annual rate of soil application to citrus fruits.
The trials were conducted either in tunnels or open fields, all with Admire® Pro (42.9% a.i). Only one field
trial assessed the residues in pollen, which was the sole trial in the study that assessed the lower 0.25 lbs
a.i/A. Maximum residues in nectar from individual replicates (i.e. acute EECs) were similar (29.1 — 35.5
ppb) across the three trials that tested the highest maximum annual rate of 0.5 Ibs a.i/A. In the trial that
tested the half rate of 0.25 lbs a.i/A, maximum residues were approximately 50% reduced, at 18.3 ppb.
The magnitude of residues in pollen from this study are uncertain given the trials with the higher
application rate did not sample residues in pollen.

For the blueberry study (New York, lllinois, Michigan, 2012 — 2013; MRID 49535602), one Admire® Pro
600 SC (42.9% a.i) at 0.5 Ibs a.i/A (representing the highest permitted soil-applied rate for blueberries and
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other bushberries) was made 3 days post-harvest. Honey bee hive nectar and bee-collected (Apis and
Bombus) pollen were assessed with acute and chronic EECs of 16 and 8.8 ppb, respectively in hive nectar
and 42 and 16.5 ppb, respectively in bee-collected pollen (i.e honey bee and bumble bees that were within
a flight cage during the course of the nectar and pollen collection period.). The highest concentrations
were noted to have been determined in coarser soils.

In the strawberry study (California, 2010 — 2011; MRID 49090502), although the highest application rate
of 0.5 lbs a.i/A to strawberries was made (Admire® Pro [42.9% a.i] or Alias® 4F [40.6% a.i]), its timing in
relation to bloom as well as the interval between application and sampling of residues is unknown. Labels
prohibit soil applications to strawberries prior to bud opening, during bloom, or when bees are foraging.
Additionally, this study did not investigate the residue levels in nectar, which is considered to be attractive
to honey bees (USDA 2014). The acute and chronic EECs in pollen were 320 and 280 ppb, respectively,
and due to the absence of residue data for nectar, the exposure to residues in pollen alone is considered
to be an underestimation of the potential exposure to imidacloprid for foraging honey bees.

Finally, in the cotton study (California, 2013 — 2014, MRID 49665202), a single soil application of Admire®
Pro SC (42.9% a.i) application was made at planting at the maximum single and annual application rate for
cotton at 0.33 lbs a.i/A. This study was one part of another component that tested the combined residues
of this soil application and three foliar applications (to be discussed later in the combined method
applications section). Residues in pollen, nectar, and extra-floral nectar were assessed, with the maximum
nectar residue samples being roughly 3 - 3.5 fold higher than those in pollen or the extra-floral nectar
(acute EEC of 127, 43.4 and 35.9 ppb in floral nectar, pollen and extra-floral nectar, respectively).
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Table 4-12. Summary of available registrant submitted soil application residue studies

Residue- Residue-
No. Sites/ . based based a
(Cé::p)Group Location/ ;::':l::\at:::a'lA'll?i?\:ing Matrix! Acute Chronic ZI:\CS) Study Notes Classification
Duration ! ! EEC? EEC3 (Reference)
(ppb) (ppb)
Admire® Pro
3 sites: 1 x0.18 Ibs. e Commercial fields; heavy
a.i/A per year, 2-25d and medium soils
Fruiting 9 Sites post transplant (drip e Residues from 2 composites | Supplemental
Vegetable - Kings & Kern | chemigation) Pollen from a single sampling time
3 Co, CA (including | 54 46 100 in 2010 (Freeseman and
(Tomato) 2 years 6 sites: 2x 0.13 Ibs. anthers) e Tested rates reflect 47-66% | Harbin, 2011;
(2009-2010) | a.i/A per year; at/near of maximum single MRID 49090503)
transplant & during application rate
bloom (drip e Field sampling not GLP
chemigation)
e Experimental fields; fine,
medium, and coarse soils
e Year 2 ongoing for 5 sites
e 1-2 replicates from bumble
Admire® Pro Systemic bee-colle.cted pollen
Fruiting 9 sites Protectant SC e Most re5|f:lue data reflect Acceptable
Vegetables | CA coarse soils
. Pollen (b) 242 198 36-38 e Limited data indicates no (Gould and
-8 2 years 0.38 Ibs. a.i/A @ 7d .
(Tomato) (2013-2014) | post- transplant (soil year-to-year carry over Jerkins, 2015,

drip/ drench)

(leaves)

e LOQ and LOD for total
imidacloprid residues were 1

and 0.7 ppb in nectar,
respectively, and 1 and 0.5
ppb in pollen, respectively

MRID 49665201)
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Residue- Residue-
No. Sites/ based based
F lation, Appl. DAA*
fé:: )Group Location/ R:;':l:nat:::al 'II?iFr;in Matrix! Acute Chronic Eval Study Notes Classification
P Duration ! ! i EEC? EEC3 ¥ (Reference)
(ppb) (ppb)
Admire® Pro, Alias®,
. and unknown
Cucurbit . e
. formulation e Commercial fields; heavy &
Vegetable - | 10 sites . . Supplemental
9 CA Pollen (t) 32 19 Approx Medium soils
(Cantaloupe | 2-4 years 0;23-0'38 Ibs. a.i/A per Nectar (h) | 8 4.9 90-120 *LoQ |r; ne:ti:)andbpollen (Beedle 2012
& unknown | (2008-2011) | Y" . were - and 10 ppb, MRID 49090501)
soil drip or seed line respectively
melons)
drench at transplant
(2011)
Supplemental
Admire® Pro e 3 trees/tunnel; 1 hive/tunnel
; . N (Byrne et al.
. 3 Tunnels 1x0.5 Ibs. a.i/A; Nectar 34.6 21.2 e Loam soil, weekly irrigation
Citrus - 10 . . ~230 . o 2011, MRID
Exeter, CA post bloom via soil Nectar (b) | 37.1 175 e Higher conc. in hive nectar
(Orange) (4/22/10) 49090504;
1 year drench Nectar (h) | 95.2 72.8 may be partly due to water .
(Sept 3, 2009) | Fischer and
L3 ! 0ss Bowers, 2012,
MRID 49090505)
Multiple Supplemental
Open fields, Various formulations e Commercial citrus fields
. CA (1-2 mi - Nectar 18.3 9.4 e Loamy soil (Byrne et al.
Citrus — 10 . (unspecified); ~230
radius . Nectar (b) | 16.0 7.6 . ¢ Small # of pollen samples 2011, MRID
(Orange, 1x0.25 Ibs. a.i/A @ (April
. around Nectar (h) | 15.5 11.6 could be collected 49090504;
Tangerine) . post bloom (Fall 2009) 2010) . . .
hives) . Pollen (t) 10.2 9.4 o Half of maximum single Fischer and
Presumed soil drench o
1year application rate Bowers 2012,

(2009-2010)

MRID 49090505)
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Residue- Residue-
No. Sites/ . based based a
(Cé::p)Group Location/ ;:::TLiZ::;I:A'II?i?\:.ing Matrix! Acute Chronic ZI:\CS) Study Notes Classification
Duration EEC? EEC3 (Reference)
(ppb) (ppb)
2 sites
Open fields Supplemental
Lindcove . e 3.9 ac commercial field and
Admire® Pro . . .
Research 1x0.5 Ibs. a.i/A @ LREC site (size unspecified) (Byrne et al.
Citrus — 10 and post-bloom via ol Nectar 29.1 19.3 Spring 2X (1 Ibs. a.i/A) also tested. 2011, MRID
(Orange) Extension drench 2010 e Loamy soil 49090504;
Center e Residues scaled with Fischer and
(LREC) and (Sept 3 & 8, 2009) application rate Bowers 2012,
Bakersfield, MRID 49090505)
CA
e Study designed to evaluate
carry over (1 x 1X rate shown
Admire® Pro here) . Supplemental
. . e Helmet = commercial
Multiple 1x 0.5 Ibs. a.i/A per yr. .
) orchard, sandy loam soil,
fields: Helmet & LREC = post- weekly irrigation (Byrne et al.
Citrus — 10 Helmet, bloom appl. Nectar 355 3.8 Spring e Temecula = 6 commercial 2011, MRID
(Grapefruit) | Temecula, (2 years; Fall “08/09) ’ ’ 2010 m type not 49090504;
LREC, Temecula = summer ‘08 o Fischer and
CA & spring '09) specified) . Bowers 2012,
Presumed soil drench ¢ % = 5 citrus blocks, loamy | \/i 49090505)
e Residues generally reflect
most recent appl.
e Experimental fields, irrigated
e Sandy, silt loam, loam soils;
3 sites Gaucho® 600 FL Highest conc. in sandy soils Acceptable
. Admire® Pro 600 SC Pollen (b) 42 16.5 240 e Residues steady/ increase
Berries—13 | NY, IL, Ml . . .
(Blueberry) | 2 years 1x0.5Ibs. a.i/A during 'samplmg (Gould et al.
(2012, 2013) 3-d post-harvest (Fall) Nectar (h) | 16 8.8 233 ¢ No obvious year-to-year 2014; MRID
! Banded soil appl. carryover 49535602)

e LOQ and LOD for total

imidacloprid residues were 1
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Residue- Residue-
No. Sites/ . based based a
(Cé::p)Group Location/ ;::':l::\atz::a’lA'll?i?\:ing Matrix! Acute Chronic ZI:\CS) Study Notes Classification
Duration ! ! EEC? EEC3 (Reference)
(ppb) (ppb)
and 0.7 ppb in nectar,
respectively, and 1 and 0.5
ppb in pollen, respectively
e Commercial fields, light
Alias® 4F,Admire® Pro, (sand) and medium (loam)
or unknown soils;
7 sites, formulation e Field portion non-GLP; Supplemental
Berries—13 | CA 1x0.51bs. a.i/Ain Pollen 320 280 Not a_ppllication method and
(Strawberry) | 2 years 2010 & 2011 known timing unknown Gould et al 2012
(2010, 2011) | Presumed soil appl. e Residues from sandy soils MRID 49090502
Bloom timing unknown higher than loam (<LOD)
e LOD and LOQ in pollen were
2.6 and 10 ppb, respectively
e 2 fine, 1 medium and 6
coarse soils
Pollen 43.4 41.1 78 . .
e 3 trials=1yr. only; 6 trials = Acceptable
9 sites Admire® Pro SC 2 yr.
Oilseed —20 | CA 0.33 Ibs. a.i/A peryr. @ Nectar 127 83.1 78 e No indication of carryover (Fischer and
(Cotton)® 2 years plant e LOQ and LOD for total . .
(2013-2014) | In furrow spray imidacloprid residues were 1 Jerkins, 2015,
Exfl. 35.9 35.9 78 ) MRID 49665202).
Nectar and 0.7 ppb in nectar,

respectively, and 1 and 0.5
ppb in pollen, respectively

NR: Not reported; LOQ: limit of quantitation; LOD: limit of detection; DAA: Days after application
Refers to hand collected pollen and nectar unless otherwise specified: “h” (hive collected), “b” (bee collected), or “t” (trapped pollen),

2 Acute EEC chosen as the maximum reported concentration among all individual replicates following application, refers to parent + IMI-olefin and IMI-5-OH

3 Chronic EEC chosen as the maximum average concentration among all individual sampling events following application, refers to parent + IMI-olefin and IMI-5-OH
4 DAA = Days after the last application of the pesticide
5Cotton represents sole member of oilseed group with registered soil uses.
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4.6.5. Soil Application Residue Studies — Open Literature

Additionally, there were 3 studies available from the open literature that investigated the residues of
imidacloprid in pollen and nectar following soil applications (i.e., 2 studies on cucurbit vegetables and 1
study on the carryover of imidacloprid residues from soil applications to potatoes). These studies
generally reported the range of residues determined as well as an average. Table 4-13 below summarizes
the key elements from each of the studies. Summaries of each study including methods and results are
provided in Appendix B.

In a study that assessed the residues of imidacloprid in clover (Rogers and Kemp, 2003 MRID 49719626),
soil applications to potatoes were made in one year, followed by underseeded grain in the following year
(treated with imidacloprid), and finally clover in the following year (not treated with imidacloprid).
Applications to potatoes and underseeded grain were 0.18 Ibs a.i/A for each of potatoes and underseed
grain. Residues in clover pollen and nectar were determined to be below the LOQ (2 ppb) although were
noted to be as high as 32 ppb in soil (underseeded grain fields).

In one study assessing residues in pollen and nectar from squash (Stoner and Eitzer, 2012; MRID
49719616), applications of Admire® Pro (42.9% a.i) were made at 0.32 lbs a.i/A (slightly lower than the
maximum single application rate of 0.38 Ibs a.i/A) in two consecutive years, with one year having
application at one day pre-plant and the other year at 5-days post-transplant in a green house. The pollen
and nectar residues from both trials were pooled which resulted in residues as high as 28 ppb in pollen
and 14 ppb in nectar. As these data were pooled, it could not be ascertained the potential differences in
year-to-year results as well as the potential effect of differing applications regimens on the magnitude of
residues.

In another residue study with pumpkins (Dively and Kamel, 2012; MRID 49719612), various treatment
regimens of imidacloprid were tested with applications rates ranging from 0.027 to 0.38 Ibs a.i/A
(representing 7 — 100% of the maximum annual application rate for soil application to cucurbit
vegetables). The lowest residues (6.7 ppb in pollen and 0.5 ppb in nectar) resulted from the bedding
drench method at 0.027 Ibs a.i/A while the highest (101 ppb in pollen and 13.7 ppb in nectar) were
associated with a split application of 0.19 lbs a.i/A as a transplant water treatment followed by 0.19 lbs
a.i/A as a drip irrigation treatment. In a subsequent trial the following year, the maximum residues in
pollen and nectar (associated with the split application method described above) were 44 and 16 ppb,
respectively.
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Table 4-13.

Summary of the soil application residue studies evaluated from the open literature

S olGIeD No. Slltes/ e e, Al R, v Max Average DAA Classification
(Crop) Location/ Interval, Timing Matrix Value Value T Study Notes (Reference)
Duration ! (ppb)? (ppb)?
Root &
\TI:b::ables— (ZESSii:\e;rince Admire® Pro 240 Pollen (b) ) i;ur(:z\s/ijﬁaer:inr?n(i:filrr\?zvsiriI Qualitative
. (gotato) Cqo 0.18 Ibs a.i/A, 1999 (Year 3 | —clover | <L0Q | NR NR SR Cofrse o t\flwee
. ) —clover), 2000 (Year 2 — only) .
Cereal Grains | Island; 5in . years and different crops. (Rogers and
_15 New under seeded grain), 2001 e Poll q t Kemp 2003
(unspecified) | Brunswick) (Year 1 = potato) (Al Nectar (b) asure netC ar| i MRII;),
NorF:- rass 3 vears applications made in —clover <LOQ NR NR n'lleasuremen sonlyin 49719626)
- & y Spring) only) clover.
animal feed (1999-2001) e LOD: NR; LOQ: 2 ppb
— 19 (Clover)
e Residue values pooled
across appl. methods (effect
Admire® Pro, 0.32 Ibs a.i/A of appl. method unknown) Qualitative
Cucurbit 5 sites @ 1 d pre-plant (soil spray) e Pollen and nectar samples
- . obtained at varying times
Vegetable— | C ticut Poll 28 14 Variabl St d
gege able Z?cpiglece;:fs’ Admire® Pro, 0.32 Ibs a.i/A Noecf:r 14 10 V:::blg depending on the treatment éit;:rerzf)qz
(squash) (2009/\/2010) @ 5 d post-transplant in regimen and trial year, MRID'
greenhouse (drip irrigation) e LOD: 0.5 -2 ppb depending
i 49719616)
on the matrix (no further
information provided),
LOQ: NR
Admire® Pro, 0.027 lbs Pollen 6.7 4.9 NR e Soil characteristics not
a.i/A bedding drench Nectar 0.5 0.4 NR ! . st
provided
(2009) The metabolites IMI-olefin
. i -olefi "
Pollen 40.1 36.7 42-45 ; ’ | Qualitative
Cucurbit Lsite. NC.9 | Admire® Pro, 0.25 Ibs Nectar 7.3 5.7 42-45 !M,'(;S'?H' ‘,jjs”'tm'
Vegetable — trial 'earsl a.i/A, transplant water |m|t a; C;,zr' ’ u(;esa CNA (Dively and
9 ¥ treatment (2009) metabofite, an Kamel, 2012
(Pumpkin) (2009, 2010) Pollen 86.6 60.9 42.45 were 14-31% of the values MRID
Admire® Pro, 0.38 Ibs Nectar 11.9 7.4 42-45 of parent (based on Te,ans) 49719612)
a.i/A, transplant water in pollen and 25 - 57% in
Y nectar (breakdown of
treatment, (2009) . .
Pollen 101 0.2 42-45 metabolite not provided)
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S olGIeD No. Slltes/ e e, Al R, v Max Average DAA Classification
(Crop) Location/ Interval. Timin Matrix Value Value (days) Study Notes (Reference)
P Duration ! & (ppb)? (ppb)? ¥
Admire Pro, 0.19 lbs a.i/A x | Nectar 13.7 11.2 42-45 e LOD and LOQ of 0.2 and
2), transplant water / drip 0.66, respectively
irrigation (2009)
e Soil characteristics not
ided
Admire® Pro, 0.027 Ibs . &Z:Lh?er/more frequent
a.i/A, bedding drench Pollen <LOD <LOD NR irrigation in 2010 r:a
(2010) Nectar <loD | <LOD NR g v
contribute to lower residues
Admire® Pro, 0.25 Ibs Pollen 23.9 18.2 4245 | |Tnh201otvst.) ZIZOQ'IMI -
a.i/A, transplant water Nectar 6.7 6.1 42-45 € metaboll e:<, -oletin,
IMI-5-0OH, desnitro-
treatment, (2010) o ;
imidacloprid, urea
Admire® Pro, 0.19 Ibs a.i/A | Pollen 44.0 31.8 42-45 mitzbf“tte';r,‘d G'CtNA W‘Zre
X 2, transplant water / drip | Nectar 16.0 9.1 42-45 not detected in nectaran

irrigation (2010)

pollen

e LOD and LOQ of 0.2 and

0.66, respectively

NR: Not reported; LOQ: limit of quantitation; LOD: limit of detection
tUnless delineated as “h” (hive collected), “b” (bee collected), or “t” (trapped pollen), nectar and pollen refer to hand collected pollen and nectar

2If study provided a low to high range of residues, the high end value is reported here

3Value reflect the reported mean value of all residues within the provided scenario. Studies generally did not provide information on the numbers of sampling intervals from which the average was

derived and therefore it is assumed to be one sampling period unless otherwise noted.
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4.6.6. Seed Treatment Application Residue Studies — Registrant Submitted

A registrant-submitted study is available to characterize the total residues of parent imidacloprid and the
metabolites IMI-olefin and IMI-5-OH in pollen in seed-treated corn followed by a subsequent planting of
clover as a rotational crop to examine the uptake of imidacloprid from soil. Additionally, there are several
other registrant-submitted studies that were either a semi-field tunnel or full-field study design that had
a residue component in addition to characterizing the effects of imidacloprid on honey bee colonies.
While these studies will not be individually discussed, it is noted here that they generally reported no
residues in pollen and nectar (hand collected from plant, bee-collected, and hive sources) above the LOD
or LOQ, which depending on the study, ranged from 1.5 to 10 ppb (inclusive of LOD and LOQ). Due to
several deficiencies associated with each study (which are summarized in Appendix A), these studies are
designated as supplemental from an exposure (i.e. residue information) standpoint and invalid with
respect to effects. Table 4-14 below summarizes the key elements of the available registrant-submitted
seed-treatment residue information.

In the available seed-treatment corn study (conducted in Kansas and Nebraska, 2012-2013; MRID
49511701), imidacloprid (as Gaucho® 600 ST) was applied at a rate of 1.34 mg a.i/seed (equivalent to 0.12
Ibs a.i/A) which is the highest labeled equivalent application rate for seed-treated corn). Residues were
only available in pollen as corn does not produce nectar. Acute and chronic EECs for pollen were 39.7 and
22.3 ppb, respectively. Notably, while the average and maximum residues values were similar in two of
the three trials (i.e. sites), residues were generally higher in the third trial. The percent sand in soils from
the third trial (36%) is about 2X (16%) and 30% greater (28%) from that of the other two trials, respectively
suggesting that the higher imidacloprid residues in pollen for this trial may be the result of its greater
fraction of sand in soil.

Additionally, this study planted clover as a rotational crop to investigate the residues in pollen and nectar
following seed treatment applications to corn the previous year. The majority of samples were below the
LOD; however, in samples with detectable levels, the maximum measured residues in pollen and nectar
were 3.8 and 1.3 ppb, respectively. A more detailed description of the methods and results of this study
can be found in Appendix E.
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Table 4-14. Summary of the registrant submitted seed treatment application residue studies

. Residue-
No. Sites/ LS based
Crop Group T Formulation, Appl. Rate, ol based . DAA Classification
Location/ A Matrix , | Chronic Study Notes
Crop) : Interval, Timing Acute EEC g (days) (Reference)
Duration (ppb) EEC
(ppb)
e Experimental fields
e Loam, silty loam, silty
Cereal Grain — i;lt'\e:;' Gaucho 600 ST . ;Iay;mls .
15 5 Qears 1.34 mg a.i./seed Pollen 39.7 22.3 84 dﬁi;n‘g‘i‘; x;{iiagsfime
Corn/Maize 0.12 Ibs. a.i/A A tabl
(Corn/ ) (2012, 2013) ( /A) e LOD and LOQ in pollen ceeptavle
were Ot..5 alnd 1 ppb, (Miller et
respectvely al. 2014, MRID
e Vast majority of 49511701)
White clover planted on residues were < LOD
Rotational Crop | 3 sites KS, NE | fields with prior year Pollen 3.8 2.3 461, 456 e Residues at 1 ppb
(Clover) (2013) planting of seed-treated reflect assumptions of
. Nectar 13 1.1 401
corn @ 1.34 mg a.i./seed % the LOD for non-
detects.
e Semi-field tunnel
study Supplemental
cowsan. |15, | Gahorous e ot | ooy
15 1 mg a.i/seed, Pollen <LOQ NR 70-77
(Corn/Maize) Germany seeds sown on 5/10/2000 bees for 38 day (Maus et al.
1year exposure 2000, MRID
e No soil information 47699416)
e LOD: NR, LOQ: 5 ppb
e Semi-field tunnel
study Pollen from Supplemental
. . . seed treated corn fed
. 1 site, Imidacloprid FS 600, (exposure only)
Cereal Grain - (tunnel) 1 mg a.i/seed to bees for 45 day
1 ) ! Poll LO NR 63
> . Germany seeds sown 11/23/2000 oflen <toq exPosure . (Maus et al.
(Corn/Maize) . . e Soil characterized as:
1 year (in Brazil) 3.1% q 2002, MRID
.1% coarse sand, 47699414)

7.3% fine sand, 37.6%
clay, 51.9% silt)
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Residue-

No. Sites/ LS based
Crop Group T Formulation, Appl. Rate, ol based . DAA Classification
Location/ A Matrix , | Chronic Study Notes
Crop) Duration Interval, Timing Acute EEC EEC? (days) (Reference)
b
(ppb) (ppb)
e LOD: NR, LOQ: 5 ppb
e Full field study,
o .
lorne | pptement
1 site Gaucho 70 W5, 14 e Control field had (exposure only)
Oilseed — 20 Germlan 0.7 mg a.i./seed Nectar (b) | <LOQ NR (exposure d Ily soil (
(Sunflower) 1 vear (1\/998) (0.05 Ibs a.i./A) durF:ation) Zar; Y g;avet Y SOL no (Schmidt et al.
¥ seeds sown on 5/8/1998 f'a|j On,l reatmen 1998 — MRID
feld soil) 49766206)
e LOD: NR, High LOQ:
(10 ppb)
Nectar (h) <LOD NR 10
Poncho FS 500
ilseed — 2 4 sit
Oilsee 0 SItes, (formulated with beta- Nectar <LOD NR 54 - 59
(Rapeseed/ (tunnels) cyfluthrin)
canola) Germany 0.03 Ibs a.i./A Pollen (b) | <LOD NR 10 . supplemental
1 year (1999) seeds sown 5/12/1999 e Semi field tunnel study | (exposure only)
Pollen <LOD NR 54.59 |* Siltyclay soil type
bollen <LOD R R e Sites had various prior | (Schmuck,
4 sites, Gaucho WS 70 regimens of Schéning,
ilseed — 2 t I imi i Sch I
Oilseed - 20 (tunnels) 0.05 Ibs a.i/A Pollen (h) | <LOD NR 10 imidacloprid use chrame
(Sunflower) Germany e LOD: 1.5 ppb, LOQ: 5 1999,
1 year (1999) seeds sown 5/12/1999 b ’ MRID
pp
o Nectar (h) <LOD NR NR 47699417)
Cereal Grain - (tLSJInEZIs) Gaucho WS 70
15 Germany 0.08 Ibs a.i/A Pollen <LOD NR NR
(Corn/Maize) 1 year (1999) seeds sown 5/12/1999
Oilseed - 20 4 sites Poncho FS 500 Nectar <LOD NR NR Subplemental
(Rapeseed/ (tunnels) (formulated with beta- e Semi field tunnel study (e)fposure only)
canola) Germany cyfluthrin Pollen (b) <LOD NR 10 loamy silt soil type P ¢
1year (1999) | 0.06 Ibs a.i./A
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Residue-

No. Sites/ LS based
Crop Group T Formulation, Appl. Rate, ol based . DAA Classification
Location/ A Matrix , | Chronic Study Notes
Crop) : Interval, Timing Acute EEC g (days) (Reference)
Duration (ppb) EEC
(ppb)
seeds sown 05/11/1999 Pollen <LOD NR 59-69 e Sites had various prior | (Schmuck,
regimens of Schoning,
Pollen (h) <LOD NR 10 imidacloprid use Schramel
4 sites Pollen (h) | <LOD NR 4 * LOD: 1.5 ppb, LOQ: 5 | 1999,
Oilseed - 20 (tunnels) Gaucho® WS 70 Ppb iy
(Sunflower) o 0.04 Ibs a.i./A Nectar (h) | <LOD NR 2-8 47699422,
© year ( 1"999) Seeds sown 5/10/1999 47699425,
Y Pollen <LOD NR NR 47699423)
Cereal Grain - ﬁZ:EZIS) Gaucho® WS 70
15 Germany 0.08 Ibs a.i/A Pollen <LOD NR NR
(Corn/Maize) 1 year (1999) Seeds sown 05/09/1999
Poncho® FS 500 f:)f;polsel'}::’; t:l’y)
Oilseed — 20 1 site (formuléted with beta Nectar (b) <L0Q NR 4 e Semi-field tunnel
(tunnel) cyfluthrin) study
(Rapeseed/ . . . (Schmuck,
Sweden 0.05 Ibs a.i/A (Planting e LOD: NR, High LOQ: .
canola) e Nectar <L0Q NR NR Schoning,
(1999) date not specified, (10 ppb)
exposure period July 2-6) 1999, MRID
p p y 47699418)
Gaucho® + Vitavax o Ful fu.eld study, i
(carboxi d thi ), 67 <L0Q Ontario Loam soil
|Eir ;EEQ;A (Olr::anr]itl)) Nectar (b) <LoQ NR 8 (Ontario), no soil
) P o ’ Pollen (b) NR 8 information for MN Supplemental
2 sites, planting time not
> component (exposure only)
. Ontario, reported . .
Oilseed - 20 e Vitavax (carboxin and
Canada, and . .
(Rapeseed/ . . thiram) + Lindane was | (Scott-Dupree
Minnesota, Gaucho + Vitavax .
canola) . . used as negative et al, 2001 -
USA (carboxin and thiram), 4.5 0.81
(2000) Ibs product/A (Ontario) Nectar (b) 7.6 NR 8 control MRID
’ Pollen (b) ' NR 8 e % foraging on crop not | 45422435)

planting time not
reported

quantified
e LOD: 0.3 ppb, LOQ: 1
ppb
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Residue-

No. Sites/ LS based
Crop Group T Formulation, Appl. Rate, ol based . DAA Classification
Location/ A Matrix , | Chronic Study Notes
Crop) : Interval, Timing Acute EEC g (days) (Reference)
Duration (ppb) EEC
(ppb)
o Full field study Supplemental
Oilseed — 20 1 site, Ltgliiﬁls:r;g + beta : OS/o;Li\;r;?nr;o;nrifggtsgt (exposure only)
()
<
(C'Zi'?j:)ee‘j/ g‘;rgmg‘;‘”y 0.03 Ibs a.i./A Nectar LoD NR NR quantified (Schuld, 2002
Seeds sown 08/23/1999 e LOD: 1.5 ppb, LOQ: 5 MRID
ppb 49073605)
Supplemental
. . Poncho® (formulation Nectar (b) <L0Q NR NR o Semi field tunnel (exposure only)
Oilseed - 20 1site . .
with beta-cyfluthrin) study
(Rapeseed France . (Schmuck,
Jcanola) (1998) 0.05 Ibs a.i./A e LOD: NR; LOQ: (10 Schoning, 1999
Seeds sown 03/19/1998 Nectar <LoQ NR NR ppb) ’

MRID
47699419)

NR: Not reported; LOQ: limit of quantitation; LOD: limit of detection
tUnless delineated as “h” (hive collected), “b” (bee collected), or “t” (trapped pollen), nectar and pollen refer to hand collected pollen and nectar
2 Acute EEC chosen as the maximum reported concentration among all individual replicates following application, refers to parent + IMl-olefin and IMI-5-OH (applies only to Miller et al. 2014, MRID

49511701).

3 Chronic EEC chosen as the maximum average concentration among all individual sampling events following application refers to parent + IMl-olefin and IMI-5-OH (Miller et al. 2014, MRID 49511701)
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4.6.7. Seed Treatment Application Residue Studies — Open Literature

Additionally, there were 4 studies available from the open literature that investigated the residues of
imidacloprid in pollen and nectar following seed treatment applications either as a targeted residue study
or as part of a semi-field or full-field study design. As these studies originated from the open literature,
only the maximum and average residue values were available and not the entire dataset to verify the
findings. Table 4-15 below summarizes the key elements from each of the studies. Summaries of each
study including methods and results are provided in Appendix B.

In a study by Donnarumma et al. (2011, MRID 49719614 ), seed-treated corn (Gaucho® 350 FS at 1.0
mg/seed, insufficient information to provide rate in terms of Ibs a.i/A) were planted and samples were
collected at 30, 45, 60, 80, and 130 days after initial sowing. Analysis of pollen residues 130 days after
sowing indicated residues below the LOQ of 1. The study also indicated that residues in the soil declined
steadily as the trial progressed, i.e., 652 ppb at 30 days after sowing to 11 ppb 130 days after sowing.

In a study by Laurent and Rathahao (2003; MRID 48077902), the uptake and distribution of seed treated-
imidacloprid in sunflowers was examined under controlled conditions in the laboratory and uncontrolled
conditions using an outdoor lysimeter. Sunflower seeds were dressed with Gaucho® 70 WS (1 mg
a.i/seed). The dressed seeds were also radiolabeled with **C (radiochemical purity of >97%). Pollen
residues were collected when approximately % of the florets on the treatment plots were blossoming and
indicted a mean residue level of 13 ppb and a maximum of 36 ppb. It was also determined from the
radiolabeling analysis that between 3 — 10% of the total applied radioactivity was taken up by the plant
depending on whether the plant was grown under controlled laboratory conditions or within an outdoor
lysimeter.

Schmuck et al. (2001), conducted an uptake and metabolism study of imidacloprid-treated sunflower
seeds in a greenhouse as well a residue component of imidacloprid-treated sunflower seeds in a honey
bee field study. For the greenhouse component, sunflower seeds were dressed with labeled [methylene-
4Climidacloprid formulated as the commercial 700g/ kg WS (Gaucho® WS 70) at a rate of 0.7 mg a.i/seed.
The field residue component was conducted with a rate of 1 mg a.i/seed. Parent imidacloprid, IMI-olefin
and IMI-5-OH were assessed. The LOD and LOQ were reported to be 1.5 and 5 ppb, respectively. Pollen
and nectar residues in both study components were reported to be below the LOD with sampling interval
of 62 — 66 days after application.

In Stadler 2003 (MRID 47796301), while the primary focus was to evaluate the effects of imidacloprid on
honey bee colonies exposed to imidacloprid-treated sunflower seed, the residues in bee-collected nectar
and pollen as well as hive wax were quantified with an LOD of 1.5 ppb in all matrices. The honey bee
colonies were exposed to seed-treated sunflower for 10 days, monitored through an overwintering
period, and after which nectar and pollen samples were taken. Parent imidacloprid, IMI-olefin and IMI-5-
OH were below the LOD in all matrices assessed. The interval between samples being collected and
analyzed was approximately 216 days.
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Table 4-15. Summary of residue data from imidacloprid-treated seed studies evaluated from the open literature.

No. Sites/ . Max Average A
F | , Appl. . DAA lassif
Crop Group (Crop) | Location/ R:;':l:natt::al 'Il?i?nin Matrix Value Value (days) Study Notes fRaei:r::::;n
Duration ! ! & (ppb)? (ppb)? ¥
Ilt:;:/e Gaucho® 350 FS e Soil composition was Qualitative
in - 0, o/ ci
Cereal Gra'un 15 (Year of 1 mg/segd Pollen <L0Q NR 130 54.3% clay, 43.4% silt, (Donnarumma,
(Corn/Maize) Sowing time not and 2.3% sand
study not reported « LOD: NR, LOQ: 1 ppb 2011
reported) P +NR, 10Q: L pp MRID 49719614)
e Full field study Qualitative
1 site, Gaucho® 60 FS Honey (b) <LOD NR 13 days ¢ No soil chara.cterlzatlon
Oilseed — 20 Argentina 0.26 mg a.i/seed Pollen analysis showed (Stadler, 2000
) ) ! Pollen (b) <LOD NR 13 days 20-30% of pollen (also part of
(Sunflower) (2000 — Seeds sown .
2001) 12/7/1999 collected was from open lit effort as
Wax <LOD NR 13 days sunflower Stadler 2003,
e LOD: 1.5 ppb, LOQ: 5 ppb | MRID 47796301)
®
. Gaucho' 7OWS e Reported that uptake of _—
1 site, 1 mg a.i/seed . Qualitative
. radiolabeled
Oilseed — 20 France Grown in controlled imidacloprid into plant
(Year of conditions for 4-5 Pollen 36 13 NR P P (Laurent and
(Sunflower) . from treated seeds
study not days until emergence ranged from 3-10% Rathahao, 2003
reported) then transferred to g ) MRID 48077902)
. e LOD: NR, LOQ; 0.5 ppb
outdoor lysimeter
e Greenhouse component:
Gaucho® WS 70 Pollen <LOD NR LOD: 1 ppb; LOQ: NR
0.7 mg a.i/seed Nectar <LOD NR o Full field study Qualitative
Oilseed — 20 1 site, (greenhouse 62-66 component: LOD: 1.5
(sunflower) German component) davs ppb; LOQ: 5 ppb (Schmuck 2001,
Y y e Full field component MRID
Gaucho® WS 70 Pollen <LOD NR seeds also treated with 47812303)
1 mg a.i/seed Nectar <LOD NR carbendazim, metalaxyl

and copper oxyquniolate

tUnless delineated as “h” (hive collected), “b” (bee collected), or “t” (trapped pollen), nectar and pollen refer to hand collected pollen and nectar
2If study provided a low to high range of residues, the high end value is reported here
3Value reflect the reported mean value of all residues within the provided scenario. Studies generally did not provide information on the numbers of sampling intervals from which the average was
derived and therefore it is assumed to be one sampling period unless otherwise noted.
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4.6.8. Combined Application Method Residue Studies

There are three registrant-submitted studies available to characterize the total residues of parent
imidacloprid, IMI-olefin, and IMI-5-OH in pollen and nectar following applications made via two different
methods (i.e. a combination of two of applications via seed treatment, soil, or foliar methods). It is noted
that labels stipulate maximum annual rate of 0.5 lbs a.i/A for several use patterns and allow for a
combination of methods to get to that maximum rate. Two studies in tomato and cotton examine a soil
application followed by multiple foliar applications while one study in cotton involves a seed treatment
application followed by foliar spray applications. None of the residue studies evaluated from the open
literature combined application method design. Table 4-16 and Table 4-17 below summarize the key
elements of the soil + foliar and seed treatment + foliar residue studies. A more detailed description of
each study is provided in Appendix E.

In a study assessing residues from the combined soil + foliar applications to tomatoes (conducted in
California, 2013 — 2014; MRID 49665201; same study as that discussed in the soil-applied section), 2 foliar
applications of 0.06 |bs a.i/A each were made at bloom following the a soil application of 0.38 Ibs a.i/A for
a total rate that approximates the highest annual application rate for imidacloprid on fruiting vegetables.
Tomatoes do not produce nectar and therefore only pollen data (bumble bee-collected) are available®.
The acute and chronic EECs were 1521 and 1268 ppb, respectively, and are approximately 6-fold higher
than acute and chronic EECs for the soil-applied component alone.

For the combined soil + foliar study on cotton (conducted in California, 2013 -2014; MRID 49665202; same
study as that discussed in the soil-applied section), 3 foliar applications of 0.06 Ibs a.i/A each were applied
during bloom after a 0.33 Ibs. a.i/A soil application for a total rate that approximates the highest annual
application rate for imidacloprid on cotton. As with the soil-applied alone study component, residues
were assessed in pollen, floral nectar and extra-floral nectar. While in the soil-alone component found
floral nectar residues above those of extra-floral, when the foliar component was added, the extra-floral
nectar residues were an order of magnitude higher than floral nectar (i.e., acute and chronic EECs were
2775 and 1952 ppb, respectively in extra-floral nectar as compared to 171 and 152 ppb, respectively in
floral nectar). Acute and chronic EECs in pollen were similar at 328 and 324 ppb, respectively.

Finally, in the seed treatment + foliar study on cotton (conducted in Missouri, 2012 — 2013; MRID
49511702), 5 applications of 0.06 lbs a.i/A (Admire® Pro — 42.9% a.i) followed a seed treatment with
Gaucho® 600 Flowable equivalent to an application rate of 0.05 Ibs a.i/A. This scenario represents the
highest annual application rate of foliar applications made to cotton (0.31 lbs a.i/A). Residues in pollen,
floral nectar, and extra-floral nectar were assessed. Similar to the soil-applied alone component of that
study, residues in floral nectar were higher than that of extra-floral nectar (acute and chronic EEC of 40
and 29 ppb, respectively for floral nectar as compared to 30 and 16.2 ppb, respectively for extra-floral
nectar). These residues were also approximately 3.5-fold lower than those determined in the soil-applied
alone study component of the soil + foliar study discussed above, despite 5 foliar applications at bloom.
Acute and chronic residues in pollen were 57 and 25 ppb, respectively. Additionally, this study

% Greenleaf, S. and Kreman, C. (2006). Wild bee species increase tomato production and respond differently to
surrounding land use in Northern California. Biological Conservation, 133. 81-87.
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investigated residues in white clover as a rotational crop planted following foliar applications the previous
year. Total residues were near or below the level of detection (0.7 ppb) in the majority of samples
analyzed (detection frequency = 38% for clover nectar and 53% for clover pollen). The maximum
concentrations of total IMI measured in clover nectar in trials NTO14 and NTO15 are 1.6 and 2.7 ppb,
respectively. The maximum concentrations of total IMI measured in clover pollen in trials NTO14 and
NTO15 are 8 and 8.6 ppb, respectively.
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Table 4-16. Summary of the registrant-submitted combined application method residue studies (soil application + foliar spray)

Residue- Residue-
Crop No. SI.tES/ Formulation, Appl. Rate, ., | based based. DAA* Classification
Group Location/ e Matrix , | Chronic Study Notes
: Interval, Timing Acute EEC g (days) (Reference)
(Crop) Duration (ppb) EEC
(ppb)
Experimental fields; fine,
medium, and coarse soils
Year 2 ongoing for 5 sites
1-2 replicates from bumble
1x0.38 Ibs. a.i/A bee-collected pollen
- . Admire® Pro SC Most residue data reflect Acceptable
Fruiting 9 sites . .
Vegetables | CA (soil @ transplant + Pollen coarse soils
g 2 x0.06 Ibs. a.i/A 1521 1268 2-8 Limited data indicates no (Gould and
-8 2 years . (b) .
(Tomato) (2013-2014) Admire® Pro SC year-to-year carry over Jerkins, 2015,
(foliar, at bloom) (leaves) MRID 49665201)
LOQ and LOD for total
imidacloprid residues were
1 and 0.7 ppb in nectar,
respectively, and 1 and 0.5
ppb in pollen, respectively
2 fine, 1 medi de6
1x0.33 Ibs. a.i/A ine me lum an
. Pollen 328 324 4 coarse soils
. Admire® Pro SC @ plant . . Acceptable
. 9 sites . 3 trials = 1 yr. only; 6 trials
Oilseed — CA (in furrow spray) + Nectar —o9vr
20 3 x0.06 Ibs. a.i/A ey (Fischer and
5 2 years e 171 153 4 No indication of carryover . .
(Cotton) Admire® Pro SC (@ ) Jerkins, 2015;
(2013-2014) || o Exfl. LOQwas 1 ppb in pollen, | ;2,5 49665202)
Nectar 2775 1952 5 nectar and extra-floral

nectar

Refers to hand collected pollen and nectar; “b” refers to bee-collected sample
2 Acute EEC chosen as the maximum reported concentration among all individual replicates following application, refers to parent + IMl-olefin and IMI-5-OH

3 Chronic EEC chosen as the maximum average concentration among all individual sampling events following application, refers to parent + IMI-olefin and IMI-5-OH
4 DAA = Days after the last application of the pesticide

5Cotton represents sole member of oilseed group with registered soil and foliar uses.
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Table 4-17. Summary of the registrant submitted combined application method residue studies (seed treatment + foliar spray)

Residue- Residue-
Crop No. SI.tES/ Formulation, Appl. Rate, . based based. DAA*
Group Location/ e Matrix , | Chronic Study Notes Reference
: Interval, Timing Acute EEC 5 (days)
(Crop) Duration (ppb) EEC
(ppb)
e Experimental fields, sand,
sandy loam, silty loam soils
® H ®
S:(;nggo 600 FL Admire e General decline in nectar
and extra floral nectar
5x0.06 Ibs. a.i/Ax 5 . .
3 sites (foliar), 5-8 d int. @ residues during 10-20 DAA
Oilseed — MO bloom '+ ' Pollen 56.7 25.2 26,14 e Unclear whether higher
20 2 years Nectar 39.5 29 21,14 residue in nectar (year 2) is
5
(Cotton) (2012, 2013) | Gaucho® 600 Flowable ExNectar | 30 16.2 14, 29 d;e to Zarg/o:er. |
0.05 lbs. a.i/A (seed trt) ¢ L Q an L_ D o'r tota
@ planting imidacloprid residues were | Acceptable
1 and 0.7 ppb in nectar,
respectively, and 1 and 0.5 | (Gould et al.
ppb in pollen, respectively | 2014, MRID
e Vast majority of residues 49511702)
<LOD
Untreated white clover wer'e
planted on fields with e Residues at 1 ppb reflect
1 1,
Rotational | 3 sites prior year planting of Pollen 8.6 4.8 439 ?g?i:g}ézzzgfs/z the LOD
Crop MO seed-treated cotton @ L0 4LOD f ’ |
(Clover) (2013) 0.05 Ibs. a.i./A and foliar Nectar 2.7 13 405, 411 * LOQan or tota

spray of 5 x 0.06 lbs.
a.i./A

imidacloprid residues were
1 and 0.7 ppb in nectar,

respectively, and 1 and 0.5
ppb in pollen, respectively

1Refers to hand collected pollen and nectar
2 Acute EEC chosen as the maximum reported concentration among all individual replicates following application, refers to parent + IMl-olefin and IMI-5-OH

3 Chronic EEC chosen as the maximum average concentration among all individual sampling events following application, refers to parent + IMI-olefin and IMI-5-OH
4 DAA = Days after the last application of the pesticide
5Cotton represent sole member of oilseed group with registered foliar uses
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4.7. Carry-over of Imidacloprid Residues in Soil

The carryover of imidacloprid residues in soil (i.e. year-to-year accumulation in pollen and nectar) was
considered as a potential exposure route. As discussed in Section 4.1, imidacloprid is persistent in the
soil, with half-ranging from 305 days to several years in studies that were terminated after one year and
up to 71% of the applied imidacloprid was still present in the soil. Several lines of evidence were
considered in evaluating the potential impact of this exposure route including modeling results, rotational
crop studies, and field trials in pollen and nectar, with a subset of these latter studies exploring the
residues of pollen ad nectar in a rotational crop (white cover) in fields that were previously treated with
imidacloprid.

The modeling of potential residues present after carryover accumulation in soil indicated an accumulation
of about 5 times the annual rate is potential within 10 years of repeated annual applications. This
simulation does not take into account important routes of dissipation including leaching, run-off, and
plant up-take of imidacloprid residues which are expected to reduce to the potential magnitude of this
accumulation.

Available rotational crop studies confirmed occurrence of soil carry-over from application to one crop to
the following crop based on data obtained for magnitude of residues in rotational crops. In these studies,
detectable residues of imidacloprid were found in variable quantities in rotational crops planted after 1,
4, 8 and 11 months rotational intervals following a single granular application of 0.29-0.32 Ib. a.i/A. While
residues reached as higher as 0.58 ppm in the edible portions of various crops, residues in pollen and
nectar were not available from these studies. Furthermore, these studies considered the total residues
of imidacloprid as parent plus 7 other degradation products including those that are not identified as
being of toxicological concern (IMl-olefin and IMI-5-OH).

Additionally, the available field trials in pollen and nectar were evaluated. In several studies that were
conducted in one growing season, where only one sampling interval was included (as was the case with
the foliar-applied cotton study, soil-applied melon study, and soil-applied strawberry study) the potential
for carryover could not be assessed due to limited data from one year only. Additionally, the foliar applied
studies with citrus fruits (oranges) had uncertainties associated with it that confound the ability to
ascertain a carryover effect. These include inadvertent applications of imidacloprid to the trial field and
differing nectar and pollen sampling measurements across trials. In other cases (soil + foliar applied
tomato and soil + foliar applied cotton) there was insufficient information present to determine whether
a carryover effect was present. Finally, 3 studies (soil-applied blueberry, seed treatment corn, and seed
+ foliar-applied cotton) included sufficient information to assess whether a carryover effect was present
across the multiple trial years within a study. For 2 of these studies (seed treatment corn seed + foliar-
applied cotton) a rotational crop (white clover) was planted in the season directly following the trial years
to investigate the residues in pollen and nectar resulting from plant uptake of imidacloprid residues from
the soil in the previous season. These studies are further discussed below.

In the soil applied blueberry study conducted across two trial years, there was no indication of carryover
as nectar residues decreased from year 1 to year 2 (7.25 ppb vs 1.8 ppb) while residues in pollen remained

97



essentially the same (13.7 vs 14.0 ppb) from year 1 to year 2. In the seed treatment corn study, there did
not appear to be a consistent increase or decrease in pollen residues in year 2 values relative to year 1.
This finding is despite the fact that residues in soil measured prior to planting in year 2 (9-80 ppb) are
elevated compared to those measured prior to planting in year 1 (2-4 ppb) which suggests a year-to-year
carryover in soil. Finally, the seed + foliar treatment cotton study indicated that year 2 mean residues in
floral and extra floral nectar increase by 1.2X to 2.7X over year 1 mean residues. With cotton pollen, yearly
averages of mean residues increase by 1.5X to 2.9X from year 1 to year 2. Interestingly, the two trials with
the highest coarseness in soils show the greatest relative increase in yearly average residues from year 1
to year 2 in nectar and pollen (1.7X to 2.9X) compared to the trial where the soil type was described as
mostly silt (1.2-1.5X). It is not certain whether this differential increase is related to differences in soil
composition, but all three trials had similar amounts of IMI in soil prior to the 2" year planting (24-42

ppb).

In the rotational crop (clover) component of the seed treatment corn study, the mean residues in pollen
and nectar planted following planting and harvesting corn the previous year were near or below the
combined limits of detection (1.24 ppb for pollen; 1.33 ppb for nectar) in the majority of samples analyzed
(detection frequency = 28% for clover pollen and 0% for clover nectar). The maximum concentrations of
imidacloprid residues in clover pollen in three trials is 3.8 ppb. Similarly, in the rotational component of
the seed + foliar treatment cotton study, mean residues of imidacloprid were near or below the level of
detection (0.7 ppb) in the majority of samples analyzed (detection frequency = 38% for clover nectar and
53% for clover pollen). The maximum concentrations of imidacloprid in nectar were 1.6 and 2.7 ppb,
respectively. The maximum concentrations of imidacloprid residues in pollen were 8 and 8.6 ppb,
respectively.

Based on the available data for which sufficient information is present to indicate an effect, there is limited
indication of a carryover effect from year-to-year accumulation of imidacloprid resides in soil that
translates to increased residues in pollen and nectar, even in the case where a year-to-year build up in
soil residues was present (as with the seed treatment corn study). Additionally, the two studies that
investigated the residues in pollen and nectar in a rotational crop (white clover) did result in a widespread
occurrence of residues that were substantially above the limit of quantitation for these studies.

4.8. Observational Residue Monitoring Studies

In addition to the registrant submitted and open literature field residue trials discussed previously which
characterized the residues in pollen and nectar following a specific application regimen and sampling
schedule, there are several monitoring studies available from the open literature to characterize the
residues of imidacloprid. Rather than a targeted study as those described above, these studies surveyed
residues of pollen and nectar in crops on agricultural fields with known imidacloprid use as well as samples
from various matrices (nectar, pollen, wax) from honey bee hives.
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4.8.1. Agricultural crop studies

The studies by Bonmatin 2005 (MRID 47523411) and 2007, investigated the residues in various plant parts
from fields known to have been planted with imidacloprid-treated seed. As a result, it is not possible to
tie a particular application rate or sampling interval relative to the application timing to the residues of
imidacloprid that were determined. The work in 2005 investigated the residues in corn pollen and
trapped pollen originating from corn fields while the study in 2007 assessed corn and sunflower pollen.
The findings of the 2005 and 2007 studies are summarized below. Full study summaries with a discussion
of the methods are provided in Appendix C.

Despite the aforementioned uncertainty of an unknown application rate or sampling interval, Tables 4-18
and 4-19 below indicate low mean residues of imidacloprid in sampled corn and sunflower pollen with
values either below the LOQ or a maximum of 3-fold above it.

Table 4-18. Distribution of samples from corn fields according to their concentration of imidacloprid
(Bonmatin, 2005)

N
Number of Number of umber Mean
Sampled | Number of (Percent) of )
Matrix s samples samples between —— concentration
below LOD?* LOD and LOQ'? b £SD)?
Q above LOQ*? (pp )
C
o 47 6 18 23 (49%) 2127
pollen
T d
rappe 11 5 2 4 (36%) 0.6+1.0
pollen
1LOD =0.3 ppb
210Q =1 ppb

3Refers to samples above the LOQ

Table 4-19. Distribution of residues from corn and sunflower pollen according to their concentration of
imidacloprid (Bonmatin, 2007)

) Percentage of samples Mean concentration
Sampled Matrix Number of samples
P P exceeding LOQ? (ppb)?
Corn pollen 47 2 2.0
Sunflower pollen 24 58 3.0

1LOQ: 1 ppb
23Refers to samples above the LOQ

4.8.2. Hive monitoring studies

In addition to the crop monitoring studies discussed above, several studies are available from the open
literature that survey residues in in-hive pollen, wax, nectar, and dead bee samples, for various chemicals,
including imidacloprid. These studies were not part of the suite of studies that received a review for their
utility in terms of quantitative or qualitative use for this assessment for the exposure and effects
assessments. Rather, these studies serve to characterize the potential extent to which bees are exposed
to imidacloprid in the field. What follows is a summary of these studies while more detailed summaries
are provided in Appendix C.
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The available studies that survey various matrices for pesticide contamination, including hive pollen (bee
bread), trapped pollen (pollen collected from bees as they enter the colony), honey, beeswax, and honey
bee samples provide a broad picture of the overall in-hive residues that result from use of imidacloprid
and other chemicals. While the studies differed in the location of sampled hives, as well as the condition
of the colony from which the samples originated (with only Mullin 2010 and Kasiotis 2014 indicating that
healthy and known diseased colonies were sampled), all studies had similar sampling procedures for a
given matrix and appropriately low LOQ values reported for the analytical methods used (LOQs varied
from study to study, see Appendix C for further information).

In the several of available studies, regardless of whether they were conducted in the United States or
Europe, imidacloprid was generally detected in 10% or less of pollen, honey, wax, or honey bee samples.
For those studies (Mullin 2010, Wiest 2011, Kasiotis 2014, Johnston 2014), the highest imidacloprid
concentration was detected in trapped pollen at 149 ppb. For the remaining studies (Chauzat 2006,
Chauzat 2009, Stoner and Eitzer 2013, and Lu 2015), imidacloprid was detected in at least one matrix with
a frequency of 10% or more While there were high frequencies (nearing or above 50%) of detections of
imidacloprid in pollen and honey samples in the Chauzat studies, as well as Lu 2015, the mean
concentrations were generally at or slightly above the reported LOQ. The Chauzat studies in particular
claim that although certain pesticide residues were frequently detected across various hive matrices, that
there did not appear to be relationships between the abundance of brood and adults and the presence of
a particular residue. Stoner and Eitzer 2013 found 12% frequency of detections in pollen.

An additional point to be made from these studies is that, for all studies except Lu 2015 (which screened
only for neonicotinoid pesticides), multiple pesticides were found in the same samples, with some
samples containing up to 12 pesticides (Johnston, 2014). In the majority of these cases, the Varroa mite
(Varroa destructor) treatment miticides fluvalinate, coumaphos, and amitraz (DMA and DMPF degradates)
were detected, in some cases in up to 98% of the assessed samples, depending on the matrix (Mullin,
2010). Additionally, fungicides, particularly those of the sterol biosynthesis inhibitor class that include the
triazole fungicides were detected with high frequency. There are reports in the literature that these
chemicals may exhibit a greater than additive (e.g., synergistic) effect on toxicity when bees are exposed
simultaneously with neonicotinoid chemicals like imidacloprid. While the extent of this relationship is
beyond the scope of this assessment, it highlights the complex nature of interactions of different stressors
that exist in the hive.
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5. Effects Assessment

5.1. Tierl

At the Tier | (screening) level, effects to individual bee are considered. This is achieved through a suite of
laboratory studies that assess different life stages (i.e. adults and larvae) and different durations of
exposure, i.e., acute (single dose) and chronic (repeat dose). The adult acute contact, adult acute oral,
and larval acute oral toxicity studies have formal protocols published from at least one regulatory entity
and these protocols are generally adhered to with registrant-submitted data. While test methods
originating from the open literature can be more varied, the adult acute contact and adult acute oral tests
evaluated from the open literature for imidacloprid were also generally conducted in accordance with one
or more published guidelines. The most sensitive endpoints from the Tier | studies (from which findings
can be statistically verified) inform the Tier | default and Tier | refined RQs, using screening level estimates
and residue data in pollen and nectar (where available), respectively.

Sources of Data
Registrant-Submitted Studies

For registrant-submitted studies, the distinction between acute/chronic adult and acute/chronic larval is
made as these guidelines are either already released or in development and are in line the with the 2014
Guidance for Assessing the Risk of Pesticides to Bees (USEPA et al. 2014). For the acute contact toxicity,
registrant-submitted studies adhered to either the Office of Chemical Safety and Pollution Prevention
(OCSPP) guideline 850.3020°, the Organization for Economic Cooperation and Development (OECD) Test
Guideline 214, or the European and Mediterranean Plant Protection Organization (EPPO) guideline 1702
for adult honey bees. For acute oral toxicity to adult honey bees, studies generally adhered to OECD TG
2132 and EPPO 170. Acute oral toxicity studies with honey bee larvae were conducted in accordance
with OECD TG 237%. Finally, the chronic oral larval toxicity tests and chronic adult (10-day) oral toxicity
test protocols are currently in development but the available studies were conducted in accordance with
methodology determined to be sufficient for quantitative risk assessment purposes.

As guidelines are well established for most Tier | data requirements (particularly the acute contact and
acute oral toxicity tests for adult honey bees), the methodology for each submitted study is not discussed
extensively but rather only when major guideline deviations are noted. As distinguished from the open
literature studies, registrant-submitted studies that are designed to satisfy a guideline requirement are

10 ysepa. 2012a. “Honey Bee Acute Contact Toxicity” Ecological Effects Test Guidelines OCSPP 850.3020. EPA 712-C-019 Web:
http://www.regulations.gov/#!documentDetail;D=EPA-HQ-OPPT-2009-0154-0016

11 OECD.1998b. OECD Guidelines for the Testing of Chemicals. Test Number 214, Acute Contact Toxicity Test. http://www.oecd-
ilibrary.org/environment/test-no-214-honey bees-acute-contact-toxicity-test 9789264070189-en;jsessionid=43gvto47wnue9.delta

12 eppO. 2010. Efficacy Evaluation of Plant Protection Products: Side-effects on Honey bees. PP 1/170 (4). OEPP/EPPO Bulletin 40: 313-319
130ECD. 19980. OECD Guidelines for the Testing of Chemicals. Honey bees, Acute Oral Toxicity Test. 213.
http://lysander.sourceoecd.org/vl=5988235/cl=12/nw=1/rpsv/cgi-bin/fulltextew.p|?prpsv=/ij/oecdjournals/1607310x/vin2/s14/p1.idx

14 OECD. 2013. OECD Guidelines for Testing Chemicals. Honey bee (Apis mellifera) larval toxicity test, single exposure. http://www.oecd-
ilibrary.org/environment/test-no-237-honey-bee-apis-mellifera-larval-toxicity-test-single-exposure 9789264203723-en
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classified as acceptable (suitable for quantitative use in risk estimation), supplemental (some deviations
noted that render the study useful for either quantitative or qualitative use), or invalid (not suitable for
use in risk assessment due to guideline deviations that affect the scientific soundness of a study).
Typically, open literature studies are designated as for quantitative, qualitative, or invalid for risk
assessment purposes.

Open Literature Studies

Through a joint collaborative effort by the EPA, Canada’s Pest Management Regulatory Agency (PMRA),
and the state of California Department of Pesticide Regulation (CDPR), over 30 studies in the open
literature were evaluated to further characterize the toxic effects of imidacloprid at the Tier | (individual)
level. These effects include effects on mortality, food consumption, brood production, and behavioral
responses on several subspecies of Apis, as well as non-Apis bees including bumble bees (Bombus spp.)
and several solitary bee species including blue orchard bees (Osmia lignaria) and alfalfa leafcutting bees
(Megachile rotundata).

While the Guidance for Assessing Pesticide Risks to Bees (USEPA, 2014) stipulates that data from non-Apis
species can be considered in the risk assessment, it does not provide a process to estimate risk as it does
for honey bees (Apis). This is due in part to the fact that there are different exposure estimates that
would be needed for non-Apis species that at the present time have not been sufficiently explored by the
Agency. For example, bumble bee workers and drones are larger than their honey bee counterparts, in
addition to having higher food consumption rates that would necessitate different contact and oral
exposure estimates, respectively. For the sake of discussion of the Tier | data, due to the exposure and
test durations varying so greatly as compared to the more standardized registrant-submitted studies
(which generally follow established regulatory guidance), those studies with a 5-day or less exposure/test
duration will be considered acute while those 6 days or longer will be considered chronic.

To obviate the need to state it for every open literature study discussed, it is noted here that generally all
open literature studies (with the exceptions noted in the individual discussions) did not provide raw data
in order to conduct an independent verification of the statistical results. This limitation was one of the
primary reasons that open literature studies were considered to be qualitative in their utility; those that
were evaluated and considered invalid for utility in this risk assessment are tabulated in Appendix 1. The
studies from the open literature not only serve to broaden the database of species for which effects of
imidacloprid can be characterized, but also expand on the suite of effects that are investigated in the
registrant-submitted studies, which is generally limited to observations of mortality and clinical signs of
toxicity (sublethal effects). Additionally, studies from the open literature serve to examine any differential
toxicity that may be present in Apis vs. non-Apis bees, particularly as it relates to effects on individual bees
at the Tier | level.

What follows is a summary of the available registrant-submitted and open literature studies to
characterize the acute and chronic effects to Apis and non-Apis adult bees and larvae. The studies are
organized by species (e.g. Apis vs. non-Apis), duration (acute or chronic), route of exposure (contact or
oral) and source (registrant-submitted and open literature). Unless otherwise stated, in the section
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dealing with Apis studies, all studies concern A. mellifera. It is also noted here that a limitation to all Tier
| datais the uncertainty as to the extent to which the lethal and sublethal effects described in these studies
translate to an adverse effect(s) at the colony level.

Table 5-1 below summaries the most sensitive endpoints from each of the Tier | study types with further
discussion of all studies providing Tier | endpoints provided below. Endpoints in this table originate from
registrant-submitted studies conducted with A. mellifera with the exception of a chronic (10-day) oral
toxicity test reported by Boily et al. (2013; MRID 49750601) where raw data were made available by the
study author to statistically verify the results.

Table 5-1. Summary of endpoints to be used in screening-level and refined Tier I risk estimation

Study Type Endpoint’ Reference Classification
Adu'lt' Acute Contact 96-hr LDso: 0.043 ug a.i/bee MRID 49602717 | Acceptable
Toxicity

Adult Acute Oral Toxicity 48-hr LDso: 0.0039 pg a.i/bee MRID 42273003 | Acceptable

10-day NOAEC/LOAEC (food consumption):

<0.004/0.004 pg a.i/bee (<10/10 pg a.i/L) MRID 49511703 | Supplemental

Adult Chronic Oral Toxicity Boily et al.,
2013; Quantitative

MRID 49750601

10-day NOAEC/LOAEC (mortality, body
weight): 0.00016 pg a.i/bee

Larval Acute (single dose) No data available

Larval Chronic (repeat 21-day NOAEC/LOAEC: 0.0018/>0.0018 pg
dose) a.i/larva

2-hr residues of 0.025 Ibs a.i/A: 20% mortality
2-hr residues of 0.05 lbs a.i/A: 19% mortality MRID 42480503 | Supplemental
2-hr residues of 0.1 Ibs a.i/A: 28% mortality

Bolded value to be used in risk estimation if more than one endpoint present for a study type.

1Represents most sensitive (i.e. lowest) of all endpoints within a particular study type for studies for which raw data (to allow for independent
statistical verification of the endpoint) are available.

2Although cited in 40 CFR Part 158 as an EPA testing requirement, the results of this study are not used for risk estimation.

3 USEPA. 2012b. “Honey Bee Toxicity of Residues on Foliage.” Ecological Effects Test Guidelines OCSPP 850.3030. EPA 712-C-018. Web.
http://www.regulations.gov/#!documentDetail;D=EPA-HQ-OPPT-2009-0154-0017

MRID 49090506 | Supplemental

Toxicity of Residues on
Foliage? (OSCP 850.30303)

5.1.1. Adult Acute Contact Toxicity

Apis — Registrant-Submitted Studies

There are five available contact studies to characterize the acute toxicity of imidacloprid to adult honey
bees with technical grade active ingredient (TGAI, purities range from 98.6 - 99.8%) and one study
conducted with a formulated typical end use product (TEP, 200 g/L, 20% a.i, assuming density of 1 g/L).
As indicated above, these studies were conducted in accordance with one or more recognized protocols
for testing the acute contact toxicity to honey bees. The observation period (i.e. study duration) ranged
from 48 — 96 hours and the resultant LDsg values ranged from 0.043 — 0.104 pg a.i./bee. Clinical signs of
toxicity were noted in the majority of studies. Table 5-2 below summarizes the available registrant
submitted acute contact toxicity studies to adult honey bees. Summaries for each study are provided in
Appendix D. It is noted here, as above in Table 5-1, that the most sensitive adult acute contact toxicity
endpoint is 0.043 pg a.i/bee (MRID 49602717).
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Table 5-2. Summary of registrant submitted adult acute contact toxicity studies (all studies tested Apis

mellifera)
Endpoint (95% S
C:‘) I Classification
Test Substance (% Study .
. . (expressed in Comments
a.i) Duration (Reference,
terms of ug MRID)
a.i/bee)
No observations (if any) of clinical Acceptable
LDso: 0.078 . ..
TGAI (99.8) 48-hr (0.068 — 0.090) signs of toxicity were noted to be
’ ’ present in the study report (42273003)
- Clinical signs of toxicity include
LDso: 0.104 paralysis, spasms, or frozen behavior, | Acceptable
TGAI (98.6 72-h
( ) ' (0.080 -0.131) and were observed at all treatment (49766209)
groups.
- Clinical signs of toxicity included
LDso: 0.048 bees observed to have been Acceptable
TGAI (98.6) 72-hr ) ) )
(0.041 -0.057) incapacitated and uncoordinated
) (49602715)
(stumbling) at all treatment groups
- Lying on back/difficulty standing and | Acceptable
LDso: 0.043 e
TGAI (98.6) 96-hr (0.026 — 0.055) coordination issues reported at all
' ' treatment groups (49602717)
- Clinical signs of toxicity include
LDso: 0.069 lethargy, lack of coordination, and Acceptable
TGAI (98.6) 96-hr (0.056—0.085) | immobility (not specified which
: ' y P (49602714)
treatment groups)
TEP (Imidacloprid LDso: 0.045
200 SL) (0.034 - 0.060) - Clinical signs of toxicity noted were Acceptable
(200 g/L, 20% 96-hr uncoordinated movement in the 4
purity assuming 0.0246 pg highest treatment groups (49602707)
density is 1 g/L) product/bee

NA: not available; TGAI: technical grade active ingredient; TEP: typical end use product
Bolded value represents endpoint to be used risk estimation

Apis — Open Literature Studies

There were six studies evaluated from the open literature that investigated the acute contact toxicity to
honey bee adults. These studies generally followed at least one of the protocols available for the acute
contact toxicity testing to honey bees. The observation period (i.e. study duration) ranged from 24 — 72
hours and tests assessed multiple subspecies of A. mellifera. The acute contact LDsp values ranged from
0.018 — 0.24 g a.i/bee. As noted previously, these studies were classified as qualitative primarily due to
their absence of raw data provided to statistically verify the results. In contrast to the suite of registrant-
studies, clinical signs of toxicity were generally not reported in the open literature studies. Summaries of
each study including methods and other limitations and uncertainties are provided in Appendix D.
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Table 5-3

. Summary of adult acute contact toxicity studies to Apis bees evaluated from the open

literature
Test Test Study Endpoint (95% Cl) (&R
. Substance . (expressed in terms of ug Comments
Species (% a.i) Duration a.i/bee) (Reference,
MRID)
- Also tested piperonyl
butoxide, triflumizole,
and propiconzole with
imidacloprid to assess Qualitative
Apis potential synergistic
mellifera TGAI(>99) | 24-hr LDso: 0.018 (0.009 - 0.032) effects (no significant (lwasa 2004,
differences in all 47523404)
combined LDso values
relative to imidacloprid
alone.
LDso: 0.081 (0.055 —0.119)
TGAI (>98) LDso: 0.23 (NA)
TEP (70) LDso: 0.24 (0.17 — 0.35) Qualitative
Apis TEP (200 - No mention of whether
mellifera | g/L, 20% 48-hr dose response was (Schmuck
carnica purity present 2001,
assuming LDso: 0.060 (0.039 —0.093) 47812303)
density of 1
g/L)
LDso: 0.061 (0.026 —0.090) o
Apis - No mention of Qualitative
mellifera | TGAI (>98) | 48-hr LDso: 0.050 (0.009 —0.071) whether dose response Schmuck
carnica was present (ZOCO;UC
LDso 0.075 (0.062 —0.091) 47796304)
Apis - Mortality rates
mellifera LDso: 0.024 (0.022 —0.027) increase at low doses, Qualitative
mellifera | TGAI 48-hr decrease at
Apis (98) intermediate doses, and | (Suchail 2000,
mellifera LDso 0.013 (0.010 — 0.016) increase again at higher | 47800513)
caucasia doses.
- Also tested Qualitative
. myclobutanil,
/:qrgflifera :—;A;) 48-hr LDso: 0.067 (0.044 —0.102) propiconazole, (Thompson
flusilazole, and 20144,
tebuconazole. 49750606)
TEP LDso: 0.03 ug a.i/bee (0.017 — - Range of actual doses Qualitative
. 0.05) tested was not provided.
Apis (Provado® . -
mellifera | 1.6F) 48-hr - There was no mention | (Biddinger
(17.4) 0.15 pg product/bee; 0.05 — of whether dose 2013,
0.32) response was present. (49719605)

NA: not available; TGAI: technical grade active ingredient; TEP: typical end use product
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Non-Apis — Registrant-Submitted studies

There are two available registrant-submitted contact studies to characterize the acute toxicity of
imidacloprid to adult bumble bees; one study each with TGAI (98.6% purity) and one study with
formulated product (30.4%). These studies are limited in their utility as the study with TGAI could not
determine a LDsp due to excessive mortality in the majority of concentrations tested by 24 hours after
treatment and the formulated product study not indicating a clear dose response in the results.
Summaries of each study are provided in Appendix D.

Table 5-4. Summary of registrant submitted adult acute contact toxicity studies for non-Apis bees
(Note: both studies concern Bombus terrestris)

Test Study Endpoint (95% Cl) Gl et
Substance Duration | (expressed in terms | Comments
(% a.i) (Type) of ug a.i/bee) iaEEs,
MRID)
- Test concentrations were evidently
too high as all but lowest treatment
group had at least 90% mortality after
24 hours. Supplemental
TGAI (98.6) | 72-hr gz:e":n:‘;teze - Definitive LDso could not be
determined. There was 90 — 100% (49766208)
mortality in the 4, 8, 31, 65, and 101 pg
a.i/bee and 47% mortality at the lowest
dose (0.1 ug a.i/bee).
- There was no clear indication of a
dose response provided (percent
TEP mortality was 0, 20, 33, 27, 53, and 47% Supplemental
(Imidacloprid in the control, 1.23, 3.70, 11.1, 33.3,
96-hr LDso:85.3 (N/A) .
FS 350) and 100 pg a.i/bee) (MRID 49532101)
(30.4) - There was 46.7% mortality in the
highest treatment group (100 ug
a.i/bee)

NA: not available; TGAI: technical grade active ingredient; TEP: typical end use product

Non-Apis — Open Literature Studies

There were 5 studies evaluated from the open literature that characterize the acute contact toxicity to
non-Apis bees including bumble bees (B. impatiens), Japanese orchard bees (Osmia cornifrons), blue
orchard bees, alfalfa leaf cutting bees, and a species of stingless bee (i.e., Melipona quadrifasciata). The
key elements of these studies are summarized below with full summaries provided in Appendix D. Some
studies did not estimate endpoints in terms of dose (i.e., ug a.i/bee) and did not provide sufficient
information for estimating dose per bee.
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Table 5-5. Summary of adult acute contact toxicity studies to non-Apis bees evaluated from the open

literature
Test Endpoint (95% Cl) Classification
. Study (expressed in terms
Test Species Substance . . Comments
(% a.i) Duration | of pg a.i/bee unless (Reference,
’ otherwise noted) MRID)
No endpoint - Contact administration
calculated; there was | to bees was via a Potter Qualitative
Bumble bee 72,96, and 100% Spray Tower
(Bombus TGAI (>95) 72-hr mortality for the - Notably high test (Gradish
impatiens) 0.05, 0.5, and 5 Ibs concentrations, 2009,
a.i/A treatment particularly the highest 48194902)
groups, respectively. | dose
- Doses that bees were
exposed to not provided
- The purity of
imidacloprid was not
reported
- There was no Qualitative
Bumble bee TGAI (purity information on the
(Bombus not 72-hr LDso: 0.02 (NA) performance of the control | (Marletto
terrestris) reported) although it was stated that | 2003,
trials in which over one 47796306)
control individual had died
were not considered.
- There was no indication
on whether a dose-
response was present
- The study also exposed
Japanese orchard bees to
imidacloprid with . Qualitative
Japanese fenbuconazole (mixture
orcha'rd bee TEP (17.4) 48-hr LDso 0.66 (0.30 — was ?—fold 'Ies's toxic ' (Biddinger
(Osmia 2.19) relative to imidacloprid 2013
cornifrons) alone. !
- The doses that the bees 49719605)
were exposed to were not
provided
Bumble bee The test
(Bombus LDso: 32.2 ug/kg test - thetes groups were
. . . presented in terms of
impatiens- solution (NA) o .
percent active ingredient
(females only) . ) L
in solution as opposed to Qualitative
Alfalfa
leafcutting actual treatment
bee TGAI (>95) 48-hr LDso: 1.7 pg/kg test concentrations. These (Scott-Dupree
. solution (NA) concentrations were 2009,
(Megachile
converted to pg/kg by 48191904)
rotundata) . .
Bl hard assuming the density of
ue orc ?r LDso: 0.7 pg/kg the test solution was 1
bee (Osmia .
} ] solution (NA) g/mL
lignaria)
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Test Endpoint (95% Cl) Classification
. Study (expressed in terms
Test Species Substance . . Comments
(% a.i) Duration | of pg a..|/bee unless (Reference,
otherwise noted) MRID)
- No mention of control
mortality but data in
treatment groups were
corrected for control
mortality
700 g a.i/L - Relatively short (24- o
Melipona (70% purity hour) observation period Qualitative
quadrifasciata | assuming a 24-hr LDso: 0.023 (NA) -this species of stingless (Tomé, 2015
(stingless bee) | density of 1 bee does not have a range !
. 49719633)
g/L) that extends into North
America and its
appropriateness as a
surrogate for other species
of stingless bees is
unknown

NA: not available; TGAI: technical grade active ingredient; TEP: typical end use product

There were additional studies evaluated from the open literature that assessed the effects of acute
contact exposure to adult honey bees that were determined to be unsuitable for discussion in this
assessment due to various uncertainties and limitations. These studies, along with their respective
associated uncertainties and limitations, are provided in Appendix 1.

Summary of Adult Acute Contact Exposure Route to Apis and non-Apis Bees

From the suite of Tier | registrant-submitted studies, the most sensitive Apis adult acute contact toxicity
endpoint (which could be verified by provided raw data) was a 72-hour LDso value of 0.048 pg a.i/bee
(MRID 49602715). In total, there were ten studies (from both registrant-submitted and open literature
sources) that tested the acute contact toxicity of imidacloprid to adult honey bees, inclusive studies listing
A. mellifera as the test species as well as studies testing two subspecies (A. mellifera caucasia and A.
mellifera carnica).

There was not a clear trend, based on the available studies, of the impact of the study observation period
(e.g., 48,72, 96 hours), on the determined LDs,. Additionally, there was not a clear pattern in the data to
ascertain whether one subspecies of A. mellifera is differentially more or less sensitive than another. For
these reasons, data concerning different subspecies of A. mellifera and varying study durations are
grouped together in Figure 5-1 below, separated by whether the data were registrant-submitted or were
evaluated from the open literature. additionally, registrant-submitted and open literature studies that
tested formulated imidacloprid do not indicate (albeit with a notably limited dataset) an increased or
decreased sensitivity as compared to technical grade imidacloprid. Three open literature studies testing
formulated imidacloprid on non-Apis species (B. terrestris, O. cornifrons, and M. quadrifasciata), show a
range of values spanning over an order of magnitude. It is noted that for two non-Apis studies (Gradish,
2009, MRID 48194902 and Scott-Dupree, 2009, MRID 48191904) endpoints were not expressed in ug
a.i/bee; therefore, these values are not represented in Figure 5-1 below.
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