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1.0 Executive Summary

California leads the nation in cash farm receipts, and its agricultural production includes more
than 400 commodities representing over a third of the country’s vegetables and two-thirds of the
country’s fruits and nuts. Many of these agricultural commodities rely on pollination by bees for
optimal production. Today, more than 2.5 million honey bee colonies in the United States
pollinate an estimated $15 billion of crops each year, ranging from almonds to zucchini. Of
these, approximately 1.8 million colonies are used in the pollination of California’s almond crops
alone.

Colony losses of these critical natural and managed pollinators have triggered worldwide
concern in recent years. Multiple factors may contribute to colony losses and other risks to
pollinator and hive health, including possible effects of neonicotinoid pesticides. This risk
determination report, prepared by the Department of Pesticide Regulation (DPR) in response to
California Food and Agriculture Code Section 12838, assesses those potential effects.

Neonicotinoid insecticides are systemic pesticides that kill insects by attacking their central
nervous system. These insecticides are absorbed into plants and distributed throughout their
tissues to their stems, leaves, roots, fruits and flowers. Neonicotinoids play an important role in
the control of agricultural insect pests. Some examples include:

e Aphids that transmit citrus tristeza virus to citrus affecting the roots, leaves, and fruit
causing a rapid decline in tree growth leading to death;

e The glassy-winged sharpshooter that transmits Pierce’s disease to grapevines, a
bacterium that blocks the movement of water within the plant, killing the vines within 1-3
years; and

e The Asian citrus psyllid that transmits huanglongbing disease to citrus trees causing a
yellowing of tree shoots, asymmetrical and bitter fruit, and tree death in 5-8 years.

All of these diseases are known to spread rapidly and have the potential to cause massive
destruction to the crops affected.

Neonicotinoids are insecticides developed as alternatives to organophosphates and carbamates
that have a greater potential to affect human health (Cimino et al., 2017). Pesticide use reports
received by DPR from the County Agricultural Commissioners across the state between 2007
and 2016 show that the use of neonicotinoids (imidacloprid, thiamethoxam, clothianidin, and
dinotefuran) increased by 69.6%, while organophosphate and carbamate use decreased by 41.5%
and 20.9%, respectively. California requires the monthly reporting of agricultural pesticide use to
County Agricultural Commissioners, who in turn, report the data to DPR.

DPR was advised of the potentially harmful effects of neonicotinoids on pollinators in 2008.
Studies of imidacloprid on ornamental plants revealed high levels of the insecticide in leaves and
blossoms of treated plants, as well as increased imidacloprid residue levels in leaves and
blossoms over time, indicating potential threats to pollinator health. In response to the disclosure,
DPR placed pesticide products containing imidacloprid and the related neonicotinoid active
ingredients thiamethoxam, clothianidin, and dinotefuran, into reevaluation on February 27, 2009



to assess the magnitude of their residues in the pollen and nectar of agricultural crops and the
corresponding levels of risk to honey bee colonies. The reevaluation covered 50 registrants and
282 pesticide products with formulations or applications likely to move into plants that bloom or
serve as a foraging source for honey bees and other pollinators (Appendix 1). In 2014, the
Legislature adopted AB 1789 (Chapter 578, Statutes of 2014) requiring DPR to issue a
determination with respect to its reevaluation of neonicotinoids by July 1, 2018, and adopt
control measures necessary to protect pollinator health within two years after making the
determination (Appendix 2).

This risk determination report documents the results of the DPR’s neonicotinoid reevaluation and
its first ecologically-based risk assessment. As part of this assessment, the department partnered
with scientists at the U.S. Environmental Protection Agency’s (U.S. EPA) Office of Pesticide
Programs and the Health Canada Pest Management Regulatory Agency to develop the methods
and procedures used to conduct ecologically-based studies on the effects of neonicotinoids. DPR
followed the methods established by the group to assess the risks of exposure to bee colonies
foraging on nectar and pollen in crops treated with the subject neonicotinoids, comparing the
levels of neonicotinoid residues to concentrations that cause colony-level effects such as
decreased colony strength and decreased stores of honey in honeycombs.

DPR based its risk determination on a series of studies that exposed bee colonies to four types of
neonicotinoids (imidacloprid, thiamethoxam, clothianidin and dinotefuran) to establish residue
levels in pollen and nectar that produced no observed effects on the colonies (No Observed
Effect Concentrations, or NOECs). The department compared those NOEC values to residue
levels found on selected agricultural crops in the field. DPR scientists then determined risk levels
for combinations of specific crop groups and pesticide application methods (e.qg., foliar [applied
to leaves] or soil). Crop-application combinations with pollen or nectar residue levels that
exceeded the NOEC values were determined to present a risk. Crop-application combinations
with residue levels below the NOEC values were determined to be low risk. These risk
determinations were based on the maximum allowed annual application rates in California for
each agricultural crop group for each of the neonicotinoids listed above, and therefore represent
“worst-case” scenarios (Appendix 3). Actual annual application rates may present less risk.

Crop groups considered to present a risk at maximum annual application levels of at least one of
the neonicotinoids listed above include fruiting vegetables (e.g., cucumbers, tomatoes), berries,
citrus, and tree nuts. Among the crop groups for which maximum application levels are
considered a low risk are root and tuber vegetables (e.g., potatoes, turnips), bulb vegetables (e.g.,
onions, garlic), leafy vegetables and legumes. Again, these are conservative assessments based
on maximum allowable application rates, and vary according to the neonicotinoid applied.
Additional information on crop group risk may be found in Table 6.

Going forward, DPR will consider mitigation measures for neonicotinoid applications to crops
characterized as at risk to reduce residues to levels below the respective NOEC. Such measures
could include modifying application rates or the times at which applications may occur. This
mitigation process will likely take two years to complete and will include continued research,
consultation with experts, other stakeholders, and the use of technology designed to predict
measures necessary to ensure bee colony health.



2.0 Background

On February 27, 2009, DPR placed certain pesticide products containing the neonicotinoid active
ingredients, imidacloprid, thiamethoxam, clothianidin, and dinotefuran, into reevaluation
(Appendix 1). DPR initiated the reevaluation based on submitted adverse effects disclosure data
involving the active ingredient imidacloprid. DPR’s Ecotoxicology unit evaluated the adverse
effects data and noted high concentrations of imidacloprid in leaves and blossoms of treated
ornamental plants, with an increase in measured concentrations over time. These observations of
residues in treated plants led to a concern over potential exposure of honey bee colonies used for
pollination services where hives are purposely placed around agricultural fields. Thiamethoxam,
clothianidin, and dinotefuran are in the same chemical class as imidacloprid, known as the
nitroguanidine-substituted neonicotinoid insecticides, and have similar physicochemical
properties (e.g., soil mobility, half-lives, and toxicity to honey bees; Appendix 5). Thus, DPR
included these active ingredients in the reevaluation. The purpose of this reevaluation is to
provide DPR with a better understanding of the magnitude of neonicotinoid residues in pollen
and nectar of agricultural commaodities resulting from legal pesticide applications and the
resulting level of risk to honey bee colonies. These data are necessary to provide a credible
scientific basis for potential regulatory action to mitigate any significant adverse effects on
honey bee health resulting from the use of neonicotinoid insecticides. DPR exempted from the
reevaluation products formulated as a gel or impregnated in a strip, termiticides, flea control
products combined with rodenticides, pet spot products, ant and roach baits, premise applications
for control of nuisance pests, and manufacturing use only products because as formulated or
applied, it is unlikely that the neonicotinoid in such products will move into plants that bloom or
is a source of forage for honey bees and pollinators.

As part of the reevaluation, DPR required pesticide manufacturers to provide additional data that
would allow DPR scientists to conduct a scientific determination of risk. DPR’s reevaluation
focused on gathering data on residue concentrations in the nectar and pollen of certain
neonicotinoid-treated orchard and row crops. On September 15, 2009, DPR issued letters to the
registrants of the four pesticide active ingredients describing the objectives and basic design of
the studies to be conducted. Sampling was to be conducted in a minimum of three agricultural
sites over two consecutive years. When possible, the agricultural sites were selected based on
soil texture with three replicates in sandy, coarse-textured soils, three replicates in loamy,
medium-textured soils, and three replicates in clayey, fine-textured soils. DPR used the Pesticide
Use Reporting database to determine the crops of focus for each active ingredient (DPR, 2018b).
On March 12, 2012, DPR modified its residue study strategy to require applications at the
highest maximum annual application rate for two consecutive years.

DPR partnered with scientists at the U.S. Environmental Protection Agency’s (U.S. EPA) Office
of Pesticide Programs and Health Canada Pest Management Regulatory Agency (PMRA) to
ensure that required data on the effects of neonicotinoids would provide useful and reliable
information across the board for all three agencies to use in guiding their regulatory actions. On
June 20, 2014, a Presidential Memorandum creating a federal strategy to promote the health of
honey bees and other pollinators was signed. Subsequently, DPR, U.S. EPA, and PMRA
published a collaborative document titled, Guidance for Assessing Pesticide Risks to Bees



(U.S. EPA, PMRA, and DPR, 2014), which established a tiered approach to data collection and
risk assessment.

In January 2016, U.S. EPA, in collaboration with DPR, issued a preliminary pollinator risk
assessment for imidacloprid. In January of 2017, U.S. EPA issued preliminary pollinator risk
assessments for thiamethoxam, clothianidin, and dinotefuran. U.S. EPA’s preliminary pollinator
risk assessments include Tier | (acute toxicity) assessments based on model-generated estimates
of exposure and laboratory toxicity data at the individual bee level, for all four active ingredients.
The Tier | assessments indicate that there is potential risk to honey bees for all crops and
application methods where there is a potential for on-field exposure (U.S. EPA and DPR, 2016;
U.S. EPA, 2017a; U.S. EPA, 2017Db). In accordance with the Guidance for Assessing Pesticide
Risks to Bees (U.S. EPA, PMRA, and DPR, 2014), U.S. EPA conducted Tier Il assessments for
imidacloprid, thiamethoxam and clothianidin, and a Tier | assessment on dinotefuran using
available data. Tier Il assessments compare residue data to colony-level effects data.

A refined Tier Il assessment is the focus of DPR’s risk determination document. DPR’s
determination starts with U.S. EPA’s preliminary pollinator assessments and includes new data
submitted to DPR for all four active ingredients since the issuance of U.S. EPA’s preliminary
pollinator assessments. This risk determination document meets the requirements of

FAC 812838 (a) which states, “On or before July 1, 2018, the department shall issue a
determination with respect to its reevaluation of neonicotinoids” (Appendix 2).

3.0 Scope

3.1  Pesticide Type, Class, and Mode of Action

Neonicotinoid insecticides are systemic pesticides that target nicotinic acetylcholine receptors in
the central nervous system of insects. DPR’s neonicotinoid reevaluation focuses on the
nitroguanidine-substituted neonicotinoids (imidacloprid, clothianidin, thiamethoxam, and
dinotefuran) as all four active ingredients share similar physicochemical characteristics and
toxicity to honey bees. Neonicotinoids are systemic compounds and readily move through the
vascular system, xylem and phloem, of plants which then translocate into various plant tissues.
Neonicotinoids can be applied using several different application methods including foliar
application by aerial or ground spray equipment, soil drench, chemigation, or seed treatment
(U.S. EPA and DPR, 2016; U.S. EPA, 2017a; U.S. EPA, 2017b).

3.2 Use Characterization

DPR first registered a pesticide product containing imidacloprid for sale and use in the State of
California in 1994. Approximately ten years later, DPR registered the first pesticide products
containing dinotefuran, clothianidin, and thiamethoxam (DPR, 2018a). Neonicotinoids are
widely used pesticides with a variety of uses ranging from agricultural and residential
insecticides, pet products, termiticides, ant and roach baits, and premise application products for
nuisance pests. Neonicotinoids are currently registered for use on a diverse array of crops in
California such as, but not limited to: citrus fruits, oilseed crops (e.g., cotton), cucurbit
vegetables, fruiting vegetables, pome fruits, stone fruits, cereal grains, tree nuts, Brassica (Cole)



leafy vegetables, root and tuber vegetables, leafy vegetables, legume vegetables, and bulb
vegetables. For more information on registered agricultural use sites and specific application
rates for each of the neonicotinoid active ingredients, refer to Appendix 3.

Neonicotinoids were developed as alternatives to organophosphates and carbamates (Cimino et
al., 2017). Neonicotinoids play an important role in the integrated control of agricultural insect
pests such as: aphids that transmit citrus tristeza virus to citrus; the glassy-winged sharpshooter
that transmits Pierce’s disease to grapevines; and the Asian citrus psyllid that transmits
huanglongbing disease to citrus trees.

Pesticide use reports (PUR) between 2007 and 2016 indicate that use of neonicotinoids
(imidacloprid, thiamethoxam, clothianidin, and dinotefuran) increased by 69.6% (131,168 Ibs.
neonicotinoid active ingredients used in 2007; 431,132 Ibs. neonicotinoid active ingredients used
in 2016) while organophosphate and carbamate use decreased by 41.5% (3,775,011 Ibs.
organophosphate active ingredients (listed below) used in 2007; 2,209,448 Ibs. active ingredients
used in 2016) and 20.9% (666,035 Ibs. carbamate active ingredients (listed below) used in 2007;
526,677 Ibs. active ingredients used in 2016), respectively. In 2016, organophosphates were
frequently applied to oranges, almonds, walnuts, lettuce, and cotton while carbamates were
frequently applied to oranges, corn, lettuce, tomatoes, and alfalfa. The most frequent
neonicotinoid use sites in 2016 include grapes, tomatoes, oranges, tangerines, and pistachios.
The inquiry into the PUR database for the organophosphate chemical group included the active
ingredients acephate, bensulide, chlorpyrifos, diazinon, DDVP, dimethoate, fosthiazate
malathion, ethoprop, naled, phorate, phosmet, tetrachlorvinphos, tribufos, disulfoton, ethoprop,
fenamiphos, methamidophos, methidathion, oxydemeton-methyl, and profenofos while the
carbamate group included the active ingredients formetanate HCI, methiocarb, methomyl,
oxamyl, propoxur, thiodicarb, aldicarb, carbofuran, and carbaryl. Other chemicals that belong
within the organophosphate and carbamate chemical group are not currently registered in the
State of California.

3.3 Environmental Fate and Transport

Since neonicotinoids are systemic insecticides, they are transported through the vascular system
of plants to all tissues, including leaves, nectar and pollen. Both foliar and soil applications of
neonicotinoids have resulted in detectable residues in both nectar and pollen following
absorption by the foliage, roots, or stems of plants (U.S. EPA and DPR, 2016; U.S. EPA, 2017a;
U.S. EPA, 2017b). Physicochemical characteristics consistent among the four neonicotinoid
active ingredients include a low organic carbon normalized soil adsorption coefficient (Kqc)
value, low volatility, longevity in soil after application, and relatively high water solubility
(Appendix 5). These properties contribute to the pesticides being highly available for uptake by
plant roots. Moreover, neonicotinoids have two main routes of degradation through aquatic
photolysis and aerobic soil metabolism (U.S. EPA and DPR, 2016; U.S. EPA, 2017a; U.S. EPA,
2017b). Degradation produces a variety of breakdown products known as metabolites. Refer to
Appendix 5 for the specific physicochemical properties and environmental fate of each active
ingredient.



This risk determination document includes measurements of metabolite concentrations identified
as having similar or greater toxicity to honey bees than the parent compound. For imidacloprid,
the evaluation includes the parent and two metabolites, imidacloprid-olefin (IMI-olefin) and
imidacloprid-5-hydroxy (5-OH-IMI), since all three compounds have a similar toxicity to honey
bees (U.S. EPA and DPR, 2016). Other metabolites do not have a similar toxicity (e.g. 6-
chloronicotinic acid, 6-chloro-picolylalcohol, nitrosamine and urea). The risk determination will
refer to total imidacloprid, which is the summation of residues of the parent imidacloprid, and
the metabolites IMI-olefin and 5-OH-IMI.

The metabolite of concern for thiamethoxam is CGA-322704 (i.e., clothianidin), which itself is
an active ingredient in registered pesticide products. As both compounds are toxic to honey bees
(U.S. EPA, 2017b), concentrations of total residues for parent (thiamethoxam) and CGA-322704
will be reported and assessed. For clothianidin, the metabolites, N-(2-chloro-5-thiazolylmethyl)-
N’-methylurea (TZMU) and N-(2-chloro-5-thizolylmethyl)-N’-nitroguanidine (TZNG) are
routinely measured in the plant residue studies. Based on acute toxicity data, TZMU and TZNG
are orders of magnitude less toxic to honey bees than the parent clothianidin (U.S. EPA, 2017b).
As a result, DPR did not include these metabolites in the risk determination and all references to
clothianidin refer to the parent molecule alone.

Dinotefuran metabolites measured in plant tissues include 1-methyl-2-nitro-3-(tetrahydro-3-
furylmethyl) guanidine (UF) and 1-methyl-3-(tetrahydro-3-furylmethyl) guanidinium dihydrogen
phosphate (DN). Toxicity data submitted to DPR indicate the UF and DN metabolites are less
toxic to honeybees, so those metabolites are not included in DPR’s risk determination and all
references to dinotefuran refer to the parent molecule alone (U.S. EPA, 2017a).

3.4 Potential for Effects on Pollination Activity

This risk determination focuses on potential effects of neonicotinoid exposure on honey bees
(Apis mellifera) after feeding on nectar and pollen containing neonicotinoid residues. Honey bees
are purposefully situated around agricultural sites during bloom to pollinate various crops. As a
result, foraging bees could be exposed to residues of these four neonicotinoids from applications
made prior to bloom, during flowering, or post-bloom if the residues in bee-attractive matrices
(e.g., pollen and nectar) persist for a sufficient duration. DPR’s reevaluation required that plant
residue studies be conducted using worst-case application scenarios (e.g., maximum application
rates, minimum reapplication intervals) found on currently registered pesticide labels. These
scenarios generally result in the highest realistic concentrations in the bee-attractive matrices.
Apis bees serve as a surrogate for other non-Apis species of bees (e.g., bumble bees) that may be
exposed under agricultural conditions. This surrogate approach is consistent with the Guidance
for Assessing Pesticide Risks to Bees (U.S. EPA, PMRA, and CDPR, 2014). As described in the
guidance document, the husbandry, life cycles, and contribution of pollinator services of honey
bees are well-studied.

3.5  Colony Level Exposure and Effects

DPR evaluated both registrant-submitted and open literature (i.e., peer-reviewed research studies
published in scientific journals) Tier 1l semi-field studies for this risk determination. The purpose



of Tier Il studies is to evaluate possible colony-level effects on hive health through foraging on
nectar and pollen. DPR quantitatively evaluated oral consumption (e.g., consumption of
contaminated nectar and pollen) as the primary exposure route for honey bees in this
determination. In Tier 11 studies denoted as colony feeding studies, honey bee colonies are
exposed to known concentrations of a compound in either surrogate nectar or pollen and
measurements are taken that reflect the health of hives. Based on the observed responses from
the colony feeding studies, No Observed Effects Concentrations (NOECS) are derived for each
active ingredient. In this determination, DPR used the NOEC values to determine each active
ingredient’s potential to cause effects on hive health. The submitted colony feeding studies
measured several response variables including colony survival, the number of cells containing
various brood stages (eggs/larvae/pupae), the total population of adult bees per hive, and the
number of cells containing food stores (pollen and nectar). Overall, the purpose of these studies
is to determine the concentration of each neonicotinoid that honey bees can safely consume over
a six-week period with no significant adverse colony-level effects. NOEC values were
established for each of the four neonicotinoids in each of the two bee-attractive matrices (pollen
and nectar; Table 1 below). DPR scientists compared these values to neonicotinoid
concentrations in nectar and pollen collected from representative crops after worst-case scenario
applications. DPR also evaluated and considered adverse effects data submitted pursuant to
California Food and Agricultural Code (FAC) section 12825.5. However, those data did not
provide information pertinent to the scope of this risk determination.

4.0 Risk Characterization Methodology

4.1 Overview of Risk Determination Process

The risk determination process generally follows the methods of a Tier Il assessment as detailed
in the Guidance for Assessing Pesticide Risks to Bees (U.S. EPA, PMRA, and CDPR, 2014). In
accordance with the tiered risk assessment process, risks to bees were determined by comparing
available exposure data to colony-level effects data. According to Tier | laboratory data,
nitroguanidine-substituted neonicotinoids are acutely toxic to individual bees through both
contact and oral exposure (Appendix 6). Contact exposure may occur through dermal uptake of
residues on plant surfaces or by direct spray deposition onto bees. Oral exposure mainly occurs
through the ingestion of contaminated pollen or nectar. Applications can be timed to avoid
contact by spray deposition. However, risks to honey bees from oral exposure are more complex
to regulate. Upon translocation of the systemic nitroguanidine-substituted neonicotinoids inside
plant tissues, concentrations in pollen and nectar may persist, resulting in risks from oral
consumption and/or transfer of residues back to the hives.

This risk determination focuses on potential effects posed by oral consumption, so exposure data
were determined from measured residue concentrations of nitroguanidine-substituted
neonicotinoids and their bee-toxic metabolites in the nectar and pollen of agricultural crops
following worst-case scenario applications in compliance with product labels. The exposure data
were compared to effects data generated from exposure of honey bee colonies to nectar or pollen
spiked with known concentrations of imidacloprid, thiamethoxam, clothianidin, or dinotefuran
with various colony-level parameters measured over time. The Tier Il data discussed in this risk
determination builds upon the preliminary pollinator risk assessments published by the U.S. EPA



(U.S. EPA and DPR, 2016; U.S. EPA, 2017a; U.S. EPA, 2017Db) for the four neonicotinoid active
ingredients while also incorporating additional California-specific data.

DPR scientists made risk determinations for specific crop groups and application method
combinations (e.g., foliar, soil), and characterized them as either having a determination of risk
or low risk to honey bee colonies. A determination of risk resulted when residue concentrations
in nectar or pollen exceeded the colony-level NOEC for that matrix (e.g., pollen or nectar).
Conversely, a determination of low risk resulted when residue concentrations in pollen or nectar
did not exceed the respective colony-level effects concentration (e.g., the concentrations were
low enough that they would not result in any significant adverse effects to honey bee colonies).
The risk determinations are based on oral exposure (e.g., the consumption of contaminated nectar
and pollen). Methods used to generate the effects data and exposure data and their utilization in
the risk determinations are described in Section 4.2.

Risk determinations were only conducted for foliar and soil applications. Risks from seed
treatment applications were evaluated in the preliminary pollinator risk assessments published by
U.S. EPA (U.S. EPA and DPR, 2016; U.S. EPA, 2017a; U.S. EPA, 2017b). The preliminary
assessment for imidacloprid evaluated multiple seed treatment residue studies conducted on corn,
canola, and sunflower. These studies generally reported no residues in pollen and nectar above
the limit of detection. Values are well below their respective NOEC values, supporting the
conclusion that imidacloprid seed treatments pose a low risk to honey bees. The preliminary
pollinator risk assessment for clothianidin and thiamethoxam evaluated multiple seed treatment
residue studies conducted on corn, sunflower, melon, canola, cotton, and soybean. The resulting
residue concentrations are all below the respective NOECSs, supporting the conclusion that
clothianidin or thiamethoxam seed treatments pose a low risk to honey bee colonies. Dinotefuran
is not registered for any seed treatment applications. There have been issues in other states and
countries with contact exposure resulting from abraded seed coat dust at planting, but the U.S.
EPA has addressed this with best management practices (U.S. EPA and DPR, 2016). DPR has no
records of such incidents occurring in California.

4.2 Effects Characterization

Potential effects on honey bees were determined from Tier 11 studies, which assess effects of
exposure at the colony level. The complex nature of assessing hive dynamics and colony-level
effects necessitated multiagency collaboration to develop protocols that maximized the
regulatory usefulness of such studies. Accordingly, study protocols were developed
collaboratively through the efforts of DPR, U.S. EPA, and PMRA scientists, and in consultation
with industry experts. This cooperative effort aimed at ensuring reproducibility of results and
maximizing statistical power to detect effects while minimizing uncertainties and potential
confounding factors, such as diseases, pests, or poor nutrition, which have each been
independently associated with declines in colony health.

In comparison to Tier | laboratory studies, which focus on individual bees, Tier Il studies focus
on colony-level effects and assess a longer period of exposure under conditions that are more
representative of exposure in the field. These include semi-field studies such as tunnel studies
and colony feeding studies. Tunnel studies typically involve enclosing small bee colonies within



a confined area of treated crops on which bees forage. In colony feeding studies, unconfined
colonies are provided a food source, such as sucrose solution or pollen patties, that has been
spiked with a known and measured concentration of a specific pesticide. Multiple concentrations
are tested to produce a dose-response relationship between the concentrations tested and the
observed health of the hives. In colony feeding studies, bees are generally exposed to the test
feeding substances for six weeks. Measurements of hive health (i.e., Colony Condition
Assessments) are taken at multiple time points prior to, during, and after the exposure period.
Additionally, an overwintering component is typically included, with at least one additional
assessment after the overwintering period. Hive health is determined by measuring parameters
such as the population of adult bees (i.e., colony strength), the number of cells containing various
brood stages (eggs, larvae, and pupae), and measuring hive resources in terms of honey and bee
bread production (U.S. EPA, PMRA, and CDPR, 2014).

The Tier 1l studies considered in this risk determination document were subject to thorough
evaluation for scientific acceptability. As part of this evaluation, DPR, U.S. EPA, and PMRA
scientists assessed registrant-submitted study protocols prior to study initiation to ensure that the
study designs were scientifically sound. Some examples of the types of requirements necessary
for a study design to be deemed scientifically sound include adequate replication and
confirmation of exposure by repeated sampling and analysis of spiked sugar solutions or spiked
pollen patties to ensure that the honey bee colonies are actually exposed to the neonicotinoid
concentrations as planned. Many of the open literature studies reviewed by DPR scientists
(Appendix 7) lacked this level of replication and confirmation of exposure. In some cases, study
authors were reluctant to provide DPR statisticians with the raw data needed to conduct
independent statistical analyses. All colony-level NOEC values used in this assessment are based
on mean measured concentrations that resulted from analyses conducted in compliance with
rigorous analytical quality control procedures. For scientifically acceptable studies, DPR, U.S.
EPA, and PMRA statisticians conducted independent statistical analysis of raw data on pertinent
endpoints. In its risk determination process, DPR used the measured concentrations in the sugar
solutions or spiked pollen patties associated with these regulatory endpoints. This results in a
level of accuracy and certainty that cannot be achieved using nominal concentrations that were
never confirmed analytically.

Although DPR considered both open literature and registrant-submitted studies, the registrant-
submitted studies were generally found to be more robust and comprehensive when
characterizing colony-level effects. These studies had greater replication and confirmation of
exposure, and the raw data were available for independent statistical analysis. DPR, U.S. EPA,
and PMRA statisticians and biologists independently determined the NOEC values for each
active ingredient from studies found to be scientifically acceptable. Refer to Table 1 below for
the NOEC concentrations determined for each active ingredient and matrix (i.e., nectar and
pollen) combination (e.g. thiamethoxam in nectar). Utilizing only scientifically acceptable
studies in the risk determination process produced data gaps in colony-level effects data for
pollen. Specifically, acceptable pollen colony feeding studies were not available for
thiamethoxam or dinotefuran, necessitating the use of another neonicotinoid as a surrogate.
Accordingly, the NOEC value for clothianidin in pollen was bridged to thiamethoxam and
dinotefuran. DPR found an acceptable colony feeding study conducted with pollen spiked with



imidacloprid in the open literature (Dively et al., 2015). For a review of all the colony feeding
studies included in this document, refer to Appendix 8.

As indicated in Table 1, NOEC values are lower for nectar than for pollen. These differences
may be explained by the nature of these resources and how they are utilized within the hive. The
movement of nectar around the hive is rapid and has been described as a cascade effect where it
ultimately encounters most of the hive occupants and matrices. In addition, nectar is added to
pollen by hive bees to produce bee bread. In contrast, bees foraging for pollen bring the pollen
into the hive and pack it directly into pollen cells themselves. Bees consume less pollen than
nectar, based on estimated food consumption rates for honey bees (U.S. EPA, PMRA, and
CDPR, 2014). The highest consumption rate of pollen is found in new worker bees that clean and
cap cells within the hive. These bees consume only 1.3 — 12 mg/day of pollen compared to
approximately 60 mg/day of nectar. After 10 days, the new worker bees move to brood and
queen tending. During brood and queen tending, worker consumption of pollen remains the
same, whereas, nectar consumption more than doubles to 113 — 167 mg/day (U.S. EPA, PMRA,
and CDPR, 2014). All other adult bees consume less pollen per day than nectar. This tendency
for immediate exposure of residues in nectar brought back to hives, and the more limited
exposure to pollen within the hive, suggests that concentrations of a toxic substance in pollen
must be higher than concentrations in nectar to elicit a colony-level effect.



Table 1. Pollen and Nectar NOECs used in the Risk Determinations for
Imidacloprid, Thiamethoxam, Clothianidin, and Dinotefuran.

Active Ingredient NOEC (ng/Kg)
Nectar — Colony Feeding Studies
Imidacloprid* 23
Thiamethoxam " 30
Clothianidin 19
Dinotefuran ¢ 71

Pollen — Colony Feeding Studies

Imidacloprid © 97.5
Thiamethoxam 372
Clothianidin ® 372
Dinotefuran 372

All toxicity values derived from the following colony feeding studies:

* Bocksch, 2014.

® Bocksch, 2015.

¢ Louque, 2016.

4 Bocksch, 2016.

¢ Dively et al., 2015.

"Bridged from the registrant-submitted colony feeding study with
clothianidin.

£ Bocksch and Werner, 2018.

4.3  Exposure Characterization

To determine the expected on-field exposure, measurements of imidacloprid, thiamethoxam,
clothianidin, and dinotefuran were taken in pollen and nectar from previously treated crops. Data
were generated for the worst-case scenarios (i.e., highest annual application rates, minimum
reapplication intervals, etc.) in compliance with product label directions to provide an estimate of
the highest concentrations expected for each active ingredient in nectar and pollen of agricultural
crops. The plants were treated under standard agricultural practices (e.g. foliar applications, soil
applications, or seed treatments along with irrigation, use of fertilizers, other maintenance
chemicals, etc.) as indicated on product labels for crops under investigation. Nectar and pollen
samples were not available for all crops. For example, tomato flowers do not produce nectar. In
such instances, only pollen samples were available for inclusion in the risk determination.
Another exception can be seen with cotton, which produces extra-floral nectar in addition to
floral nectar. Cotton extra-floral nectar is known to be a highly attractive resource of forage for
honey bees and some beekeepers place their hives near cotton for honey production (McGregor,
1976; USDA, 2017). Accordingly, extra-floral nectar was included in this risk determination for



applications to cotton crops. In the rare cases where floral pollen samples were not available for
analysis, measured residue concentrations in anthers served as a surrogate.

Statistical analyses were conducted on measured neonicotinoid concentrations in bee-relevant
matrices (e.g., pollen and nectar) for each acceptable residue study. DPR did not conduct
statistical analysis on seed treatment residue studies, as concentrations were always low, and
often below analytically detectable limits. Statistical analysis included the generation of the
cumulative empirical distributions of measured concentrations. The cumulative distributions
calculate a series of percentile values representing the proportion of samples that are below that
value. For estimation of exposure, the concentration chosen at a specified percentage of the
sample is the value that represents the exposure value that would be compared to the NOEC
value derived from colony feeding studies to characterize potential risk.

For the risk determination, DPR scientists took many factors into consideration when
determining which percentile value to use for protection of honey bee colonies. Use of moderate
statistics, such as the mean or median, would not reflect the possible danger posed at the higher
end of measured distributions, and therefore, would not be protective for two reasons: First,
considering the extent of agricultural applications made for each crop in California, the amount
of data collected is relatively small compared to the total population (e.g., 27 samples of nectar
collected from pumpkins might not be representative of all pumpkins grown in California). Thus,
the range in actual concentrations could be much greater and extreme residue values that appear
to be statistical outliers might not actually be outliers if more samples were available. Many of
the studies used in this risk determination have less than twenty total samples, even when all data
were combined from studies spanning two years. Second, concentrations measured in nectar in
some of the studies were high enough to be of concern for acute toxicity to honey bees. Use of
moderate statistics such as the mean concentration would not reflect the risks from these extreme
exposures.

On the other hand, use of maximum measured values in the risk determination could be overly
protective because they include outliers. Many samples taken for estimation of exposure
represented only one point in time, so it is unknown if the concentrations in pollen and nectar
were increasing or decreasing. Since these measured concentrations only provide a snapshot of
exposure, direct comparison of colony level NOEC values to maximum values measured in the
pollen or nectar samples has a high degree of uncertainty because the duration of exposure to
concentrations that exceed the NOEC might be significantly shorter than the six-week duration
of the colony feeding studies. This would vary for each crop and would depend on the duration
of bloom. Based on the uncertainty associated with the duration of exposure, use of higher
percentiles could be unrealistic. Consequently, the 90™ percentile value was determined to be a
point in the distribution where the value represented a realistic, yet protective approach to
determining risk.

DPR based this risk determination document on numerous residue studies submitted by the
registrants of neonicotinoid insecticide products. Descriptions of methods, results, and
limitations of these studies are available in Appendix 10. In addition, the cumulative empirical
distributions of measured concentrations for each residue study included in this document are
presented in Appendix 11. In many cases, residue data was only available for one or two crops



within a specific crop group [as defined in Title 40 Code of Federal Regulations (40 CFR) 8§
180.41; Appendix 4]. In cases where residue data was lacking for a specific crop, the worst-case
scenario within the same crop group was used to represent the missing crop. Additionally, there
were cases in which there was no residue data available for an entire crop group. In such
instances, data from an appropriate surrogate was used, such as the same crop group from a study
utilizing a different nitroguanidine-substituted neonicotinoid active ingredient. In its reevaluation
letter, DPR notified registrants of its intention to bridge data from one active ingredient to any of
the other three active ingredients if no residue data were available for a given crop or crop group
(Appendix 12).

4.4 Risk Determination Categories

DPR conducted risk determinations for agricultural uses registered in California with expected
worst-case on-field exposure to honey bees. Applications of neonicotinoid insecticides may
result in on-field exposure to honey bees when the crop is bee-attractive and harvested after
bloom. Crop groups with limited on-field exposure to honey bees are considered low-risk.
According to the United States Department of Agriculture document, Attractiveness of
Agricultural Crops to Pollinating Bees for the Collection of Nectar and/or Pollen (USDA,
2017), certain crops and crop groups, such as bulb vegetables, leafy vegetables (including
Brassica vegetables), and globe artichokes, are generally harvested before bloom, except when
grown for seed. Thus, the risk determinations for these crops and crop groups are classified as
low risk, except when grown for seed.

For crops associated with expected on-field exposure to honey bees, the 90™ percentile was
calculated using residue data conducted at the maximum annual application rate and compared to
colony-level NOEC values to determine risk. Risk determinations were categorized as either
having a determination of risk, or low risk to honey bee colonies. Determinations of risk were
made for those crops or crop groups with 90™ percentile pollen or nectar residue values that
exceed the appropriate NOEC value for the specific active ingredient and matrix. Conversely,
low risk determinations are those crops or crop groups with 90™ percentile pollen or nectar
residue values that do not exceed the appropriate NOEC value. For more details, including
exceptions, refer to Tables 2-5.

It is important to note that determinations of risk in Table 6 were derived from worst-case
application scenarios. Crops with determinations of risk may be able to be mitigated by
modifying label use directions in a manner that will result in residues that are below the
respective NOEC values. By definition, if the residues in pollen or nectar are below the
respective colony-level NOEC values, then no significant colony effects are expected to occur.
The footnotes in Table 6 provide guidance on some potential adjustments to management
practices and label directions based on submitted data that could result in a determination of low
risks to honey bee colonies.

5.0 Risk Characterization

DPR made risk determinations for specific crops where crop-specific data was available (Tables
2, 3, 4, and 5 below). In most cases, residue data were only available for one or two crops within



a specific crop group. In cases where there were no residue data for other crops in the group, the
worst-case scenario (i.e., specific crop data that resulted in the highest residues in pollen and
nectar) within the same crop group was used to represent all other crops in that crop group. For
example, for imidacloprid, the Berries Crop Group (Crop Group 13) includes both a strawberry
and blueberry residue study (Table 2). The strawberry study resulted in higher residues than the
blueberry study. Thus, DPR used the risk determination based on the strawberry residue data to
represent all crops within Crop Group 13, with the exception of blueberries. The submission of
additional data can change these determinations on a crop by crop basis.

Similarly, if a given crop and active ingredient had more than one acceptable residue study, the
study that resulted in the higher residues was used to represent that crop in the final risk
determination for that crop. One case in which this occurred was with thiamethoxam and
cucumber. There are two acceptable cucumber residue studies. DPR used the study with the
highest residues in pollen and nectar to represent cucumbers in the overall risk determination.
This conservative approach is appropriate given the limitations of the residue data in terms of
relatively small sample sizes, environmental variability, and the various other factors (e.g., soil
texture, irrigation practices, use of fertilizers, temperature, etc.) that can influence how
representative these data sets are of the crops grown in various microclimates of California. If no
acceptable residue data was available for a crop group, data from an appropriate surrogate was
used, such as data on the same crop group using a different nitroguanidine-substituted
neonicotinoid active ingredient.

Tables 2, 3, 4, and 5 below, show which crops had available residue data at the maximum
application rate. These tables compare the resulting residue concentrations to appropriate NOEC
values, state if the residues exceed the respective NOEC values, and make determinations of risk
based on 90™ percentile residue values:



Table 2. Imidacloprid 90th percentile residue values and NOEC exceedances.

Imidacloprid
Residue Study Residue | Residue [ NOEC | Exceedance
Crop Grou Cro Application .
P L Lab ID i Matrix_| (ug/Kg) | (ng/Kg) | (V/N)
. Fruiti 1 Soil +2
Crop Group 8. Fruiting | . oo | EBNTNOIL2 Soil Pollen | 4769 | 975 Y
Vegetables Group Foliar
2 Foliar (Pre- Pollen 3257.9 97.5 Y
10. Ci O EBNTY007
Crop Group 10. Citrus range Bloom) | Nectar | 267.1 23 Y
Fruit Group -
Citrus * EBNTLO056-7 1 Soil Nectar 25.0 23 Y
il + Poll 58.5 97.5 N
Crop Gr.oup 11. Pome Apple EBNTNO14 1 Soq 2 ollen
Fruits Group Foliar Nectar 3.5 23 N
1 Soil +2 Pollen 136.2 97.5 Y
it®] EBNTNOI3 .
Crop Group 12. Stone Stone Fruit Foliar Nectar 9.5 23 N
Fruits Group . Pollen 393.8 97.5 Y
Cherry EBNTY008 5 Foliar
Nectar 5.1 23 N
Crop Group 13. Berries | Blueb EBNTY006 1 Soil Pollen | 17.5 973 N
. uebe oi
rop “g:)u ernes m/ Nectar 4.6 23 N
P Strawberry | EBNTL056-04 1 Soil Pollen 247.0 97.5 Y
Pollen 182.2 97.5 Y
1 Soil +3 Floral
EBNTNOI1 | Foliar(At | Nectar | %7 23 Y
Bloom) Extrafloral
Crop Group 20. Oilseed v Nectar 578.6 23
Group Pollen 6.6 97.5
] Floral
EBNTYO010 5 Foliar (Pre- N 18.4 23 N
Bloom) Extrafloral
13.3 23 N
Nectar

Red shading indicates soil or foliar applications that result in pollen or nectar residues that exceed the NOEC.

Green shading indicates soil or foliar applications that do not result in pollen or nectar residues that exceed the NOEC.

* Residue study was conducted on multiple crops within the crop group, including orange, tangerine, grapefruit, tangelo, and lemon. However,
data was not analyzed by individual crop due to limited replication.

® Residue study was conducted on multiple crops within the crop group, including cherry, plum, apricot, and peach. However, data was not
analyzed by individual crop due to limited replication.




Table 3. Thiamethoxam 90th percentile residue values and NOEC exceedances.

Thiamethoxam
Residue Study Residue Residue [ NOEC | Exceedance
Crop Grou, Cro Application ) Risk
o P | ram [P Matrix | (ug/Kg) | (g/Ke) | (V/N)
Crop Group 6. Legume Anthers 412 372 N
Vegetables (Succulent or Dried) | Soybean TK0250070 2 Foliar
Group Nectar 4.7 30 N
Tomato TK0222531 2 Foliar Pollen 6519.7 372 Y
Crop Group 8. Fruiting TK0242072 1 Soil Pollen 157.2 372 N
Vegetables Group . Pollen 259.9 372 N
Pepper TK0236306 1 Soil Nectar 1309 30 %
Pollen 10.8 372 N
TK0024 1 Soil
Cucumber 0024668 Soi Nectar 132 30 N
Pollen 1079.9 372 Y
TK0222532 2 Foli
022253 onar Nectar | 288.6 30 Y
Pollen 119.7 372 N
. Muskmel TK0222530 1 Soil
Crop Group 9. Cucurbit uskmeton o Nectar 27.9 30 N
Vegetables Group TK0222530 1 Soil Pollen 8.1 372 N
Pumpkin Nectar 12.2 30 N
. Pollen 18.0 372 N
TK0242074 2 Foliar Nectar 15.0 30 N
Summer Pollen 16.1 372 N
TK0222530 1 Soil
Squash o! Nectar 31.7 30 Y
Pollen 62.3 372 N
itrus ® TK0177221 1 Soil
Crop Group 10. Citrus Fruit Citrus ol Nectar 10.2 30 N
Group Sweet . Pollen 126.7 372 N
TK025006 2 Fol
Orange o onar Nectar 2.1 30 N
Crop Group 11. Pome Fruits b . Pollen 1954.7 372 Y
TK0250071 1 Fol
Group Apple 7 onar Nectar 225.4 30 Y
Crop Group 12. Stone Fruits . Pollen 1.6 372 N
ite| TKO0177222 2 Fol
Group Stone Fruit o177 onar Nectar 133.2 30 Y
Pollen 836.4 372 Y
BI TKO02 2 Foli
ueberry 025007 3 Foliar Nectar 613.0 30 Y
TK0177224 | 3 Foliar Pollen | 7411.0 | 372 Y
. Nectar 301.0 30 Y
Crop Group 13. Berries Group | Strawberry
TK0250068 | 1 Soil Pollen 410 | 372 Y
Nectar 52.3 30 Y
. Pollen 1226.4 372 Y
Cranberry | TK0236307 3 Foliar Nectar 9219 30 Y
i +
Crop Group 15. Cereal Grains Com | TKo2ss214 | Seed*2 Pollen 538.9 372 Y
Group Foliar
Pollen 102.5 372 N
Crop Group 20. Oilseed Group Cotton TKO0177223 2 Foliar Nectar 5.8 30 N
Extrafloral
125.9 30 Y
Nectar
Notes:

Red shading indicates soil or foliar applications that result in pollen or nectar residues that exceed the NOEC.

Green shading indicates soil or foliar applications that do not result in pollen or nectar residues that exceed the NOEC.

* Residue study was conducted on multiple crops within the crop group, including orange and lemon. However, data was not analyzed by
individual crop due to limited replication.

® The residue study for this crop was not conducted at the maximum application rate allowed by the product label, therefore worst-case residues
are expected to be higher than reported in this table.

¢ Residue study was conducted on multiple crops within the crop group, including peach, plum, cherry, and prune. However, data was not
analyzed by individual crop due to limited replication.




Table 4. Clothianidin 90th percentile residue values and NOEC exceedances.

Crop Group 1. Rootand | | yp_3gogs 1 Soil Pollen | 1139 | 372 N
Tuber Vegetables Group
. Anthers 32 372 N
Cucumber | VP-38938 1 Soil
Nectar 39.6 19 Y
. Anthers 18.7 372 N
Melon VP-38938 1 Soil
Nectar 14.6 19 N
. Pollen 10.7 372 N
Squash VP-38938 1 Soil
Nectar 4.4 19 N
i Poll 21 372 N
Crop Group 9. Cucurbit VP-38938 1 Soil ollen
Vegetables Group Nectar 6.6 19 N
1 Soil (A Pollen 17 372 N
VP-38263 Soil (At
R Planting) Nectar 6.3 19 N
in
L , Pollen 71 372 N
VP-38313 2 Foliar
Nectar 5 19 N
i = Poll 20.3 372 N
VP-38971 1 Soil (Post ollen
Emergence) Nectar 9.9 19 N
Crop Group 11. Pome 1 Foliar (Post- | Pollen 57.4 372 N
a P-38552
Fruits Group Apple VP-38 Bloom) Nectar | 0.71 19 N
Crop Group 12. Stone 2 Foliar (Post- | Pollen 10 372 N
a VP-38563
Fruits Group Peach Bloom) Nectar 0.3 19 N
. 1 Soil Pollen 157.3 372 N
Crop Group 13. Berries _
G VP-38992 N
Group rape I Foliar (Pre- 1 e | 12208 | 372 Y
Bloom)
Crop Group 14. Tree Nuts 2 Foliar (Post- | Pollen 12.7 372 N
a | VP-38473
Group Almond Bloom) Nectar 0.8 19 N
Pollen 246 372 N
Crop Grogfozo' Oilseed | otton | vP-38259 2Foliar | Necf;"‘r 1 4 19 Y
U]
P xuatlorall g 19 Y
Nectar

Red shading indicates soil or foliar applications that result in pollen or nectar residues that exceed the NOEC.

Green shading indicates soil or foliar applications that do not result in pollen or nectar residues that exceed the NOEC.

* Data indicate that post-bloom applications on these crops are not associated with a determination of risk to honey bees; however, these

studies do not represent the worst-case scenario for the crop group.




Table 5. Dinotefuran 90th percentile residue values and NOEC exceedances.

Dinotefuran
Residue Study Residue | Residue | NOEC | Exceedance
Crop Group Crop Application ) Risk
Lab ID Matrix | (ng/Kg) | (ug/Ke) | (Y/N)
Crop Group 1. Rootand | = | 100344100 | 1Soil | Anthers | 569 | 372 N
Tuber Vegetables Group

Poll 183 372 N

. Bell 1 §16.01167 | 2s0il o
Crop Group 8. Fruiting Pepper Nectar 4.46 71 N
Vegetables Group 2 Foliar Pollen 10438.6 372 Y

Tomat 10934.4103
o 2Soil | Pollen | 55324 | 372 Y -

. i Poll 88.3 372 N

Crop Group 9. Cucurbit | i | 10934.4104 | 2 Sol ot
Vegetables Group Nectar 39.0 71 N
. Poll 130.5 372 N

Crop Group 12.Stone | | 109344105 | 2 Foliar o<t
Fruits Group Nectar 12.5 71 N
Blueb 10934.4107 | 2 Foli Pollen | 4689 | 372 Y

uebe . oliar

Crop Group 13. Berries rry Nectar 470.8 71 Y
G Poll 763.5 372 Y

roup Cranberry | 10934.4101 | 2 Foliar oen
Nectar 780.9 71 Y
Pollen 6968 372 Y

. Floral

20. Oilseed
Crop Group 20. Oilseed | 0 | 43411B104 | 2Foliar | Neetar | 00° | 7! Y
(Erany Extrafloral

1660 71 Y

Nectar

Notes:
Red shading indicates soil or foliar applications that result in pollen or nectar residues that exceed the NOEC.

Green shading indicates soil or foliar applications that do not result in pollen or nectar residues that exceed the
NOEC.

6.0 CONCLUSIONS

6.1. Overview by Crop Grouping

In summary, this risk determination document is based upon colony-level risks to honey bees
resulting from the consumption of nectar or pollen containing neonicotinoid residues that exceed
the colony-level NOEC values. DPR conducted risk determinations for the maximum annual
application rate of each agricultural crop group as found on currently registered imidacloprid,
clothianidin, thiamethoxam, and dinotefuran product labels (Appendix 3). DPR’s risk
determinations for soil and foliar applications on registered agricultural crop groupings for
imidacloprid, thiamethoxam, clothianidin, and dinotefuran are detailed below and in Table 6.
The risk determination process discussed previously states that crop groups are categorized as
either having a determination of risk or low risk to honey bee colonies. In Table 6 below, red
shading indicates a determination of risk for all crops in the crop group. Green shading indicates
a determination of low risk for the entire crop group. Yellow shading is to be considered as
having a determination of risk for the crop group, with some crop-specific exceptions. Only crop
groups currently registered for agricultural use in California are included in this risk
determination, with crop-specific exceptions noted in Table 6.

For imidacloprid, using the 90™ percentile as the expected exposure to honey bees, the following
crop groups have a determination of low risk: Root and Tuber Vegetables (Crop Group 1), Bulb
Vegetables (Crop Group 3), Leafy Vegetables (Except Brassica Vegetables) (Crop Group 4),



Brassica (Cole) Leafy Vegetables (Crop Group 5), Legume Vegetables (Succulent or Dried)
(Crop Group 6), Pome Fruits (Crop Group 11), Herbs and Spices (Crop Group 19), and Globe
Artichoke. The following crop groups have a determination of risk for imidacloprid: Fruiting
Vegetables (Crop Group 8), Cucurbit VVegetables (Crop Group 9), Citrus Fruit (Crop Group 10),
Stone Fruits (Crop Group 12), Berries (Crop Group 13), Tree Nuts (Crop Group 14), Oilseed
Crops (Crop Group 20), Tropical and Subtropical Fruits with Inedible Peels (Crop Group 24),
Hops, Tobacco, and Coffee.

For thiamethoxam, using the 90" percentile as the expected exposure to honey bees, the
following crop groups have a determination of low risk: Root and Tuber Vegetables (Crop Group
1), Bulb Vegetables (Crop Group 3), Leafy Vegetables (Except Brassica Vegetables) (Crop
Group 4), Brassica (Cole) Leafy Vegetables (Crop Group 5), Legume Vegetables (Succulent or
Dried) (Crop Group 6), Citrus Fruit (Crop Group 10), Globe Artichoke, and Mint. The following
crop groups have a determination of risk for thiamethoxam: Fruiting Vegetables (Crop Group 8),
Cucurbit Vegetables (Crop Group 9), Pome Fruits (Crop Group 11), Stone Fruits (Crop Group
12), Berries (Crop Group 13), Cereal Grains (Crop Group 15), Oilseed Crops (Crop Group 20),
Tropical and Subtropical Fruits with Inedible Peels (Crop Group 24), Hops, and Tobacco.

For clothianidin, using the 90™ percentile as the expected exposure to honey bees, the following
crop groups have a determination of low risk: Root and Tuber Vegetables (Crop Group 1), Leafy
Vegetables (Except Brassica Vegetables) (Crop Group 4), Brassica (Cole) Leafy Vegetables
(Crop Group 5), and Legume Vegetables (Succulent or Dried) (Crop Group 6). The following
crop groups have a determination of risk for clothianidin: Cucurbit Vegetables (Crop Group 9),
Citrus Fruit (Crop Group 10), Pome Fruits (Crop Group 11), Stone Fruits (Crop Group 12),
Berries (Crop Group 13), Tree Nuts (Crop Group 14), Cereal Grains (Crop Group 15), Oilseed
Crops (Crop Group 20), Tropical and Subtropical Fruits with Inedible Peels (Crop Group 24),
and Tobacco.

For dinotefuran, using the 90" percentile as the expected exposure to honey bees, the following
crop groups have a determination of low risk: Root and Tuber Vegetables (Crop Group 1), Bulb
Vegetables (Crop Group 3), Leafy Vegetables (Except Brassica Vegetables) (Crop Group 4),
Brassica (Cole) Leafy Vegetables (Crop Group 5), Cucurbit Vegetables (Crop Group 9), and
Stone Fruits (Crop Group 12). The following crop groups have a determination of risk for
dinotefuran: Fruiting Vegetables (Crop Group 8), Berries (Crop Group 13), and Oilseed Crops
(Crop Group 20).

There are crop- and application-specific exceptions for the risk determinations mentioned above.
Please refer to Tables 2-6 for more detail on exceptions.



Table 6. Risk determinations for foliar or soil applications of imidacloprid, thiamethoxam,
th
0

clothianidin, and dinotefuran at the maximum allowed annual application rate based on 9
percentile residue values.

Crop Group 1. Root and Tuber
Vegetables Group

Crop Group 3. Bulb Vegetables Group

Crop Group 4. Leafy Vegetables (Except
Brassica Vegetables) Group
Crop Group 5. Brassica (Cole) Leafy
Vegetables
Crop Group 6. Legume Vegetables
(Succulent or Dried) Group
Crop Group 8. Fruiting Vegetables
Group
Crop Group 9. Cucurbit Vegetables
Group

Crop Group 10. Citrus Fruit Group

Crop Group 11. Pome Fruits Group

Crop Group 12. Stone Fruits Group

Crop Group 13. Berries Group

Crop Group 14. Tree Nuts Group

Crop Group 15. Cereal Grains Group

Crop Group 19. Herbs and Spices

Crop Group 20. Oilseed Group

Crop Group 24. Tropical and Subtropical|
Fruit, Inedible Peel Group

Globe Artichoke *

Hops *

Mint *

Tobacco *

Coffee *

Notes:

atterned gray shading indicates that the active ingredient is not currently registered for foliar or soil applications on the

Top group.
Red shading indicates a determination of risk for all crops in the crop group based on evaluated data.

Yellow shading indicates a determination of risk for the crop group; however, there were crop-specific or application-

specific exceptions indicating low risk.
Green shading indicates a determination of low risk for the crop group based on evaluated data.

For additional detail on residue values, please see tables 3, 4, 5, and 6.

*Not categorized into a general crop group, according to 40 CFR 180.41 crop group tables.

®Risk determination category bridged from thiamethoxam.

°No on-field exposure to honey bees expected unless grown for seed.

4 Risk determination category bridged from clothianidin.

¢ Risk except for post-bloom, pre-harvest applications.

fIn absence of tier Il data and no similar crop groups from which to bridge, the crop group determination defaults to risk to honey bees.
¢ Risk determination category bridged from thiamethoxam stone fruit, as tree nuts and stone fruits are taxonomically related.

" Risk except certain applications to pumpkin, muskmelon, and cucumber.

i Risk except certain applications to blueberry.

i Risk except certain applications to melon, pumpkin, and squash.

* Risk except certain applications to bell pepper.




6.2  Seed Treatments and Tree Injection Applications

Risk determinations were only conducted for foliar and soil applications. Risks from seed
treatment applications were evaluated in the preliminary pollinator risk assessments published by
U.S. EPA (U.S. EPA and DPR, 2016; U.S. EPA, 2017a; U.S. EPA, 2017b). The preliminary
assessment for imidacloprid evaluated multiple seed treatment residue studies conducted on corn,
canola, and sunflower. These studies generally reported no residues in pollen and nectar above
the limit of detection. Values are well below their respective NOEC values, supporting the
conclusion that imidacloprid seed treatments pose a low risk to honey bees. The preliminary
pollinator risk assessment for clothianidin and thiamethoxam evaluated multiple seed treatment
residue studies conducted on corn, sunflower, melon, canola, cotton, and soybean. The resulting
residue concentrations are all below the respective NOECs, supporting the conclusion that
clothianidin or thiamethoxam seed treatments pose a low risk to honey bee colonies. Dinotefuran
is not registered for any seed treatment applications. There have been issues in other states and
countries with contact exposure resulting from abraded seed coat dust at planting, but the U.S.
EPA has addressed this with best management practices (U.S. EPA and DPR, 2016). DPR has no
records of such incidents occurring in California.

DPR considered a single residue study testing a tree injection application in this risk
determination. This study measured residues of dinotefuran in pollen and nectar following tree
injection applications to cherry trees. Dinotefuran 20SG, EPA Reg. No. 86203-12, was injected
into the trunks of cherry trees late in the season (September), before leaf drop, at a rate of 2
grams of product per inch of trunk diameter either at breast height or right below the first trunk
bifurcation. Samples of pollen and nectar were collected 165-243 days after the last application.
The maximum measured dinotefuran residues resulting from tree injection applications were
31,688 ug/Kg in pollen (201 days after application) and 17,484 pug/Kg in nectar (237 days after
application); the corresponding 90" percentile measured residues were 24,894 pg/Kg in pollen
and 16,241 pg/Kg in nectar (Lab Study ID 10934.4105; Louque, 2016). These are some of the
highest residues noted in pollen and nectar from any application methods on any crops.
Currently, no products containing the four neonicotinoids are registered with DPR that allow tree
injections to stone fruits or any other agricultural crops in California.

7.0 Considerations for Mitigation

The focus of this document is to identify risks to honey bees at the colony level following
applications of imidacloprid, clothianidin, thiamethoxam, and dinotefuran. As stated previously,
only worst-case application scenarios, as allowed by currently registered labels in California,
were included for analysis. Studies involving less frequent application intervals or lower
application rates were excluded from consideration in this document. However, these studies
contain valuable data to help inform future mitigation options. For instance, clothianidin residue
studies included data on post-bloom applications to several crops, such as peach, almond, and
apple. Though these studies were not considered worst-case, and thus not included in the overall
risk determination, the resultant residues did not exceed the NOEC and would be categorized as
low risk. The information from the additional studies provides potential directions for
development of management practices based on the number of applications, frequency of
reapplication, soil texture, timing of applications in relation to bloom, and application site.
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Though outside the scope of this document, additional analysis of the submitted data would
likely provide further science-based mitigation options to reduce risks to honey bees from
agricultural applications of nitroguanidine-substituted neonicotinoid pesticides.

8.0 Risk Appraisal

The comparison of neonicotinoid concentrations measured in nectar and pollen of treated crops
to NOEC concentrations developed from colony feeding studies is not straightforward for several
reasons. First, the duration of exposure in the colony feeding studies was set at six weeks based
on bloom duration. Calculating a realistic duration of exposure for pollinating bees is difficult
because of differences in blooming periods of crops and commercial beekeeping management
practices. The flowering intervals for different crops can be relatively short, such as for early
flowering fruit and nut trees, or long, such as for cotton plants, where plants continuously flower
throughout the growing season. In addition, during the growing season, managed honey bee
colonies are often transported from one flowering crop to another, which extends the duration of
exposure. In colony feeding studies, the spiked sugar solutions or pollen patties were regularly
replenished throughout the 6-week exposure to ensure the colonies were exposed to a consistent
concentration. As indicated by the data, concentrations measured in flowers can be variable, so
pollinating honey bee colonies are likely to be exposed to a range of concentrations. In addition,
the data presented in this document shows that concentrations measured in the nectar and pollen
of certain plants could be orders of magnitude higher than the highest dose levels used in the
colony feeding studies. This could result in exposure to residues that are acutely toxic to worker
honey bees.

If distributional statistics at the lower to middle portion (i.e. 25™ or 50" percentiles) of the
measured range in concentrations of treated crops are compared to the NOEC values derived
from the colony feeding studies, they could underestimate the potential risk to pollinating honey
bee colonies. Conversely, if statistics at the upper end of the distribution are used, they could be
overly conservative. Tables 7 to 10 present a visual comparison for the range in potential
exceedances that would result from using the 50", 75™, 90™ or 100" (maximum) percentile
residue values for each crop and application scenario reviewed for imidacloprid, thiamethoxam,
clothianidin, and dinotefuran. The comparison between the 50™ and 100" percentile to the NOEC
conforms to the observation that the 50" percentile would likely not be protective, whereas, the
100" percentile is potentially overprotective.

The concentrations calculated for each of the percentiles are presented in Appendix 11. Of
significance is the rather large range in values that was measured in some of the treated crops.
Both nectar and pollen values at the highest percentiles were measured in the parts per million,
values that would cause acute toxicity.

In summary, the 50™ percentile concentration would likely not be protective of honey bee
colonies, especially in light of extremely high values that were measured for certain
combinations of crop and application methods. On the other hand, the maximum concentration
value would likely be overly protective because of complications in the comparison of total
exposure to NOEC values generated from the colony feeding studies. The uncertainty is caused
by difficulties in calculating the total magnitude and duration of exposure, as there are
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potentially large differences in exposure durations between the bees in the colony feeding study
and those bees foraging on the flowers of the crops they are pollinating. Use of the 90"
percentile residue values indicate either a determination of risk or a determination of low risk for
the studies evaluated and appears to be a realistic, yet protective approach.
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Table 7. Imidacloprid comparison of NOEC exceedances based on maximum and SOth, 75th, and 90‘[h
percentile values for each crop and application scenario, based on acceptable data.

Imidacloprid
c G c Application Ty Exceedance Category
rop Grou ro ication e
poup P PP P 50% | 75% | 90% | Max
Crop Group 8. Fruiting Vegetables Group Tomato 1 Soil + 2 Foliar
. . Orange 2 Foliar (Pre-Bloom)

Crop Group 10. Citrus Fruit Group -
Citrus * 1 Soil

Crop Group 11. Pome Fruits Group Apple 1 Soil + 2 Foliar

it® 1 Soil + 2 Foli
Crop Group 12. Stone Fruits Group Stone Fruit o : o
Cherry 5 Foliar

. Blueberry 1 Soil
Crop Group 13. Berries Group -
Strawberry 1 Soil

1 Soil + 3 Foliar (At Bloom)
5 Foliar (Pre-Bloom)
Crop Groups With Data Gaps

Crop Group 20. Oilseed Group Cotton

Crop Group 1. Root and Tuber Vegetables

N/A N/A
Group
Crop Group 3. Bulb Vegetables Group N/A N/A
Crop Group 4 Leafy Vegetables (Except N/A N/A
Brassica Vegetables) Group
Crop Group 5. Brassica (Cole) Leafy N/A N/A
Vegetables
Crop Group 6. Legume Vegetables
N/A N/A
(Succulent or Dried) Group
Crop Group 9. Cucurbit Vegetables Group N/A N/A
Crop Group 14. Tree Nuts Group N/A N/A
Crop Group 19. Herbs and Spices N/A N/A
Crop Group 24. Tropical and Subtropical
Fruit, Inedible Peel Group A A
Globe Artichoke N/A N/A
Hops N/A N/A
Tobacco N/A N/A
Coffee N/A N/A

Notes:

Red shading indicates soil or foliar applications that result in pollen or nectar residues that exceed the
NOEC.

Green shading indicates soil or foliar applications that do not result in pollen or nectar residues that
exceed the NOEC.

? Residue study was conducted on multiple crops within the crop group, including orange, tangerine, grapefruit, tangelos,
and lemon. However, data was not analyzed by individual crop due to limited replication.

" Residue study was conducted on multiple crops within the crop group, including cherry, plum, apricot, and peach.
[However, data was not analyzed by individual crop due to limited replication.




Table 8. Thiamethoxam comparison of NOEC exceedances based on maximum and SOth,

ZSth, and 90‘[h percentile values for each crop and application scenario, based on acceptable
ata.

Thiamethoxam
Exceedance Category
Crop G C Applicati
rop Group rop pplication Type 50% | 75% | 90% | Max
Crop Group 6. Legume Vegetables .
. Soyb 2 Fol
(Succulent or Dried) Group oybeati onar
. 2 Foliar
Crop Group 8. Fruiting Vegetables Tomato T Soil
Group :
Pepper 1 Soil
1 Soil
Cucumber -
2 Foliar
Crop Group 9. Cucurbit Vegetables Muskmelon 1 Soil
Group . 1 Soil
Pumpkin -
2 Foliar
Summer Squash 1 Soil
itrus * 1 Soil
Crop Group 10. Citrus Fruit Group Citrus :
Sweet Orange 2 Foliar
Crop Group 11. Pome Fruits Group Apple 1 Foliar
Crop Group 12. Stone Fruits Group Stone Fruit ° 2 Foliar
Blueberry 3 Foliar
. 3 Foliar
Crop Group 13. Berries Group Strawberry -
1 Soil
Cranberry 3 Foliar
Crop Group 15. Cereal Grains Group Corn Seed + 2 Foliar
Crop Group 20. Oilseed Group Cotton 2 Foliar
Crop Groups With Data Gaps
1. Root T
Crop Group oot and Tuber N/A N/A
Vegetables Group
Crop Group 3. Bulb Vegetables Group N/A N/A
Crop Group 4 Leafy Vegetables N/A N/A
(Except Brassica Vegetables) Group
Crop Group 5. Brassica (Cole) Leafy N/A N/A
Vegetables
24. Tropical
Crolp Group foplca and N/A N/A
Subtropical Fruit, Inedible Peel Group
Globe Artichoke N/A N/A
Hops N/A N/A
Mint N/A N/A
Tobacco N/A N/A
Notes:

Red shading indicates soil or foliar applications that result in pollen or nectar residues that

exceed the NOEC.
Green shading indicates soil or foliar applications that do not result in pollen or nectar residues

that exceed the NOEC.

? Residue study was conducted on multiple crops within the crop group, including orange and lemon. However, data
was not analyzed by individual crop due to limited replication.

® Residue study was conducted on multiple crops within the crop group, including peach, plum, cherry, and prune.
[However, data was not analyzed by individual crop due to limited replication.




Table 9. Clothianidin comparison of NOEC exceedances based on maximum and 50th, 75th, and
90th percentile values for each crop and application scenario, based on acceptable data.

Clothianidin
S Exceedance Category
Crop Group Crop Application Type 50% | 75% | 90% | Max
Crop Group 1. Root and Tuber .
Potat 1 Soil
Vegetables Group oo Soi
Cucumber 1 Soil
Melon 1 Soil
. Squash 1 Soil
Crop Group 9. Cucurbit Vegetables 1 Soil
Group - -
. 1 Soil (At Planting)
Pumpkin :
2 Foliar
1 Soil (Post-Emergence)
. 1 Soil
Crop Group 13. Berries Group Grape -
1 Foliar (Pre-Bloom)
Crop Group 20. Oilseed Group Cotton 2 Foliar

Crop Groups With Data Gaps

Crop Group 4. Leafy Vegetables (Except

N/A A
Brassica Vegetables) Group / N
Crop Group 5. Brassica (Cole) Leafy N/A N/A
Vegetables
Crop Group 6. Legume Vegetables
. N/A N/A
(Succulent or Dried) Group
Crop Group 11. Pome Fruits Group * N/A N/A
Crop Group 12. Stone Fruits Group " N/A N/A
Crop Group 14. Tree Nuts Group ° N/A N/A
Crop Group 15. Cereal Grains Group N/A N/A
Crop Group 24. Tropical and Subtropical
N/A N/A
Fruit, Inedible Peel Group /
Tobacco N/A N/A

Notes:

Red shading indicates soil or foliar applications that result in pollen or nectar residues that

exceed the NOEC.
Green shading indicates soil or foliar applications that do not result in pollen or nectar residues

that exceed the NOEC.

 Risk except post-bloom foliar applications to apple.
P Risk except post-bloom foliar applications to peach.
[° Risk except post-bloom foliar applications to almond.




Table 10. Dinotefuran comparison of NOEC exceedances based on maximum and SOth, 75th, and
90th percentile values for each crop and application scenario, based on acceptable data.

Dinotefuran
Applicati E t
Crop Group Crop pplication xceedance Category
Type 50% | 75% | 90% | Max
Crop Group 1. Root and Tuber .
Potat 1 Soil
Vegetables Group oo o
o Bell Pepper 2 Soil
Crop Group 8. Fruiting Vegetables > Soil
Group Tomato -
2 Foliar
. it tabl
Crop Group 9. Cucurbit Vegetables Pumpkin 7 Soil
Group
Crop Group 12. Stone Fruits Group Cherry 2 Foliar
i Blueberry 2 Foliar
Crop Group 13. Berries Group 5
Cranberry 2 Foliar
Crop Group 20. Oilseed Group Cotton 2 Foliar
Crop Groups With Data Gaps
Crop Group 3. Bulb Vegetables Group N/A N/A
Crop Group .4. Leafy Vegetables N/A N/A
(Except Brassica Vegetables) Group
Crop Group 5. Brassica (Cole) Leafy N/A N/A
Vegetables
Notes:

Red shading indicates soil or foliar applications that result in pollen or nectar residues that
exceed the NOEC.

Green shading indicates soil or foliar applications that do not result in pollen or nectar
residues that exceed the NOEC.
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Appendix 1. Reevaluation Letter Initiating the Reevaluation of Imidacloprid,
Clothianidin, Thiamethoxam, and Dinotefuran

@pr Department of Pesticide Regulation

Mary-Anr) Warmerdam . . . Arnold Schwarzenegger
Director California Notice 2009-02 Governor

POST UNTIL March 31, 2009

NOTICE OF DECISION TO INITIATE REEVALUATION OF
CHEMICALS IN THE NITROGUANIDINE INSECTICIDE CLASS OF
NEONICOTINOIDS.

Pursuant to Section 6220, et seq., Title 3. California Code of Regulations, the Director of the
Department of Pesticide Regulation (DPR) notices her decision to initiate a reevaluation of
certain pesticide products within the nitroguanidine insecticide class of neonicotinoids and
containing the following active ingredients: imidacloprid, clothianidin, dinotefuran, and
thiamethoxam. Interested persons may comment on this decision up to and including the date
shown on the top-right corner of this notice to the Department of Pesticide Regulation, Pesticide
Registration Branch, 1001 I Street, P.O. Box 4015, Sacramento, California 95812-4015.

REEVALUATION

DPR is hereby commencing a reevaluation of chemicals in the nitroguanidine insecticide class of
neonicotinoids and containing the following active ingredients: imidacloprid, clothianidin,
dinotefuran, and thiamethoxam. This reevaluation involves 50 registrants and 282 pesticide
products. DPR determined that the number of products included in this reevaluation were too
numerous to list within this notice. A list of products included in the reevaluation is available
upon written request to the address listed above or on DPR’s Web site at:
<http://www.cdpr.ca.gov/docs/registration/reevaluation/chemicals/neonicotinoids.htm>.

BASIS OF REEVALUATION

In 2008, DPR received an adverse effects disclosure pursuant to Federal Insecticide Fungicide
and Rodenticide Act (FIFRA) section 6(a)(2) and Food and Agricultural Code

section 12825.5 regarding the active ingredient imidacloprid. The disclosure included twelve
residue and two combination residue, honey, bumble bee studies of imidacloprid use on a
number of ornamental plants. DPR’s evaluation of the data noted two critical findings. One, high
levels of imidacloprid in leaves and blossoms of treated plants, and two, increases in residue
levels over time.

Imidacloprid levels in leaves and blossoms varied depending on the application rate and the type
of plant, but the data indicate that residues in some plants measured higher than 4 parts per
million (ppm). The data also indicate that when using soil application methods, imidacloprid
residues remained relatively low for the first six months after application, followed by a dramatic
increase that remained stable in some cases for more than 500 days after treatment. Where
imidacloprid was applied to the soil, no significant decline in residue levels was observed in any
of the studies, even in studies where residues were tested at 540 days after treatment. DPR found
that the treatment rates used in the studies where high imidacloprid residue levels were found in

1001 | Street o P.O. Box 4015 e Sacramento, California 95812-4015 e www.cdpr.ca.gov

'oy‘ A Department of the California Environmental Protection Agency
L

# Printed on recycled paper, 100% post-consumer--processed chlorine-free.
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leaves and blossoms, were comparable to application rates found on currently registered labels
for orchards, assuming the orchards were planted at a density of 200 trees per acre or fewer. The
data indicate that use of imidacloprid on an annual basis may be additive, in that significant
residues from the previous use season appear to be available to the treated plant. DPR also
received preliminary information from a University of California at Riverside researcher who is
investigating imidacloprid residues in eucalyptus nectar and pollen. The researcher’s preliminary
results indicate imidacloprid residues in eucalyptus nectar at levels of up to 550 parts per

billion (ppb).

Based upon data on file, DPR estimates the lethal concentration of imidacloprid needed to kill
50 percent of a test population (LCsp) of honey bees is 185 ppb®. In their everyday foraging and
pollination activities, honey bees collect both nectar and pollen from flowering plants. If the
imidacloprid residue levels in a plant’s nectar and pollen are similar to those found in the leaves
and blossoms of the plants described in the adverse effects data, the levels are well above the
estimated LCs, for honey bees. The levels found in some of the plants were more than twenty
times the estimated honey bee LCsq of 185 ppb.

All of the neonicotinoids share many of the same characteristics as imidacloprid. However, the
three other neonicotinoids included in this reevaluation, clothianidin, dinotefuran, and
thiamethoxam, are in the same chemical family (nitroguanidines) as imidacloprid. These three
other active ingredients, in particular, have soil mobility characteristics and half-lives that are
very similar to imidacloprid. Based on available data, DPR scientists believe these active
ingredients would have the same potential residue concerns as imidacloprid. Data also indicate
that these active ingredients are similar to imidacloprid in toxicity to honey bees. Due to the
chemical and toxicological similarities between imidacloprid and the other neonicotinoids, DPR
is providing those registrants with the option of generating data on their own chemicals or
providing/relying upon data generated using a surrogate nitroguanidine.

DPR exempted the following formulation categories and product types from the reevaluation:

Formulated as a gel or impregnated in a strip;
Termiticide;

Flea control products combined with rodenticide;
Pet spot applications;

Ant and roach baits;

Premise application for control of nuisance pests; or,
Manufacturing use only products.

NoogkrwdpE

! The LCs, was estimated by converting the acute oral LDs, (the amount of a material that causes the death of
50 percent of a test population) to a concentration in nectar using the standard consumption model used in bee
feeding studies.
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DPR exempted the above types of products from the reevaluation because the manner in which
the products are formulated or applied makes it unlikely that the neonicotinoid will move into
plants that bloom or be a source of forage for honey bees and pollinators.

DPR has not yet made a final decision as to the data it will require registrants to conduct
pursuant to this reevaluation. In general, DPR intends to require registrants to analyze residues
from the nectar and pollen of a representative number of crops grown in California in order to
better understand the impact of neonicotinoids on honey bees. In addition, DPR plans to require
acute toxicity studies on various honey bee life stages.

DPR plans to work closely with the United States Environmental Protection Agency’s

(U.S. EPA’s) Office of Pesticide Programs throughout the reevaluation process. U.S. EPA’s
registration review docket for imidacloprid
<http://www.epa.gov/oppsrrdl/registration_review/imidacloprid/index.htm> opened in
December 17, 2008, and the docket for nithiazine is scheduled to be opened in March 2009. In
order to better ensure a “level playing field” for the neonicotinoid class as a whole, and to best
take advantage of new research as it becomes available, U.S. EPA has scheduled the docket
openings for the remaining neonicotinoids (acetamiprid, clothianidin, dinotefuran, thiacloprid,
and thiamethoxam) for fiscal year 2012.

For information regarding the reevaluation process, please contact either Ms. Denise Webster, by
e-mail at <dwebster@cdpr.ca.gov> or by telephone at (916) 324-3522, or Ms. Alveena Prasad,
by e-mail at <aprasad@cdpr.ca.gov> or by telephone at (916) 324-3905.

Original signed by February 27, 2009
Ann M. Prichard, Chief Date

Pesticide Registration Branch

(916) 324-3931

cc: Ms. Denise Webster, Program Specialist
Ms. Alveena Prasad, Environmental Scientist
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Appendix 2. California Food and Agricultural Code (FAC) section (§) 12838

Assembly Bill No. 1789

CHAPTER 578

An act to add Section 12838 to the Food and Agricultural Code,
relating to pesticides.

[Approved by Governor September 26, 2014. Filed with
Secretary of State September 26, 2014.]

Legislative counsel’s
digest

AB 1789, Williams. Pesticides: neonicotinoids: reevaluation:
determination: control measures.

Existing law requires pesticides to be registered by the Department of
Pesticide Regulation. Existing law requires that a pesticide be thoroughly
evaluated prior to registration, and provides for the continued evaluation
of registered pesticides.

This bill would require the department, by July 1, 2018, to issue a
determination with respect to its reevaluation of neonicotinoids. The bill
would require the department, on or before 2 years after making this
determination, to adopt any control measures necessary to protect
pollinator health.

The bill would require the department to submit a report to the
appropriate committees of the Legislature if the department is unable to
adopt those control measures and to update the report annually until the
department adopts those control measures.

The people of the State of California do enact as follows:

SECTION 1. (a) The Legislature finds and declares all of the following:
(1) Honey bees are vital to the pollination of many of California’s

crops, which are critical to our national food system and essential to the
economy of the state.

(2 Annual colony losses from 2006 to 2011, inclusive, averaged
about 33 percent each year, which is more than double what is
considered sustainable according to the United States Department of
Food and Agriculture.

(3) Scientists now largely agree that a combination of factors is to
blame for declining pollinator health, including lack of varied forage and
nutrition, pathogens and pests such as the Varroa mite, and chronic and
acute exposure to a variety of pesticides.

(4) Based on data submitted to the Department of Pesticide
Regulation showing a potential hazard to honey bees, the
department initiated a
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reevaluation process for four neonicotinoid compounds in 2009:
imidacloprid, thiamethoxam, clothianidin, and dinotefuran.

(b) It is the intent of the Legislature to set a timeline for completion of
the reevaluation of neonicotinoid compounds to ensure that the Department
of Pesticide Regulation completes a thorough, scientifically sound, and
timely analysis of the effects of neonicotinoids on pollinator health.

SEC. 2. Section 12838 is added to the Food and Agricultural Code, to
read:

12838. (a) On or before July 1, 2018, the department shall issue a
determination with respect to its reevaluation of neonicotinoids.

(b) (1) Within two years after making the determination specified in
subdivision (), the department shall adopt any control measures necessary
to protect pollinator health.

(2) Ifthe departmentis unable to adopt necessary control measures within
two years as required in paragraph (1), the department shall submit a report
to the appropriate committees of the Legislature setting forth the reasons
the requirement of paragraph (1) has not been met.

(3) The department shall update the report submitted to the appropriate
committees of the Legislature pursuant to paragraph (2) every year until the
department adopts the necessary control measures specified in paragraph

Q).
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Appendix 3. California Registered Agricultural Uses of Imidacloprid, Thiamethoxam, Clothianidin, and
Dinotefuran

The neonicotinoid informational use tables include crop groups that have been defined in Title 40 of the Code of Federal Regulations (40 CFR)
Part 180.41. In accordance with the risk determination, a single crop or a subset of a crop group could represent an entire crop group listed in the
tables. Crop groups and use rates in the tables are representative of agricultural commodities that are currently registered for use in California.
40 CFR Part 180.41 does not categorize hops, globe artichoke, and peanuts into crop groups as these are seen as miscellaneous commodities.

Imidacloprid
Crop groups listed Maximum single Maximum annual or Minimum Restrictions
application rate (soil | seasonal application | reapplication
or foliar) rate (soil or foliar) interval
Berry Low Growing | 0.047 Ibs ai/A (foliar) | 0.14 Ibs ai/A (foliar) 5 days When applied as a soil post-harvest
and Berry treatment, the maximum single
Small 0.50 Ibs ai/A (soil) 0.50 Ibs ai/A (soil) application rate the maximum annual
Fruit seasonal application rate is 0.38 Ib ai/A.
Do not use both soil application methods
on the same crop in the same season.
Do not apply during bloom or within 10
days prior to bloom or when bees are
foraging.
Bushberry 0.1 Ibs ai/A (foliar) 0.5 Ibs ai/A (foliar) 7 days Do not apply pre-bloom or during bloom
or when bees are foraging.
0.5 Ibs ai/A (soil) 0.5 Ibs ai/A (foliar)
Caneberry 0.1 Ibs ai/A (foliar) 0.3 Ibs ai/A (foliar) Do not apply pre-bloom or during bloom
7 days or when bees are foraging.
0.5 Ibs ai/A (soil) 0.5 Ibs ai/A (soil)
Small fruit vine | 0.05 Ibs ai/A (foliar) 0.1 Ibs ai/A (foliar) Apply with ground application
climbing 14 days equipment only.
subgroup except 0.5 Ibs ai/A (soil) 0.5 Ibs ai/A (soil)
fuzzy kiwifruit
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Appendix 3. California Registered Agricultural Uses of Imidacloprid, Thiamethoxam, Clothianidin, and

Dinotefuran

Imidacloprid

Crop groups listed

Maximum single
application rate (soil
or foliar)

Maximum annual or
seasonal application
rate (soil or foliar)

Minimum
reapplication
interval

Restrictions

Citrus Fruit

0.25 Ibs ai/A (foliar)
0.50 Ibs ai/A (soil)

0.0013 Ibs ai/ft3 (soil;
containerized)

0.50 Ibs ai/A (foliar)
0.50 Ibs ai/A (soil)

0.0037 Ibs ai/plant
(soil; containerized)

10 days

Do not apply during bloom or within 10
days prior to bloom or when bees are
foraging.

Oilseed

0.063 Ibs ai/A (foliar)
0.33 Ibs ai/A (soil)

0.5 Ibs ai/100 Ib seed
(seed treatment;
cotton)

1 Ibs ai/100 Ibs seed
(seed treatment;
canola, rapeseed,

mustard seed, flax,
crambe, borage)

0.5 mg ai/seed (seed
treatment; safflower,
sunflower)

0.31 Ibs ai/A (foliar)

0.33 Ibs ai/A (soil)

7 days

Regardless of formulation or method of
application, apply no more than 0.5 Ib.
active ingredient per acre per year,
including seed treatment, soil, and foliar
uses.

Do not graze treated fields after any
application imidacloprid

Cucurbit Vegetable

0.38 Ibs ai/A (soil)

0.38 Ibs ai/A (soil)

Not for use on crops grown for seed
unless allowed by state-specific 24(c)
labeling.
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Appendix 3. California Registered Agricultural Uses of Imidacloprid, Thiamethoxam, Clothianidin, and

Dinotefuran

Imidacloprid

Crop groups listed Maximum single Maximum annual or Minimum Restrictions
application rate (soil | seasonal application | reapplication
or foliar) rate (soil or foliar) interval
Fruiting Vegetable 0.075 Ibs ai/A (foliar) | 0.24 Ibs ai/A (foliar) 5 days Not for use on crops grown for seed
unless allowed by state-specific 24(c)
0.38 Ibs ai/A (soil) 0.38 Ibs ai/A (soil) labeling.
0.5 Ibs ai/A (soil; 0.5 Ibs ai/A (soil; okra
okra and peppers) and peppers)
Pome Fruit 0.1 Ibs ai/A (foliar) 0.5 Ibs ai/A (foliar) 10 days Do not apply pre-bloom or during bloom
or when bees are foraging.
0.25 Ibs ai/A (foliar; 0.5 Ibs ai/A (foliar;
pear) pear)
0.38 Ibs ai/A (soil) 0.38 Ibs ai/A (soil)
Stone Fruit 0.1 Ibs ai/A (foliar) 0.5 Ibs ai/A (foliar) 10 days The maximum annual foliar rate
allowed per year for apricot, nectarine,
0.1 Ibs ai/A (foliar; 0.3 Ibs ai/A (foliar; | 7 days (apricot, and peach: 0.3 Ib ai/A
apricot, nectarine, and | apricot, nectarine, and | nectarine, and Do not apply pre-bloom or during bloom
peach) peach) peach) or when bees are foraging
0.38 Ibs ai/A (soil) 0.38 Ibs ai/A (soil)
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Appendix 3. California Registered Agricultural Uses of Imidacloprid, Thiamethoxam, Clothianidin, and

Dinotefuran

Imidacloprid

Crop groups listed

Maximum single
application rate (soil
or foliar)

Maximum annual or
seasonal application
rate (soil or foliar)

Minimum
reapplication
interval

Restrictions

Cereal Grains

0.53 Ibs ai/100 Ibs
seed (seed treatment;
field corn)

0.94 Ibs ai/100 Ibs
seed (seed treatment;
wheat, barley, oats,
rye, triticale)

0.25 Ibs ai/100 Ibs
seed (seed treatment;
sorghum, millet)

0.2 Ibs ai/100,000 of
pelleted seed
(seed treatment;
sugar beet)

0.094 Ibs ai/100,000
of raw seed (seed
treatment; sugar beet)

0.25 Ibs ai/100 Ibs
seed (seed treatment;
popcorn)

0.25 Ibs ai/100 Ibs
seed (seed treatment;
sweet corn)

Corn: Do not graze or feed livestock on
treated areas for 45 days after planting.
Wheat, barley, oats, rye, triticale,
sorghum, and millet: Do not graze or
feed livestock on treated areas for 45
days after planting.

The maximum application rate for
imidacloprid (including seed treatments,
foliar applications, and soil applications)
is 0.5 pound active ingredient per acre
per calendar year.
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Appendix 3. California Registered Agricultural Uses of Imidacloprid, Thiamethoxam, Clothianidin, and

Dinotefuran

Imidacloprid

Crop groups listed

Maximum single
application rate (soil
or foliar)

Maximum annual or
seasonal application
rate (soil or foliar)

Minimum
reapplication
interval

Restrictions

Tree Nut Group

0.1 Ibs ai/A (foliar)

0.50 Ibs ai/A (soil)

0.36 Ibs ai/A (foliar)

0.50 Ibs ai/A (soil)

6 days

Do not apply to almonds

Do not apply pre-bloom or during
bloom or when bees are foraging.

Brassica (Cole) Leafy
Vegetable

0.047 Ibs ai/A (foliar)

0.38 Ibs ai/A (soil)

0.24 Ibs ai/A (foliar)

0.38 Ibs ai/A (soli)

5 days

Not for use on crops grown for seed
unless allowed by state-specific 24(c)
labeling.

Tropical and Subtropical
Fruit, Inedible Peel Group

0.1 Ibs/A (foliar)

0.1lbs ai/A (foliar;
pomegranate)

0.5 Ibs ai/A (soil)

0.5 Ibs ai/A (foliar)

0.3 Ibs ai/A (foliar;
pomegranate)

0.5 Ibs ai/A (soil)

7 days

14 days
(banana and
plantain)

Do not apply pre-bloom or during bloom
or when bees are foraging.

Root and Tuber Vegetables

0.047 Ibs ai/A (foliar;
potato)

0.044 Ibs ai/A (foliar)

0.044 Ibs ai/A (foliar;
radish)

0.31 Ibs ai/A (soil;
potato)

0.38 Ibs ai/A (soil)
0.18 Ibs ai/A (soil;
sugar beet)

0.2 Ibs ai/A (foliar;
potato)

0.13 Ibs ai/A (foliar)

0.044 Ibs ai/A (foliar;
radish)

0.31 Ibs ai/A (soil;
potato)

0.38 Ibs ai/A (soil)
0.18 Ibs ai/A (soil;
sugar beet)

7 days (potato)

5 days

Not for use on crops grown for seed
unless allowed by state-specific 24(c)
labeling.

Side-dress no more than 0.3 fl 0z/1000
row feet no later than 45 days after
planting.

Sugar beet: No not apply immediately
prior to bud opening or during bloom or
when bees are foraging.
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Appendix 3. California Registered Agricultural Uses of Imidacloprid, Thiamethoxam, Clothianidin, and
Dinotefuran

Imidacloprid

Crop groups listed

Maximum single
application rate (soil
or foliar)

Maximum annual or
seasonal application
rate (soil or foliar)

Minimum
reapplication
interval

Restrictions

Root and Tuber
Vegetables, continued

0.26 Ibs ai/A (seed
treatment; potato)

0.25 Ibs ai/100 Ibs
seed (seed treatment;
carrot)

Leafy Vegetable
(Except Brassica
Vegetable)

0.047 Ibs ai/A (foliar)

0.38 Ibs ai/A (soil)

0.24 Ibs ai/A (foliar)

0.38 Ibs ai/A (soil)

5 days

Not for use on crops grown for seed
unless allowed by state-specific 24(c)
labeling.

Legume Vegetables
(Succulent or Dried)

0.044 Ibs ai/A (foliar)

0.047 b ai/A (foliar;
soybean)

0.38 Ibs ai/A (soil)

0.125 Ibs ai/100 Ibs
seed (seed treatment;
soybean)

0.13 Ibs ai/A (foliar)

0.14 Ibs ai/A (foliar;
soybean)

0.38 Ibs ai/A (soil)

7 days

Not for use on crops grown for seed
unless allowed by state-specific 24(c)
labeling.

Foliar and soil application on Soybean
not permitted in California unless
otherwise directed by state specific 24(c)
labeling.

Soybean: Do not graze or feed livestock
on soybean forage or hay.

Herbs and Spices

0.044 Ibs ai/A (foliar)

0.38 Ibs ai/A (soil)

0.13 Ibs ai/A (foliar)

0.38 Ibs ai/A (soil)

5 days

Bulb Vegetables

0.5 Ibs ai/A (soil)

0.5 Ibs ai/A (soil)

Not for use on crops grown for seed
unless by state-specific 24(c) labeling.

40




Appendix 3. California Registered Agricultural Uses of Imidacloprid, Thiamethoxam, Clothianidin, and

Dinotefuran

Imidacloprid
Crop groups listed Maximum single Maximum annual or Minimum Restrictions
application rate (soil | seasonal application | reapplication

or foliar) rate (soil or foliar) interval

Tobacco 0.05 Ibs ai/A (foliar) 0.28 Ibs ai/A (foliar) 7 days
0.016 Ibs ai/1,000 0.5 Ibs ai/A (soil)

plants (soil)
Coffee 0.1 Ibs ai/A (foliar) 0.5 Ibs ai/A (foliar) 7 days e Do not apply pre-bloom or during bloom
or when bees are foraging.

0.5 Ibs ai/A (soil) 0.5 Ibs ai/A (soil)

Hops 0.1 Ibs ai/A (foliar) 0.3 Ibs ai/A (foliar) 21 days
0.3 Ibs ai/A (soil) 0.3 Ibs ai/A (soil)

Globe Artichoke 0.125 Ibs ai/A (foliar) 0.5 Ibs ai/A (foliar) 14 days

41




Appendix 3. California Registered Agricultural Uses of Imidacloprid, Thiamethoxam, Clothianidin, and

Dinotefuran

Thiamethoxam

0.172lbs ai/A (soil)

0.1721bs ai/A (soil)

Crop groups listed Maximum single Maximum annual or | Minimum Restrictions
application rate (soil | seasonal application | reapplication
or foliar) rate (soil or foliar) interval
Cucurbit Vegetables 0.086 Ibs ai/A (foliar) | 0.172 Ibs ai/A (foliar) 5 days o Refer to Pollinator Precautions section.

0.172lbs ai/A (soil) 0.172lbs ai/A (soil) e Refer to Resistance Management
0.75 mg ai/seed, Do section.

not exceed 0.164 Ibs

ai/A (seed treatment)

Citrus Fruit 0.086 Ibs ai/A (foliar) | 0.172 Ibs ai/A (foliar) 7 days e Thiamethoxam is highly toxic to bees

exposed to direct treatment on blooming
crops. Do not apply during pre-bloom or
during bloom when bees are actively
foraging. Do not apply thiamethoxam or
allow it to drift to blooming crops or
weeds if bees are foraging in for adjacent
to the treatment area. This is especially
critical if there are adjacent orchards that
are blooming. After a thiamethoxam
application, wait at least 5 days before
placing beehives in the treated field. If
bees are foraging in the ground cover and
it contains any blooming plants or weeds,
always remove flowers before making an
application. This may be accomplished by
mowing, disking, mulching, flailing, or
applying a labeled herbicide.
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Appendix 3. California Registered Agricultural Uses of Imidacloprid, Thiamethoxam, Clothianidin, and

Dinotefuran

Thiamethoxam

Crop groups listed Maximum single Maximum annual or | Minimum Restrictions
application rate (soil | seasonal application | reapplication
or foliar) rate (soil or foliar) interval
Oilseed 0.063 Ibs ai/A (foliar) | 0.125 Ibs ai/A (foliar) 5 days To protect the Preble's Meadow Jumping
. ) Mouse, sunflower seed treated with
0.375 mg ai/seed 0.075 Ibs ai/A (seed Do n(?t appl;_/ a Cruiser 5FS Alfalfa may not be planted
(Seed treatment; treatment; cotton) ne.zonlco.tl.nmd in Elbert or Weld Counties in Colorado.
Cotton) ] insecticide
. 0.14 Ibs al/A (seed | yithin 45 days Treated sunflower seed must be planted
0.25 mg ai/seed (seed | treatment; sunflower) of planting at a minimum depth of one inch.
treatment; Sunflower) ) seed treated
0.14 Ibs ai/A (seed
0.039 Ibs ai/100 Ibs treatment; safflower) cotton seeds
seed (seed treatment;
safflower)
Stone Fruit 0.086 Ibs ai/A (foliar) | 0.172 Ibs ai/A (foliar) 7 days Refer to Pollinator Precautions section.
Refer to Resistance Management
section.
Berry and Small fruit | 0.055 Ibs ai/A (foliar) | 0.109 Ibs ai/A (foliar) 14 days Refer to Pollinator Precautions section.
Small Fruit vine
climbing 0.266 Ibs ai/A (soil) 0.266 Ibs ai/A (soil) Refer to Resistance Management
subgroup section.
except
fuzzy
kiwifruit
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Appendix 3. California Registered Agricultural Uses of Imidacloprid, Thiamethoxam, Clothianidin, and

Dinotefuran

Thiamethoxam

Crop groups listed

Maximum single
application rate (soil
or foliar)

Maximum annual or
seasonal application
rate (soil or foliar)

Minimum
reapplication
interval

Restrictions

0.172lbs ai/A (soil)

0.172 Ibs ai/A (soil)

Berry and Low 0.063 Ibs ai/A (foliar) | 0.188 Ibs ai/A (foliar) 10 days e Do not apply by air
Small Fruit, growing ) ) ] ]
continued berry 0.188 Ibs ai/A (soil) | 0.188 Ibs ai/A (soil) e Refer to Pollinator Precautions section.
b
subgroup ¢ Refer to Resistance Management
section.
Bushberry | 0.063 Ibs ai/A (foliar) | 0.188 Ibs ai/A (foliar) 7 days e Apply after bud-break, but prior to the
] ] ] ] beginning of bloom (first open blooms)
0.188 Ibs ai/A (soil) 0.188 Ibs ai/A (soil)
o Refer to Pollinator Precautions section.
¢ Refer to Resistance Management
section.
Fruiting Vegetables 0.086 Ibs ai/A (foliar) | 0.172 Ibs ai/A (foliar) 5 days e Refer to Pollinator Precautions section.

¢ Refer to Resistance Management
section.
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Dinotefuran

Thiamethoxam

Crop groups listed

Maximum single
application rate (soil
or foliar)

Maximum annual or
seasonal application
rate (soil or foliar)

Minimum
reapplication
interval

Restrictions

Legume Vegetables
(Succulent or Dried)

0.031 Ibs ai/A (foliar)

0.05 Ibs ai/100 Ibs
seed, Do not exceed
0.075 Ibs ai/A (seed

treatment)

0.05 Ibs ai/100 Ibs
seed, Do not exceed
0.083 Ibs ai/A (seed
treatment; soybean)

0.125 Ibs ai/A (foliar)

7 days

Do not apply a
neonicotinoid
insecticide
within 45 days
of planting
seed treated
with Cruiser
5FS.

o Refer to Pollinator Precautionary section

o Refer to Resistance Management section

Brassica Vegetables)

Leafy Vegetables (Except

0.086 Ibs ai/A (foliar)

0.172lbs ai/A (soil)

0.172 Ibs ai/A (foliar)

0.172lbs ai/A (soil)

7 days

e Refer to Pollinator Precautions section.

e Refer to Resistance Management
section.

Bulb Vegetables

0.266 Ibs ai/A (seed
treatment)

Brassica (Cole) Leafy
Vegetables

0.086 Ibs ai/A (foliar)

0.172 Ibs ai/A (soil)

0.172 Ibs ai/A (foliar)

0.172 Ibs ai/A (soil)

7 days

e Refer to Pollinator Precautions section.

¢ Refer to Resistance Management
section.
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Dinotefuran

Thiamethoxam

Crop groups listed

Maximum single
application rate (soil
or foliar)

Maximum annual or
seasonal application
rate (soil or foliar)

Minimum
reapplication
interval

Restrictions

0.188 Ibs ai/A (soil)

0.63 Ibs ai/A (foliar;
radish)

0.102 Ibs ai/A (soil;
radish)

70 gram ai/100,000
seeds; Do not exceed
0.206 Ibs ai/A (seed
treatment; Sugar
Beets)

0.188 Ibs ai/A (soil)

0.063 Ibs ai/A (foliar;
radish)

0.102 Ibs ai/A (soil;
radish)

Root and Tuberous | 0.047 lbs ai/A (foliar) | 0.094 Ibs ai/A (foliar) 7 days e Refer to Pollinator Precautions section.
Tuber and Corm ) ) ] ]
Vegetables 0.125 Ibs ai/A (soil) 0.125 Ibs ai/A (soil) e Refer to Resistance Management
. section.
0.125 Ibs ai/A (seed

treatment) e Do not use this thiamethoxam on potato
seed in Nassau or Suffolk County, New

York.

Root 0.063 Ibs ai/A (foliar) | 0.125 Ibs ai/A (foliar) 7 days
Vegetables
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Dinotefuran

Thiamethoxam

Crop groups listed

Maximum single
application rate (soil
or foliar)

Maximum annual or
seasonal application
rate (soil or foliar)

Minimum
reapplication
interval

Restrictions

Pome Fruit

0.086 Ibs ai/A (foliar)

0.258 Ibs ai/A (foliar)

10 days

Refer to Pollinator Precautionary Section

Refer to resistance management section

Tropical and Subtropical
Fruit, Inedible Peel Group

0.063 Ibs ai/A (foliar)

0.188 Ibs ai/A (foliar)

7 days

Refer to Pollinator Precautionary Section

Refer to resistance management section

Globe Artichoke

0.047 Ibs ai/A (foliar)

0.094 Ibs ai/A (foliar)

7 days

Refer to Pollinator Precautions section.

Refer to Resistance Management
section.

Peanuts

0.29 mg ai/seed; Do
not exceed 0.08 Ibs
ai/A (seed treatment)

Do not use a thiamethoxam rate that will
result in more than 0.08 Ibs ai/A (35.0
grams ai/A) per season, based on a
maximum seeding rate of 120,700
seeds/acre.

Do not use in hopper box, planter box,
slurry box, or other farmer applied
applications. Apply thiamethoxam seed
treatment in commercial seed treatment
facilities only.
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Dinotefuran

Thiamethoxam

Crop groups listed

Maximum single
application rate (soil
or foliar)

Maximum annual or
seasonal application
rate (soil or foliar)

Minimum
reapplication
interval

Restrictions

Cereal Grains

0.0625 Ibs ai/A
(foliar; barley)

0.052 Ibs ai/100 Ibs
seeds, Do not exceed
0.52 Ibs ai/A (seed
treatment; barley)

0.80 mg ai/kernel, Do

not exceed 0.165 Ibs

ai/A (seed treatment;
corn)

0.03 mg ai/seed, Do
not exceed 0.17 Ib
ai/A (seed treatment;
rice)

0.093 mg ai/seed, Do
not exceed 0.03 Ibs
ai/A (seed treatment;
sorghum)

0.052 Ibs ai/100 Ibs
seeds, Do not exceed

0.125 Ibs ai/A (foliar;
barely)

7 days

Refer to Pollinator Precautionary Section
Refer to resistance management section

For field, pop, seed and sweet corn, do
not use a cruiser rate that will result in
more than 0.21 Ib ai/A based on a
maximum seeding rate for sweet corn of
75,000 seeds/acre.

Do not apply more than 215 gallons per
8 hour day for seed treatments utilizing a
closed system.

Do not apply more than 38 gallons of
thiamethoxam per 8 hour day for seed
treatments utilizing an open system. If it
is necessary to apply more than 28
gallons of cruiser per 8 hour day, a
closed system must be used

A closed system must be used for
commercial treatment of sorghum seed
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Dinotefuran

Thiamethoxam

Crop groups listed

Maximum single
application rate (soil
or foliar)

Maximum annual or
seasonal application
rate (soil or foliar)

Minimum
reapplication
interval

Restrictions

Cereal Grains, continued

0.08 Ibs ai/A (seed
treatment; wheat)

0.052 Ibs ai/100 Ibs
seeds, Do not exceed
0.04 Ibs ai/A (seed
treatment; buckwheat,
pearl millet, proso
millet, oats, rye,
tesinte, triticale, and
wild rice)

e Not for use in water seeded rice
production. Do not plant or sow
thiamethoxam treated rice seed by aerial
application equipment. Do not use
treated fields for the aquaculture of
edible fish and crustacean.

Hops

0.125 Ibs ai/A (soil)

0.125 Ibs ai/A (soil)

Tobacco

0.047 Ibs ai/A (foliar)

0.43 0z/1,000 plants
(soil)

0.047 Ibs ai/A (foliar)

0.125 Ibs ai/A (soil)

o Refer to Pollinator Precautionary Section

e Refer to resistance management section

Mint

0.063 Ibs ai/A (foliar)

0.188 Ibs ai/A (foliar)

14 days

o Refer to Pollinator Precautionary Section

o Refer to resistance management section
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Dinotefuran

Clothianidin

Crop groups listed

Maximum single
application rate (soil
or foliar)

Maximum annual or
seasonal application
rate (soil or foliar)

Minimum
reapplication
interval

Restrictions

Tree Nuts 0.1 Ibs ai/A (foliar) 0.2 Ibs ai/A (foliar) Do notapply | e Insecticide must not be applied during
treatments less bloom or when bees are foraging.
than 10 days
apart e Do not feed or allow livestock to graze
on cover crops from treated orchards.

e Regardless of the application method, do
not apply more than 0.2 Ib active
ingredient clothianidin per acre per year.

Root and Tuber 0.05 Ibs ai/A (foliar) 0.2 Ibs ai/A (foliar) Do notapply | e Do not apply treatment between 50%
Vegetables ) ) ) ) treatments less row closure and petal fall.
0.2 Ibs ai/A (soil) 0.2 Ibs ai/A (soil) than 7 days
apart e Do not make more than one application

per year prior to 50% row closure.

o Regardless of the application method, do
not apply more than 0.2 Ib active
ingredient clothianidin per acre per year.

o Do not apply by air except for potato.

Cereal Grains

0.075 Ibs ai/A (foliar;
rice)

e Regardless of application method (seed
treatment, soil, or foliar), do not apply
more than 0.2 Ib active ingredient
clothianidin per acre per year.
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Appendix 3. California Registered Agricultural Uses of Imidacloprid, Thiamethoxam, Clothianidin, and
Dinotefuran

Clothianidin
Crop groups listed Maximum single Maximum annual or | Minimum Restrictions
application rate (soil | seasonal application | reapplication
or foliar) rate (soil or foliar) interval
Cereal Grains, continued | 0.023 mg ai/seed (seed e For use only in commercial seed
treatment; except treatment facilities. Not for use in hopper
corn) box, planter box, slurry box, or other on-

farm seed treatment applications except

1.25 mg ai/seed (seed for cereal grains and potato seed pieces

treatment; corn)
e Regardless of application method (seed

treatment, soil, or foliar), do not apply
more than 0.2 Ib active ingredient
clothianidin per acre per year.

e Rice: Do not apply Insecticide after third
tillering has initiated.

e Rice: Do not apply Insecticide following
a clothianidin seed treatment application.

¢ Rice: Do not use Insecticide treated rice
fields for the aquaculture of edible fish
and crustaceans.

e Rice: Insecticide is not to be used on rice
crops that contain or support crawfish or
any form of aquaculture operation.

¢ Rice: Insecticide is not to be used on rice
crops near fish farm, shrimp, prawn or
crab pond (or nursery) operations -
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Appendix 3. California Registered Agricultural Uses of Imidacloprid, Thiamethoxam, Clothianidin, and

Dinotefuran

Clothianidin

Crop groups listed

Maximum single
application rate (soil
or foliar)

Maximum annual or
seasonal application
rate (soil or foliar)

Minimum
reapplication
interval

Restrictions

Cereal Grains, continued

particularly when weather conditions are
conducive to drift. Exercise caution with
air and ground applications near those
operations to avoid product drift.

0.018 mg ai/seed (seed
treatment; canola,
rapeseed)

Legume Vegetables 0.1 Ibs ai/A (foliar) 0.2 Ibs ai/A (foliar) | Do not apply e Do not make foliar applications of
(Succulent or Dried) ) foliar clothianidin in fields treated with a
0.13 mg ai/seed (seed treatments less neonicotinoid insecticide seed
treatment) than 7 days treatment(s) within 45 days after
apart planting.

e Regardless of formulation or type of
application method, do not apply more
than 0.2 Ib ai of clothianidin per acre per
year.

e Do not graze or feed soybean forage and
hay to livestock.

Oilseed 0.083 Ibs ai/A (foliar) | 0.02 Ibs ai/A (foliar) One year e Do not make application after pinhead

square formation.
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Appendix 3. California Registered Agricultural Uses of Imidacloprid, Thiamethoxam, Clothianidin, and

Dinotefuran

Clothianidin

Crop groups listed

Maximum single
application rate (soil
or foliar)

Maximum annual or
seasonal application
rate (soil or foliar)

Minimum
reapplication
interval

Restrictions

Cucurbit Vegetables

0.067 Ibs ai/A (foliar)

0.2 Ibs ai/A (soil)

0.2 Ibs ai/A (foliar)

0.2 Ibs ai/A (soil)

Do not apply
treatments less
than 10 days
apart

e Insecticide must not be applied during
bloom or when bees are foraging.

e Do not make application after 4" true
leaf on main stem is unfolded

Brassica (Cole) Leafy
Vegetables

0.067 Ibs ai/A (foliar)

0.2 Ibs ai/A (soil)

0.2 Ibs ai/A (foliar)

0.2 Ibs ai/A (soil)

Do not apply
treatments less
than 10 days

e Insecticide must not be applied during
bloom or when bees are foraging.

e Do not use on crops grown for seed
production

Fruit, Inedible Peel

pomegranate)

pomegranate)

treatments less
than 14 days
apart

apart
Leafy Vegetables (Except | 0.067 Ibs ai/A (foliar) 0.2 Ibs ai/A (foliar) 10 days e Do not use on crops grown for seed
Brassica Vegetables) ) ) ] . production.
0.2 Ibs ai/A (soil) 0.2 Ibs ai/A (soil)
e Insecticide must not be applied during
bloom or when bees are foraging.
Tropical and Subtropical 0.1 Ib ai/A (foliar; 0.2 Ibs ai/A (foliar; Do notapply | e Do not feed or allow livestock to graze

on cover crops from treated orchards.

e Insecticide must not be applied during
bloom or when bees are foraging.

e Post bloom applications only
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Appendix 3. California Registered Agricultural Uses of Imidacloprid, Thiamethoxam, Clothianidin, and

Dinotefuran

Clothianidin

Crop groups listed

Maximum single
application rate (soil
or foliar)

Maximum annual or
seasonal application
rate (soil or foliar)

Minimum
reapplication
interval

Restrictions

Berryand | Small fruit 0.1 Ibs ai/A (foliar) 0.2 Ibs ai/A (foliar) One year for
Small Fruit vine 0.2 Ibs ailA (soil) 0.2 Ibs aifA (soil) foliar
PR .2 Ibs ai/A (soi .2 Ibs ai/A (soi
cllbmblng For soil: do not
subgrou
ex?:e tp apply
; P treatments less
ki uzfz y_ than 14 days
iwifruit apart
Tropical and Subtropical 0.1 Ibs ai/A (foliar; 0.2 Ibs ai/A (foliar; Do notapply | e Do not feed or allow livestock to graze
Fruit, Edible Peel Group fig) fig) treatments on cover crops from treated orchards.
less than 14
days apart.
Stone Fruit 0.1 Ibs ai/A (foliar; 0.2 Ibs ai/A (foliar; Do notapply | e Do not feed or allow livestock to graze
peach) peach) treatments less on cover crops from treated orchards.
than 10 days - . .
y e Insecticide must not be applied during
apart. .
bloom or when bees are foraging.
Tobacco 0.067 Ibs ai/A (foliar) 0.2 Ibs ai/A (foliar) Do not apply
treatments less
than 7 days
apart.
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Appendix 3. California Registered Agricultural Uses of Imidacloprid, Thiamethoxam, Clothianidin, and

Dinotefuran

0.33 Ibs ai/A (soil)

0.536 Ibs ai/A (soil)

Clothianidin
Crop groups listed Maximum single Maximum annual or | Minimum Restrictions
application rate (soil | seasonal application | reapplication
or foliar) rate (soil or foliar) interval
Pome Fruit 0.1 Ibs ai/A (foliar) 0.2 Ibs ai/A (foliar) Do not feed or allow livestock to graze
on cover crops from treated orchards.
Insecticide must not be applied during
bloom or when bees are foraging.
Dinotefuran
Crop groups listed Maximum single Maximum annual or | Minimum Restrictions
application rate (soil | seasonal application | reapplication
or foliar) rate (soil or foliar) interval
Oilseed 0.134 Ibs ai/A (foliar) | 0.268 Ibs ai/A (foliar) 7 days Follow application instructions as
indicated in the Bee Hazard Direction
for Use.
Cucurbit Vegetable 0.179 Ibs ai/A (foliar) | 0.268 Ibs ai/A (foliar) 7 days Follow application instructions as

indicated in Bee Hazard Direction for
Use.

Do not combine foliar applications with
soil applications, or vice versa. Only use
one application method.
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Appendix 3. California Registered Agricultural Uses of Imidacloprid, Thiamethoxam, Clothianidin, and

Dinotefuran

Dinotefuran

Crop groups listed

Maximum single
application rate (soil
or foliar)

Maximum annual or
seasonal application
rate (soil or foliar)

Minimum
reapplication
interval

Restrictions

Fruiting Vegetable

0.179 Ibs ai/A (foliar)

0.33 Ibs ai/A (soil)

0.268 Ibs ai/A (foliar)

0.536 Ibs ai/A (soil)

7 days

Follow application instructions as
indicated in Bee Hazard Direction for
Use.

Do not combine foliar applications with
soil applications, or vice versa. Only use
one application method.

Do not apply to vegetables grown for
seed.

Root and Tuber
Vegetables

0.068 Ibs ai/A (foliar)

0.338 Ibs ai/A (soil)

0.203 Ibs ai/A (foliar)

0.338 Ibs ai/A (soil)

14 days

Follow application instructions as
indicated in Bee Hazard Direction for
Use.

Do not combine foliar applications with
soil applications, or vice versa. Only use
one application method.

Brassica Head & Stem
Vegetables

0.179 Ibs ai/A (foliar)

0.33 Ibs ai/A (soil)

0.268 Ibs ai/A (foliar)

0.536 Ibs ai/A (soil)

7 days

Do not combine foliar applications with
soil applications, or vice versa. Only use
one application method.

Do not apply to vegetables grown for
seed.
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Appendix 3. California Registered Agricultural Uses of Imidacloprid, Thiamethoxam, Clothianidin, and
Dinotefuran

Dinotefuran

Crop groups listed

Maximum single
application rate (soil
or foliar)

Maximum annual or
seasonal application
rate (soil or foliar)

Minimum
reapplication
interval

Restrictions

Leafy Vegetables (Except
Brassica Vegetables)

0.134 Ibs ai/A (foliar)

0.180 Ibs ai/A (foliar;
watercress)

0.33 Ibs ai/A (soil)

0.268 Ibs ai/A (foliar)

0.360 Ibs ai/A (foliar;
watercress)

0.536 Ibs ai/A (soil)

7 days

Do not combine foliar applications with
soil applications, or vice versa. Only use
one application method.

Do not apply to vegetables grown for
seed.

Bulb Vegetables

0.180 Ibs ai/A (foliar)

0.270 Ibs ai/A (soil)

0.270 Ibs ai/A (foliar)

0.270 Ibs ai/A (soil)

7 days

Regardless of application method, do not
exceed 0.383 Ibs ai/A per crop season.

Berry
and
Small
Fruit

Small fruit vine
climbing
subgroup except
fuzzy kiwifruit

0.135 Ibs ai/A (foliar)

0.338 Ib ai/A (soil)

0.270 Ibs ai/A (foliar)

0.338 Ib ai/A (soil)

14 days

Follow application instructions as
indicated in Bee Hazard Direction for
Use.

Regardless of application method, do not
apply more than a total of 0.540 Ibs ai/A
per season of Dinoteufran 20 SG.

Low Growing
Berry Subgroup,
except
strawberry

0.180 Ibs ai/A (foliar)

0.360 Ibs ai/A (foliar)

14 days
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Appendix 4. 40 CFR 180.41 Crop Group Tables

§180.41

the pre-existing crop group; however,
the revised crop group number will be
followed by a hyphen and the final two
digits of the year in which it was estab-
lished (e.g., if Crop Group 1 is amended
in 2007, the revised group will be des-
ignated as Crop Group 1-07). If the pre-
existing crop group had crop sub-
groups, these subgroups will be num-
bered in a similar fashion in the re-
vised crop group. The name of the re-
vised crop group will not be changed
from the pre-existing crop group unless
the revision so changes the composi-
tion of the crop group that the pre-ex-
isting name is no longer accurate. Once
a revised crop group is established,
EPA will no longer establish tolerances
under the pre-existing crop group. At
appropriate times, EPA will amend tol-
erances for crop groups that have been
superseded by revised crop groups to
conform the pre-existing crop group to
the revised crop group. Once all of the
tolerances for the pre-existing crop
group have been updated, the pre-exist-
ing crop group will be removed from
the CFR.

(k) Establishment of a tolerance does
not substitute for the additional need
to register the pesticide under a com-
panion law, the Federal Insecticide,
Fungicide, and Rodenticide Act. The
Registration Division of the Office of
Pesticide Programs should be con-

40 CFR Ch. | (7-1-17 Edition)

tacted concerning procedures for reg-
istration of new uses of a pesticide.

[60 FR 26635, May 17, 1995, as amended at 70
FR 33363, June 8, 2005; 72 FR 69155, Dec. 7,
2007; 75 FR 56014, Sept. 15, 2010; 81 FR 26476,
May 3, 2016] «

§180.41 Crop group tables.

(a) The tables in this section are to
be used in conjunction with §180.40 to
establish crop group tolerances.

(b) Commodities not listed are not
considered as included in the groups for
the purposes of paragraph (b), and indi-
vidual tolerances must be established.
Miscellaneous ~ comnhodities  inten-
tionally not included in any group in-
clude globe artichoke, hops, peanut,
and water chestnut, ’

(¢) Each group is identified by a
group name and consists of a list of
representative commodities followed
by a list of all commodity members for
the group. If the group includes sub-
groups, each subgroup lists the sub-
group name, the representative com-
modity or commodities, and the mem-
ber commodities for the subgroup. Sub-
groups, which are a subset of their as-
sociated crop group, are established for
some but not all crops groups.

(1) Crop Group 1: Root and Tuber
Vegetables Group.

(1) Representative commodities. Carrot,
potato, radish, and sugar beet.

(ii) Table. The following table 1 lists
all the commodities included in Crop
Group 1 and identifies the related crop
subgroups.

TABLE 1—CROP GROUP 1: ROOT AND TUBER VEGETABLES

Commodities R:Jgg’g:ggp
A ha (A 1C, 1D
Arrowroot (Maranta 1C, 1D
Artichoke, Chinese (Stachys affinis) ... 1C, 1D
Attichoke, Jerusalem (Helianthus 1C, 1D
Beet, garden (Beta vulgaris) . 1A, 1B
Beet, sugar (Beta vulgaris) 1A
Burdock, edible (Arctium lappa) . 1A, 1B
Canna, edible (Queensland arrowroot) (Canna indica) ... 1C, 1D
Carrot (Daucus carota) PR, 1A, 1B
Cassava, bitter and sweet (Manihot 1C, 1D
Celeriac (celery root) (Apium var, 1A, 1B
Chayote (root) (Sechium edule) 1C, 1D
Chervil, turnip-rooted (CI 1A, 1B
Chicory (Cichorium intybus) 1A, 1B
Chufa (Cyperus 1C, 1D
Dasheen (taro) (Colocasia 1C, 1D
Ginger (Zingiber officinale) 1C, 1D
Ginseng (Panax quil it 1A, 1B
t lish (A rusticana) .. 1A, 1B
Leren (Calathea allouia) 1C, 1D
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§180.41

TABLE 1—CROP GROUP 1: ROOT AND TUBER VEGETABLES—Continued

Related crop

Commodities subgroups
Parsley, turnip-rooted (. crispum var. 1A, 1B
Parsnip (Pastinaca sativa) . 1A, 1B
Potato (Solanum 1Cc
Radish (Rap sativus) 1A, 1B
Radish, oriental (daikon) (Rapl sativus subvar. 1A, 1B
Rutabaga (Brassica is var. 1A, 1B
Salsify (oyster plant) (7 1A, 1B
Salsify, biack ( 1A, 1B
Salsify, Spanish (Scolymus 1A, 1B
Skirret (Sium sisarum) 1A, 1B
Sweet potato (Ipomoea batatas) 1C, 1D
Tanier 1C, 1D
Turmeric (Curcuma longa) 1C, 1D
Tumnip (Brassica rapa var. rapa) 1A, 1B
Yam bean (jicama, manoic pea) ( spp.) ] 1C, 1D
Yam, true (Dioscorea spp.) 1C, 1D

(iii) Table. The following table 2 iden-
tifies the crop subgroups for Crop
Group 1, specifies the representative

commodity(ies) for each subgroup, and
lists all the commodities included in
each subgroup.

TABLE 2—CROP GROUP 1 SUBGROUP LISTING

Representative commodities

Commodities

Crop Subgroup 1A. Root vegetables

subgroup.
Carrot, radish, and sugar beet.

Crop Subgroup 1B. Root vegetables (except
sugar beet) subgroup.
Carrot and radish.

Crop Subgroup 1C. Tuberous and corm
vegetables subgroup.
Potato.

Beet, garden; beet, sugar; burdock, edible; carrot; celeriac; chervil, turnip-root-
ed; chicory; ginseng; horseradish; parsley, tumnip-rooted; parsnip; radish; rad-
ish, oriental; rutabaga; salsify; salsify, black; salsify, Spanish; skirret; turnip.

Beet, garden; burdock, edible; carrot; celeriac; chervil, tumnip-rooted; chicory;
ginseng; horseradish; parsley, turnip-rooted; parsnip; radish; radish, oriental;
rutabaga; salsify; salsify, black; salsify, Spanish; skirret; turnip.

Crop Subgroup 1D. Tuberous and corm
vegetables (except potato) subgroup.
Sweet potato.

artichoke, Chinese; artichoke, Jerusalem; canna, edible;

cassava bitter and sweet; chayote (root); chufa; dasheen; ginger; leren; po-
tato; sweet potato; tanier; turmeric; yam bean; yam, true.

; artichoke, Chinese; artichoke, Jerusalem; canna, edible;

cassava, bitter and sweet; chayote (foo); chufa; dasheen; ginger; leren;
sweet potato; tanier; turmeric; yam bean; yam, true.

(2) Crop Group 2. Leaves of Root and
Tuber Vegetables (Human Food or Ani-
mal Feed) Group (Human Food or Ani-
mal Feed) Group.

(i) Representative commodities. Turnip
and garden beet or sugar beet.

(i) Commodities. The following is a
list of all the commodities included in
Crop Group 2:

CROP GROUP 2: LEAVES OF ROOT AND TUBER
VEGETABLES (HUMAN FOOD OR ANIMAL
FEED) GROUP—COMMODITIES

Beet, garden (Beta vulgaris)
Beet, sugar (Beta vulgaris)
Burdock, edible (Arctium lappa)

Carrot (Daucus carota)

Cassava, bitter and sweet (Manihot esculenta)

Celeriac (celery root) (Apium graveolens var.
rapaceum)

Chervil,
bulbosum)

Chicory (Cichorium intybus)

Dasheen (taro) (Colocasia esculenta)

Parsnip (Pastinaca sativa)

Radish (Raphanus sativus)

Radish; oriental (daikon) (Raphanus sativus
subvar. longipinnatus)

Rutabaga (Brassica
napobrassica)

Salsify, black (Scorzonera hispanica)

Sweet potato (Ipomoea batatas)

Tanier (cocoyam) (Xanthosoma sagittifolium)

turnip-rooted (Chaerophyllum

campestris var.
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Turnip (Brassica rapa var. rapa)
Yam, true (Dioscorea spp.)

B) Crop Group 3. Bulb Vegetables
(Allium spp.) Group.

(1) Representative commodities.
green; and onion, dry bulb.

(ii) Commodities. The following is a
list of all the commodities in Crop
Group 3.

Onion,

CROP GROUP 3: BULB VEGETABLE (Allium SPP.)
GROUP—COMMODITIES

Garlic, bulb (Allium sativum)
Garlle, great headed, (elephant) (Allium ampeloprasum var.
ampeloprasum)

TABLE 1—CROP GROUP 3-07: BULB VEGETABLE GROUP

Appendix 4. 40 CFR 180.41 Crop Group Tables

40 CFR Ch. | (7-1-17 Edition)

CROP GROUP 3: BULB VEGETABLE (Alfium SPpP.)
GRoOUP—COMMODITIES—Continued

Leek (Allium ampeloprasum, A. porrum, A. tricoccurmy

Onion, dry bulb and green (Allium cepa, A. fistulosum)

Onion, Welsh, (Alium fistulosum)

Shallot (Aflium gepa var. cepa)

(4) Crop Group 3-07. Bulb Vegetable
Group.

(1) Representative Commodities. Onion,
bulb and onion, green.

(ii) Table. The following Table 1 lists
all the commodities listed in Crop
Group 3-07 and identifies the related
crop subgroups.
¢

Onion,

Commodities Related crop subgroups
Chive, fresh leaves (Aflium L) 3-07B
Chive, Chinese, fresh leaves (Alllum tuberosum Rottler ex Spreng) .. 3-07B
Daylily, bulb (Hsmemcallfs fulva (L.) L. var. fulva) 3-07A
Elegans hosta {Hosta (Hook.) Engl) 3078
Fritillaria, bulb (Frifilaria L. fritiltary) 3-07A
Fritilaria, leaves (Fritiffaria L. fritiliary) 3-078
Garlic, bulb (Allium sativum L. var. sativum) (A. sativum Common Garlic Group) ... - 3-07A
Garlic, great headed, bulb (Afium L. var. Great
Headed Garlic Group) 3-07A
Garlic, Serpent, bulb (Allium sativum var. ophioscorodon or A. sativum Ophloscoredon Group) ........... 3-07A
Kurrat (Alliumn kurrat Schweinf. Ex. K. Krause or A. Kurrat Group) 3-07B
Lady's leek (Aflium cerpuum Roth) 3-078
Leek Alium porrum L. (syn: A. ampeioprasum L. var. porrum (L.) J. Gay) (A.ampeloprasum Leek
3-07B
Leek, witd (Afliurm tricoccum Aiton) 3-07B
Lily, bulb (Lifium spp. (Lilium Leichtlini var. 307A
Onion, Beltsville bunching (Affium x proliferum (Moench) Schrad) {syn: Allium fistulosum L. x A. cepa
L) 3-078
Onion, bulb (Alfium cepa L. var. cepa) (A. cepa Common Onion Group) 3-07A
Onion, Chinese, bulb (Affium chinenseG Don.) (syn: A. bakeri Regel) 3-07A
Onion, fresh (Aflium L. vi Makino) 3-07B
Onion, green (Allium cepa L. var. cepa) (A capa Common Onion Group) ... 3-07B
(Allium Bunge) 3-07B
Onion, peart (Allum porrum var, sectivum or A, ampeloprasum Pearl Onion Group) ...... 3-07A
Onion, potato, bulb (Aium cepa L. var. aggregatum G. Don.) (A. cepa Aggregatum Group) 3-07A
Onion, tree, tops (Aflium x profiferum (Moench) Schrad. ex Willd.) (syn: A. cepa var. prolifemm
(Moench) Regel; A. cepa L. var. bulbiferum LH. Bailey; A. cepa L. var. viviparum (Metz.) Alef.) ... 3078
Onion, Welsh, tops (Aflum L) 3078
Shallot, bulb (Aflium cepa var. G. Don.) 3-07A
Shallot, fresh leaves (Allium cepa var. G. Don.} 3-078

Cultivars, varieties, and/or hybrids of these.

(iii) Table. The following Table 2
identifies the crop subgroups for Crop
Group 3-07, specifies the representative

commodities for each subgroup and
lists all the commodities included in
each subgroup.

TABLE 2—CROP GROUP 3-07: SUBGROUP LISTING

Representative commodities

Commodities

Crop subgroup 3-07A. Onion, bulb, sub-

Onion, hulb

Crop subgroup 3-078, Onion, green, sub-
group.

Onion, green.

Daylily, bulb; fritillaria, bulb; garlic, bulb; garic, great-headed, butb; garlic, serpent,
bulb; tity, bulb; onion, bulb; onion, Chinese, bulb; onion, pearl; onion, potato,
bulb; shallot, bulb; cultivars, varieties, and/or hybrids of these.

Chive, fresh leaves; chive, Chinese, fresh leaves; elegans hosta; fritillaria, leaves;
kurrat; fady's leek; leek; leek, wild; Onion, Beltsville bunching; onion, fresh;
onion, green; onion, macrostem; onion, tree, tops; onion, Weilsh, tops; shallot,
fresh leaves; cultivars, varieties, andfor hybrids of these.
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(5) Crop Group 4. Leafy Vegetables
(Except Brassica Vegetables) Group.

(1) Representative commodities. Celery,
head lettuce, leaf lettuce, and spinach
(Spinacia oleracea).

§180.41

(i1) Table. The following table 1 lists
all the commodities included in Crop
Group 4 and identifies the related crop
subgroups.

TABLE 1—CROP GROUP 4: LEAFY VEGETABLES (EXCEPT BRASSICA VEGETABLES) GROUP

Related crop

Commodities subgroups

Amaranth (leafy amaranth, Chinese spinach, tampala) (. spp.) 4A
Arugula (Roquette) (Eruca sativa) 4A
Cardoon (Cynara 4B
Celery (Apium var, duice) 4B
Celery, Chinese (Apium var. 4B
Celtuce (Lactm:a sativa var. 4B
Chennl [¢ 4A

dible-leaved var. i 4A
c garland (C/ var, i 4A
Corn salad ( locusta) 4A
Cress, garden {Lepidium sativum) 4A
Cress, upland (yellow rocket, winter cress) (Barb: vuigaris) 4A
Dandelion (Te officinale) 4A
Dock (sorrel) (Rumex spp.) A
Endive (escarole) (Cichorium endivia) 4A
Fennel, Florence (finochio) (Foenicutum vulgare Azoricum Group) 4B
Lettuce, head and leaf (Lactuca sativa) 4A
Qrach (Atriplex hortensis) 4A
Parsley (F inum crispurm) 4A
Purslane, garden (Portulaca oleracea) 4A
Purslane, winter (Montia perfoliata) 4A
Radicchio (red chicory) (Cichorium intybus} 4A
Rhubarb (Rheum 4B
Spinach (Spinacia oleraces) 4A
Spinach, New Zealand ( Tetragonia 7. expansa) A
Spinach, vine (Malabar spinach, Indian Splnach) (Base/la alba) 4A
Swiss chard (Beta vulgaris var. cicla) 4B

(iii) Table. The following table 2 iden--
tifies the crop subgroups for Crop
Group 4, specifies the representative

commodities for each subgroup, and
lists all the commodities included in
each subgroup.

TABLE 2—CROP GROUP 4 SUBGROUP LISTING

Representative commodities

Commodities

Crop Subgroup 4A. Leafy greens subgroup.
Head lettuce and leaf lettuce, and spinach
(Spinacia oleracea).

Crop Subgroup 4B. Leaf petioles subgroup.
Celery. ...

chard.

Amaranth; aruguia; chervil; chrysanthemum, edible-leaved; chrysanthemum,
garland; com salad; cress, garden; cress, upland; dandelion; dock; endive;
lettuce; orach; parsley; purslane, garden; purslane, winter; radicchio {red
chicory); spinach; spinach, New Zealand; spinach, vine.

Cardoon; celery; celery, Chinese; celtuce; fennel, Florence; rhubarb; Swiss

(6) Crop Group 4-16. Leafy Vegetable
Group.

(1) Representative commodities. Head
lettuce, leaf lettuce, mustard greens,
and spinach.

(ii) Commodities. The following Table
1 lists all commodities included in Crop
Group 4-16.

TABLE 1—CROP GROUP 4-16: LEAFY VEGETABLE GROUP

Commodities

Related crop sub-
groups

Amaranth, Chinese (. tricolor L.)

4-16A
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TABLE 1—CROP GROUP 4-16: LEAFY VEGETABLE GROUP—Continued

Commodities Relaleg(:gclzjlsg sub-
Amaranth, leafy (, spp.) 4-16A
Arugula (Eruca sativa Mill.) 4-16B
Aster, Indian (Kalimeris indica (L.) Sch. Bip.) : 4-16A
Blackjack (Bidens pilosa L.) 4-16A
Broccoli, Chinese (Brassica oleracea var. alboglabra (L.H. Bailey) Musil) ... 4-16B
Broccoli raab (Brassica ruvo L.H. Bailey) 4-16B
Cabbage, abyssinian (Brassica carinata A. Braun) 4-16B
Cabbage, Chinese, bok choy (Brassica rapa subsp. chinensis (L.) Hanel) ..... 4-16B
Cabbage, seakale (Brassica oleracea L. var. costata DC.) 4-16B
Cat's whiskers (Cleome gynandra L.) 4-16A
Cham-chwi (Doellingeria scabra (Thunb.) Nees) 4-16A
Cham-na-mul (Pimpinella calycina Maxim) 4-16A
Chervil, fresh leaves (. (L.) Hoffm.) 4-16A
Chipilin (Crotalaria longirostrata Hook & Arn) 4-16A
Chrysanthemum, garland (Glebionis coronaria (L.) Cass. ex Spach. Glebionis spp.) ... 4-16A
Cilantro, fresh leaves (Cori: sativum L.) 4-16A
Collards (Brassica oleracea L. var. viridis L.) 4-16B
Corn salad ( i spp.) 4-16A
Cosmos (Cosmos caudatus Kunth) 4-16A
Cress, garden (Lepidium sativum L.) 4-16B
Cress, upland (Barbarea vulgaris W.T. Aiton) 4-16B
Dandelion, leaves (Taraxacum officinale F.H. Wigg. Aggr.) 4-16A
Dang-gwi, leaves (Angelica glgas Nakai) 4-16A
Dillweed (Anethum L) 4-16A
Dock (Rumex patientia L.) 4-16A
Dol- | (Sedum Bunge) 4-16A
Ebolo (Crassocephalum crepidioides (Bénth.) S. Moore) 4-16A
Endive (Cichorium endivia L.) 4-16A
Escarole (Cichorium endivia L.) 4-16A
(Talinum fruti (L.) Juss.) 4-16A
Feather (Glinus ol (L) Au g DC.) 4-16A
Good King Henry (ClI ium b L) 4-16A
Hanover sa{ad (Blass/ca napus var. pabulana (DC.) Rehb.) 4-16B
Mog.) 4-16A
Jule leaves (Corchmus spp.) 4-16A
Kale (Brassica oleracea L. var. Sabellica L.) 4-16B
Lettuce, bitter (Launaea cornuta (Hochst. ex Oliv. & Hiern) C. Jeffrey) 4-16A
Lettuce, head (Lactuca sativa L.; including Lactuca sativa var. capitata L. 4-16A
Lettuce, leaf (Lactuca sativa including Lactuca sativa var. longifolia Lam.; Lactuca sativa var. crispa L.) .. 4-16A
Maca, leaves (Lepidium meyenii Walp.) 4-16B
Mizuna (Brassica rapa L. subsp. nipposinica (L.H. Bailey) Hanelt) 4-16B
Mustard greens (Brassica juncea subsp., including Brassica juncea (L.) Czem. subsp. integrifolia (H. West)

Thell., Brassica juncea (L.) Czem. var. tsatsai (T.L. Mao) Gladis) 4-16B
Orach (Atriplex hortensis L.) 4-16A
Parsley, fresh leaves (Petroselinum crispum (Mill.) Fuss; Petroselinum crispum var. neapolitanum Danert) ... 4-16A
Plantain, buckthom (Plantago lanceolata L.) 4-16A
Primrose, English (Primula vulgaris Huds.) 4-16A
Purslane, garden (Portulaca oleracea L.) 4-16A
Purslane, winter (Claytonia perfoliata Donn ex Willd.) - 4-16A
Radicchio (Cichorium intybus L.) 4-16A
Radish, leaves (Raphanus sativus L. var sativus, including Raphanus sativus L. var. mougri H. W. J. Helm

(Raphanus sativus L. var. oleiformis Pers) 4-16B
Rape greens (Brassica napus L. var. napus, including Brassica rapa subsp. trilocularis (Roxb.) Hanel

Brassica rapa subsp. dichotoma (Roxb.) Hanelt; Brassica rapa subsp. oleifera Met) ... 4-16B
Rocket, wild (Diplotaxis tenuifolia (L.) DC.) 4-16B
Shepherd's purse (Capsella bursa-pastoris (L.) Medik) 4-16B
Spinach (Spinacia oleracea L.) 4-16A
Spinach, Malabar (Basella alba L. ) 4-16A
Spinach, New Zealand (Tetrag ioides (Pall.) Kuntze) 4-16A
Spinach, tanier (. i (Desf.) Engl.) 4-16A
Swiss chard (Beta vulgaris L. ssp. vulgaris) 4-16A
Turnip greens (Brassica rapa L. ssp. rapa) 4-16B
Violet, Chinese, leaves (Asystasia gangetica (L.) T. ) 4-16A
Watercress (Nasturtium officinale W.T. Aiton) 4-16B
Cultivars, varieties, and hybrids of these commodities.
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(iii) Crop subgroups. The following resentative commodities for each sub-
Table 2 identifies the crop subgroups group, and lists all the commodities in-
for Crop Group 4-16, specifies the rep- cluded in each subgroup.

TABLE 2—CROP GROUP 4-16: SUBGROUP LISTING

Representative commodities . E Cominodities

Crop Subgroup 4-16A. Leafy greens subgroup

Head lettuce, leaf lettuce, and spinach ...

Amaranth, Chinese; amaranth, leafy; aster, Indian;, blackjack; cat's
whiskers; cham-chwi; cham-na-mul; chervil, fresh leaves; chipilin;
chrysanthemum, garland; cilantro, fresh leaves; corn salad; cosmos;
dandelion, leaves; dang-gwi, leaves; dillweed; dock; dol-nam-mul;
ebolo; endive; escarole; fameflower; feather cockscomb; Good King
Henry; huauzontle; jute, leaves; lettuce, bitter; lettuce, head; lettuce,
leaf;, orach; parsley, fresh leaves; plantain, buckhorn; primrose,
English; purslane, garden; purslane, winter; radicchio; spinach;
spinach, Malabar; spinach, New Zealand; spinggh, tanier; Swiss
chard; violet, Chinese, leaves; cultivars, varieties, and hybrids of
these commodities.

Crop Subgroup 4-16B. Brassica leafy greens subgroup

Mustard greens Arugula; broccoli, Chinese; broccoli raab; cabbage, abyssinian; cab-
bage, Chinese, bok choy; cabbage, seakale; collards; cress, gar-
den; cress, upland; hanover salad; kale; maca, leaves; mizuna;
mustard greens; radish, leaves; rape greens; rocket, wild; shep-
herd’s purse; turnip greens; watercress; cultivars, varieties, and hy-
brids of these commodities.

(T) Crop Group 5. Brassica (Cole) Leafy (ii) Table. The following table 1 lists
Vegetables Group. all the commodities included in Crop
(1) Representative commodities. Broc- Group 5 and identifies the related crop
coli or cauliflower; cabbage; and mus- subgroups.
tard greens.

TABLE 1—CROP GROUP 5: Brassica (COLE) LEAFY VEGETABLES

Related crop

Commodities subgroups’
Broccoli (Brassica oleracea var. botrytis) 5A
Broccoli, Chinese (gai lon) (Brassica 5A
Broccoli raab (rapini) (Brassica £ 5B
Brusséls sprouts (Brassica oleracea var. i 5A
Cabbage (Brassica oleracea) 5A
Cabbage, Chinese (bok choy) (Brassica chir is) 5B
Cabbage, Chinese (napa) (Brassica i i 5A
Cabbage, Chinese mustard (gai choy) (Brassica : 5A
Cauliflower (Brassica oleracea var. botrytis) 5A
Cavalo broccolo (Brassica oleracea var. botrytis) 5A
Collards (Brassica oleracea var. acephala) 5B
Kale (Brassica oleracea var. acephala) 5B
Kohlrabi (Brassica oleracea var. 5A
Mizuna (Brassica rapa Japonica Group) 5B
Mustard greens (Brassica juncea) N 5B
Mustard spinach (Brassica rapa Perviridis Group) 5B
Rape greens (Brassica napus) 58

(iii) Table. The following table 2 iden- commodity(ies) for each subgroup, and
tifies the crop subgroups for Crop lists all the commodities included in
Group 5, specifies the representative each subgroup.
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TABLE 2—CROP GROUP 5 SUBGROUP LISTING

Representative commodities

Gommodities

Crop Subgroup 5A. Head and stem Brassica
group

Broccoli or caulifiower; and cabbage ... Broccoli;

Crop Subgroup 5B. Lealy Brassica greens
subgroup.

Mustard greens

broccoli, Chinese; brussels sprouts; cabbage; cabbage, Chinese
(napa); cabbage, Chinese mustard; cauliflower; cavalo broccolo; kohlrabi

Broccoli raab; cabbage, Chinese (bok choy); collards; kale; mizuna; mustard
greens; mustard spinach; rape greens

(8) Crop Group 5-16. Brassica Head and
Stem Vegetable Group.

(1) Representative commodities.
coli or cauliflower and cabbage.

(ii) Commodities. The following List 1
contains all commodities included in
Crop Group 5-16.

Broc-

LisST 1—CROP GROUP 5-16: BRASSICA HEAD
AND STEM VEGETABLE GROUP

Commodities

Broccoli (Brassica oleracea L. var. italica Plenck)

Brussels sprouts (Brassica oleracea L. var. gemmifera
(DC.) Zenker)

Cabbage (Brassica oleracea L. var. capitata L.)

Cabbage, Chinese, napa (Brassica rapa L. subsp.
pekinensis (Lour.) Hanelt)

LisT 1—CROP GROUP 5-16: BRASSICA HEAD
AND STEM VEGETABLE GROUP—Continued

Commodities

Cauliflower (Brassica oleracea L. var. capitata L)
Cultivars, varieties, and hybrids of these commodities.

(9) Crop Group 6. Legume Vegetables
(Succulent or Dried) Group.

(1) Representative commodities. Bean
(Phaseolus spp.; one succulent cultivar
and one dried cultivar); pea (Pisum Spp.;
one succulent cultivar and one dried
cultivar); and soybean.

(ii) Table. The following table 1 lists
all the commodities included in Crop
Group 6 and identifies the related crop
subgroups.

TABLE 1—CROP GROUP 6: LEGUME VEGETABLES (SUCCULENT OR DRIED)

Commodities

Related crop

subgroups
Bean (Lupinus spp.) (includes grain lupin, sweet lupin, white lupin, and white sweet lupin) ... . 6C
Bean (Phaseolus spp.) (includes field bean, kidney bean, lima bean, navy bean, pinto bean, runner bean,
snap bean, tepary bean, wax bean) 6A, 6B, 6C
Bean (Vigna spp.) (includes adzuki bean, asparagus bean, bléckeyed pea, catiang, Chinese Iongbean
cowpea, Crowder pea, moth bean, mung bean, rice bean, southern pea, urd bean, yardiong bean) . 6A, 6B, 6C
Broad bean (fava bean) (Vicia faba) , 6C
Chickpea (garbanzo bean) (Cicer arietinum) 6C
Guar (Cy 6C
Jackbean (Canavalia if 6A
Lablab bean (hyacinth bean) (Lablab 6C
Lentil (Lens 6C
Pea (Pisum spp.) (includes dwarf pea, edible-pod pea, En glish pea, field pea, garden pea, green pea, snow
pea, sugar snap pea) 6A, 6B, 6C
Pigeon pea (Cajanus cajan) 6A, 6B, 6C
Soybean (Glycine max) N
Soybean (immature seed) (Glycine max) ...... 6A
Sword bean (Canavalia gladiata) . B6A

(iii) Table. The following table 2 iden-
.tifies the crop subgroups for Crop
Group 6, specifies the representative

commodities for each subgroup, and
lists all the commodities included in
each subgroup.
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TABLE 2—CROP GROUP 6 SUBGROUP LISTING

Representative commodities

Commodities

Crop Subgroup 6A. Edible-podded legume
vegetables subgroup.

Any one succulent cultivar of edible-podded
bean (Phaseolus spp.) and any one suc-
culent cultivar of edible-podded pea (Pisum
spp.)..

Crop Subgroup 6B. Succulent shelled pea
and bean subgroup.
Any succulent shelled cultivar of bean
(Phaseolus spp.) and garden pea (Pisum
spp.)-.

Crop Subgroup 6C. Dried shelled pea and
bean (except soybean) subgroup
Any one dried cultivar of bean (Phaseolus
spp.); and any one dried cultivar of pea
(Pisum spp.).

Bean (Phaseolus spp.) (includes runner bean, snap bean, wax bean); bean
(Vigna spp.) (includes asparagus bean, Chinese longbean, moth bean,
yardlong bean); jackbean; pea (Pisum spp.) (includes dwarf pea, edible-pod
pea, snow pea, sugar snap pea); pigeon pea; soybean (immature seed);
sword bean.

Bean (Phaseolus spp.) (includes lima bean (green)); broad bean (succulent);
bean (Vigna spp.) (includes blackeyed pea, cowpea, southem pea); pea
(Pisum spp.) (includes English pea, garden pea, green pea); pigeon pea.

Dried cultivars of bean (Lupinus spp.) (includes grain lupin, dweet lupin, white:
lupin, and white sweet lupin); (Phaseolus spp.) (includes field bean, kidney
bean, lima bean (dry), navy bean, pinto bean; tepary bean; bean (Vigna
spp.) (includes adzuki bean, blackeyed pea, catjang, cowpea, Crowder pea,
moth bean, mung bean, rice bean, southem pea, urd bean); broad bean
(dry); chickpea; guar; lablab bean; lentil; pea (Pisum spp.) (includes field
pea); pigeon pea. .

(10) Crop Group 7. Foliage of Legume

Vegetables Group.

(1) Representative commodities.

(ii) Table. The following table 1 lists
the commodities included in Crop
Any  GroupT.

cultivar of bean (Phaseolus spp.), field

pea (Pisum spp.), and soybean.

TABLE 1—CROP GROUP 7: FOLIAGE OF LEGUME VEGETABLES GROUP

Representative commodities

Commodities

Any cultivar of bean (Phaseolus spp.) and field
pea (Pisum spp.), and soybean (Glycine
max).

Plant parts of any legume vegetable included in the legume vegetables that will
be used as animal feed.

(iii) Table. The following table 2 iden-
tifies the crop subgroup for Crop Group
7 and specifies the representative com-

modities for the subgroup, and lists all
the commodities included in the sub-
group.

TABLE 2—CROP GROUP 7 SUBGROUP LISTING

Representative commodities

Commodities

Crop Subgroup 7A. Foliage of legume
vegetables (except soybeans) subgroup
Any cultivar of bean (Phaseolus spp.), and

field pea (Pisum spp.).

Plant parts of any legume vegetable (except soybeans) included in the legume
vegetables group that will be used as animal feed.

(11) Crop Group 8. Fruiting Vegetables

Group.
(1) . Representative

non-bell pepper.

(ii) Commodities. The following is a
list of all the commodities included in

Crop Group 8:

commodities.
mato, bell pepper, and one cultivar of

CROP GROUP 8: FRUITING VEGETABLES
(EXCEPT CUCURBITS)—COMMODITIES

To- Eggplant (Solanum melongena)

Groundcherry (Physalis spp.)

Pepino (Solanum muricatum)

Pepper (Capsicum spp.) (includes bell pepper,
chili pepper, cooking pepper, pimento,
sweet pepper)

Tomatillo (Physalis izocarpa)

Tomato (Lycopersicon esculentum)

497

65


http:Phaseo/1.1s
http:Phaseo/1.1s

Appendix 4. 40 CFR 180.41 Crop Group Tables

§180.41

(12) Crop Group 8-10. Fruiting Vege-
table Group.

(1) Representative commodities. To-
mato, standard size, and one cultivar of

TABLE 1—CROP GROUP 8-10:

40 CFR Ch. | (7-1-17 Edition)

small tomato; bell pepper and one
cultivar of small nonbell pepper.

(ii) Commodities. The following is a
list of all commodities included in the
Crop group 8-10.

FRUITING VEGETABLE GROUP

Related crop sub-
groups.

Commodities

African eggplant, Solanum 8-10B, 8-10C
Bush tomato, Solanum centraje J.M. B!ack 8-10A
Cocona, Solanum 8-10A
Currant tomato, L pimpir L 8-10A
Eggplant, Soianum L 8108, 8~10C
Garden huckleberry, Solanum scabrum Mill 8-10A
Goji berry, Lycium barbarum L 8~10A
emundcherry, Physalis alkak;ng:L F' grisea (Waterf.) M. Martinez, P. peruviana L., P. pubescens | .. | 8-10A

Mariynia, (MIL) Thelt 8-10B, 8-10C
Naranjilla, Solanum quitoense Lam —10A
Okra, {L..) Moench 8108, 8-10C
Pea eggplant, Solanum torvum va 8-10B, 8-10C
Pspino, Solanum Altor 8-108, 8-10C
Pepper, bell, Capsicum annuum L var. annuum Capsicum spp 8-10B
Pepper, nonbell, Capsicum chinese Jacq., C. annuum L. var. annuum, C. frutescens L., C. baccatum L., | 8~10B, 8-10C

C. pubescens Ruiz & Pav., Capsicum spp.
Roselle, Hibiscus sabdariffa L 8-10B, 8-10C
Scarlet eggplant, Sofanum 8-10B, 8-10C
Sunberry, Solanum Dunal 8-10A
Tomatille, Physalis anm 8-10A
Tomato, Sofanum lycopersicum L., Solanum L.var. 8-10A
Tres tomato, Solanum betaceum Cav 8~10A

Cultivars, varieties and/or hybrids of these

(ii1) Table. The following Table 2
identifies the crop subgroups for Crop
Group 8-10, specifies the representative

commodities for each subgroup and
lists all the commodities included in
each subgroup.

TABLE 2—CROP GROUP 8~10. SUBGROUP LISTING

Representative commodities

Commedities

Crop subgroup 8~10A. Tomato subgroup
Temato, stendard size, and one cultivar of small tomato

Crop subgroup 8—10B. Pepper/Eggplant subgroup
Bell pepper and ane cultivar of small nonbell peppér

Crap subgroup 8-10C. Nonbell pepper/Eggplant subgroup
One cuttivar of small nonbell pepper or one cultivar of small
eggplant.

Bush tomato; cocona; currant tomato; garden huckleberry; goji
berry; groundcherry; naranjilla; sunberry; tomatillo; tomato;
tree tomato; cultivars, varieties, and/or hybrids of these.

African eggplant; bell pepper; eggplant; Martynia; nonbell pep-
per; okra; pea eggplant; pepino; roselle; scarlet eggplant;
cultivars, varteties, and/or hybrids of these.

African eggplant; eggplant; martynia; nonball pepper; okra; pea
eggplant; pepino; rosells; scarlet eggplant; cultivars, vari-
eties, and/or hybrids of these.

(13) Crop Group 9. Cucurbit Vegeta-
bles Group.

(i) Representative commodities. Cucum-
ber, muskmelon, and summer squash.

(ii) Table. The following table 1 lists
all the commodities included in Crop
Group 9 and identifies the related sub-
groups.

TABLE 1—CROP GROUP 9: CUCURBIT VEGETABLES

Commodities

Related crop
subgroups

9B

Chgyole (fruit) (Sechium edule)
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TABLE 1—CROP GROUP 9: CUCURBIT VEGETABLES—Continued

Commodities Related crop

subgroups
Chinese waxgourd (Chinese pi melon) ( hispida) 98
Citron melon (Citrullus lanatus var. citroides) 9A
Cucumber (Cucumis sativus) . 9B
Gherkin (Cucumis anguria) 9B
Gourd, edible (Lagenaria spp.) (includes hyotan, cucuzza); (Luffa acutangula, L. cylindrica) (includes hechima,

Chinese okra) 9B
Momordica spp. (includes balsam apple, balsam pear, bitter melon, Chinese cucumber) 9B
Muskmelon (hybrids and/or cultivars of Cucumis melo) (includes true cantaloupe, cantaloupe, casat en-

shaw melon, golden pershaw melon, honeydew melon, honey balls, mango melon, Persian melon plne-

apple melon, Santa Claus melon, and snake melon) 9A
Pumpkin (Cucurbita spp.) 98
Squash, summer (Cucurbita pepo var. melopepo) (includes crookneck squash, scallop squash, straightneck

squash, vegetable marrow, zucchini) 9B
Squash, winter (Cucurbita maxima; C. moschata) (includes butternut squash, calabaza, hubbard squash); (C.

mixta; C. pepo) (includes acorn squash, spaghetti squash) 13 9B
Watermelon (includes hybrids and/or varieties of Citrullus lanatus) 9A

and

i) Table. The following table 2 iden-
tifies the crop subgroups for Crop
Group 9, specifies the representative

commodities for each subgroup,
lists all the commodities included in
each subgroup.

TABLE 2—CROP GROUP 9 SUBGROUP LISTING

Representative commodities

Commodities

Crop Subgroup 9A. Melon subgroup
Citron melon;

Crop Subgroup 9B. Squash/cucumber
subgroup
One cultivar of summer squash and cucumber.

Chayote (fruit);
Momordica spp.; pumpkin; squash, summer; squash, winter.

Chinese waxgourd; cucumber; gherkin; gourd, edible;

(14) Crop Group 10. Citrus Fruit
Group.

(i) Representative commodities. Sweet
orange; lemon and grapefruit.

(ii) Commodities. The following is a
list of all the commodltles in Crop
Group 10:

CROP GROUP 10: CITRUS FRUITS (CITRUS SPP.,
FORTUNELLA SPP.) GROUP—COMMODITIES

Calamondin (Citrus mitis x Citrofortunella

mitis)
Citrus citron (Citrus medica)
Citrus hybrids (Citrus spp.) (includes

chironja, tangelo, tangor)
Grapefruit (Citrus paradisi)

TABLE 1—CROP GROUP 10—

Kumquat (Fortunella spp.)

Lemon (Citrus jambhiri, Citrus limon)
Lime (Citrus aurantiifolia)

Mandarin (tangerine) (Citrus reticulata)
Orange, sour (Citrus aurantium)

Orange, sweet (Citrus sinensis)
Pummelo (Citrus grandis, Citrus mazrima)
Satsuma mandarin (Citrus unshiu)

(15) Crop Group 10-10. Citrus Fruit

Group.
(1) Representative commodities. Orange
or Tangerine/Mandarin, Lemon or

Lime, and Grapefruit.

(i) Commodities. The following is a
list of all the commodities in Crop
Group 10-10.

10: CITRUS FRUIT GROUP

Australian desert lime, Eremocitrus glauca (Lindl.) Swingle

Brown River finger lime,
Calamondin, Citrofortunella microcarpa (Bunge) Wijnands

Citron, Citrus medica L

iti Related crop sub-
Commodities gmupg

10-10B

Australian finger lime, Microcitrus australasica (F. Muell.) Swingle . 10-10B
Australian round lime, M/cmcmus australis (A. Cunn. Ex Mudie) Swingle .. 10-10B
ipuana Winters 10-10B

10-10A

10~10A

Citrus hybrids, Citrus spp. Eremocitrus spp., Fortunella spp., Microcitrus spp., and Poncirus spp .. 10-10A
10-10C

Grapefruit, Citrus paradisi Macfad
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TABLE 1—CROP GROUP 10-10: CITRUS FRUIT GROUP—Continued

Related crop sub-

Commodities
Japanese summer grapefruit, Citrus Hayata 10-10C
Kumquat, Fortunella spp " 10-10B
Lemon, Citrus fimon (L.) Burm. { 10-108
Lime, Citrus aurantiifolia (Christm.) Swingle 10-10B
Mediterranean mandarin, Citrus deliciosa Ten 10-10A
Mount White lime, Microcitrus garrowayae (F.M. Bailey) Swingle 10-108

New Guinea wild lime, Microcitrus warburgiana (F.M. Bailey) Tanaka ...
ium L

Orange, sour, Citrus

10-10B
10-10A

10-10A

Orange, sweet, Gitrus sinensis (L.) Osbeck

10-10C

Pummelo, Citrus maxima (Burm.) Merr
Russell River lime, Microcitrus inodora (F.M. Bailey) Swingle

10-10B

Satsuma mandarin, Citrus unshiu Marcow

10-10A

Sweet lime, Citrus limetta Risso

10-10B

Tachlbana orange, Citrus tachibana (Makino) Tanaka

10-10A

Tahiti lime, Citrus latifolia (Yu. Tanaka) Tanaka
Tangelo, Citrus xtangelo J.W. Ingram & H.E. Moore

Tangerine (Mandarin), Citrus reticulata Blanco

10-10B
10-10A, 10-10C
10-10A

Tangor, Citrus nobilis Lour

10-10A
Trifoliate orange, Poncirus trifoliata (L.) Raf 10-10A
Tangelo group 10-10C

Uniq fruit, Citrus ti

Cultivars, varieties and/or hybrids of these.

(iii) Table. The following Table 2
identifies the crop subgroups for Crop
Group 10-10, specifies the representa-

tive commodities for each subgroup
and lists all the commodities included
in each subgroup.

TABLE 2—CROP GROUP 10-10: SUBGROUP LISTING

Representative commodities

Commodities

Crop Subgroup 10-10A. Orange subgroup
Orange or i

Crop Subgroup 10-10B. Lemon/Lime subgroup
Lemon or fime

Crop Subgroup 10-10C. Grapefruit subgroup
Grapefruit

C: lin; citron; citrus hybrids; mediterranean mandarin; or-
ange, sour; orange, sweet; satsuma mandarin; tachibana or-
ange; tangerine (mandarin); tangelo; tangor; trifoliate orange;
cultivars, varieties, and/or hybrids of these.

Australian desert lime; Australian finger lime; Australian round
lime; brown river finger lime; kumquat; lemon; lime; mount
white lime; New Guinea wild lime; Russell River lime; sweet
lime; Tahiti lime; cultivars , varieties, and/or hybrids of these.

Japanese summer grapefruit; pummelo; tangelo;

uniq fruit; cultivars, varieties, and/or hybrids of these.

(16) Crop Group 11:
Group.

() Representative commodities. Apple
and pear.

(ii) Commodities. The following is a
list of all the commodities included in
Crop Group 11:

Pome Fruits

CROP GROUP 11: POME FRUITS GROUP—
COMMODITIES

Apple (Malus domestica)

Crabapple (Malus spp.)

Loquat (Eriobotrya japonica)

Mayhaw (Crataegus aestivalis, C. opaca, and C.
rufula)

Pear (Pyrus communis)

Pear, oriental (Pyrus pyrifolia)

Quince (Cydonia oblonga)

A7) Crop group 11-10. Pome Fruit
Group.

(i) Representative commodities. Apple
and Pear :

(ii) Commodities. The following is a
list of all the commodities in Crop
Group 11-10.

CROP GROUP 11-10: POME FRUIT GROUP—
COMMODITIES

Apple, Malus domestica Borkh.

Azarole, Crataegus azarolus L.

Crabapple, Malus sylvestris (L.) Mill.,
prunifolia (Willd.) Borkh.

Loquat, Eriobotrya japonica (Thunb.) Lindl.

M.

500

68




Appendix 4. 40 CFR 180.41 Crop Group Tables

Environmental Protection Agency

Mayhaw, Crataegus aestivalis (Walter) Torr. &
A. Gray, C. opaca

Hook. & Arn., and C. rufula Sarg.

Medlar, Mespilus germanica L.

Pear, Pyrus communis L.

Pear, Asian, Pyrus pyrifolia (Burm. f.) Nakai
var. culta (Makino) Nakai

Pseudocydonia sinensis (Thouin) C.K. Schneid.

Quince, Cydonia oblonga Mill.

Quince, Chinese, Chaenomeles  speciosa
(Sweet) Nakai,
Quince, Japanese, Chaenomeles japonica

(Thunb.) Lindl. ex Spach
Tejocote, Crataegus mexicana DC.

Cultivars, varieties and/or hybrids of these.

(18) Crop Group 12.
Group.

(1) Representative commodities. Sweet
cherry or tart cherry; peach; and plum
or fresh prune (Prunus domestica,
Prunus spp.)

(i) Commodities. The following is a
list of all the commodities included in
Crop Group 12:

Stone Fruits

§180.41

CROP GROUP 12: STONE FRUITS GROUP—
COMMODITIES

Apricot (Prunus armeniaca)

Cherry, sweet (Prunus avium),

Cherry, tart (Prunus cerasus)

Nectarine (Prunus persica)

Peach (Prunus persica)

Plum (Prunus domestica, Prunus spp.)

Plum, Chickasaw {Prunus angustifolia)

Plum, Damson (Prunus domestica
insititia)

Plum, Japanese (Prunus salicina)

Plumcot (Prunus. armeniaca x P. domestica)

Prune (fresh) (Prunus domestica, Prunus spp.)

(19) Crop Group 12-12: Stone Fruit
Group.

(i) Representative commodities. Sweet
cherry or Tart cherry; Peach; and
Plum or Prune plum.

(ii) Commodities. The following Table
1 1is a list of all commodities included
in Crop Group 12-12.

SpD.

TABLE 1—CROP GROUP 12—12: STONE FRUIT GROUP

Commodities Rc:luaée?oﬁrop
Apricot (Prunus iaca L.) 12-12C
Apricot, Japanese (Prunus mume Siebold & Zucc.) 12-12C
Capulin (Prunus serotina Ehrh. var. salicifolia (Kunth) Koehne) 12-12A
Cherry, black (Prunus serotina Ehrh.) 12-12A
Cherry, Nanking (Prunus Thunb.) 12-12A
Cherry, sweet (Prunus avium (L.) L.) 12-12A
Cherry, tart (Prunus cerasus L.) 12-12A
Jujube, Chinese (Ziziphus jujuba Mill 12-12C
Nectarine (Prunuspersica (L.) Batsch var. nucipersica (Suckow) C.K. Schneid) ... 12-12B
Peach (Prunus persica (L.) Batsch var. persica) 12-12B
Plum (Prunus ica L. subsp. i 12-12C
Plum, American (Prunus Marshall) 12-12C
Plum, beach (Prunus maritima Marshall) 12-12C
Plum, Canada (Prunus nigra Aiton) 12-12C
Plum, cherry (Prunus ifera Ehrh.) 12-12C
Plum, Chickasaw (Prunus ia Marshall) 12-12C
Plum, Damson (Prunus domestica L. subsp. insititia (L.) C.K. Schneid.) .... 12-12C
Plum, Japanese (Prunus salicina Lindl.; P. salicina Lindl. var. salicina) 12-12C
Plum, Klamath (Prunus Benth.) 12-12C
Plum, prune (Prunus L. subsp. 12-12C
Plumcot (Prunus hybr.) 12-12C
Sloe (Prunus spinosa L.) 12-12C

Cultivars, varieties, and/or hybrids of these.

(iii) Crop subgroups. The following
Table 2 identifies the crop subgroups
for Crop Group 12-12, specifies the rep-

resentative commodities for each sub-
group, and lists all the commodities in-
cluded in each subgroup.

TABLE 2—CROP GROUP 12—12: SUBGROUP LISTING

Representative commodities |

Commodities

Crop subgroup 12-12A. Cherry subgroup

Cherry, sweet or Cherry, tart ..
hybrids of these.

Capulin; Cherry, black; Cherry, Nanking; Cherry, sweet; Cherry, tart; cultivars, varieties, and/or
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TABLE 2—CROP GROUP 12—12: SUBGROUP LISTING—Continued

Representative commodities ‘

Commodities

Crop subgroup 12-12B. Peach subgroup

Peach ’ Peach;

; cultivars, varieties, and/or hybrids of these.

Crop subgroup 12-12C. Plum subgroup

Plum or Prune plum .....

Apricot; Apricot, Japanese; Jujube, Chinese; Plum; Plum, American; Plum, beach; Plum, Can-
ada; Plum, cherry; Plum, Chickasaw; Plum, Damson; Plum, Japanese; Plum, Klamath;
Plumcot; Plum, prune; Sloe; cultivars, varieties, and/or hybrids of these.

(20) Crop Group 13. Berries Group.

(1) Representative commodities. Any
one blackberry or any one raspberry;
and blueberry.

(ii) Table. The following table 1 lists
all the commodities included in Crop
Group 13 and identifjes the related sub-
groups.

TABLE 1—CROP GROUP 13: BERRIES GROUP

Commodities H:dg‘:&fprg?
Blackberry (Rubus eubatus) (including bingleberry, black satin berry, boysenberry, Cherokee blackberry,
Chesterberry, Cheyenne blackberry, coryberry, darrowberry, dewberry, Dirksen thomless berry,
Himalayaberry, hullberry, Lavacaberry, lowberry, L i Y, 3 i Y,
Y, i y, Oregon berry, Y, g rossberry,

Shawnee blackberry, youngberry, and varieties and/or hybrids of these) ..... v 13A
Blueberry (Vaccinium spp.) 13B
Currant (Ribes spp.) 138

v ( 138
y (Ribes spp.) 13B
t i 13B
L ubus 13A
Raspberry, black and red (Rubus occidentalis, Rubus strigosus, Rubus idaeus) 13A

(iii) Table. The following table 2 iden-
tifies the crop subgroups for Crop
Group 13, specifies the representative

commodities for each subgroup, and
lists all the commodities included in
each subgroup.

TABLE 2—CROP GROUP 13 SUBGROUPS LISTING

Representative commodities

Commodities

Crop Subgroup 13A. Caneberry (blackberry
and raspberry) subgroup.
Any one blackberry or any one raspberry. .......
’ these.
Crop Subgroup 13B. Bushberry subgrou
Blueberry, highbush.

Blackberry; loganberry; red and black raspberry; cultivars and/or hybrids of

Blueberry, highbush and lowbush; currant; elderberry; gooseberry; huckleberry.

(21) Crop Group 13-07. Berry and Small
Fruit Crop Group

(1) Representative commodities. Any
one blackberry or any one raspberry;
highbush blueberry; elderberry or mul-

berry; grape; and
strawberry.

(ii) Table. The following Table 1 lists
all the commodities listed in Crop
Group 13-07 and identifies the related
crop subgroups.

fuzzy kiwifruit,

TABLE 1—CROP GROUP 13-07: BERRY AND SMALL FRUIT CROP GROUP

Commodities

Related crop subgroups

13-07D, 13-07E, 13-07F

Amur river grape (Vitis is Rupn)

Aronia berry (Aronia spp.)
Bayberry (Myrica spp.)

13-07B
13-07C
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TABLE 1—CROP GROUP 13-07: BERRY AND SMALL FRUIT CROP GROUP—Continued

Commodities Related crop subgroups

Bearberry (, uva-ursiy 13-07G, 13-07H

Bilberry (Vaccinium myrtillus L.) 13-07G, 13-07H
Blackberry (Rubus spp) (including Andean hlackberry. avcllc blackberry, bingleberry, black satin
berry, California , Cherokee blackberry, Chey-
enne blackberry, commnn blackberry, coryberry, darrowberry. dewberry, Dirksen thomless berry,
'y, hullberry, y, loganberry, lowberry, Lucretiaberry,

mammmh blackberry, marlunberry, mora, mures deronce, nectarberry, Northemn dewberry,
A y, ravenberry, rossberry, Shaw-
nee blackberry. Southem dewherry. Iayberry, youngberry. 1ar1amora and cultivars, varieties and/or

hybrids of these.) 13-07A
Blueberry, highbush ( spp.) 13-07B
Blueberry, lowbush ( init ifolium Aiton) 13-07B
Buffalo currant (Ribes aureum Pursh) 13-07B
Buffaloberry (Shepherdia argentea (Pursh) Nutt.) 13-07C
Che (Cudrania tricuspidata Bur. Ex Lavallee) ) 13-07C
Chilean guava (Myrtus ugni Mol.) i 13-07B
Chokecherry (Prunus virginiana L.) 13-07C
Cloudberry (Rubus L) 13-07G, 13-07H
Cranberry ( Aiton) 13-07G, 13-07H
Currant, black (Ribes nigrum L) 13-078
Currant, red (Ribes rubrum L) 13-07B
Elderberry ( pp.) 13-078B, 13-07C
European barberry (Berbens vulgans L) 3-07B
y (Ribes spp.) 13-078, 13-07D, 13-
07E, 13-07F
Grape (Vitis spp.) 13-07D, 13-07F
Highbush cranberry (Viburnum opulus L. var. i Aiton) 13-07B
Honeysuckle, edible (Lonicera caerula L. var. emphyllocalyx Nakai, Lonicera caerula L var . edulis
Turcz. ex herder) 13-078
Huckleberry pp.) 13-078
Jostaberry (Ribes x nldlgrolana Rud. Bauer and A. Bauer) 13-07B
Juneberry berry) pp.) 13-07B, 13-07C

wamun fuzzy (Actinidia deliciosa A. Chev) (C.F. Liang and A.R. Fergusons, Actinida chinensis
Pla 13-07D, 13-07E
13-07D, 13-07E, 13-07F

vallrun hardy (Actinic

ia arguta (Siebold and Zucc.) Planch. ex Mig) ..

vitis-idaea L.) 13-07B, 13-07G 13-07H

Maypop (Passifiora incamata L.) 13-07E, 13-07F
Mountain pepper berries (Tasmannia ir.) A.C.Sm. 13-07C
Mulberry (Morus spp.) 13-07C
Muntries (Kunzea pomifera F. Muell.) 13-07G, 13-07H
Native currant (Acrotriche depressa R. BR.) 13-078
Partridgeberry (Mltche//a repens L. ) 13-07G, 13-07H
Phalsa (Grewia 13-07C
Pincherry (Prunus i L f) 13-07C
Raspberry, black and red (Rubus spp.) 13-07A
Riberry (S) 13-07C
Salal (; ia shallon Pursh.) 13-07B, 13-07C
Schisandra berry (Schisandra chlnensls (Turcz.) Baill.) 13-07D, 13-07E, 13-Q7F
Sea buckthor (Hippophae L) 13-07B
'y (Sorbus spp.) 13-07C

Strawberry (Fragana x ananassa Duchesne) 13-07G
Wild raspberry (Rubus muelleri Lefevre ex P.J. Mull) 13-07A

Cultivars, varieties, and/or hybrids of these.

(iii) Table. The following Table 2 tive commodities for each subgroup
identifies -the crop subgroups for Crop and lists all the commodities included
Group 13-07, specifies the representa- in each subgroup.

TABLE 2—CROP GROUP 13-07: SUBGROUP LISTING

Representative commodities Commodities

Crop Subgroup 13-07A. Caneberry subgroup
Any one blackberry or any one rasp- | Blackberry; loganberry; raspberry, red and black; wild raspberry; cultivars, vari-
.. eties, and/or hybrids of these.

Crop Subgroup 13-07B. Bushberry subgroup.
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TABLE 2—CROP GROUP 13-07: SUBGROUP LISTING—Continued

Representative commodities

Commodiities

Blueberry, highbush. ..

Crop Subgroup 13-07C. large shrub/tres
berry subgroup.

Aronia berry; blueberry, highbush; blueberry, lowbush; buffalo currant; Chilean
guava; currant, black; currant, red: elderberry; European. barberry; goose-
berry; cranberry, highbush; honeysuckle, edible; huckleberry; jostaber
Juneberry; lingonbeny; native currant; safal; sea buckthorn; cultivars, vari-
aties; and/or hybrids of these.

y or mulberry.

Crop Subgroup 13-07D. Small fruit vine
climbing subgroup.
Grape and fuzzy kiwifruit.

Crop Subgroup 13-07E. Small fruit vine climb-
ing subgroup, except grape.
Fuzzy kiwifruit. ...

Crop Subgroup 13-07F. Small fruit vine climb-
ing subgroup except fuzzy kiwifruit.
Grape.

Crop Subgroup 13-07G. Low growing berry
subgroup.
Strawberry. ..

Crop Subgroup 13-07H. Low growing . bemy
subgroup, except strawberry.
Granberr

Bayberry; ; che; y: el Y: y; mountain pep-
per berries; mulberry; phalsa; pincherry; riberry; salal; serviceberry; cultivars,
varieties, and/or hybrids of these.

Arnur river grape; goosebensy; grape; kiwilrult, fuzzy; Kiwifruit, hardy; Maypop;
schisandra berry; cultivars, varieties, and /or hybrids of these.

Amur river grape; gooseberry; kiwifruit, fuzz;; kiwitruit, hardy; Maypop;
schisandra berry; cultivars, varieties, and/or hybrids of these.

Amur river grape; gooseberry; grape; kiwifruit, hardy; Maypop; schisandra
berry; cultivars varieties, and/or hybrids of these.

Bearberry; bilberry; blusberry, lowbush; cloudberry; cranberry; lingonberry;
muntries; pariridgeberry; strawberry; cultivars, varieties, and/or hybrids of
these,

Bearberry; bilberry; blueberry, lowbush; cloudberry; cranberry; lingonberry;
muntries; partridgeberry; cultivars, varieties, and/or cultivars of these.

(22) Crop Group 14. Tree Nuts Group.
(1) Representative commodities. Almond

and pecan.

(ii) Commodities. The following is a
list of all the commodities included in

Crop Group 14:

CROP GROUP 14: TREE NUTS—~COMMODITTES

Almond (Prunus dulcis)

Beech nut (Fagus spp.)

Brazil nut (Bertholletia excelsa)
Butternut (Juglans cinerea)
Cashew (dnacardium occidentale)
Chestnut (Castanea spp.)
Chinquapin (Castanea pumila)
Filbert (hazelnut) (Corylus spp.)
Hickory nut (Carya spp.)

Macadamia nut (bush nut) (Macadamia spp.)

Pecan (Carya illinoensis)

Walnut, black and English (Persian) (Juglans

Spp.)

(23) Crop Group 14-12. Tree Nut Group.
(i) Representative commodities. Almond

and Pecan.

(i1) Commodities. The following is a
list of all commodities included in Crop

Group 14-12.

CROP GROUP 14-12: TREE NUT GROUP

African nut-tree (Ricinodendron heudelotii
(Baill,) Heckel)

Almond (Prunus dulcis (Mill.) D.A. Webb)

Beechnut (Fagus grandifolic Ehrh., F.
sylvatica 1..)

Brazil nut (Bertholletio excelsa Humb., &
Bonpl.)

Brazilian pine
(Bertol.) Kuntze)

Bunya (Araucaria bidwillii Hook.)

Bur oak (Quercus macrocarpa Michx.)

Butternut (Juglans cinerea 1..)

Cajou nut (Anacardium giganteum Hance ex
Engl)

Candlenut (Aleurites moluccanus (L) Willd.)

Cashew (4dnacardium occidentale L.)

Chestnut (Castanea crenaia Siebold & Zucc.;
C. dentato (Marshall) Borkh.; C. mollissima
Blume; C. sativa Mill.)

Chinquapin (Castaneapumila (L.) Mill.)

Coconut (Cocos nucifera L.y

Coquito nut (Jubaea chilensis (Molina) Baill.)

Dika nut (Froingia gabonensis (Aubry-
Lecomte ex O’Rorke) Baill.)

Ginkgo (@Ginkgo biloba L.)

Guiana chestnut (Pachira aguatica Aubl.)

Hazelnut (Filbert) (Corylus -americana Mar-

- shally C. quellana L.; C. californica (A. DC.)
Rose; C. chinensis Franch.)

Heartnut (Juglans ailantifolia Carriére var.
cordiformis (Makino) Rehder)
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Hickory nut (Carya cathayensis Sarg.; C.
glabra (Mill.) Sweet; C. laciniosa (F. Michx.)
W. P. C. Barton; C. myristiciformis (F.
Michx.) Elliott; C. ovata (Mill.) K. Koch; C.
tomentosa (Lam.) Nutt.)

Japanese horse-chestnut (desculus turbinate
Blume)

Macadamia nut (Macadamia integrifolia Maid-
en & Betche; M. tetraphylla L.A.S. John-
son)

Mongongo nut (Schinziophyton rautanenii
(Schinz) Radcl.-Sm.)

Monkey-pot (Lecythis pisonis Cambess.)

Monkey puzzle nut (Araucaria araucana
(Molina) K. Koch)

Okari nut (Terminalia kaernbachii Warb.)

Pachira nut (Pachira insignis (Sw.) Savigny)

Peach palm nut (Bactris gasipaes Kunth var.

gasipaes)

Pecan  (Carya illinoinensis (Wangenh.) K.
Koch)

Pequi (Caryocar brasiliense Cambess.; C.

villosum (Aubl.) Pers; C. nuciferum L.)

Pili nut (Canarium ovatum Engl.; C. vulgare
Leenh.)

Pine nut (Pinus edulis Engelm.; P. koraiensis
Siebold & Zucc.; P. sibirica Du Tour; P.
pumila (Pall.) Regel; P. gerardiana Wall. ex
D. Don; P. monophylla Torr. & Frém.; P.
quadrifolia Parl. ex Sudw.; P. pinea L.)

Pistachio (Pistacia vera L.)

Sapucaia nut (Lecythis zabucaja Aubl.)

Tropical almond (Terminalia catappa L.)

Walnut, black (Juglans nigra L.; J. hindsii
Jeps. ex R. B. Sm.; J. microcarpa Berland.)

Walnut, English (Juglans regia L.)

Yellowhorn (Xanthoceras sorbifolium Bunge)

Cultivars, varieties, and/or hybrids of these
(24) Crop Group 15. Cereal Grains

Group.

(i) Representative commodities. Corn
(fresh sweet corn and dried field corn),
rice, sorghum, and wheat.

(ii) Commodities. The following is a
list of all the commodities included in
Crop Group 15:

CROP GROUP 15: CEREAL GRAINS—
COMMODITIES

Barley (Hordeum spp.)

Buckwheat (Fagopyrum esculentum)
Corn (Zea mays)

Millet, pearl (Pennisetum glaucum)
Millet, proso (Panicum milliaceum)
Oats (Avena spp.)

Popcorn (Zea mays var. everta)
Rice (Oryza sativa)

Rye (Secale cereale)

Sorghum (milo) (Sorghum spp.)
Teosinte (Euchlaena mezicana)
Triticale (Triticum-Secale hybrids)
Wheat (Triticum spp.)

Wild rice (Zizania aquatica)

(25) Crop Group 16. Forage, Fodder
and Straw of Cereal Grains Group.

§180.41

(1) Representative commodities. Corn,
wheat, and any other cereal grain crop.

(ii) Commodities. The commodities in-
cluded in Crop Group 16 are: Forage,
fodder, stover, and straw of all com-
modities included in the group cereal
grains group. EPA may establish sepa-
rate group tolerances on forage, fodder,
hay, stover, or straw, if data on the
representative commodities indicate
differences in the levels of residues on
forage, fodder, stover, or straw.

(26) Crop Group 17. Grass Forage, Fod-
der, and Hay Group.

(1) Representative commodities. Ber-
muda grass; bluegrass; and b¥omegrass
or fescue.

(ii) Commodities. The commodities in~
cluded in Crop Group 17 are: Forage,
fodder, stover, and hay of any grass,
Gramineae/Poaceae family (either green
or cured) except sugarcane and those
included in the cereal grains group,
that will be fed to or grazed by live-
stock, all pasture and range grasses
and grasses grown for hay or silage.
EPA may establish separate group tol-
erances on forage, fodder, stover, or
hay, if data on the representative com-
modities indicate differences in the
levels of residues on forage, fodder, sto-
ver, or hay.

(27) Crop Group 18. Nongrass Animal
Feeds (Forage, Fodder, Straw, and
Hay) Group.

(1) Representative commodities. Alfalfa
and clover (Trifolium spp.)

(i) Commodities. EPA may establish
separate group tolerances on forage,
fodder, straw, or hay, if data on the
representative commodities indicate
differences in the levels of residues on
forage, fodder, straw, or hay. The fol-
lowing is a list of all the commodities
included in Crop Group 18:

CROP GROUP 18: NONGRASS ANIMAL FEEDS
(FORAGE, FODDER, STRAW, AND HAY)
GROUP—COMMODITIES

Alfalfa (Medicago sativa subsp. sativa)
Bean, velvet (Mucuna pruriens var. utilis)
Clover (Trifolium spp., Melilotus spp.)
Kudzu (Pueraria lobata)

Lespedeza (Lespedeza spp.)

Lupin (Lupinus spp.)

Sainfoin (Onobrychis viciifolia);
Trefoil (Lotus spp.)

Vetch (Vicia spp.)

Vetch, crown (Coronilla varia)

Vetch, milk (Astragalus spp).
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(28) Crop Group 19. Herbs and Spices
Group.

(1) Representative commodities. Basil
(fresh and dried); black pepper; chive;
and celery seed or dill seed.

(ii) Table. The following table 1 lists
all the commodities included in Crop
Group 19 and identifies the related sub-
groups.

TABLE 1—CROP GROUP 19: HERBS AND SPICES

GROUP
Related
Commadities ;‘r,?bp»

groups
Alispice (Pimenta dioica) ... 198
Angelica (Angelica archangelica) 18A
Anise (anise seed) (Pimpineila anisum) 198
Anise, star (licium verum) 198
Annatto (seed) ... 198
Baim (lemon balm) (Melissa officinalis) . 19A
Basil (Ocimum basilicum) .. 19A
Borage (Borago officinalis) 19A
Buret (: minor} 19A
Camomile (Anthemis nobilis) 19A
Caper buds (Capparis spinosa) 198
Caraway (Carum carvi) .. 198
Caraway, black (Nigella sativa) 198
Card i 198
Cassia bark (Cinnamomum aromaticurm) 198
Cassia buds (Cinnamomum aromaticum) . 19B
Cattnip (Nepeta cataria) .... 19A
Celery seed (Apicum graveolens) 198
Chevil {dried) {Anthriscus cerefolium) 19A
Chive (Allium schoenoprasurm .... 19A
Chive, Chinese (Allium tuberosum) 18A
Cinnamon (Cir verum) 198
Clary (Salvia sclarea) 19A
Clove buds (Eugenia caryophyliata) 198
Coriander (cilantro or Chinese parsley) (teaf)

(Ce sativim) 19A
Coriander (cilantro) (seed) (Corlandrum sativum) 198
Costmaty (Chrysanthemum balsamita) 19A
Culantro {leaf) (Eryngium foetidum) 19A
Culantro (seed) (Elyngium Toetidum) .. 198
Cumin (Cuminum ayminurm) 108
Curry (leaf) (Murraya koeni 19A
Dill (diltwesd) (Anethum graveoiens 19A
Dill {seed) {(Ansthum graveolens) 19B
Fennel ( i vulgai 198

Appendix 4. 40 CFR 180.41 Crop Group Tables
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TABLE 1—CROP GROUP 19: HERBS AND SPICES
GRroupP—Continued

Related

o crop

Commodities sub-
groups

Fennel, Florence (seed) (Foeniculum vulgare

Azoricum Group) ... 198
Fenugreek { Trigonelia foenumgraecum) 198
Grains of parad?se (Aframomum melegueta) ... 198

vulgare) 19A

Hyssop (Hyssopus officinalis) .. 19A
Juniper berry (Juniperus communis) . 198
Lavender (Lavandula officinalls) .. 19A
Cy CII‘!&(LIS) 19A
Lovaga {leat) (Levisticum officinaie) 19A
Lovage (seed) (Levisticum officinale) 198
Mace (Myristica fragrans) 198
Marigold (Calendula officinalis) 19A
Marjoram (Origanum spp.) (includes sweet or an-
nual marjoram. wild marjoram or oregano, and
pot 19A
Musiard (seed) (Brassica juncea, B. hirta, B. nigra) 198
Nasturtium (Tropaeolum majus) 19A
Nutmeg (Myristica fragrans) 108
Parsley {dried) (Pstroselinurn erispum) 19A
Pennyroyat (Mentha pulegium) 19A
Pepper, black (Piper nigrumy 198
Pepper, white ..... 198
Poppy (seed) (Papaver somniferum) 18B
mary officinalis) . 19A
Rue {Auta 19A
Saffron (Crocus sativus) 198
Sage (Salvia officinalis) 19A
Savory, summer and winter (Satureja spp.) 19A
Swest bay {bay leaf} {Laurus nobilis) ... 19A
Tansy ( tum vulgare) 19A
Tarragon (Arternisia dracunculus) . 19A
Thyme (Thymus spp.) .. 18A
Vanilla (Vanilla pianifolia) 198
e 19A
Woodruff (Galium odorata) .. 19A
(Artemisia i 19A

(iii) T'able. The following table 2 iden-
tifies the crop subgroups for Crop
Group 19, specifies the representative
commodities for each subgroup, and
lists all the commodities included in
each subgroup.

TABLE 2—CROP GROUP 19 SUBGROUPS

Commodities

Representative commodities ;
i

Crop Subgroup 19A. Herb subgroup.
Basil (frash and dried) and chive. ..

Crop Subgroup 19B. Spice subgroup.
Black pepper; and celery seed or dill seed.

Angelica; balm; basil; borage; burnet; camomile; catnip; chervit {dried); chive;
¢hive, Chinese,
diflweed; horehound; hyssop; lavender; lemongrass; lovage (leaf); marigoid;
marjoram (Origanum spp.); nasturtium; parsley (dried); pennyroyal; rose-
mary; rue; sage;
thyme; wintergreen; woodtuff; and wormwood.

clary; coriander (leaf); costmary; culantro (ieaf); curry {leaf);

; savory, summer and winter; sweet bay; tansy; tarragon;

Allspice; anise (seed); anise, star; annatto (seed); caper {(buds); caraway; cara-
way, black; cardamom; cassia (buds); celery (seed); cinnamon; clove (buds);
coriander (seed); culantro (seed); cumin; dill {seed); fennel, common; fennei,
Florence (seed); fenugresk; grains of paradise; juniper (berry); lovage (seed);
mace; mustard (seed); nutmeg; pepper, black; pepper, white; poppy (seed);
saffron; and vanilla.
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(29) Crop Group 20. Oilseed Group. (ii) Table. The following Table 1 lists
[63) Representative commodilies. all the commodities listed in Crop

Rapeseed (canola varieties only); sun- Group 20 and identifies the related crop

flower, seed and cottonseed. subgroups and includes cultivars and/or

varieties of these commodities.
TABLE 1-~CROP GROUP 20: OILSEED GROUP -

Commodities | Related crop

subgroups
Borage, Borago officinalis L 20A
Galendula, Caiendula officinalis 20B
Castor ofl plant, Ricinus L 20B
ChmesP tallowtree, Trtadlca sébifera (L.) Sma‘l 208
hirsutum L. spp 20C
Cramce Crambe hrspanlca L C abyss/n/ca Hochst. ex R.E. Fr 20A
Cuphea, Cuphea 20A
Echium, Enhlum L ; 20A
ia esula L. . i 20B
Evening primrose, Osnmhera biennis L 20B
Flax seed, Linum L 20A
Gold of pleasure, Camelina sativa (L.} Crantz 20A
Hare's ear mustard, Conringia orientafis (L) Dumort 20A
Jojoba, Simmondsia chinensis (Link) C.K. Schneld 20B
Lesquerella, Lesquerella recurvata (Engelm. ex A, Gray) S. Watson 20A
Lunaria, Lunaria annua L 20A
Meadowfoam, Limnanthes alba Hartw. ex Benth 20A
Milkweed, Asclepias spp 20A
Mustard seed, Brassica hirta Moench, Srnapls alba L. subsp. Alba.. 20A
Niger seed, Guizotia i (L1} Cas: 20B
Oil radish, Raphanus sativus L. var. aletfonnls Pers 20A
Poppy seed, Papaver L. subsp. 20A
Rapeseed, Brassica spp.; B napus L 20A
Rose hip, Aosa rubi 20B
Safflower, Carthamus L 208
Sesame, Sesamum indicum L., S. radiatum & honn 20A
Stokes aster, Stokesia laevis (H|II) Greene 208
Sunflower, Helianthus annuus L 20B
Sweel racket, Hesperls L 20A
Ximenia L 20B
Tea ofl plant, Cametiia oleifera C. Abel 208
Vemonia, Vernonia galamensis (Cass.) Less 208
Cultivars, varieties, and/or hybrids of these.

(1lii) Table. The following Table 2 commodities for each subgroup and
identifies the crop subgroups for Crop lists all the commodities included in
Group 20, specifies the representative each subgroup.

TABLE 2—CROP GROUP 20: SUBGROUP LISTING

Representative commodities Commodities

Crop subgroup 20A. Rapessed subgroup

Rapeseed, canola varietias only ... Borage; crambe: cuphea; echium; flax seed; goid of pleasure;
hare’s ear mustard; lesquerella; Iunaria; meadowfoam;: milk-
weed; mustard seed; oil radish; poppy seed; rapeseed; ses-
ame; sweet rocket cultivars, varieties, and/or hybrids of
these.

Crop subgroup 20B. Sunflower subgroup
Sunflower, seed Calendula; castor ol plant; chinese tallowtres; euphorbia;
evening primrose; jojoba; niger seed; rose hip; safilower;
stokes aster; sunflower; tallowwood; tea oit plant; vernonia;
cultivars, varleties, and/or hybrids of these.

Crop subgroup 20C. Cottonseed subgroup
e C ; cultivars, varieties, and/or hybrids of these.
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@0
Group.

(1) Representative commodities. White
button mushroom and any one oyster
mushroom or any Shiitake mushroom.

(ii) Table. The following is a list of all
the commodities in Crop Group 21.
There are no related subgroups.

Crop Group 21. Edible fungi

Appendix 4. 40 CFR 180.41 Crop Group Tables

40 CFR Ch. | (7-1-17 Edition)

CROP GROUP 21—EDIBLE FUNGI GROUP—
COMMODITIES
Blewitt (Lepista nuda)
Bunashimefi (Hypsizygus mairmoreus)
Chinese mushroom (Volvariefia volvacea) (Bull.) Singer
Erioki (Flammuiina velutipes) (Curt.) Singer
Hime-Matsutake {Agaricus biazei) Murill
Hirmeola (Auricufaria auricular)
Maitake (Grifola frondosa)
Morel (Morchella spp.)
Nameko (Pholiota nameko)
Net Bearing (Dictyophora)
Qyster mushroom {Pleurotus spp.)
Pom Pom (Hericium erinaceus)
Reishi mushroom (Ganoderma Jucidum (Leyss. Fr.) Karst.)
Rodman’s agaricus (Agaricus bitorquis) (Quel.) Saccardo
Shiltake mushroom (Lentinuia edodes (Berk.) Pegl.)
Shimejt (Tricholoma conglobaturm)
Stropharia {Stropharia spp.)
Truffle (Tuber spp.)
White button mushroom (Agaricus . bisporous (Lange)
imbach)
White Jelly Fungi (Tremelia fuciformis)

(81) Crop Group 22. Stalk, Stem and
Leaf Petiole Vegetable Group.

(1) Representative commodities. Aspar-
agus and celery.

(ii) Commodities. The following Table
1 lists all commodities included in Crop
Group 22.

TABLE 1—CROP GROUP 22: STALK, STEM AND LEAF PETIOLE VEGETABLE GROUP

i Related croj
Commodities subgroupsp
Agave (Agave spp.) 20A
Aloa-vera (Aloe vera (L.) Burm.f) 224
[ officinalts L.y 224
Bambcu shcovs (Alundmﬂrla spp.; Barnbusa spp., C spp.; D spp., Fargesia spp.;

Giganiochioa spp., Nastus elatus; spp.; Th spp.) 22A
Cardoon (Cynara L. 228
Celery (Apium graveolens var. duice (Mill.) Pers.) 228
Celery, Chinese (Apium graveolsns L. var. secalinum (Alef.) Manst.) 22B
Celtuce (Lactuca sativa var. L.H. Bailey) 22A
Fennel, Florence, fresh leaves and stalk (Foeniculum vulgare subsp. vuigare var. azoricurn (Mill.) Thell.} ... 22A
Fem, edible, fi 22A
Fuki {Petasites japonicus (Siebold & Zucc.) Maxim.) 228
Kale, sea (Crambe maritima L.} 22A
Kohlrabl (Brassica oleracea L. var L) 22A
Palm hearts (various species) 22A
Prickly pear, pads {Opuntia ficus-indica (L.) Mill., Opuntia spp.) 22A
Prickly pear, Texas, pads (Opuntia engelmannii Salm-Dyck ex Engeim. var. findheimeri (Engelm.) B.D. Parfitt &

Pinkav) 22A
Rhubarb (Rheum x 22B
Udo (Aralia cordata Thunb. ) 22B
Zuiki (Colocasia gigantsa (Blume) Hook. f.) 228
Cultivars, varieties, and hybrids of these commodities.

(iii) Crop subgroups. The following
Table 2 identifies the crop subgroups
for Crop Group 22, specifies the rep-

resentative commodities for each sub-
group, and lists all the commodities in-
cluded in each subgroup.
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TABLE 2—CROP GROUP 22: SUBGROUP LISTING

Representative commodities | Commodities

Crop Subgroup 22A. Stalk and stem vegetable subgroup

Asparagus Agave; aloe vera; asparagus; bamboo, .shoots; celtuce; fennel, flor-
ence, fresh leaves and stalk; fém, edible, fiddiehead; kale, sea;
kohlrabi; palm hearts; prickly pear, pads; prickly pear, Texas, pads;
cultivars, varieties, and hybrids of these commodities.

Crop Subgroup 22B. Leaf petiole vegetable subgroup

Celery Cardoon; celery; celery, Chinese; fuki; rhubarb; udo; zuiki; cultivars,
varieties, and hybrids of these commodities.

(32) Crop Group 23. Tropical and Sub- (ii) Commodities. The following Table
tropical Fruit, Edible Peel Group. 1 lists all commodities included in Crop
(i) Representative commodities. Date, Group 23.
fig, guava, and olive. N

TABLE 1—CROP GROUP 23: TROPICAL AND SUBTROPICAL FRUIT, EDIBLE PEEL GROUP

- Commodities Rseligt;j m::[l;gp
Acai (Euterpe olemcea Mart.) 23C
Acerola (Malpighi DC.) 23A
Achachairii (Garcinia gardneriana (Planch. & Triana) Zappi) 238
African plum (Vitex doniana Sweel) 23A
Agritos (Berbens trifoliolata Moric.) 23A
ia lanzan Spreng.) 23A
Ambarella (Spandlas dulcis Sol. ex Parkinson) 238
Apak palm (Erahea dulcis (Kunth) Mart.) 23C
Appleberry scandens Sm.) 23A
Araza (Eugenia stipitata 238
Arbutus berry (Arbutus unedo L.) 23A
Babaco (Vasconcellea x heilbornii (V.M. Badillo) V.M. Badillo) 238
Bacaba palm (O bacaba Mart.) 23C
Bacaba-de-leque (Oenocarpus distichus Mart.) 23C
Bayberry, red (Morella rubra Lour.) 23A
Bignay (Antidesma bunius (L.) Spreng.) 23A
Bilimbi (Averrhoa bilmbi L) 238
Borojo (B i r‘uamac ) 23B
Breadnut (i i Sw. 23A
Cabeluda (Plinia g/omerala (. Berg) Amshoff) 23A
Cajou, fruit (, Hance ex Engl.) 238
Cambuca e edulis Nied.) 23B
Carandas-plum (Carissa edulis Vahl) 23A
Carob (Ceratonia siligua L.) 238
Cashew apple (; i L) 23B
Ceylon iron wood (Mamlkara hexandra (Roxb.) Dubard) 23A
Ceylon olive ( 23A
Cherry-of-the-Rio-Grande (Eugenla aggrsga!a (Vell.) Kiaersk.) 23A
Chinese olive, black (Canarium tramdenum C.D. Dai & Yakovlev) 23A
Chinese ollve white (Canarium album (Lour.) Raeusch.) 28A
Chirauli-nut ia latifolia Hoxb ) 23A
Ciruela verde- (Cav.) DC.) 238
Cocoplum (Cl icaco L.) 23A
Date (Phoenix i L) 23C
Davndson 's plum (Davidsonia pruriens F. Muell.) 23B
t-date (Balanltes (L.) Delile) 23A
Doum palm coconut (Hyphaene mebalca (L.) Mart) 23C
False (Ximenia L) 23A
Feijoa (Acca i (O. Berg) Burret) 23B
Fig (Ficus carica L.) 23B
Fragrant manjack (Cordia G. Forst)) 23A
(Dovyalis (A. Rich.) Warb.) 23A
Gooseberry, Ceylon (Dovyalis hebecarpa (Gardner) Warb.) 23A
Y, Indian ( emblica L. 238
Goosebevry, o(ahelte (Phyllanthus acidus (L.) Skeels) 23A
Governor's plum (Flacourtia mdlca (Burm. F.) Merr.) 23A
i (Eugenia i Lam) 23A
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TABLE 1—CROP GROUP 23: TROPICAL AND SUBTROPICAL FRUIT, EDIBLE PEEL GROUP—Continued

Commodities R:Ilg';g‘f;p

(c i 0. Berg) 23A

Guava (Psidium guajava L.) 238
Guava berry (Myrciaria ﬂar/bunda (H. Wes( ex Willd.) O. Berg) L 28A
Guava, Brazilian (Psidium w.) 23A
Guava, cattley (Psidium Sablne) 238
Guava, Costa Rican (Psidium i i (0. Berg) Nied.) 23A
Guava, Para (Psidium DC.) 238
Guava, purple y (Psidium Sabine var. 23B
Guava, strawberry (Psidlum cattleyanum Sabine var. littorale: (Raddi) Fosberg) 238
Guava, yellow y (Psidium Sabine var. forma fu 238
Guayabillo (Psidium sartananum (O. Berg) Nied.) 23A
llawarra plum (Padoca/pus elatus R. Br. Ex Endl.) 23A
Imbé (Garcinia livi iT. 238
Imbu (Spondias tuberosa Arruda ex Kost.) 238
Indian-plum (Flacourtia jangomas (Lour.). i £ 23A
Jabnllcaba (Myrr::ana caulrﬂara (Mart.) O. Berg) 23B
calabura L.) 23A

Jambolan (Syzyglum cumini (L.) Skeels) 23A
Jelly paim (Butia capitata (Mart.) Becc.) 23C
Jujube, Indian (Ziziphus i Lam.) 238
Kaffir-plum (Harpephyllum caffrum Bemh. Ex C. Krauss) 23A
Kakadu plum (Terminalia latipes Benth. subsp. psil Pedley) o 23A
Kapundung (Baccaurea racemosa (Reinw.) Mull. Arg.) 23A
Karanda (Carissa carandas L.) 23A
Kwai muk (. Hance ex Benth.) . 238
Lemon aspen (Acmnychfa acidula F. Muell) 23A
Mangaba (Hancomia speciosa Gomes) 23B
Marian plum (Bouea phyilia Griff.) 238
Mombin, malayan (Spondias pinnata (J. Koenig ex L. f.) Kurz) 238
Mombin, purple (Spondias purpurea L.) 238
Mombin, yellow (Spondias mombin L.) 23A
Monkeyfruit (Artocarpus lacucha Buch. Ham.) - 238
Monos plum (Pseudanamomis umbellulifera (Kunth) Kausel) 23A
Mountain cheny (Bunchosia comifolia Kunth) 23A
Nance ( lia (L.) Kunth) 238
Natal plum (Carissa macrocarpa (Eckl.) A. DC.) 238
Noni (Morinda citrifolia L.) 23B
Olive (Olea europaea L. subsp. 23A
Papaya, mountain ( A.DC.) 238
Pataua (O bataua Mart.) 23C
Peach palm, fruit (Bactris gasipaes Kunth var. gasipaes) 23C
Persimmon, black (Diospyros texana Scheele) 23A
Persimmon, Japanese (Diospyros kaki Thunb.) 23B
Pitomba (Eugenia luschnathiana Klotzsch ex O. Berg) 23A
Plum-of-Martinique (Flacourtia inermis Roxb.) 23A
Pomerac (Syzygium malaccense (L.) Merr. & LM. Perry) 238
Rambai (Baccaurea motleyana (Mull. Arg.) Mull. Arg.) 238
Rose apple (Syzygium jambos (L.) Alston) 23B
Rukam (Flacourtia rukam Zoll. & Moritizi) 23A
Rumberry (Myrciaria dubia (Kunth) McVaugh 23A
Sea grape (Coccoloba uvifera (L.) L.) 23A
Sentul (Sandum:um koetjape (Burm. F.) Merr.) 238

t te (Cambess.) O. Berg) 23A
Sllver aspen (Acmnychla wilcoxian (F. Muell.) T.G. Hartley) 23A
Starfruit (Averrhoa L) 238
Surinam cherry (Eugema unifiora L.) 238
Tamarind (Te indicar L.) 238
Uvalha (Eugenia pynlorm:s Cambess ) 23B
Water apple (Syzygmm aqueum (Burm. F.) Alston) 23A
Water pear (. m (Willd.) DC) 23A
Water berry (Syzygium cordatum Hochst. Ex C. Krauss) . 23A
Wax jambu (Syzygium samarangense (Blume) Merr. & L.M. Perry) 23A
Cultivars, varieties, and hybrids of these commodities.

(iii) Table. The following Table 2 commodities for each subgroup, and
identifies the crop subgroups for Crop lists all the commodities included in
Group 23, specifies the representative each subgroup.
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TABLE 2—CROP GROUP 23: SUBGROUP LISTING

Representative commodities \ Commodities

Crop Subgroup 23A. Tropical and Subtropical, Small fruit, edlble peel subgroup

Olive Acerola; African plum; agritos; almondette; appleberry; arbutus berry;
bayberry, red; bignay; breadnut;cabeluda; carandas-plum; Ceylon
iron wood; Ceylon olive; cherry-of-the-Rio-Grande; Chinese olive,
black; Chinese olive, white; chirauli-nut; cocoplum; desert-date;
false sandalwood; fragant manjack; gooseberry, abyssinian; goose-
berry, Ceylon; gooseberry, otaheite; govemor's plum; grumichama;
guabiroba; guava berry; guava, Brazilian; guava, Costa Rican;
guayabillo; illawarra plum; Indian-plum; Jamaica-cherry; jambolan;
kaffir-plum; kakadu plum; kapundung; karanda; lemon aspen;
mombin, yellow; monos plum; mountain cherry; olive; persimmon,
black; pitomba; plum-of-Martinique; rukam; rumberry; sea grape;
sete-capotes; siiver aspen; water apple; water pear; water berry;
wax jambu; cultivars, varieties, and hybrids of these commodities.

Crop Subgroup 23B. Tropical and Subtropical, Medium to large fruit, edible peel subgroup[

Fig and guava ird; ; arazd; babaco; bilimbi; boroj6; cajou, fruit;
cambuca; carob; cashew apple; ciruela verde; davidson's plum;
feijoa; fig; gooseberry, Indian; guava; guava, cattley; guava, Para;
guava, purple strawberry; guava, strawberry; guava, yellow straw-
berry; imbg; imbu; jaboticaba; jujube, Indian; kwai muk; mangaba;
Marian plum; mombin, Malayan; mombin, purple; monkeyfruit;
nance; natal plum; noni; papaya, mountain; persimmon, Japanese;
pomerac; rambai; rose appl entul; starfruit; Surinam cherry; tam-
arind; uvalha; cultivars, varieties, and hybrids of these commodities.

Crop Subgroup 23C. Tropical and Subtropical, Palm fruit, edible peel subgroup

Date Agai; apak palm; bacaba palm; bacaba-de-leque; date; doum palm
coconut; jelly palm; pataus; peach palm, fruit; cultivars, varieties,
and hybrids of thesa commndﬁesé a

(33) Crop Group 24. Tropical and Sub- lychee, passionfruit, pineapple, and
tropical Fruit, Inedible Peel Group. prickly pear, fruit.

) Repr tative C diti (ii) C dities. The following Table
Atemoya or sugar apple, avocado, ba- 1 lists all commodities included in Crop
nana or pomegranate, dragon fruit, Group 24.

TABLE 1—CROP GROUP 24: TROPICAL AND SUBTROPICAL FRUIT, INEDIBLE PEEL GROUP

i Related croj
Commodities subgroups”
Abiu (Pouteria caimito (Ruiz & Pav.) Radlk) 24B
Aisen (Boscia (Pers.) Lam.) 24A
Akee apple (Blighia sapida K.D. Koenig) 248
Atemoya (Annona cherimola Mill. X A. L) 24C
Avocado (Persea i Mill.) 248
Avocado, (Persea i Mill. var. a 24B
Avocado, Mexican (Persea americana Mill. var drymlfo/la (Schl(dl & Cham.) S.| F Blak) . 24B
Avocado, West Indian (Persea 248
Bacury (Platonia insignis Mart.) 24B
Bael fruit (Aegle (L.) Corréa) 24A
Banana (Musa spp.) : 24B
Banana, dwarf (Musa hybrids; Musa i Colla) 24B
Binjai (Mangifera caesia Jack) 24B
Biriba (Annona mucosa Jacq.) 24C
Breadfruit (, pus allils ) Fosberg) 24C
Burmese grape (Baccaurea ramiflora Lour.) 24A
Canistel (Pouteria campechiana (Kunth) Baehni) a 24B
Cat's-eyes (Dimocarpus fongan Lour. subsp. ianus Leenh.) 24A
Champedak (Artocarpus integer (Thunb.) Merr.) 24C
Cherimoya (Annona cherimola Mill) 24C
Cupuaci (Theobroma grandiflorum (Willd. Ex Spreng.) K. Schum) 248
Custard apple (Annona reticulata L.) 24C
Dragon fruit (Hy!aceieus undatus (Haw.) Britton & Rose) 24D
Durian (Durio L) 24C

511

79



Appendix 4. 40 CFR 180.41 Crop Group Tables

§180.41 40 CFR Ch. | (7-1-17 Edition)
TABLE 1—CROP GROUP 24: TROPICAL AND SUBTROPICAL FRUIT, INEDIBLE PEEL GROUP—Continued
Commadiiies i
Elephant-apple (Limonia L) 24C
Etambe (Mangifera zeylanica (Blume) Hook. F.) 24B
Granadilla (Passiflora ligularis Juss.) . 24E
illa, giant (Passifiora is L.) 24E
llama (Annona Donn. Sm.) 24C
Inga (Inga vera Wlld. subsp. affinis (DC.) T.D. Penn.) 24A
Jackfruit (. Lam.) 24C
Jatoba (Hymenaea courbarll L.y 248
Karuka (Pandanus julianettii Martelli) 24C
Kei apple (Dovyalis cafira (Hook F & Harv.) Warb.) 24B
Langsat (Lansium Corréa) 248
Lanjut (Mangllera lagenifera Gnﬂ) 248
Longan ( Jongan Lour.) ) 247
Lucuma (Pou!er'ia lucuma (Ruiz & Pav.) Kuntze) 248
Lychee (Litchi chinensis Sonn.) 24A
Mabolo (Diospyros blancoi A. DC.) ¥ 24B
Madras-thom (Pithecellobium dulce (Flcxb ) Benth.) 24A
y-apple (Mammea L) 24C
Manduro (Balanites ii Sprague) 24A
Mango ifera indica L.) 248
Mango, horse (. ifera foetida Lour.) 248
Mango, Saipan (Mangifera odorata anf) 248
(Garcinia L) 24B
Marang ( i Blanco) 24C
1Gempa i L) 24C
Matisia (Matisia cordataHumb. & Bonpl.) 24A
Mesquite (Prosopis juliflora (Sw.) DC.) 24A
Mongongo, fruit (Schinziophyton rautanenii (Schinz) Radcl.-Sm) 24A
Monkey-breacHtree (. ia digitata L.) 24C
Monstera (Monstera deliciosaLiebm.) 24E
Nicobar-breadfruit (Pandanus leram Jones ex Fontana) 24C
Paho (Mangifera altissima Blanco) 248
Pandanus (Pandanus utilis Bory) 24C
Papaya (Carica papaya L.) 248
Passionflower, winged-stem (Passifiora alata Curtis) 24E
Passlonfruit (Passifiora edulis Sims) 24E
Passionfruit, banana (Passiflora tripartita var. mollissima (Kunth) Holm-Niels. & P. Jorg.) ...... 24E
Passionfruit, purple (Passiflora edulis Sims forma edulis) 24E
Passlonfruit, yellow (Passifiora edulis Sims forma flavicarpa O. Deg.) 24E
Pawpaw, common (Asimina triloba (L.) Dunal) 248
Pawpaw, small-flower (Asimina parvifiora (Michx.) Dunal) 24A
Pelipisan (Mangifera casturi Kosterm.) 248
Pequi (Caryocar iense Cambess) 248
Pequia (Caryocar villosum (Aubl.) Pers.) 24B
Persimmon, American (Diospyros virgin/'ana L) 248
Pineapple (Ananas comosus (L.) Mt 24C
Pitahaya (Hylocereus polyrhizus (F. A C Weber) Britton & Rose) 24D
Pitaya (Hylocereus sp. including H. (H. and H. iz 24D
Pitaya, amarilla (Hylocereus triangularis Britton & Rose) 24D
Pitaya, roja (Hylocereus ocamponis (Salm-Dyck) Britton & Rose) 24D
Pitaya, yellow (Hylocereus megalanthus (K. Schum. ex Vaupel) Ralf Bauer) .. 24D
Plantain (Musa L) 248
Pomegranate (Punlca granatum L) 248
Poshte (Annona lie Baill.) 248
Prickly pear, fruit (Opuntia ficus-indica (L.) Mill.) 24D
Prickly pear, Texas, fruit (Opuntia engelmannii Salm-Dyck ex Engelm. var. /indheimeri (Engelm.) B.D. Parfitt &
Pinkav) 24D
Pulasan ( fop it ke (Labill.) Leenh.) 24C
tal i (R. Br.) DC) 248
Flambuﬁan ( i L) 24C
Saguaro (Carmegiea gigantea (Engelm.) Britton & Rose) 24D
Sapodilla (Manilkara zapota (L) P. Royen) 24C
Sapote, black (Diospyros digyna Jacq.) 248
Sapote, green (Pouteria viridis (Pittier) Cronquist) 24B
Sapote, mamey (Pouteria sapota (Jacq.) H.E. Moore & Steam) 24C
Sapote, white (Casimiroa edulis La Llave & Lex) 248
Sataw (Parkia speciosa Hassk.) 248
Satinleaf (C ollvitorme L.) 24A
S pine (Pandanus tectorius Parkinson) 248
Sierra L ind (Dialium guir Willd.) 24A
Soncoya (Annona purpurea Moc. & Sessé ex Dunal) 24C
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TABLE 1—CROP GROUP 24: TROPICAL AND SUBTROPICAL FRUIT, INEDIBLE PEEL GROUP—Continued

N Related croj
Commodities subgroupsp

Soursop (Annona muricata L.) 24C
Spanish lime (Meli bijugatus Jacq.) 24A
Star apple (Cl cainito L.) 3 248
Sugar apple (Annona L) 24C
Sun sapote (Llcanla Pplatypus (Hemsl.) Fritsch) a, a..a.....a.a. 24C

d-of-the-Indies (Vangueria is J.F. Gmel.) 248
Vere\ tamarind (Diafium indum L.) 24A
Wampi (Clausena lansium (Lour.) Skeels) 24A
White star apple (Chrysophyilum albidum G. Don) 24A
Wild loquat (Uapaca kirkiana Miil. Arg.) 24B
Cultivars, varieties, and hybrids of these commodities.

(iii) Table. The following Table 2 commodities for each subgioup, and
identifies the crop subgroups for Crop lists all the commodities included in
Group 24, specifies the representative each subgroup.

TABLE 2—CROP GROUP 24: SUBGROUP LISTING

Representative comanodities La Commodities

Crop Subgroup 24A. Tropical and Subtropical, Small fruit, inedibie peel subgroup

Lychee ..a. a. Aisen; baei fruit; Burmese grape; cat's-eyes; inga; longan; lychee; ma-
dras-thom; manduro; matisia; mesquite; mongongo, fruit; pawpaw,
small-flower; satinleaf; Sierra Leone-tamarind; Spanish lime; velvet
tamarind; wampi; white star apple; cultivars, varieties, and hybrids
of these commodities.

Crop Subgroup 24B. Tropical and Subtropical, Medium to large fruit, smooth, inedible peel subgroup
Avocado, plus orbanana.....aa. ‘A.hiu; akee apple; avocado; avacado, Guatemalan; avocado, Mexi
avocado, West Indian; bacury; banana; banana, dwarf; bi
canistel; cupuacl; etambea jatoba; kei apple; langsat; lanj
lucuma; mabolo; mango; mango, horse; mango, Saipan;
mangosteen; paho; papaya; pawpaw, common; pelipisan; peq
Apequia; persimmon, American; plantain; pomegranate; posh
quandong; sapote, black; sapote, green; sapote, white; sata

; star apple; rind- Indies; wild loquat; cultivars,
varieties, and hybnds of these commodities.

Grop Subgroup 24C. Tropical and Subtropical, Medium to large fruit, rough or hairy, inedible peel subgroup

Atemoya; biriba; breadfruit; champedak; cherimoya; custard apple;
durian; elephant-apple; ilama; jackiuit; Karuka; mammy-apple;
marang; y-bread tree;

pulasan; sapodilla; sapole
mamey; soncoya; soursop; sugar apple; sun sapote; cultivars, vari-
eties, and hybrids of these commodities.

Pineapple, plus atemoya or sugar apple ...

Crop Subgroup 24D. Tropical and Subtropical, Cactus, inedible peel subgroup

Dragon fruit and Prickly pear fruit ..... Dragon fruit; pitahaya; pitaya; pitaya, amarilla; pitaya, roja; pitaya, yel-
low; prickly pear, fruit; prickly pear, Texas, fruit; saguaro; cultivars,

varieties, and hybrids of these commodities.

Crop Subgroup 24E: Tropical and Subtropical, Vine, inedible peel subgroup

a a. S Granadilla; granadilla, glan( mons(era. passlonllower. wmged stem;

puri
yellow cultwars varieties, and hybnds of these commodmes
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Appendix 5. Physicochemical Properties of Imidacloprid, Clothianidin,
Thiamethoxam, and Dinotefuran

Property Imidacloprid Dinotefuran Clothianidin Thiamethoxam
Sromae e T | O
. \ N A N N.
IUPAC Z /’k " NN o A e
a N N C N
Name | L/NH HC—N~ \N—CHQ—C\ "N W-0
[of X !L ° E & J
N-{1-[(6-Chloro-3- N-methyl-N’-nitro-N"- (E)-1-(2-Chloro-1,3- 3-_(2-Ch|0r0—
pyridyl)methyl]-4,5- [(tetrahydro-3- thiazol-5-ylmethyl)- | thiazolyl-5-
dihydroimidazol-2-yl}nitramide | furanyl)methyl)Jguanidine | 3- ylmethyl)-5-methyl-
methyl-2- [1,315]oxad|a2|nan-
nitroguanidine 4-ylidene-N-
nitroamine
Molecular CgH10C|N502 C;H14N4O3 CeHgCIN50zS CgH10C|N503S
Formula®
Molecular
. 249.7 g/mole 291.7 g/mole
Weight . 255.7 g/mole (13826-41-3) 202.2 g/mol (165252-70-0) (210880-92-5) (153719-23-)
(CAS No.)
Water
Solubility 580 mg/L@ 20 °C 39,830 mg/L@ 20 °C 327 mg/L@ 20 °C 4100 mg/L @ 25 °C
(ws)*
Octanol:
Water 37@21°C 0.283 @ 25 °C 4.4 (EPISuite v4.11) 0.74 @ 25 °C
Coefficient ' ' ' ' '
(Kow)®
Soil
égz?fﬁtl:fn'l 277 - 411 mL/g 6 — 45 mL/g 84 — 345 mL/g 33— 177 mL/g
(Koo)®
Henry,s 16 3 15 3
éaw 9.9 x 10™ atm m* mol™* 8.63 x 10-14 atm m *mol™ 2.9x10 amm 4.63x 10 Jamm
onstant mol mol
(H)*
Vapor 1x10-7mmHg @ | 5x10-11 Hg @ 25
Pressure 1 x 10-7 mmHg @ 20 °C 1.28 x 10-8 mmHg @ 30 °C 20 °C g oc g
b
(VP)
Terrestrial
Field
Dissipation 27 - 146 Days 23 - 77 Days 282 - >982 Days 83-91 Days
Half-Life
(TFD)"

a. Data obtained from the following U.S. EPA preliminary pollinator assessments:
U.S. EPA, & DPR. (2015). Preliminary pollinator assessment to support the registration review of imidacloprid. Report

Number EPA-HQ-OPP-2008-0844-0140. Washington, D.C.: U.S. EPA.

U.S. EPA. (2017a). Draft assessment of the potential effects of dinotefuran on bees. Report Number EPA-HQ-OPP-2011-
0920-0014. Washington, D.C.: Author.
U.S. EPA. (2017b). Preliminary bee risk assessment to support the registration review of clothianidin and thiamethoxam.
Report Number EPA-HQ-OPP-2011-0865-0173. Washington, D.C.: Author.
b. DPR, 2018. DPR Pesticide Chemistry Database. Department of Pesticide Regulation Environmental Monitoring Branch Internal

Website. Accessed: April 30, 2018.
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Appendix 6. Tier | Toxicity Values for Imidacloprid, Clothianidin, Thiamethoxam, and Dinotefuran

Endpoints Used in Tier | Risk Determinations

Adult Acute Contact | Adult Acute Oral | Adult Chronic Oral Larval Acute Larval Chronic
LDso LDso NOEL / LOEL LDso NOEL / LOEL
Imidacloprid 0.043 pg ai/bee 0.0039 pg ai/bee  [0.00016 /0.00024 pg ai/bee >0.0018 pg ai/larva/day |0.0018 /> 0.0018 pg ai/larva/day
(96 hours) @ (48 hours) @ (10 Days) @ (7 Days) ® (21 Days) @
Clothianidin 0.0275 pg ai/bee 0.00368 g ai/bee |0.00036 /0.00072 pg ai/bee/day >0.0018 pg ai/larva/day |0.0009 / 0.0018 pg ai/larva/day
(48 hours) © (48 hours) © (10 Days) © (7 Days) © (22 Days) ©
Thiamethoxam 0.024 pg ai/bee 0.0044 pg ai/bee  [0.00245 / (unknown) pg ai/bee/day | Unknown 0.0157 / (unknown) g ai/larva /day
(96 hours) ¢ (48 hours) @ (10 Days) ¢ (22 Days) ¢
Dinotefuran 0.024 pg ai/bee 0.0076 pg ai/bee  [0.0015/0.0035 pg ai/bee/day > 3.75 pg ai/larva/day 3.75 /> 3.75 pg ai/larva/day
(96 hours) © (48 hours) © (10 Days) © (8 Days) f (22 Days) ©
Notes:
- Adult acute contact and oral toxicity tests are single exposure tests followed by observation periods. A 48 hour observation period is standard, but the observation period must
be extended if there is an increase in mortality from 24 to 48 hours (OCSPP 850.3020; OECD 213).
- Inthe adult chronic oral tests bees are fed a diet containing the test chemical continuously for ten days (OECD 245).
- The larval acute and larval chronic toxicity endpoints are derived from a single toxicity test in which larvae are exposed to the test chemical on Days 4, 5, and 6 (three days of
exposure), and then observed until emergence (Day 22). Mortality is assessed at 8 days to determine an 8-day LDso. Emergence (the inverse of mortality) is assessed at 22
days to determine a 22-day NOEL (OECD 239).
References

22016, U.S. Environmental Protection Agency, California Department of Pesticide Regulation, Preliminary Pollinator Assessment to Support the Registration Review of Imidacloprid, EPA-HQ-OPP-2008-
0844-0140.

b 2011, Nikolakis, A., Theis, M., and Przygoda, D., Imidacloprid tech.: Effects of Exposure to Spiked Diet on Honeybee Larvae (Apis mellifera carnica) in an In Vitro Laboratory Testing Design. Bayer
CropScience AG, Unpublished Report. No.: E 318 4110-8; September 23, 2011; MRID 49090506.

2017, Pest Management Regulatory Agency, Health Canada, Proposed Re-evaluation Decision, Clothianidin and Its Associated End-use Products: Pollinator Re-evaluation, PRVD2017-23.

42017, Pest Management Regulatory Agency, Health Canada, Proposed Re-evaluation Decision, Thiamethoxam and Its Associated End-use Products: Pollinator Re-evaluation, PRVD2017-24.

2017, U.S. Environmental Protection Agency, Draft Assessment of the Potential Effects of Dinotefuran on Bees, EPA-HQ-OPP-2011-0920-0014.

2016, Patnaude, M.R., Dinotefuran Technical Grade: 22-Day Survival of Honey Bee Larvae, Apis mellifera L., during an In Vitro Exposure; Unpublished study prepared by Smithers Viscient; Laboratory
Report ID: 10934.6161; MRID: 49860001.
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OCSPP 850.3020 — Honey Bee Acute Contact Toxicity Test — Available via <https://www.epa.gov/test-guidelines-pesticides-and-toxic-substances/final-test-guidelines-pesticides-and-toxic>; accessed

June 13, 2018.

OECD 213 - Honeybees, Acute Oral Toxicity Test — Available via <https://www.oecd-ilibrary.org/environment/test-no-213-honeybees-acute-oral-toxicity-test_9789264070165-en>; accessed June 13, 2018.
OECD 245 - Honey Bee (Apis Mellifera L.), Chronic Oral Toxicity Test (10-Day Feeding) — Available via <https://www.oecd-ilibrary.org/environment/test-no-245-honey-bee-apis-mellifera-I-chronic-oral-
toxicity-test-10-day-feeding_9789264284081-en>; accessed June 13, 2018.

OECD 239 - Guidance Document on Honey Bee Larval Toxicity Test following Repeated Exposure — Available via <https://one.oecd.org/document/ENV/IM/MONO(2016)34/en/pdf>; accessed

June 13, 2018.
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Executive Summary

A colony feeding study was conducted with honey bees to assess the potential for long-term effects,
including overwintering survival, resulting from exposure to imidacloprid. The study was
conducted in twelve test areas of low agricultural cultivation (Apiaries A — L) in North Carolina
from June 21, 2013 to March 24, 2014. Eighty-four hives were divided according to hive strength
(number of brood frames) with the strongest 7 hives ssigned to Apiary A and the weakest 7 hives
assigned to Apiary L. Within each apiary, the 7 hives were randomly assigned to treatment groups.

At each apiary, five test hives were artificially fed with 50% sugar solution spiked with
imidacloprid at 12.5, 25, 50, 100 or 200 pg ai/L for six weeks continuously in the field, with two
hives at each apiary serving as controls. Assuming the density of a 50% sugar solution is 1.2296
g/ml, the reviewer calculated that the test concentrations at 12.5, 25, 50, 100, and 200 pg/L are
equivalent to 10.2, 20.3, 40.7, 81.3, and 162.7 ppb (ng/kg), respectively. The average measured
ppb (ng/kg) concentrations in dosing solutions was confirmed to be 11.0, 23.3, 46.7, 96.3, 189.6

ppb (ng/kg), respectively.

Eight Colony Condition Assessments (CCAs) were conducted during the study. Three CCAs

(CCAL - 3) were conducted prior to feeding to determine hive strength and initial hive conditions.

A CCA was conducted during exposure with another one conducted one week after termination of
exposure (CCA4 and CCAS, respectively) which characterize hive conditions during exposure.

Two more CCAs were conducted at 5 and 10 weeks after exposure (CCA6 and CCA7, respectively)
to assess the chronic effect following exposure to imidacloprid and to characterize pre-

overwintering hive conditions. A final CCA was conducted after overwintering in March 2014

(CCAR) to assess potential exposure impact on survival and chronic colony level effects. Multiple

parameters, such as hive weight, number of individuals at different life stages in the hive, hive

honey and pollen stores, and hive overwintering survival, were measured during the course of the

study.

Levels of imidacloprid residues in hives were measured before, during and after the feeding
exposure. Potential contamination of pesticides from other food sources was monitored using
pollen collected in additional hives at each apiary that served as monitoring hives. The results
showed that while there were a few instances of imidacloprid detected in the pollen and nectar of
the control hives, the frequency and magnitude of these detections is not expected to confound the
results of this study. Residues measured in hive matrices demonstrated that higher treatment
exposures corresponded well to higher residues in hive matrices. There were individual hive
variations in measured residues, with some overlap in measured hive concentrations, particularly
at the lower doses. This variability likely originates from the limited spatial and temporal sampling
methodology (i.e. one sample from one side of the comb on one frame to represent a hive, and
only at 3 CCAs) employed for this study. Overall during the exposure period, imidacloprid
concentration in hive nectar averaged 63.7% of the nominal concentration in the feeding solution,
whereas imidacloprid concentration in hive pollen averaged 30.2% of the nominal concentration
in feeding solution. This dilution is expected since bees could forage on outside pollen and nectar
sources, and hive pollen (bee bread) includes only some nectar. See Section 3.7 for more details
regarding the residues of imidacloprid in the dosing solutions and hive matrices.
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During the review of the study, a joint review effort was conducted by the United States
Environmental Protection Agency (EPA), Health Canada’s Pest Management Regulatory Agency
(PMRA), and the California Department of Pesticide Regulation (CDPR). As part of that effort,
a separate statistical analysis was conducted by each regulatory entity as an independent
verification of the results from the analysis provided by the registrant. These analyses (described
in detail in Appendices A, B, and C for EPA’s, PMRA’s and CDPR’s approaches, respectively)
were distinct in approach but generally yielded similar statistical results. When weighing these
results as well as biological concerns, particularly as they relate to honey bee biology at the colony
level, EPA, PMRA, and CDPR arrived at the same conclusions and are therefore harmonized in
terms of the determination of an overall No Observed Adverse Effect Concentration (NOAEC)
and Lowest Observed Adverse Effect Concentration (LOAEC) for this study.

As will be discussed in Section 3 (Results) the PMRA, EPA, and CDPR analyses determined
statistically significant imidacloprid dose-related effects in the 50, 100, and 200 pg/L treatment
groups across multiple CCAs for the majority of response variables. Indeed, for the 100 and 200
ug/L treatment groups, significant effects (p<0.05) were determined for every response variable,
persisted across multiple CCAs and eventually resulted in loss of nearly all hives in those treatment
groups after the overwintering period. The 50 ug/L treatment group also showed significant effects
for multiple response variables across multiple CCAs, and poorer colony condition in surviving
hives after overwintering in comparison to controls.

Conversely, there was not a strong indication from the PMRA, EPA, and CDPR analyses of an
impact at the colony level for the 12.5 and 25 pg/L treatment groups for individual life stages. This
is evidenced not only by a general lack of statistically significant effects (p>0.1) at these treatment
levels but in cases where significant effects were determined, they either did not show strong dose-
responsiveness, did not persist across multiple CCAs, or were considered potential transient effects
which did not persist after overwintering. This latter point was the case for the statistically
significant effects noted at CCA6, which included pupal cell and total individual effects for which
the PMRA analyses determined significant effects at all treatment levels, and EPA determined
significant effects for pupae at 12.5, 100 and 200 pg/L (but not at 25 or 50 pg a.i/L). As well at
CCA6, PMRA determined significant effects with eggs and larvae at 25 ug/L treatment (but not
at the 50 ug/L). For the two lowest treatment groups (12.5 and 25 pg/L), the colony condition of
surviving hives at CCAS8 following overwintering was similar to controls, indicating the effects
observed at CCA6 were likely transient and the colony was able to compensate for these effects.

When examining the effects on food stores (pollen and nectar), the PMRA, EPA, and CDPR
analyses did not determine any consistent and significant reductions in pollen and nectar stores at
the 12.5 and 25 pg/L treatment groups. This is distinguished from the 50 pg/L group where effects
on nectar in particular were very apparent, when compared alongside the response of the control,
in terms of the level of nectar buildup before hive preparation for overwintering at CCA7. This
finding was also confirmed statistically in all three analyses with significant reductions in honey
stores at CCAs 6, 7, and 8 (CCAS8 data excluded from the EPA analysis for the 100 and 200 pg/L
groups). Significant reductions in pollen stores were also confirmed at CCAs 4 and 5 (i.e. during
the exposure period) at the 50 pg/L treatment group.

Specifically, when considering the proportion of adults as well as honey and pollen stores response
variables, the differences from control were apparent both visually and statistically, particularly in

8
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the three highest treatment groups. For the proportion of adults, the onset of a decline in numbers
occurred one CCA earlier in these groups than in the control, 12.5 and 25 pg/L treatment groups.
For honey stores, the buildup that occurred starting at CCAS in the 50 pg/L treatment group,
reached only half the level reached in the control, 12.5, and 25 pg/L treatment groups by CCA7.
Pollen stores were also reduced at CCA4 and CCAS compared to controls for the three highest
treatment groups, as well as at CCA6 and CCA7 at the highest treatment group. These effects were
statistically significant (p<0.05) and indicate that the 50 pg/L treatment group was associated with
trends and proportions of abundance for life stages and food stores not observed in the control,
12.5, and 25 pg/L treatment groups.

The study is considered to be informative and will be used as a line of evidence in the pollinator
risk assessment. While there were uncertainties that were generally related to inherent aspects of
any semi-field or full field study design (described in the section below) this study still provides
information on a number of colony health parameters about the long term (including overwintering)
exposure to imidacloprid at the colony level. When weighing biological significance and the
natural seasonal changes of honey bee colonies, as well as supporting conclusions from the
statistical approaches used by PMRA, EPA, and CDPR, the NOAEC and LOAEC for this
study are determined to be 25 and 50 png/L, respectively.

Consideration of Study Strengths, Limitations and Interpretation

It is important to recognize the inherent strengths and limitations of this study as results are
interpreted and potentially considered in risk assessment.

In the context of available field studies involving honey bees and imidacloprid, this study contains
a number of strengths including:

e Use of a high degree of replication (n=12) to achieve a reasonable level of statistical power

e Demonstration of a generalized concentration-response relationship with respect to the
concentration of imidacloprid in sucrose solution and the magnitude and duration of
adverse effects

¢ Quantification of exposure to parent (imidacloprid) and toxicologically-relevant
metabolites in diet and in hive matrices (uncapped nectar, pollen, honey, bee bread)

e Use of a 6-week exposure duration to represent a “high end” exposure scenario

e Inclusion of multiple colony-level endpoints reflecting hive strength, brood development
and food stores

e Detailed QA/QC results regarding quantification of chemical residues in various matrices
e Availability of raw data for conducting statistical analysis.

A number of limitations are also noted with this study, including:
e Exposure of bees to imidacloprid occurred through nectar (sucrose) alone, whereas bees in
the field are likely exposed through both pollen and nectar routes. Therefore, the design

of this study may not reflect a “worst case” exposure scenario in which bees are
experiencing prolonged exposure to both contaminated nectar and pollen. While exclusion
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of the pollen route is expected to reduce overall exposure, the impact of this exclusion on
the study results is uncertain and will likely depend on the life stage/caste of bee.

It is noted that imidacloprid was found in both hive nectar and hive pollen (beebread), at

concentrations lower than the feeding solutions. Dilution compared to the treatment
feeding solution is expected since bees could also forage on outside nectar and pollen
sources. Additionally, hive pollen contains only some hive nectar, thus would not be
expected to have a concentration equivalent to nectar alone, and it is mixed with pollen
which will come from outside sources. Therefore exposure through both hive pollen and
nectar occurred via exposure to the sucrose feeding solution, but how this compares to
exposure through contaminated pollen directly is not known. A recent paper by Dively
(2015)" showed that higher residues throughout the hive resulted from feeding pollen
treatments compared to feeding sucrose solution treatments. It is also noted that while
nectar is considered the dominant exposure route for forager bees; other hive bees and
larvae consume both nectar and pollen. In addition, since bees were forced to forage for
pollen in this study, the potential impact of imidacloprid exposure on reducing pollen
foraging efficiency of bees could be incorporated into the overall expression of adverse
effects, as suggested by published literature. Had contaminated pollen been provided to
bees, it is not known if the potential impact on pollen foraging efficiency would have been
masked.

The quantity of nectar provided to hives (2 L per week per hive) likely did not fulfill the
complete carbohydrate needs of the colony, as indicated by colony bioenergetics and the
lack of remaining sucrose solution upon their renewal. This suggests that bees could be
exposed to a greater dose of imidacloprid in nectar had a greater volume of spiked sucrose
been provided. Although one can infer that the dosing regimen may have underestimated
exposure through sucrose relative to 100% contaminated diet, it is also noted that bees had
to supplement their spiked sucrose by foraging on their own for other sources of nectar.
As with the previous discussion of pollen, it is noted that had 100% of the carbohydrate
needs of the colony been provided via feeders, the potential impact of purported reductions
in nectar foraging efficiency may have been masked to some degree.

Overwintering success of controls was impacted (36% hive mortality). This may have
reduced the ability to detect adverse effects related to hive loss following overwintering.
Although comparable to overwintering losses of commercial beekeepers, it is possible that
elements of the study design may have contributed to this loss (e.g., lack of supers to allow
for colony growth, delayed supplemental feeding during fall).

Hive detections with pesticides from food sources other than the artificial feeding was
detected during the exposure period and post-exposure periods through collection of pollen
from pollen traps. Although the study was deliberately conducted in a low agricultural area
in order to minimize the potential for pesticide contamination from other sources, the bees
still appeared to be foraging on contaminated pollen and possibly nectar. During both

! Dively GP, Embrey MS, Kamel A, Hawthorne DJ, Pettis JS (2015) Assessment of Chronic Sublethal Effects of
Imidacloprid on Honey Bee Colony Health. PLoS ONE 10(4): e0126043. doi: 10.1371/journal.pone.0126043
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exposure and post-exposure periods, a high level of multiple pesticides that may cause
concern for bees were detected in most monitoring hives, such as spiromesifen (maximum
at 961 ppb) and piperonyl butoxide (maximum at 591 ppb). Trace amounts of other bee-
toxic pesticides, such as chlorpyifos (LOD = 1.0 ppb) and malathion (LOD = 4.0 ppb) were
also detected. The test chemical imidacloprid was found at 12.1 ppb in pollen from one
(apiary L) of the total of six sites analysed. This level is similar to one of the test
concentrations.

Residues of imidacloprid in uncapped nectar and bee bread within the hives at CCAs 4, 5,
and 8 represent a single sample per hive on a single frame rather than a composite sample
from multiple portions of the comb within a hive. This means that residue results may
reflect “hit or miss” scenario with respect to detecting residues in nectar laid down from
contaminated (fed) vs. outside sources.

The exposure, based on residues measured in the hive (hive nectar and hive pollen)
indicated that, overall, higher measured hive residues correlated with higher nominal
residues in feeding solutions. However, individual hive residue values varied, and there
was some overlap in measured values, particularly among the three lowest doses. Given
the limited spatial and temporal sampling methodology (as mentiond above), there is
uncertainy in whether these residues represent actual in hive residues across all portions
of the frame. Specifically, one sample of one area of the comb on one side of the frame
to represent the nectar or pollen residues of an entire hive may not reflect the true nature
of the residues across all portions of a given hive.

Exposure dilution during the study was evident. Pollen storage was observed consistently
in the control hives and hives exposed to lower test concentrations during the exposure
period, indicating that test bees were foraging on food sources other than the spiked sugar
solution. Remarkably lower residue concentrations detected in bee bread and hive nectar
in some test hives compared to the feeding concentrations may also indicate foraging on
other food sources. This uncertainty is inherent in any semi-field or full-field study design.
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1. Study Objective

To determine the potential long term effects on the honey bee (Apis mellifera L.) colony health
during and after dietary intake of imidacloprid, including the potential effects on overwintering.
The long term exposure allows for the characterization and distinction of short-term versus a
persistent nature of effects.

2. Study Methods

2.1. Test crop
Not applied. The study was conducted in an open field where multiple field flowers were available

and may serve as food sources for the test bees, in addition to the artificial feeding of spiked sugar
solution.

2.2. Test chemical
The test substance was technical imidacloprid. Further details are provided in Table 1 below.

Table 1. Details about the test substance

Test Item

Name Imidacloprid TC Batch number: EDE0015669
Test item code: NC-0116 Appearance / colour: Solid / beige, light
Formulation type: Technical compound Intended Usage: Insecticide
Active ingredient: imidacloprid Content of a.i. analysed: | 98.7 %
CAS number: 138261-41-3
Density (20 °C) Not applicable Risk symbol(s): Not available
analysed:
Date of analysis: 17 July 2014 Expiry date: 17 July 2016
Stability in solution: sufficient for the test purpose | Storage conditions: ambient

(at least 1h)

2.3. Test sites

The field and sampling phases of this study were conducted by Eurofins Agroscience Services Inc.,
Cedar Grove Research Station Mebane, NC, USA; the analytical phase was conducted by Bayer
CropScience in Durham, NC, USA. The apiary sites were located in the vicinity of the EASI Cedar
Grove Research Station in Orange, Caswell, Person and Alamance counties, North Carolina.

There were 12 apiaries separated by more than 1 mile. Land use surveys in 1- mile radius and 3-
mile radius were conducted. Pollen species identification and multiple pesticide analysis were
conducted using pollen samples collected from the monitoring hives to characterize outside food
sources of the test bees and contamination. Pollen samples were collected for a period of 24-48
hours using pollen traps at 5 times during the feeding exposure period (Jun 28, July 3, 12, and 19,
and Aug 2, 2013) and 1 time after the exposure (Oct 17, 2013).
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Figure 1: Location of test apiary sites

Table 2: GPS-coordinates of the test apiary sites

Apiary GPS-coordinates

Apiary A 36°12°01.33” N, 79°06°33.76” W
Apiary B 36°13°55.12” N, 79°08°58.15” W
Apiary C 36°15°12.77” N, 79°06°11.58” W
Apiary D 36°13°20.79” N, 79°10°51.85” W
Apiary E 36°14°55.69” N, 79°14°13.95” W
Apiary F 36°9°59.15” N, 79°10°18.26” W
Apiary G 36°11°22.53” N, 79°15°59.81” W
Apiary H 36°15°41.51” N, 79°11°47.16” W
Apiary [ 36°16°50.40” N, 79°11°00.11” W
Apiary J 36°13°22.39” N, 79°12°29.23” W
Apiary K 36°13°55.09” N, 79°14°21.00” W
Apiary L 36°11°22.12” N, 79°10°10.64” W

From Table 2, page 19 of the study report.
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2.4. Test organisms

The test species was the honey bee (Apis mellifera), Italian race (Apis mellifera ligustica). Hives
were established from package bees bought from the commercial bee supplier (J J’s Honey, 5748
Chancey Road, Patterson, GA 31557, USA), typical of the bee stock used in commercial
beekeeping operations. A new queen was introduced into each colony. All queens were purchased
from the package supplier. The colonies were maintained in 10-frame Langstroth boxes with an
empty deep super on top as a feeder box. In the test field, hives were raised above ground level.

Eighty-four hives that met the conditions provided below at the third Colony Condition
Assessments (CCA3) were selected for the study. More than 100 inspected hives were screened
based on the outcome of CCA2. Hives were checked for the “appearance” of a healthy colony
with no visible symptoms of Varroa or Nosema, as well as having all stages of brood, a queen, and
some food stores.

e 4-8 brood combs containing eggs, larvae or capped cells (except one colony in
the control which contained only 2 brood combs at test start);
e 6-10 food combs containing honey and pollen;

Reviewer note: Although the number of adult bees was not considered here as a criteria, it was
estimated to be 7000-8000 bees per hive according to the study report.

Eighty-four hives were blocked into 12 apiary sites by brood strength of the colony, starting with
Apiary A as the strongest group of hives, and Apiary L as the weakest group of hives. Assignment
of apiaries to the geographic locations was done randomly.

Hives were moved on 18/19 Jun 2013 to the Cedar Grove site temporarily from their original
apiary locations. On the night of 19 Jun 2013, hives for Apiary sites A-F were moved to their
study locations and had their CCA3 on 21 Jun 2013. Hives for Apiary sites G-L were moved on
21 Jun 2013 and had their CCA3 on 23 Jun 2013. After evaluating the assessments, 6 hives were
deemed unsuitable and were replaced the morning of 26 Jun 2013, just before exposure began.
CCA3 on the 6 replaced hives were conducted. The replaced hives were Al, BS, G1, F2, 14, and
J1.

There were eight hives at each site (7 hives for biological assessments and one as the monitoring
hive for pollen sample collection). Each hive was spatially isolated from other treatment rates by
30 feet (9 m) spacing at each apiary site (Figure 2). Hives were arranged in a semi-circular pattern,
facing east to west, with 125 feet (38 m) spacing between the two end hives.
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Figure 2. Layout of test hives in a test site

During the study, all hives were treated with one application of Apiguard® (active ingredient:
thymol) following typical apicultural practice for the region. The initial application occurred
immediately after the CCA6 (17 Sep, 2013) to prevent high mite loads. No treatments for any other
hive pests, predators or diseases were administered to any hives.

To minimize the potential for robbing amongst test hives, hives at 100 and 200 ppb treatments
were removed from all test apiaries in week 10 (5-6 Sep, 2013) immediately before CCA6. The
hives were placed at a separate apiary. Information on the separate apiary was not provided. For
over wintering, the surviving colonies were fed with 1 L of 2:1 sugar syrup on 13 Dec 2013, 19
Dec 2013, 13 Jan 2014, 20 Jan 2014, 27 Jan 2014, 07 Feb 2014, 18 Feb 2014, 02 Mar 2014 and
11 Mar 2014.

The monitoring hives were used for outsource pollen sample collection. In addition, test solutions
were sealed and placed in monitoring hives in order to assess imidacloprid stability under field test
conditions. These stability solutions were not available as a food source to the monitoring hives.

2.5. Treatments

There were:
0 6 treatment groups (5 test concentrations and control): 0, 12.5, 25, 50, 100, or 200
ug/L. At each site, there were 2 control hives, and one hive for each test concentration.
0 12 replicates per treatment group (apiaries),

The individual treatment groups, the respective feeding rates and the respective feeding volumes
are summarized in Table 3.
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Table 3. Treatment groups, feeding rates and feeding volume

Treatment Group Code Feeding Timing Concentration Feeding
a.l. Volume
1:UTC UTC Twice a week --- 1000 mL

(T1+T2)

2 : Lowest Rate T3 Twice a week 12.5 ppb 1000 mL
3 : Low rate T4 Twice a week 25 ppb 1000 mL
4 : Moderate rate TS5 Twice a week 50 ppb 1000 mL
5: High rate T6 Twice a week 100 ppb 1000 mL
6: Highest rate T7 Twice a week 200 ppb 1000 mL

From Table 3, page 21 of the study report.
The assignment of each test hive at 12 apiaries is summarized in Table 4.

Table 4. Hive assignment to test apiaries

Treatment Apiary
sroup A B C D E F G H | J K L
UTC Al B2 Cc7 D4 El F4 Go6 H5 I5 J1 K3 L7
UTC A2 B8 Cé D6 E8 F7 G5 H3 I8 J7 K4 L5
12.5 ppb A4 B3 C3 D8 E5 F5 G4 H7 17 I3 K2 L6
25 ppb A6 B4 Cl D1 E4 F3 G8 H6 16 J4 K6 L2
50 ppb A8 B7 Cs D5 E7 F2 Gl H2 I3 J2 K5 L3
100 ppb AS B6 C2 D7 E2 F8 G3 HS8 14 J5 K1 L4
200 ppb A7 B1 C8 D3 E6 F1 G7 H1 12 J6 K8 L8
Monitoring A3 B5 C4 D2 E3 Fo G2 H4 Il J8 K7 L1

From Table 4, page 22 of the study report.

2.5.1. Preparation of stock solution

Stock solution was created by combining 0.051 g of Imidacloprid Technical Compound, dissolved
in approx. 20 mL of acetone, in 1000 mL of distilled water. After preparation, the stock solution
was re-stored in a refrigerator until use or replacement. Stock solution was replaced once during
feeding on 16 Jul 2013.

2.5.2. Preparation of sugar solution

Sugar syrup was created by combining 10, 100 mL tap water with 10,100 g of sugar in a 5-gallon
(19 L) container to make approximately 17 L of sugar syrup.

2.5.3. Preparation of feeding solution

0 12.5 pg/L: mixing 4.25 mL of stock solution into the 17 L of sugar solution.
0 25 pg/L: mixing 8.5 mL of stock solution into the 17 L of sugar solution
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0 50 pg/L: mixing 17 mL of stock solution into the 17 L of sugar solution
0 100 pg/L: mixing 34 mL of stock solution into the 17 L of sugar solution
0 200 pg/L: mixing 68 mL of stock solution into the 17 L of sugar solution.

The test concentrations were reported as “ppb” in the study report. However, the values are in fact
in the unit of pg/L, not ppb (ug/kg). For example, 12.5 pg/L: can be calculated by 4.25 ml * 0.051
g /1020 ml)/17 L.

The test solution density was not provided. Assuming the density of a 50% sugar solution is 1.2296
g/ml?, the reviewer calculated that the test concentrations at 12.5, 25, 50, 100, and 200 pg/L are
equivalent to 10.2, 20.3, 40.7, 81.3, and 162.7 ng/L (ug/kg), respectively.

2.5.4. Artificial Feeding

Each hive had an empty deep super on top, between the lid and the inner cover to allow dark space
to place the feeder inside the hive. This allowed the feeder to be placed on the inner cover so that
the bees had easy access without allowing the feeder to come into constant contact with light.

The treated sugar syrup was prepared one day in advance for each feeding event and stored
overnight at room temperature. The feeding started on 26 Jun, 2013 and continued for 6 weeks.
All of the hives were artificially fed with 1 liter of 50% sugar solution, two times per week. The
remaining feeding syrup was removed from the feeder and weighed to determine the consumed
amount. The study observation period was 21 Jun, 2013 — 24 Mar, 2014, which includes the
overwintering period.

2.6. Meteorological Data

Temperature, humidity and rainfall data were obtained from two apiary sites (from the EASI
weather stations located at Apiaries K and J; distance to the other apiaries between 0.1 to 7.5 miles).

A total of 11.93 inches (303 mm) of rainfall accumulated throughout the exposure period —
including CCA3 (from 21 Jun 2013 until 08 Aug 2013), with 2.63 inches (67 mm) in June, 7.96
inches (202 mm) in July and 1.34 inches (34 mm) in August. For this period the on-site temperature
minimum was 13 °C (55.4 °F) and the temperature maximum was 34 °C (93.2 ° F). The humidity
ranged from 38-100 %.

2.7. Observations

Important activity and dates are summarized in Table 5.

2 Cell Biology Laboratory Manual, http://homepages.gac.edu/~cellab/chpts/chpt3/table3-2.html, accessed on Dec 12,
2014
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Table 5. Chronological list of key dates and activities

Week | Date Activity Week | Date Activity
-7 12 May 2013 CCAl 6 07 Aug 2013 18t le shi
sample shipment
-4 30 May 2013 Hive samples (uncapped nectar, bee bread) 6 08 Aug 2013 Measurement of remaining food
-4 30 May — 13 Jun 2013 | CCA2 7 12 Aug 2013 Recording of hive weights
-1 21 Jun 2013 Recording of hive weights 7 14 Aug 2013 Hive samples (uncapped nectar, bee bread)
-1 21 —25Jun 2013 CCA3 7 14/15 Aug 2013 | CCAS
-1 21 —-23 Jun 2013 Hive bee sampling for Varroa and Nosema 7 14/15 Aug 2013 | Hive bee sampling for Varroa and Nosema
assessment assessment
0 26 Jun 2013 Feeding 21 Aug 2013 Varroa counts CCAS
0 28 Jun 2013 Feeding; Measurement of remaining food 10 05/06 Sep 2013 Removal of 100 and 200 ppb hives to separate
apiary
0 28 Jun 2013 Pollen samples from pollen trap 11 10/11 Sep 2013 CCAG6 (UTC, 12.5 ppb, 25 ppb, 50 ppb)
1 01 Jul 2013 Feeding; Measurement of remaining food 12 17 Sep 2013 Recording of hive weights
1 03 Jul 2013 Stability samples 12 18/20 Sep 2013 CCAG6 (100 ppb, 200 ppb)
1 03 Jul 2013 Feeding; Measurement of remaining food 15 08 Oct 2013 Recording of hive weights
1 03 Jul 2013 Pollen samples from pollen trap 16 16/17 Oct 2013 CCA7 (UTC, 12.5 ppb, 25 ppb, 50 ppb)
2 09 Jul 2013 Feeding; Measurement of remaining food 16 17 Oct 2013 Pollen samples from pollen trap
2 12 Jul 2013 Feeding; Measurement of remaining food 16/17 | 18/23 Oct 2013 CCA7 (100 ppb, 200 ppb)
2 12 Jul 2013 Stability samples -- 13 Dec 2013 Feeding 1 L 2:1 sugar syrup per hive
2 12 Jul 2013 Pollen samples from pollen trap -- 19 Dec 2013 Feeding 1 L 2:1 sugar syrup per hive
3 16 Jul 2013 New stock solution -- 13 Jan 2014 Feeding 1 L 2:1 sugar syrup per hive
3 17 Jul 2013 Feeding; Measurement of remaining food -- 20 Jan 2014 Feeding 1 L 2:1 sugar syrup per hive
3 17/18 Jul 2013 CCA4 -- 27 Jan 2014 Feeding 1 L 2:1 sugar syrup per hive
3 18 Jul 2013 Hive samples (uncapped nectar, bee bread) -- 07 Feb 2014 Feeding 1 L 2:1 sugar syrup per hive
3 19 Jul 2013 Feeding; Measurement of remaining food -- 18 Feb 2014 Feeding 1 L 2:1 sugar syrup per hive
3 19 Jul 2013 Pollen samples from pollen trap -- 02 Mar 2014 Feeding 1 L 2:1 sugar syrup per hive
4 22 Jul 2013 Recording of hive weights -- 11 Mar 2014 Feeding 1 L 2:1 sugar syrup per hive
4 24 Jul 2013 Feeding; Measurement of remaining food After over-wintering
4 26 Jul 2013 Feeding; Measurement of remaining food -- 22 Mar 2014 CCAS
5 27/28 Jul 2013 Apiary C vandalized -- 22 Mar 2014 Hive bee sampling for Varroa and Nosema
assessment
5 31 Jul 2013 Feeding; Measurement of remaining food -- 22 Mar 2014 Hive samples (capped honey, bee bread)
5 02 Aug 2013 Feeding; Measurement of remaining food -- 24 Mar 2014 Recording of hive weights
5 02 Aug 2013 Stability samples -- 15 Apr 2014 2nd sample shipment
5 02 Aug 2013 Pollen samples from pollen trap
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2.7.1. Colony mortality

Any colony (hive) that did not show the presence of a queen and had no open brood or eggs, or was
devoid of worker (female) bees was considered “dead”. If a hive was considered “dead” at the time of
assessment, it was no longer used in the analysis of endpoints (e.g., adult bee numbers, hive weight). The
number of individual dead bees was not recorded.

2.7.2. Colony Condition Assessments (CCA)

Observations were blocked by the observer, with the same person always observing the same set of hives
to avoid viewer discrepancies in the data, Apiary A, B, C, G, J, and L were inspected by one inspector and
apiaries D, E, F, H, I, and K by another inspector.

Eight CCAs were conducted during the entire study. CCA1 (day -45), and CCA2 (day -13 to -27) were
conducted during the hive establishment. CCA3 (day -1 to -5 days) was conducted 1 week prior to the
feeding exposure which served as initial hive conditions prior to the feeding exposure. CCA4 (17/18 Jul
2013) was conducted 3 weeks after the start of feeding exposure. After the end of feeding exposure (Week
6), the following additional CCAs were conducted: CCAS (week 7), CCA6 (week 11), CCA7 (week 16)
and after overwintering CCAS8 on 22-24 Mar 2014. Each CCA period in 2013 took two or more days to
complete. For summary statistics, the first day is used to characterize any given CCA.

The time schedule of CCAs is summarized in Table 6 .

Table 6. Schedule for colony assessment and beekeeper checks

Date Timing Evaluation/Activity

12 May 2013 45 DBE CCAI1 (non-GLP)

?8: o) May,and 3 4 2.9, 2710 13 DBE CCA2 (non-GLP)

21,23 and 25 Jun 2013 5to 1 DBE CCA3 (before start of feeding; feeding began
26 June)

17 and 18 Jul 2013 21/22 DAE CCAA4 (during exposure, 3 weeks after start of
exposure)

14 and 15 Aug 2013 49/50 DAE CCAS5 (1 week after exposure ended)

10, 11, 18 and 20 Sep 2013 76/77/86 DAE CCAG6 (5 weeks after exposure ended)*

16, 17, 18 and 23 Oct 2013 112 to 119 DAE CCA7 (prior to over-wintering)

22 Mar 2014 269 DAE CCAS (after over-wintering)

DBE: Days before start of exposure; DAE: Days after start of exposure

*CCAG timing allows all bee individuals (eggs, larvae, pupae) present during the exposure period to complete their development cycle
to adults.

During the colony condition assessments, each frame was removed and inspected one at a time, with
measurements for endpoints taken as percent of total frame area covered by honey / nectar, bee bread /
pollen, eggs, open brood (larvae), capped brood (pupae), and adult bees.

19

106



Appendix 8. Data Evaluations for the Colony Feeding Studies that were
Included in this Risk Determination Document

The estimation was made by:
0 Each hive consisted of 20 observed panels (10 frames with two sides of each frame), with an area
of 860 cm? per side, or a total area of 17,200 cm? for all 10 frames.
0 There were 130 bees per 100 cm?.
0 The total number of cells per frame is 3440. Estimated to be 4 cells/cm?.

2.7.3. Evaluation of Disease or Pests in the Hive

Colonies were also checked for visible symptoms of disease or pests, such as Nosema, foulbrood, Varroa
mites or small hive beetle.

To assess the presence of Varroa in the hive, bee samples were taken at the CCA3, CCAS and CCAS8. Bees
were washed in alcohol to remove mites. The number of mites per 100 bees was calculated.

2.7.4. Hive weights

Hive weights were recorded after 10 a.m. once a month from June to October, as well as after over-wintering,
on 21 Jun 2013 (week -1), 22 Jul 2013 (week 4), 12 Aug 2013 (week 7), 17 Sep 2013 (week 12), 08 Oct
2013 (week 15) and 24 Mar 2014 (week 39).

2.8. Residue analysis

All residue and stability samples collected from feeding solution, pollen traps, and test hives were analysed
for imidacloprid, olefin- and 5-hydroxy imidacloprid. Samples from pollen traps in the monitoring hives
were also analysed for residues of multiple pesticides from outside sources at the National Science
Laboratories of USDA in Gastonia (non-GLP). The residue results were reported as ng per g of sample
matrix (ppb), which is different from the test solution that was reported in pg/L,

The LOQ was 5 ppb for imidacloprid, olefin- and 5-hydroxy imidacloprid in feeding solution and hive
nectar samples, and the LOQ was 2 ppb for pollen samples. The LODs are listed in Table 7.

Table 7. LOD for imidacloprid and its metabolites

. Imidacloprid | Imidacloprid 5- | Imidacloprid
Matrix Olefin hydr(l))xy i
Dosing/Stability Solutions 2.07 ppb 2.22 ppb 0.38 ppb
Hive Collected Nectar 1.38 ppb 1.43 ppb 1.43 ppb
Pollen 0.74 ppb 0.18 ppb 0.36 ppb

Taken from page 175 of the study report
Olefin- and 5-hydroxy imidacloprid were not detected in any samples except for two samples. The reported
average residue results included only imidacloprid. For the values <LOD, a half of the LOD value was used

in order to calculate the means. Multiple pesticide analysis was conducted in order to monitor pesticide
contamination from outside food sources using pollen collected from pollen traps on the monitoring hives.
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All samples for residue analysis were protected from sunlight by using amber vials and transported to freezer
storage after field collection. All samples were placed in frozen storage upon receipt at the test facility.
Samples were maintained frozen (< -15° C) (up to -13.9° C for a short period of time) at the test facility
until shipment under frozen conditions to the test site for residue analysis. Daily minimum/maximum
temperatures were recorded for the duration of the storage period at the test facility.

2.8.1. Pollen from outside sources

Pollen samples were collected from pollen traps attached for 24-48 hours to the monitoring hives at each
site to assess the potential contaminant exposure from outside sources. Pollen amounts collected from each
hive were variable and samples were not available from every site each time. Pollen samples from the
monitoring hives were taken at weeks 0 (CCA3), 1, 2, 3 (CCA4), 5, and 16 (17 Oct 2013).

2.8.2. Stored pollen and nectar in test hives

Stored bee bread and bee-collected nectar were collected within the study hives for imidacloprid residue
analysis. Samples weighed at least 500 mg each. Bee bread and uncapped nectar were collected at weeks -
3 (CCA4), 4, and 7 (CCAS). Bee bread and capped honey were collected at CCAS (after overwintering).
All test hives were sampled at CCA4, but only part of them were sampled at the other sampling times.
However, bee bread and honey were not available from every colony each time.

2.8.3. Feeding solution and stability of test item

The monitoring hives were used for dose verification and to evaluate stability of the test item in a hive
environment. Monitoring hives were set up in the same manner as test hives except the colony was denied
access to the spiked or unspiked sucrose. Residue samples comprising approx. 5 g each from the sugar syrup
were taken on week 1 (3 July 2013), week 2 (12 July 2013) and week 5 (2 August 2013).

Table 8. Sampling schedule for feeding solution and stability of test chemical.

Timing Week 1 Week 2 Week 5
Apiary / replicate 03 Jul 2013 12 Jul 2013 02 Aug 2013
UTC X X X

12.5 ppb X X X

25 ppb X X X

50 ppb X X X

100 ppb X X X

200 ppb X X X

X = samples taken but no sample ID available
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3. Results

3.1. Land use near test hives

Land use pattern withi

n a 1-mile and 3-mile radius around the 12 apiaries are summarized in Table 9.

The cultivated crop area occupied 0.2-5.5% of the total land within 1 mile radius, and 1.1-2.7% within a 3
mile radius range from the test apiaries. Using the raw data provided, the reviewer calculated the area of
cultivated crops as summarised in Table 10. The mean area of cultivated cropping land was 19 and 168

ha within 1 mile and 3

Table 9: Percent (%)

miles, respectively, of the radius from each apiary.

land use pattern

1 Mile Radius IApiary
Land Use Category A B C D E F G H I J K L
Open Water 0.7 0.8 0.2 1.0 0.7 6.1 0.5 0.6 0.9 0.7 0.8 1.3

Developed, Open Space

5.7 6.4 2.6 6.9 1.6 5.0 35 1.9 1.4 6.5 4.3 7.1

Developed, Low Intensity

1.1 1.5 0.6 1.8 0.8 0.1 1.0 29 1.9 29 0.8 1.7

Developed, Medium Intensity

0.0 0.1 0.0 0.1 0.0 0.0 0.1 0.0 0.0 0.2 0.0 0.0

Developed, high Intensity

0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0

Barren Land
(Rock/Sand/Clay)

0.0 0.1 2.4 0.2 0.0 0.2 0.0 0.0 0.1 0.0 0.0 0.1

Deciduous Forest

44.5 38.7 522 33.7 49.9 48.3 39.1 46.5 354 32.6 40.1 28.8

[Evergreen Forest

5.9 4.2 2.5 8.5 9.6 3.3 7.7 5.8 5.5 4.4 6.8 4.7

Mixed Forest 23 23 3.6 4.0 4.2 2.1 3.5 3.8 4.6 2.7 4.2 24
Shrub/Scrub 1.2 1.8 2.1 0.1 1.1 3.7 2.6 0.9 2.7 0.7 2.9 0.8
Grassland/Herbaceous 4.5 32 4.7 34 3.6 2.0 5.1 4.0 7.3 3.0 3.2 2.1
Pasture/Hay 31.6 39.1 27.1 36.7 25.7 29.0 35.7 31.1 34.7 41.1 339 483
Cultivated Crops 0.7 1.9 1.8 2.9 1.4 0.2 0.6 2.4 5.5 5.0 2.8 2.4
'Woody Wetlands 1.8 0.1 0.3 0.7 1.3 0.0 0.4 0.1 0.0 0.0 0.2 0.0
Emergent Herbaceous 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0
'Wetland

3 Mile Radius IApiary

Land Use Category A B C D E F G H I J K L

Open Water 0.6 0.6 0.5 0.8 0.5 2.3 0.6 0.4 0.6 0.8 0.5 2.5

Developed, Open Space

5.6 4.8 3.5 5.6 33 5.1 4.9 2.6 2.1 52 4.2 6.1

Developed, Low Intensity

1.0 1.6 1.2 2.0 1.6 0.8 1.2 1.7 1.6 1.8 1.4 1.4

Developed, Medium Intensity

0.1 0.0 0.0 0.1 0.1 0.0 0.1 0.0 0.0 0.1 0.1 0.1

Developed, High Intensity

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Barren Land
(Rock/Sand/Clay)

0.1 0.4 0.3 0.1 0.0 0.0 0.0 0.1 0.1 0.1 0.0 0.1

IDeciduous Forest

41.2 41.2 44.4 394 44.0 45.8 40.2 434 44.0 39.2 42.6 383

[Evergreen Forest

6.3 5.6 4.8 5.5 6.5 5.0 8.1 6.7 7.2 5.9 6.3 4.9

Mixed Forest 2.2 2.7 2.7 2.7 3.1 2.2 2.8 3.8 3.8 3.1 3.1 2.2
Shrub/Scrub 1.6 1.6 2.0 1.4 2.6 2.2 1.9 2.6 3.1 1.5 1.8 1.5
Grassland/Herbaceous 3.5 4.6 4.4 4.7 7.1 3.0 4.2 7.9 9.8 5.2 5.3 3.3
Pasture/Hay 349 34.1 33.2 34.7 28.4 31.7 339 27.8 24.7 339 31.5 36.8
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Table 10: Cultivated cropping area near each test apiary

Apiary
A [ B | c[ o] E] FJ] G| H] 1] 3] K] L | Mean
1 mile radius (813 ha)
Cultivated 0.7 1.9 1.8 2.9 1.4 0.2 0.6 2.4 5.5 5.0 2.8 2.4 23
Crops (%)
Area of

cultivated 5.7 15.4 14.6 23.6 11.4 1.6 4.9 19.5 447 40.7 22.8 19.5 18.7
crop (ha)

3 mile radius (7323 ha)

Cultivated 1.7 24 2.5 2.5 2.6 1.1 1.7 2.7 2.7 2.6 2.7 2.0 2.3
Crops (%)
Area of
cultivated | 124.5 | 175.8 | 183.1 | 183.1 | 190.4 | 80.6 | 124.5 | 197.7 | 197.7 | 190.4 | 197.7 | 175.8 168.4
crop (ha)

3.2. Pollen sources of test hives

Monitoring hives were used at each test apiary to collect pollen for assessment of the local pollen flora (non-
GLP). Pollen trap samples from the monitoring hives were taken at CCA3 (28 Jun 2013; week 0) and CCA4
(03 Jul 2013; week 1), as well as on 12 Jul 2013 (week 2), 19 Jul 2013 (week 3) and 02 Aug 2013 (week 5),
and at CCAS (week 7) and after CCA7 (week 16).

The major pollen was from non-cultivated crops, such as Parthenocissus, Melilotus, Plantago, Rhus, and
Asteraceae. Cultivated crops such as Zea mays (maize) and Fagopyrum esculentum (Buckwheat) were
identified occasionally, and took up the maximum of 13% and 21% of the total pollen particles, respectively.
Full results can be found in Table 49 of the study report (pages 128-129).

3.3. Consumption of spiked sucrose
Hive consumption rates for the feeding solution (sugar syrup) ranged from 10,290 mL to 12,000 mL of the
total 12,000 mL per hive provided during a 6-week period (i.e 1 litre per colony 2 times a week for a total

of 12,000 mL per colony during the exposure period). All colonies consumed most or all of the sugar
solution (see Figure 3) with a slightly lower consumption in 100 pg/L and 200 pg/L treatment.
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Figure 3. Mean total food consumption (mL) per colony during the 6-week exposure period

3.4. Examination of pesticides from other sources

Monitoring hives were used to assess the potential contaminant exposure from outside sources (non-GLP)
at each site. Pollen trap samples from the monitoring hives were taken after CCA3 (28 Jun 2013; week 0)
and CCA4 (03 Jul 2013; week 1), as well as on 12 Jul 2013 (week 2), 19 Jul 2013 (week 3) and 02 Aug
2013 (week 5), and at CCAS (week 7) and after CCA7 (week 16). The amount of pollen collected from
traps on the monitoring hives varied. A large portion of the pollen samples collected on Aug 2, and Oct 17
were reported as either “No sample” or “no sample sent to USDA”. For these, samples with no pollen
collected were indicated as “No sample”, while those samples without enough to meet the mass requirement
for pesticide analysis were indicated as ‘No sample sent to USDA’. It is noted that out of 16 weeks from
the beginning of feeding exposure to the last CCA before overwintering, pollen samples were collected 6
times with each collection over a period of 1-2 days and a few of them were not analyzed for residue analysis
due an insufficient amount of pollen for analysis. Pesticide contamination was unknown for those intervals
when pollen samples were not collected.

Dimethenamid (maximum at 87 ppb), Fenamidone (maximum at 345 ppb), Spiromesifen (maximum at 961
ppb) were the major pesticides detected in the pollen samples originating from outside food sources (Table
11). High levels of piperonyl butoxide (maximum at 591 ppb) were detected in the monitoring hive at
Apiary A along with several other pesticides. Out of 6 test sites where the pollen samples were collected
on 02 Aug 2013, imidacloprid was detected in one pollen sample at Apiary L at 12.1 ppb. The detection
frequency by the test sites was 1/6. It was found that the contaminated pollen sample at Apiary L consisted
0f 92.4% of Rhus, 5.2% plantago, 2.3% of Lagerstroemia indica, none of which are major cultivated crops.
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Table 11. Residues from outside sources in pollen samples from pollen trap (non-GLP)

Abi Sampling Date
plary 6/28/13 7/3/13 7/12/13 7/19/13 8/2/13 10/17/13
A No detects | Chlorpyrifos No detects DDD p,p’ (14.4) No detects No sample sent
(trace) Dimethenamid (87.0) to USDA
Fenamidone (345)
Fenhexamid (trace)
Metalaxyl (trace)
Piperonyl butoxide
(591)
Quinoxyfen (474)
Spiromesifen (961)
B No detects No detects No sample sent to No sample sent to THPI (299) No sample sent
USDA USDA to USDA
C No detects No detects No detects Metalaxyl (6.0) No sample No sample
Methamidophos (62.3)
D Hydroprene No detects No detects Dimethenamid (71.7) No detects No detects
(trace) Fenamidone (215)
Spiromesifen (584)
E No sample No sample No sample No sample No sample No sample
sent to USDA
F No detects No detects No sample sent to Dimethenamid (47.0) No sample sent to No sample
USDA Fenamidone (90.5) USDA
Spiromesifen (362)
G No detects No detects No detects Dimethenamid (14.6) No detects No sample sent
Spiromesifen (148) to USDA
H No detects No detects Dimethenamid (44.9) No sample sent to No sample sent to No sample
Fenamidone (134) USDA USDA
I No detects No detects Fenhexamid (trace) No detects No sample sent to No sample sent
USDA to USDA
J No detects No detects Dimethenamid (26.5) No sample sent to No sample sent to Thymol (193)
USDA USDA
K No detects No detects Dimethenamid (10.3) Trifluralin (trace) No detects No sample
Spiromesifen (80.1)
L No detects No sample MGK-326 (trace) No detects Imidacloprid (12.1) No detects
Malathion (trace)

THPI = tetrahydrophthalimide
Residue values in parentheses are ppb.

From Table 64, page 142 of study report.

3.5.

Confirmation of test concentrations

Imidacloprid and its major transformation products were analyzed from feeding solutions sampled after they
were prepared before start of feeding, three times on 2 July (weekl), 12 July (week 2) and 2 August 2013
(week 5). The averages of measured concentrations were <LOD, 11.0, 23.3, 46.7, 96.3, and 189.6 ppb for
the nominal concentrations of control, 12.5, 25, 50, 100, and 200 pg/L, respectively. It is noted that
imidacloprid and 5-OH-imidacloprid were detected in one control feeding solution at 0.45 and 4.22 ppb
respectively, sampled at week 2 on 12 July 2013. It is unknown which control hives were fed with the
contaminated feeding solution. The data are tabulated below in Table 12.
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Table 12. Dosing solution residue data from 2 July 2013 (Week 1), 12 July 2013 (Week 2) and 2
August 2013 (Week 5)

. ) Average of
bl measured Measured imidacloprid concentrations
concentrations (ppb) (n=6)
(ng/L) (ppb) (ppb)
0 (Control) 0 <LOD' <LOD <LOD <LOD 0.45" <LOD <LOD
12.5 10.2 11.0 113 11.96 10.62 10.2 10.73 11.22
25 20.3 23.3 24.24 23.45 2291 22.14 23.45 23.75
50 40.7 46.7 44.34 46.71 48.99 43.5 48.66 48.11
100 81.3 96.3 99.15 99.23 91.04 96.1 96.87 95.12
200 162.7 189.6 193.51 195.06 186.9 190.07 189.04 182.94

-Regenerated from Table section 5.5, on page 189-190 in the study report
: LOD=0.38 ppb for imidacloprid,
*: In the same control sample, 5-OH-imidacloprid was also detected at 4.22 ppb

3.6. Stability of the test item in feeding solution

Stability of imidacloprid in the sugar solution during the feeding period was examined from diet collected
from closed-off feeding solutions placed in the monitoring hives, sampled three times on 3 July 12 July, and
2 August 2013. No reduction of test concentrations in the feeding solution was noticed during the feeding
period. The stability of imidacloprid at 200 pg/L in the feeding solution was not provided, but a significant
reduction is not expected based on the reported data for all other concentrations. It is noted that imidacloprid
was detected at 0.56 ppb in one of the control solution for the control hive H4 sampled on 12 July 2014. No
imidacloprid olefin or imidacloprid 5-hyrdoxy was detected in any of the samples (LOD of 2.07 ppb and
2.22 ppb, respectively). Average imidacloprid residue data for the stability solution are presented in Table
13.

Table 13. The stability of imidacloprid in feeding solution on 3 Jul, 12 Jul, and 2 Aug, 2013.

] Measured imidacloprid
Nominal Number of .
. Average of measured concentrations (ppb)
concentration concentrations (ppb) samples
(ng/L) PP measured 03 Jul, 12 Jul, 02 Aug,
2013 2013 2013
0.56 ppb in one out of 20 samples.
N
Control <LOD 20 <LOD in 19 samples;
12.5 11.4 12 11.74 11.86 10.65
25 23.2 10 23.65 23.40 22.89
50 47.4 10 46.62 46.09 51.78
100 93.6 12 95.77 92.09 92.98
200 N/A” N/A N/A

- Regenerated from Section 5.6, on page 191-193 in the study report
T: LOD=0.38 ppb for imidacloprid;

*: N/A: data not available.
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3.7. Residues in hive matrices

It is noted here as it was in the uncertainties section that the residue samples from the different hive matrices
represent a single sample from a single hive. Therefore there is variation in the residues that likely stems
from the sampling procedure employed for this study (single sample, one side of the comb).

3.7.1. Background imidacloprid contamination in hives prior to the feeding exposure

The background imidacloprid contamination in test hives was examined using hive bee bread (hive pollen)
and nectar collected about a month (30 May 2013) prior to the beginning of feeding exposure. Imidacloprid
was detected in two out of a total of six hive pollen samples at 0.43 ppb and 1.19 ppb, respectively (Table
14), with a mean of 0.81 ppb and a detection frequency of 33% (2 hives out of total 6 hives). It is noted that
the limit of detection for imidacloprid in pollen for this study was 0.36 ppb. Imidacloprid was not detected
in any hive nectar samples collected prior to the feeding exposure (Table 15). Residue analysis for other
pesticides was not conducted prior to exposure.

Table 14. Detailed hive pollen residue data, pre-study collection (30 May 2013)

Location Imidacloprid Olefin (ppb) Imidacloprid 5 Hydroxy Imidacloprid (ppb)
(ppb)
LODs 0.74 0.18 0.36
Pope <LOD <LOD <LOD
Maple <LOD <LOD <LOD
Greenhouse <LOD <LOD 0.43
Corbett Ridge <LOD <LOD <LOD
Cedar Grove <LOD <LOD <LOD
Prospect Hill <LOD <LOD 1.19

Residue values were not corrected for recovery or moisture content of the sample.
Residues below are LOD are reported as <LOD.
From page 183 of the study report.

Table 15. Detailed hive nectar residue data, pre-study sample collection (30 May 2013)

Location Imidacloprid Olefin Imidacloprid 5 Hydroxy Imidacloprid (ppb) Brix (%)*
(ppb) (ppb)
LODs 1.38 1.43 1.43
Pope <LOD <LOD <LOD >80
Maple <LOD <LOD <LOD 79
Greenhouse <LOD <LOD <LOD 78
Corbett Ridge <LOD <LOD <LOD 80
Cedar Grove <LOD <LOD <LOD 80
Prospect Hill <LOD <LOD <LOD 80

Taken from page 194 of the study report. *Brix % is the percentage of sugar content in honey by mass, measured by a refractometer.
3.7.2. Residues in hive matrices during and after feeding exposure

Imidacloprid and its two major transformation products in hives (imidacloprid olefin and 5-hydroxy
imidacloprid) were examined three times after the feeding started using hive bee bread and hive nectar. All
test hives were sampled at 1% batch of sampling (CCA4, 18 July 2013) during the exposure phase, but only
part of test hives were sampled at the other two sampling times, CCAS which was one week after the feeding
exposure, and CCAS after the overwintering).
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3.7.2.1. Residues in hive matrices at CCA4 (after 3 weeks of exposure)

The level of imidacloprid in hive bee bread and uncapped nectar after 3 weeks of feeding (CCA4) was
summarized in Table 16 and 17. All test hives were sampled at CCA4 (18 July 2013). A dose-response
correlation was observed between the imidacloprid concentrations in the feeding solution and measured
concentrations in both bee bread and uncapped hive nectar. However, the imidacloprid concentration in
hive uncapped nectar and pollen was 64% and 26% of the mean concentrations in feeding solution,
respectively. It is possible that dilution of stored pollen and nectar from other food sources occurred during
the exposure period since, as indicated in the study, a significant degradation of imidacloprid in test solution
was not detected in the study.

Imidacloprid in bee bread at CCA4: The level of imidacloprid in hive bee bread after 3 weeks of feeding
(CCA4) was summarized in the Table 16. Imidacloprid was detected in all measured treatment samples.
No imidacloprid metabolites were detected. It was noted that not all residue information in pollen was
available. No residue information for treatment at 200 ug/L in bee bread was provided. Out of 12 hives, four
hives at 100 ug/L and eight hives at 50 ug/L. were measured, respectively.

The results showed a dose-response correlation between the average concentrations measured in hive bee
bread and the concentrations in the feeding solution. However, the concentrations varied within each
treatment group (see Table 16). The mean of the measured concentrations in bee bread within each
treatment group of 12.5, 25, 50 and 100 ug/L was 2.86 (range: 0.77-5.34), 5.37 (range: 1.45-9.41), 10.84
(range: 4.2-19.41), and 17.89 ppb (range: 2.66-35.1), respectively. By average, the measured concentration
was 25.8% (range 22-28.1%) of the concentration in feeding solution, and 27.8% (range 24.9-31.8 %) of
the measured concentrations in uncapped hive nectar (data not shown in the table). The results showed that
after 3 weeks of feeding, imidacloprid concentrations in hive bee bread appeared remarkably lower than
that in the feeding solutions and in hive nectar. The lower concentration in bee bread is expected due to the
dilution since bee bread is a mixture of nectar and pollen from various sources.
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Table 16. Imidacloprid concentrations (ppb) in hive pollen sampled three weeks after the start of

artificial feeding on 18 July 2013 (CCA4).

Measured imidacloprid concentrations (ppb) (LOD = 0.38 ppb)*
Nominal concentration (ug/L)
Apiary
Control 1 Control 2 12.5 25 50 100 200
Nominal concentration (ppb) *
0 0 10.2 20.3 40.7 81.3 162.7
A <LOD <LOD 3.02 4.01 7.17 9.84 -
B <LOD 1.05 3.33 2.34 4.2 - -
C <LOD <LOD 3.47 7.17 9.56 23.97 -
D <LOD <LOD 0.77 2.32 5.79 2.66 -
E <LOD <LOD 1.59 3.03 10.1 - -
F <LOD <LOD 2.09 5.19 - - -
G <LOD <LOD 1.54 6.38 11.19 35.1 -
H 1.24 - 5.34 1.45 - - -
I <LOD <LOD 4.15 941 19.31 - -
J <LOD <LOD 3.51 7.81 - - -
K <LOD <LOD 2.4 8.05 - - -
L <LOD <LOD 3.17 7.31 19.41 - -
Number of samples 12 12 12 12 ] 4 0
measured
Average <LOD 2.86 5.37 10.84 17.89 -
concentration
) ;
/6 of the feeding Not applicable 28.1 264 26.7 22,0 -
concentration
% of the average
detection in hive Not applicable 31.8 27.3 274 249 -
Nectar'tf

* regenerated from the additional residue information (email forwarded by Keith Sappington (EPA) to Tina Singal (PMRA) on March 10,
2015) ; “-*“ indicates that data are not available

fNominal concentration in ppb is estimated from the concentration in pg/L by assuming the volume density of the test solution to be
1.2296 g/ml.

19 Feeding concentration: the average of measured concentration compared with the nominal feeding concentrations in ppb.

1t % of the average detection in hive Nectar: the average of measured concentration in pollen compared with the average measured
concentration in nectar ppb without corrections for sugar.

Imidacloprid in hive uncapped nectar at CCA4: The level of imidacloprid in hive uncapped nectar during
the feeding exposure (CCA4) was summarized in Table 17. All twelve test hives were measured.
Imidacloprid was detected in the majority of the measured treatment samples. Out of 12 hives measured
for each concentration, <LOD was reported in two hives at 12.5 ug/L (Apiary E and H) and two hives at
200 ug/L (Apiary D and F). No imidacloprid metabolites were detected.

The results showed a dose-response correlation between the average concentrations measured in uncapped
hive nectar and the concentrations in the feeding solution. However, the concentrations varied remarkably
within each treatment group (see Table 17). Remarkably lower concentrations were detected in nine test
hives, including all 5 treatment hives at apiary D, E5, E7, F1, and H7. <LOD was reported for treatment at
200 pg/L in hive D3 and F1. After correction with Brix values to 50% sugar concentration, the mean of the
measured concentrations in uncapped hive nectar within each treatment group of 12.5, 25, 50, 100, and 200
ug/L was 6.31 (range: 0.88-9.42), 13.24 (range: 1.19-20.53), 27.66 (range: 2.31-40.59), 46.87 (range: 2.1-
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80.15), and 109.14 ppb (range: 0.89-152.94) respectively. By average, the measured concentration in hive
nectar was 64% (range 62.0-68.0%) of the concentration in feeding solution. The results showed that after
3 weeks of feeding, imidacloprid concentrations in hive nectar appeared lower than that in the feeding
solutions, which indicated that the foraging bees also foraged on nectar sources other than the provided
sugar sources which diluted the level of treatment. It is noted that this result is expected, as bees were
allowed to freely forage, and also, under natural conditions bees typically forage on multiple plant pollen
and nectar sources.

Table 17. Imidacloprid concentrations (ppb) in uncapped hive nectar sampled three weeks after the
start of artificial feeding on 18 Jul, 2013 (CCA4).

Measured imidacloprid concentrations (ppb) (LOD=1.43 ppb)”
Nominal concentration (ug/L)
Apiary Control 1" | Control 21 12.5 | 25 | s0 | 100 | 200
Nominal concentration (ppb) *

0 0 10.2 20.3 40.7 81.3 162.7

A <LOD <LOD 9.42 14.06 4036 48.85 96.98
B <LOD 2.98 7.91 20.53 31.12 5745 124.53
C <LOD <LOD 6.29 7.97 38.61 66.88 134.77

D <LOD <LOD 3.37 1.19 2.91 22.58 0.89

E <LOD <LOD 0.89 7.12 2.31 80.15 90.19

F <LOD <LOD 8.04 13.89 34.71 62.15 0.89
G <LOD <LOD 7.6 14.82 16.71 58.9 150.79
H <LOD <LOD 0.88 10.47 32.32 26.17 137.27
1 <LOD <LOD 8.02 13.69 18.15 23.55 136.91
J <LOD <LOD 7.66 15.51 40.59 47.7 139.32
K <LOD <LOD 7.01 19.67 38.83 2.1 144.27
L <LOD <LOD 8.57 20 35.25 65.95 152.94

Number of samples 12 12 12 12 12 12 12
Average concentration <LOD 6.31 13.24 27.66 46.87 109.14

. .
/o Feeding 62.0 65.1 68.0 57.6 67.1
concentration

* Concentrations in all treatments except for the controls are corrected to 50% sugar using Brix values that are not listed in the table, but
were in the table section 5.9 on page 195-197 of the study report

 Concentrations in the controls are measured concentrations in hive uncapped without corrections for sugar concentrations.

fNominal concentration in ppb is estimated from the concentration in pg/L by assuming the volume density of the test solution to be
1.2296 g/ml.

19 Feeding concentration: the average of measured concentration compared with the nominal feeding concentration in ppb.

3.7.2.2. Residues in Hive Matrices at CCA5 (1 week after end of exposure)

The level of imidacloprid in hive bee bread and uncapped nectar one week after the end of feeding exposure
(CCA5, 14-15 Aug 2013) was summarized in Table 18. Only three apiaries were sampled (Apiaries A, B,
and L). Again, the level of imidacloprid residues in hive nectar was reported for all treatment concentrations
but not for all the bee bread, especially for 100 and 200 pg/L. In summary, similar to CCA4, a dose-response
correlation was observed between the average concentrations of imidacloprid measured in both bee bread
and uncapped hive nectar and the concentrations in the feeding solution. However, the imidacloprid
concentration in hive uncapped nectar and beebread was lower than what was in the feeding solutions,
indicating dilution of stored bee bread and nectar from other food sources.
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Shown in Table 18, a dose-response correlation was shown between the average concentrations of
imidacloprid measured in both bee bread and uncapped hive nectar and the concentrations in the feeding
solution. However, the concentrations varied remarkably within some treatment groups despite the low
number of samples measured. In bee bread, the mean of the measured concentrations for 12.5, 25, 50 and
100 ug/L was 4.22 (range: 3.26-5.25), 5.74 (range: 4.89-6.4), 16.44 (range: 14.37-18.00), and 22.89 ppb (no
range, only one measurement), respectively. By average, the measured concentration was 28.1% (range
22.9-33.8%) of the concentration in feeding solution, and 40.3% (range 26.0-51.5 %) of the measured
concentrations in uncapped hive nectar without correction for sugar content (data not shown in the table).
In uncapped hive nectar, after correction with Brix values (amount of sugar dissolved in solution) to 50%
sugar concentration, the mean of the measured concentrations within each treatment group of 12.5, 25, 50,
100, and 200 ug/L was 5.88 (range: 3.36- 7.28), 7.18 (range: 0.89-10.68), 27.46 (range: 22.93-33.39), 54.98
(range:5.79-79.79), and 127.93 ppb (range:103.32-144.27) respectively. By average, the measured
concentration in hive nectar was 61.4% (range 35.3-78.7%) of the concentration in feeding solution.

Table 18. Imidacloprid concentrations (ppb) in beebread and uncapped hive nectar sampled one week
after the end of artificial feeding on 14 Aug, 2013 (CCAY).

Measured imidacloprid concentrations (ppb) (LOD=0.38 ppb pollen;
1.43 ppb nectar)*
Nominal concentration (ug/L)
Matrix Apiary Controll | Control2 | 125 | 25 [ 50 | 100 200
Nominal concentration (ppb) *
0 0 10.2 20.3 40.7 81.3 162.7
Residues in A <LOD <LOD 5.25 4.89 14.37 22.89 -
bee bread B <LOD <LOD 4.16 5.94 18.00 - -
L <LOD 0.55 3.26 6.4 16.96 - -
Number of samples measured 3 3 3 3 3 1 0
Average <LOD 4.22 5.74 16.44 22.89 -
% Feeding Solution (ppb) ' Not applicable 41.5 28.2 40.4 28.1
% Nectar 1 Not applicable 45.6 51.5 38.1 26.0 -
Residues in A <LOD <LOD 7.28 0.89 22.93 5.79 136.19
uncapped B <LOD <LOD 7.01 10.68 33.39 79.79 144.27
nectar after L <LOD <LOD 3.36 9.97 26.06 79.36 103.32
correction to | Number of samples measured 3 3 3 3 3 3 3
50% sugar Average <LOD 5.88 7.18 27.46 54.98 127.93
% of the Feeding Solution' Not applicable 57.8 353 67.5 67.6 78.7

e

* Concentration in all treatments except for the controls are corrected to 50% sugar using Brix values. indicates that data are not

available

fNominal concentration in ppb is estimated from the concentration in pg/L by assuming the volume density of the test solution to be
1.2296 g/ml.

7% Feeding solution: the average of measured concentration compared with the nominal feeding concentrations in ppb.

11 % Nectar: percent of the average of measured concentration in bee bread (hive pollen) compared with the average measured
concentration in nectar (ppb) without corrections for sugar.

3.7.2.3. Residues in hive matrices at CCA8 (after overwintering)

The level of imidacloprid in hive bee bread and capped honey after overwintering (CCAS, 22 March 2014)
was summarized in Table 19. Only surviving hives in four apiaries were sampled (Apiaries E, I, J, and L).
Again, imidacloprid residue was not reported for all hives sampled. In bee bread, imidacloprid was not
detected in treatments of control, 12.5, 25 and 100 ug/L, but was detected at 0.52 ppb (E7), 0.52 ppb (13),
and 0.40 ppb (J2 in three 50 ug/L treatment hives. No measurement was provided for treatment at 200 ug/L.
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In honey, no imidacloprid residues were detected in all measured hives except for one at 13.53 ppb (L4) in

the 100 ug/L treatment group.

The average concentration of imidacloprid in hives after overwintering (CCAS) is considered to be

uncertain, especially for hives at 100 and 200 ug/L. After overwintering, residues were analyzed only from
surviving hives, not from the dead hives. In the study, a high number of hives was reported dead after

overwintering. At 100 and 200 ug/L treatments, only one and two hives survived, respectively. The

unmeasured level of residues in dead hives presents an uncertainty as to the average of residues that might

represent the level of treatments at CCAS.

Table 19: Imidacloprid concentrations (ppb) in bee bread and honey sampled after overwintering on
March 24, 2014 (CCAS).

Matrix

Apiary

Measured imidacloprid concentrations (ppb) (LOD=0.38 ppb pollen; 1.43 ppb

nectar)*

Nominal concentration (ug/L)

Control1 | Conmtrol2 | 125 | 25 s0 | 10 | 200
Nominal concentration (ppb) i
0 0 10.2 20.3 40.7 81.3 162.7
Residues in bee E <LOD <LOD <LOD <LOD 0.52 - -
bread
I <LOD <LOD <LOD <LOD 0.52 - -
J <LOD <LOD - <LOD 0.4 - -
L <LOD <LOD <LOD <LOD <LOD <LOD -
Number of samples 4 4 3 4 4 1 0
measured
Average <LOD <LOD <LOD 0.48 <LOD -
% Feeding Solution 't
’ g o Not applicable 1.2 Not applicable
Residues in E <LOD <LOD <LOD <LOD <LOD - -
uncapped
nectar after I <LOD <LOD <LOD | <LOD | <LOD - -
correction to
50% sugar ] <LOD <LOD - <LOD <LOD - -
L <LOD <LOD <LOD <LOD <LOD 13.53 -
Number of samples 4 4 3 4 4 | 0
measured
Average <LOD <LOD <LOD <LOD 54.98 -
% Feeding Solution' Not applicable 16.7 Not applicable
* ““indicates that data are not available

Nominal concentration in ppb is estimated from the concentration in pg/L by assuming the volume density of the test solution to be

1.2296 g/ml.

9% Feeding concentration: the average of measured concentration compared with the nominal feeding concentrations in ppb.

3.7.2.4. Detection of imidacloprid in test hives at CCA2, CCA4, CCA5, and CCA8
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Imidacloprid was detected during the entire course of the study in test hives before the feeding exposure
(CCA2) and in the control hives during the exposure (CCA4) and post exposure (CCAS). However, it was
not detected in the live control hives after overwintering (CCA8). The magnitude and the frequency of
detection of imidacloprid in control hives are summarized in Table 20. The detection in control hives was
relatively low and was <LOD in the majority of control hives. In a total of 35 bee bread samples from
control hives, imidacloprid was detected in 6 samples with a maximum of 1.24 ppb. In a total of 36 uncapped
nectar samples, imidacloprid was detected in only one control hive at 2.98 ppb. 33% of the hives had been
exposed to the test chemicals before the start of the test (CCA2), and <20% of control hives were
contaminated with the test chemical during (CCA4), and one week after, the exposure (CCAS).

Before the start of the artificial feeding exposure (CCA2), test hives had been contaminated with a low level
of imidacloprid. Out of the total six hives measured, imidacloprid was detected in bee bread of two hives
(33% of the measured hives) at 0.43 and 1.19 ppb respectively (LOD= 0.36 ppb). However, it was not
detected in uncapped nectar (LOD= 1.43 ppb) in all six measured hives.

During the exposure period (CCA4), the control hives were contaminated with a low level of imidacloprid.
Out of 23 control hives measured, imidacloprid was detected in hive bee bread in three control hives at 1.05,
1.24, and 0.68 ppb (LOD= 0.36 ppb), respectively. Out of 24 control hives measured, imidacloprid was
detected in uncapped nectar in one control hive at 2.98 ppb (LOD=1.43 ppb). The frequency of detections
in the control hives was 3/21 in bee bread and 1/24 in nectar.

One week after the end of the feeding exposure (CCAS), a low level of imidacloprid was also detected in
the control hives. Out of five control hives measured, imidacloprid was detected in one control hives in bee
bread at 0.55 ppb (LOD=0.36 ppb). Imidacloprid was not detected in any of the six control hives in nectar
(LOD = 1.43 ppb). Out of 8 control hives, no imidacloprid were detected in hive bee bread and honey
samples after overwintering (CCAS8). It was noted that the frequency of detection of imidacloprid was lower
in hive nectar than in the bee bread during CCA2, CCA4 and CCAS. This likely resulted from the less
sensitive LOD in nectar as the maximum detection in bee bread was even lower than the LOD for nectar.

In order to consider the potential impact of the detected imidacloprid contamination, the maximum
detections in the control hives were compared with the average residues detected in the treatment hives and
expressed as a percentage in Table 21. The maximum residues in the controls counted for 1.8-41.6% of the
average detections in treatment hives. The percentage varied by the test concentrations, low in treatments
with high concentrations but high in treatments with low concentrations. It appeared that the level of
imidacloprid contamination might have a greater impact to the treatments with low concentrations than the
higher ones. Therefore impact of the contamination should not be ignored especially for treatment at low
concentrations. However, due to the low detection frequency in control hives, this impact is likely to be
only on a few individual hives.

Imidacloprid detected in uncapped nectar in the control hives indicated that a slight level of cross foraging
among test hives might have occurred during the exposure period. Overall: (1) imidacloprid (2.98 ppb) was
detected in one control hive nectar during the exposure period at CCA4, but no detection (<LOD =1.43
ppb) in all hives prior to the feeding exposure (Table 20); (2) Although a low level of imidacloprid was
detected in one of the control feeding solutions at 0.45 ppb (Table 14), this level was so low it would unlikely
result in such a high level of the detection in hive nectar (about 6X increase); (3) No other sources of
imidacloprid were detected at CCA4 and earlier. Imidacloprid was not detected (LOD=0.36 ppb) in any
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pollen samples trapped in the monitoring hives at CCA4 and earlier (Table 21). Considering the dose-
response relationship of the residues detected in the treatment hives, the imidacloprid contamination in
control hives is expected to have minimal impact to the colony level effect, especially for the treatments
with high concentrations.

Some individual hives with measured residues had exposure levels more similar to exposure levels measured
in higher or lower doses. While the residue data provides a good indication of exposure, there is some
uncertainty regarding the extent of the variability in exposure since residues in all hives were not measured,
residues were measured only at certain timepoints, and as discussed earlier, residue samples were taken only
from one location in the hive. Therefore, there is some uncertainty regarding the true extent of variability in
measured hive residues and exposure. The residue data does clearly indicate that a dose response-
relationship is expected since higher treatment levels had higher mean measured residues in the hive pollen

and nectar.

Table 20. Imidacloprid (ppb) detected in test hives before the exposure (CCA2), and in control hives
during the exposure (CCA4) and after the exposure (CCAS and CCAS).

Pre-exposure During exposure Post exposure
(background) (26 Jun -8 Aug, 2013) (8 Aug 2013 — 22 Mar, 2014)
CCA2 CCA4 CCA5 CCAS
Sampling dates 30 May, 2013 18 Jul, 2013 14 Aug, 2013 22 Mar, 2014
Sample matrix Bee bread Uncapped Bee bread Uncapped Bee Uncapped Bee bread Honey
nectar nectar bread nectar

LOD (ppb) 0.36 1.43 0.36 1.43 0.36 1.43 0.36 1.43
Total number of 6 6 23 24 6 6 ] ]
samples measured
Number of samples
with quantifiable 2 3 1 1
level of residues (01415)’ 0 a .%5%).24, (2.98) (0.55) 0 0 0
(Residues in ppb) ) )
% of samples with 16.7
detected residue 333 0.0 13.0 4.2 © '4_ 0.0 0.0 0.0
(95% confidence (4.3-77.7) (0.0-45.9) (2.8-33.6) (0.1-21.1) 64. 1 (0.0-45.9) (0.0-36.9) | (0.0-36.9)
limit, low-upper) )

Table 21. Comparison between the maximum detections of imidacloprid in control hives and the
average residues detected in the same hive matrices in the treatment hives fed at different concentrations
of imidacloprid for three weeks (CCA4).

Test concentration

% of the maximum detection in control hives in comparison
to the average of measured concentrations in treatment

hives at CCA4

" " 3 Average 5
in feeding solution residue Average residue Bee bread lee
measured in in hive nectar at Pre- Duri Post ]I)Iec .ar
bee bread) at CCA4 (ppb) re uring os uring
CCA4 (ppb exposure exposure exposure exposure
ug/L ppb (CCA2) (CCA4) (CCA5) (CCA4)
(Max=1.19 (max=1.25 (max=0.55 (max=2.98
ppb) ppb) ppb) ppb)
12.5 10.2 2.86 9 41.6 43.7 19.2 33.1
25 20.3 5.37 19.7 222 233 10.2 15.1
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% of the maximum detection in control hives in comparison
to the average of measured concentrations in treatment
Test concentration hives at CCA4
in feeding solution SAC T Hive
residue Average residue Bee bread
g o g nectar
measured in in hive nectar at P Duri Post Duri
bee bread) at CCA4 (ppb) re- uring 0s uring
CCA4 (ppb exposure exposure exposure exposure
ug/L ppb (CCA2) (CCA4) (CCA5) (CCA4)
(Max=1.19 (max=1.25 (max=0.55 (max=2.98
ppb) ppb) ppb) ppb)
50 40.7 10.84 39.5 11 11.5 5.1 7.5
100 81.3 17.89 71.8 6.7 7 3.1 4.2
Not Not Not
200 1627 NA 1624 applicable applicable applicable 1.8

-Imidacloprid was not detected in hive nectar (LOD=1.43 ppb) in any control hives in CCA2 and CCA5
-NA: data was not available.
-Measured concentration in hive nectar was not corrected for sugar content.

3.7.2.5. Comparison of concentration in feeding solution and hive matrices

A correlation between the imidacloprid concentrations in the feeding solution and the concentrations
measured in hive beebread and uncapped nectar was observed during the exposure period (CCA4) and one
week after the end of exposure (CCAS). However, imidacloprid measured concentrations in hive matrices
were lower than that in the feeding solution. The average concentrations in hive uncapped nectar and hive
bee bread were 62.7% and 30.2%, respectively, of the concentration in the feeding solution (Table 22).

Table 22. Imidacloprid concentration measured in hive uncapped nectar and hive bee bread

Nominal concentration in ng/L 125 25 50 100 200 Average

test feeding solution g
ppb 10.2 20.3 40.7 81.3 162.7

fg‘l‘flijz1332;1;‘6’3?:5:;‘;“ CCA 4 62.0 65.1 68.0 57.6 67.1 640

yy hiye uneapped neCtar i (n-12) (631) (13.24) (27.66) (46.87) (109.14) :
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Nominal concentration in ng/L 12.5 25 S0 100 200

test feeding solution ESTTES
ppb 10.2 20.3 40.7 81.3 162.7

nominal feeding solution

(average measured _ 57.8 353 67.5 67.6 78.7

concentration in ppb)¥ CCA S (0=3) (5.88) (7.18) (27.46) (54.98) (127.93) 614

?mi('iacloprid con'cergtration CCA 4 28.1 26.4 26.7* 22 NA 558

in hive beebread in % of the | (;=17) (2.86) (5.37) (10.84) (17.89) '

concentration of nominal

feeding solution (average 415 58 104 .

measured concentration in CCA 5 (n=3 : : : : NA 34.6

ppb) (n=3) (4.22) (5.74) (16.44) (22.89)

¥ Measured concentrations in uncapped nectar were corrected for sugar concentration equivalence.
* n=8: ¥*p=4 *¥** pn=1:
n=8; **n=4. n=1;

The study did not find a significant degradation of imidacloprid in the test solution. No imidacloprid
transformation products (olefin imidacloprid and 5-hydroxy imidacloprid) were detected in almost all the
samples of test solution and hives matrices.

Considering the stability of imidacloprid in the test solution, the reduced concentrations of imidacloprid in
hive matrices likely indicates that test bees were also foraging for pollen and nectar from sources other than
the feeding solution.

3.8. Pathogens
Besides a standard treatment for Varroa mites, no treatments for any other hive pests, predators or

diseases were administered to any hives.

3.8.1. Varroa Presence

Varroa mite occurrence in the colonies was assessed the week before and after the feeding period, as well
as after over-wintering (CCA3, CCAS and CCAS8). The number of mites per 100 bees was calculated
( Figure4). Hives were treated with one application of Apiguard® (active ingredient: thymol) following
typical apicultural practice for the region immediately after the September CCA’s to prevent high mite loads.
After over-wintering, the colonies of all treatment groups, except the 100 pg/L group, had similar Varroa
infestation levels.

The study showed no correlation between the treatments and the level of Varroa infestation.
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Figure 4. Mean number of Varroa mites per 100 bees

3.8.2. Nosema presence

The number of Nosema spores per bee was determined at three time points at CCA3, CCAS and CCAS8. The
study showed no correlation between the treatments and the level of Nosema infestation.

Figure 5. Mean number of Nosema spores per bee
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3.9. Statistical Analysis

What follows are brief summaries of each of the statistical analyses employed for the review of this study.
It is noted here, and later, when discussing the results that the PMRA, EPA, and CDPR statistical approaches,
and when weighing statistical and biological lines of evidence, that the three Agencies are harmonized in
the determination of the overall NOAEC and LOAEC.

3.9.1. Study Authors Analysis

The study author conducted statistical analysis using SAS (version 9.3). The analysis included colony
strength (as indicated by mean number of adults), brood stages (as indicated by the mean number of eggs,
larval cells, and pupal cells) and food stores (as indicated by the mean number of pollen and nectar/honey
cells). For the pre-test data, all tests were done in a two tailed approach, whereas for the data assessed after
application, one tailed (lower) tests were conducted. According to the study author, procedure GLM was
used for ANOVA analysis. Williams’ Trend Test was used to test data that passed statistical tests that
assessed the assumptions of normality, variance homogeneity, and monotonicity. Dunnett’s t-Test was used
to test data that are non-monotonic, but pass tests of normality and variance homogeneity. Dunnett’s T3
Test was used to test data that satisfy the criteria for normality, but fail the criteria for homogeneity of
variance. For hive mortality, Cochran Armitage Exact Trend Test was used.

3.9.2. Study Reviewer Analysis

During the review of the study, a separate statistical analysis was conducted using the raw data submitted
by the study author. As part of the collaborative review effort of the study by EPA, PMRA, and CDPR, a
variety of statistical analyses were conducted for the evaluation of the data. The detailed methods of these
analyses including statistical model selection and parameterization are presented in Appendices A, B, and
C for the EPA, PMRA, and CDPR analyses, respectively. What follows is a brief summarization of each
method. It is noted that while each method was distinct in the manner in which the data were analyzed, all
three methods produced similar statistical results, that is, similar findings of significance for a given
response variable at a given treatment level and CCA at a specified alpha level.

3.9.3. EPA Analysis

The general experimental design was a randomized complete block (apiary) with repeated measures (CCA).
Since hives were not randomly assigned and placed in the study apiaries until shortly before CCA3, the data
for the statistical analysis only included CCA3 through CCAS8. For the two highest treatment levels (100
and 200 pg/L), data obtained from CCAS8 was deleted from the analysis as only one and two hives
(respectively) were surviving at the CCA8 measurement time. Temporal correlations were evaluated for
each response variable; compound symmetry with heterogeneous variance was selected as the best fitting
covariance structure. PROC MIXED in SAS was used for the data analysis, and the TREATMENT*CCA
interaction was statistically significant for all evaluated response variables. This interaction was explored
by 1) at each CCA, treatment means were compared to the control using a one-sided Dunnett’s test; and 2)
for each treatment level, CCAs 4 through 8 were compared to CCA3 using a two-sided Dunnett’s test.
Further details of the EPA statistical analysis can be found in Appendix A.
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The EPA approach controlled for multiplicities by using a Dunnett’s test which holds the family wise error
rate (i.e the probability of make Type I errors or false discoveries of significance) at or below the level of
a.

3.9.4. PMRA Analysis

The differences of each measurement parameter between the treatment and control at the same apiary were
calculated for each apiary site. The means of the differences among 11 sites (Apiary C excluded due to
vandalism) were plotted. A formal comparison from the highest to lowest concentration with the control
was carried out using an often used conventional analysis of the block randomised experiments using the
raw data with adjustment for baseline measurements: linear modeling (or ANOVA) stratified on Apiary
(block) and adjusted for baseline measurements at CCA3 with one-side testing for effect. In the remainder
of the document where PMRA analysis results are referred to as “raw data” it is noted that it is actually the
model estimates using the raw data with adjustment for baseline measurements. Taking into consideration
a limited detection power in a typical field level study, alpha levels of both 0.1 and 0.05 were considered as
statistically significant. A list of statistical P values for each measuring parameter is summarized and
included in this report.

Prior to the data analysis, for the purposes of controlling for multiplicity in the statistical analysis, a primary
parameter for detection of treatment effects was defined as the total individuals in hives (sum of eggs, larvae,
pupa and adults) at CCA6. However, when determining an overall NOAEC all response variables were
examined with equal weight in considering treatment related effects, but were considered against statistical
results for the primary parameter. Further details of the PMRA statistical approach can be found in
Appendix B.

3.9.5. CDPR Analysis

A multivariate mixed repeated measures model approach was employed and is distinguished from the
univariate approaches above in that all bee life stages or hive food storage variables are simultaneously
analyzed as a single model. Multivariate analyses of variance for fixed effects models are conducted, using
Statistical Analysis System (SAS) software, through implementing the MANOVA option in the PROC
GLM procedure. Recently, multivariate analyses have been extended to mixed models using the PROC
MIXED procedure. The MIXED procedure is designed to conduct a mixed model analysis of variance where
fixed and random effects can be specified. Inclusion of random effects in a model provides a broader
application of results. For this study, locations were denoted as apiaries with individual hives as test
subjects. Use of a mixed model with apiaries identified as a random variable provides some assurance that
the results can be generalized to other locations and hives. Further details of the CDPR analysis can be
found in Appendix C.

The CDPR approach controlled for multiplicities by way of a Bonferroni adjustment to fix the family wise
error rate at a.

3.10. Hive mortality

The study author reported that 72 out of 84 colonies for biological observations were maintained over the
6-week exposure period. Apiary C was vandalized after 8 feedings during the weekend of 27/28th Jul 2013
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during which hives were left open. This allowed all colonies in this apiary access to treated sugar solution
and treated food stores in the hives. Since all hives were compromised, they were no longer used to collect
data for the study and this apiary was thereafter removed from the study and subsequent data analysis.

From the 11 remaining sites with a combined 77 hives, 34 hives were considered dead by 22 March 2014
(end of test), as summarized by Table 23 and Figure 6. The author reported that based on an one-sided
Cochran-Armitage exact trend test, mortality in the 100 ppb and 200 pg/L treatments are significantly
different from the control mortality (p = 0.01 and p<0.01 respectively).

After overwintering, only one hive survived (Apiary L) at the treatment 100 pg/L, and two hives survived
(Apiary D and F) at the treatment 200 pg/L. The hive mortality showed a U-shaped response to the
treatments (Figure 6). The percent mortality decreased from control (36%) to 25 pg/L (9%), and then
increased from 25 pg/L to 50 ug/L (36%) to 100 pg/L (91%) and 200 ug/L (82%). It is noted from the
results presented in Table 23a and b and Figure 6 below show that control mortality after overwintering
was higher than it was for the 12.5 and 25 pg/L groups. For this reason, the ability to detect treatment
related decreases in overwintering colony survival may be masked by the magnitude of control colony loss.

Table 23a. Hive survival at CCAS8 (after overwintering)

Treatment Apiary
group A B C D E F G | H I J K | L
UTC Al - - - El - G6 - I5 n - L7
UTC A2 B8 - - ES8 F7 - H3 I8 J7 - L5
12.5 ppb A4 B3 - D8 ES F5 G4 H7 17 J3 K2 L6
25 ppb - B4 - DI | E4 |F3 G8 | H6 |16 74 K6 | L2
50 ppb A8 | B7 - - E7 | - - H2 | I3 1) K5 | L3
100 ppb - - - - - - - - - - - L4
200 ppb - - - D3 - F1 - - - - - -

Table 23b. Hive mortality after overwintering measure at CCAS8

Treatment (ng/L) Control 12.5 25 50 100 200
Number of deceased colonies | ¢, 2/11 /11 4/11 10/11 9/11
/total colonies

Colony mortality (%) 36 18 9 36 91 82
Colony survival (%) 64 82 91 64 9 18
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Figure 6. Hive mortality after overwintering.

3.11. Colony Condition Assessment Response Variables

What

follows is a breakdown of each response variable assessed and the significant effects that were

determined at each CCA. A couple of general points are made below when examining the results of the
response variables:

Unless explicitly stated otherwise, all discussion of statistical findings refer to shared determinations
from the PMRA, EPA, and CDPR analyses.

All analyses considered effects at both the 0.05 and 0.1 alpha levels when weighing statistically
significant effects with biological considerations.

The tables are the percent differences from control based on raw counts of the data (model
estimations using the raw count data with adjustment for baseline measurements at CCA3) and
generated by PMRA. The figures with significance “dots” were based off of the proportions of
frame coverage for each hive for each response variable (with the exception of hive weight) and
were generated by EPA.

In the EPA analysis, the data in the 100 and 200 pg/L treatment groups were excluded from the
analysis at CCAS8. This was done primarily to facilitate the statistical model converging. Excluding
these two treatment groups from the analysis at CCAS is not expected to have an impact on the
interpretation of results as there was a clear effect at these two treatment groups by the time of CCAS8
indicated primarily by hive mortality.

Even though data from CCAS at the 100 and 200 pg/L groups were included in the PMRA analysis,
the lack of statistical difference from control in these two groups is considered unreliable as there
were only one and two remaining hives in these groups at CCAS, respectively.

The PMRA approach used raw counts of the each response variable while the EPA and CDPR
approaches converted these data into proportion of frame coverage (using methods described in
Appendix A) to facilitate convergence of the statistical model. The tables of percent differences
from control are based off of the raw counts of the data (model estimates using raw counts adjusted
for baseline measurements) while the figures present the trends of the proportions of life stages and
food stores with significant findings indicated. When differences in statistical findings are
discussed, the findings of PMRA were based off of the raw counts (model estimates using raw counts
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adjusted for baseline measurements) while the findings of the EPA and CDPR approaches were
based off proportions.

e (CCA3 was the baseline covariate and therefore is not presented in the tables for each response
variable with percent reductions.

e (CDPR did not include the “total individuals” endpoint in its analysis so those results will only pertain
to EPA and PMRA findings.

e For its simplicity in visualizing the trends and findings of statistical significance simultaneously, the
EPA-generated figures are presented below. The figures generated by PMRA can be found in
Appendix B and those generated by CDPR can be found in Appendix C. It is noted here as well as
above that in the discussion of each response variable, the results of all approaches will be discussed
and noted where divergent from each other.

e The figures below indicate significance with black and red “dots” denoting a significant finding at
the 0.1 and 0.05 alpha levels, respectively. Although these figures refer to EPA’s analysis, as
mentioned previously, the PMRA, EPA, and CDPR statistical results were generally in agreement
and it is noted below where there were differences. As also mentioned previously, although there
were different statistical findings in a few cases depending on the method employed, the
interpretation of the results leads to a shared overall NOAEC/LOAEC of the study.

e While the EPA and PMRA analyses looked at each response variable across CCAs, the CDPR is
distinguished from this approach by looking at all life stages or food store variables simultaneously
within a single CCA across treatments.

e While it is not depicted in the figures below, it is acknowledged (and addressed in a variety of ways
through the various statistical approaches) that there was considerable variability for some response
variables at certain treatment groups and CCAs. Please refer to Appendix A for summary statistics
tables (i.e. max, min, standard deviation values) of the proportions of each response variable for
further information.

Life Stages
3.11.1. Adults

Figure 7 below shows the effects on adult honey bees across CCAs and treatment groups. Compared with
the control, no differences in the number of adults in hives (p>0.1) during the CCA4 exposure period were
apparent in any of the treatments with the exception of the CDPR analysis where a marginally significant
(0.05< p< 0.1) reduction was determined at the 200 ug/L group. Additionally, the total number of adults
in the 12.5 and 25 pg/L treatments was not reduced in any of the CCAs. However, the numbers of the adults
in the 100 and 200 pg/L treatments were consistently reduced (p<0.05) at CCAS, CCA6, and CCA7 with
reductions ranging from 24.4 — 59.4% (data from CCAS8 excluded from EPA analysis in the 100 and 200
ug/L group due to clear effects on hive mortality). An exception is that the EPA and CDPR analyses did
not determine a significant reductions (p>0.05) at the 200 pg/L treatment group at CCAS while the PMRA
analysis did. However, it is apparent from all analyses that there were impacts to adults at the 200 pg/L
group during the course of the study. The number of adults in the 50 ng/L treatment was also reduced with
marginal statistical significance at CCAS5 (0.05< p<0.1) but at p<0.05 at CCA6 and CCAS8 with percent
reductions from control of 21.7%, 19.8% and 78%, respectively based off raw counts (Table 24). The
PMRA analysis also determined a significant reduction from control at CCA7 while the EPA and CDPR
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analyses did not, but like the 100 and 200 pg/L treatment groups, the persistent nature of significant
reductions to adults at the 50 pg/L group is evident.

Table 24. Estimated percent reduction from control for number of adults

Test Estimated reduction from control (%)'
concentration CCA4 CCAS CCAG CCA7 CCAS$?
(ng/l)
12.5 2.2 -5.4 2.3 -12.6 -11
25 2.7 8.7 7.7 -4.1 -4.3
50 -23.3 21.7* 19.8%* 18.6* 78%*
100 5.2 34%* 28.7** S51** 172.5%*
200 -29.2 24 4** 52.8%** 59.4%** 7.3
Note: Negative value indicates increased number of adults in comparison to control.
*0.05<p<0.1

*#p<(.05'Percent differences from control are based on the raw counts of adults, not proportions of the adults as Figure 7 below shows.
2At CCAS, comparisons made to the 100 and 200 treatment groups are with uncertainty as 1 and 2 hives survived in these groups,
respectively. These data are included in the PMRA and CDPR analyses but excluded from the EPA analysis.

Figure 7. Proportion of adults following exposure to varying concentrations of imidacloprid in the diet
across CCA3 — CCAS.

Figure 8 below shows the trends proportions of adults across the CCAs for the control and three lowest
treatment groups only as the impact at the two highest groups was evident, especially when considering
overwintering mortality. Removing the two highest treatment concentrations adjusts the scale of the figures
to see the trends more clearly at the lower treatment groups. There is a clear divergence in the trends at the
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50 pg/L treatment group not only in the decline in numbers beginning one CCA earlier (CCA4 as compared
to CCAS in the control, 12.5, and 25 pg/L groups) but also the average proportion of adults after
overwintering at CCAS8 (approximately 20% frame coverage as opposed to 33-35% for control and the lower

groups).

Adults
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Figure 8. Proportion of adults following exposure to varying concentrations of imidacloprid in the diet
across CCA3 — CCAS in the control, 12.5, 25, and 50 pg/L groups only.

In an examination of the trends of adults in the control group, by CCA®6, the average number of adults began
to decline to 39% based off the proportions of adults covering the hive frames (Figure 9 below). CCA6
represents the time when the colony as a whole starts to prepare for overwintering and therefore starts to
begin a “shut-down” phase where the numbers of adults and other life stages are clearly decreased by the
time of CCA7. During this pre-overwintering phase, adult proportions decline due to natural die off of
worker bees and reduced rates of replenishment from reduced egg laying by the queen. It is noted that the
average proportion of comb area as adults is similar after overwintering at CCA8 (35%) as compared to
before exposure at CCA3 (33%) when the hives were initially placed in the test sites.

Also notably, as distinguished from the control and 12.5 and 25 pg/L groups, while the proportions of adults
for those groups generally increased through CCAS before beginning to decline, the numbers of adults at
the 50 pg/L began to decline as early as CCA4, where these numbers were being built up in the control and
lower treatment groups to support the foraging worker bee force for nectar and pollen collection. This again
is evidenced by the average proportion of adults at CCAS in the 50 ug/L group which was 33% as compared
to 45, 48, and 42% for the control, 12.5 and 25 pg/L groups, respectively (percent reductions ranging from
24 — 37% based off the proportions of frame coverage).
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Figure 9. Proportion of adults following exposure to varying concentrations of imidacloprid in the diet
across CCA3 — CCAS in the control, 12.5, 25, and 50 pg/L groups.

When weighing statistical and biological significance, the overall NOAEC and LOAEC for adults is
determined to be 25 and 50 pg/L, respectively.

3.11.2. Eggs

There were consistently lower numbers of eggs in treatments at 100 and 200 pg/L (p<0.05) during the course
of the CCAs following exposure. There were minor differences in the statistical findings of the three
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analyses not only at a given CCA and treatment group but also at what alpha level an effect was significant
at, but these differences do not have an impact on the determination that there was not only an early onset
but a persistent nature of a reduction in the numbers of eggs that was not confined to one CCA. At the 100
and 200 pu/L treatment groups, all analyses determined significant reductions (p<0.1) in eggs for the 100
and 200 pg/L treatment groups for at least two CCAs. The sole finding of significance at the 50 pg/L group
was at CCAS at the 0.05 alpha level.

For the 12.5 pg/L the PMRA and EPA analyses only determined a significant reduction in the number of
eggs at CCAS8 (p<0.1). A similar finding was made at CCA4 in the PMRA analysis only. However, there
were no significant reductions (p>0.1) at both CCA4 and CCAS in the 25 ng/L group, indicating a lack of
dose responsiveness within these time points. The biological significance of this finding at 12.5 ug/L is
therefore considered to be low. Similarly, there was a significant reduction in eggs determined at CCA6 in
the 25 pug/L group (PMRA analysis only). However, similar findings of statistical significance at this CCA
was not determined for the 50 pug/L group. Finally, this effect was not observed before CCA6 or in the
subsequent CCAs (CCAs 7 and 8) indicating this effect was isolated to this time point.

At the 50 pg/L treatment level, all analyses determined a significant reduction (p<0.05) at CCA8. While
this effect was isolated to just CCAS for this treatment group, there is uncertainty as to whether hives could
have compensated for this reduction as could or may not have been shown by an additional CCA.

Table 25. Estimated percent reduction from control for number of eggs

Test Estimated reduction from control (%)’
concentration CCA4 CCAS CCAG CCA7 CCAS?
(ng/L)
12.5 22.8% 11.9 59 0.1 37.7*
25 -1.1 8.3 26.3* 31.3 5.8
50 -9.6 1.8 11.7 2.6 78.2%*
100 37.9%* 39.4%* 70.8** 46.6%* 138**
200 14.5 32.2%* 60.1** 77.8%* 153.2%*
Note: Negative value indicates increased number of eggs in comparison to control.
*0.05<p<0.1
**p<0.05

Percent differences from control are based on the raw counts of eggs, not proportions of the eggs as Figure 10 below shows.

2At CCAS, comparisons made to the 100 and 200 treatment groups are with uncertainty as 1 and 2 hives survived in these groups, respectively.
These data are included in the PMRA and CDPR analyses analysis but excluded from the EPA analysis.
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Figure 10. Proportion of eggs following exposure to varying concentrations of imidacloprid in the diet
across CCA3 — CCAS.

Figure 11 below shows the responses for the control, 12.5, 25, and 50 pg/L treatment groups. Removing
the two highest treatment concentrations adjusts the scale of the figures to see the trends more clearly. It is
noted from this graph the variability present in the groups at CC3 before exposure had started. Particularly,
the variation in egg coverage of the frame at the early CCAs is noted which may have contributed to some

of these findings at CCA4.
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Figure 11. Proportion of eggs following exposure to varying concentrations of imidacloprid in the diet
across CCA3 — CCAS in the control, 12.5, 25, and 50 pg/L groups only.

By CCA&8, the average of eggs in the control group increased relative to CCA7, but the average proportion
at CCAR8 (4.8%) was approximately half the proportion initially recorded at CCA3 (8.4%). It is noted that
the 50 pg/L group was the only group of the control and three lowest treatment levels that underwent a
downward trend from CCA7 to CCAS8. Additionally, the average proportions of egg cells at CCAS for the
50 pg/L group are approximately half of the proportion for the control, 12.5, and 25 pg/L groups (Figure

12).
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Figure 12. Proportion of eggs following exposure to varying concentrations of imidacloprid in the diet
across CCA3 — CCAS in the control, 12.5, 25, and 50 pg/L groups.

When weighing statistical and biological significance, the overall NOAEC and LOAEC for eggs is
determined to be 25 and 50 png/L, respectively, based on a significant reduction in eggs at CCAS that
represented a 78.2% reduction based on raw counts as well as being clearly divergent in its response
at CCAS (based off the proportions) from the control and 12.5 and 25 pg/L groups.
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3.11.3. Larvae (Open/Uncapped brood)

There were consistently and significantly lower numbers of larvae in the 100 and 200 pg/L groups as
compared to control (p<0.05) beginning at CCA4 and persisting throughout the entirety of the study up to
and including after overwintering at CCAS (data from CCAS in these groups excluded from EPA analysis).
There were no significant reductions from control at any CCA for the 12.5, 25, and 50 pg/L treatment groups
in the EPA analysis.

In the PMRA analysis at CCA®6, a significant reduction from control was determined at 25 ug/L (p<0.1),
but not at 12.5 pug/L and 50 ug/L (p>0.1 for both treatments). Additionally, the effect was not determined
at CCA4, CCAS, and CCA7. Similarly, the CDPR analysis determined a significant difference (p<0.05) at
CCA7 at 12.5 pg/L, but this finding was not determined at the 25 and 50 pg/L treatment groups (p>0.1).
Also in the PMRA analysis only, at CCAS, a statistical reduction was determined at 50 pg/L treatment group
(p<0.05). This effect was not determined to be significantly reduced from control from CCA4 to CCA7
(p>0.1). Although this difference was not detected in the EPA and CDPR analyses, the percent reduction in
larval cells at CCAS8 for this group was 43% (based on raw counts).

Table 26. Estimated percent reduction from control for number of larvae (open/uncapped brood)

Test Estimated reduction from control (%)’
concentration cca4 CCAS CCA6 ccA? CCAS?
(ng/L)
12.5 12.3 10.7 -15.5 -62.6 0.8
25 8.1 16.2 23 -25.5 -9.9
50 12.1 15.3 -2.1 -32.4 42.6**
100 37.1%* 30.9** 52.3%* 64.4** 159.9%*
200 64%* 65%* 57.2%* 78.3%* 54.1
Note: Negative value indicates increased number of larvae in comparison to control.
*0.05<p<0.1

*#%p<0.05

IPercent differences from control are based on the raw counts of larvae (open) brood, not proportions of the larvae (open) brood as Figure 13
below shows.

2At CCAS, comparisons made to the 100 and 200 treatment groups are with uncertainty as 1 and 2 hives survived in these groups, respectively.
These data are included in the PMRA and CDPR analyses but excluded from the EPA analysis.

Figure 13 below shows the trends of the control and all treatment groups for larval cells across all CCAs
assessed. A clear divergence in the 100 and 200 pg/L groups is evident beginning at CCA4 where the
numbers of larvae in these groups undergo a marked decline while the other treatment groups generally
trend with control.
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Figure 13. Proportion of larval cells following exposure to varying concentrations of imidacloprid in
the diet across CCA3 — CCAS.

When examining the trends with the control and three lowest treatment groups alone, differences are less
apparent than when the 100 and 200 pg/L groups depicted alongside with the exception of the separation of
the 50 pg/L treatment group at CCAS8 (Figure 14)
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Figure 14. Proportion of larval cells following exposure to varying concentrations of imidacloprid in
the diet across CCA3 — CCAS in the control, 12.5, 25, and 50 ug/L groups only.

When examining the trends in the control group, the average proportion of larval cells increased from CCA7
to CCAS, and at CCAS had a similar level (8.2%) that was recorded for CCA3 (10%) (Figure 15). With
the 12.5 pg/L group, the starting average proportions of life stages at CCA3, prior to exposure, were similar
to those in the control group with respect to the proportions of larval cells being approximately 5-8% of the
comb area. The average proportion of larval cells trended down beginning as early as CCA4 (7%) before
experiencing a more marked decline ahead of CCA7 (2%) as with the other life stages, which is anticipated
ahead of overwintering. The proportions of larval cells were again relatively stable from the time of CCA3
(10%) to CCA6 (10%). This was preceded by a marked decline at CCA7 to an average proportions of 4%.
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Figure 15. Proportion of larval cells following exposure to varying concentrations of imidacloprid in
the diet across CCA3 — CCAS in the control, 12.5, 25, and 50 ug/L groups.

It is also noted from the treatment by treatment comparisons below for larval cells across CCAs that
although the trends for the control, 12.5, 25, and 50 pug/L groups are similar, that the 50 pg/L group was the
only group of the 4 that did not end up at approximately 8% coverage of the frame, but instead was
approximately 6% of frame coverage. The 25 ppb group also look to undergo a more marked decline
beginning at CCA4 as compared to the control, 12.5, and 50 ug/L group but as stated earlier, the difference
was only marginally significant in the PMRA analysis, similar findings were not determined in the 50 pg/L
group, and the effect at 25 pg/L was not significant at CCA7 and CCA8
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When weighing statistical and biological significance, the overall NOAEC and LOAEC for larval cells
is determined to be 25 and 50 pg/L, respectively. This is based on a significant reduction at the 50
pg/L at CCAS8. While this finding is isolated to CCAS, it is an uncertainty what the response would
have been at an additional CCA (i.e., whether the hives could have compensated for this potential
effect). It is also noted, as has been above, that the 50 pg/L group showed a reduced percentage of
frame coverage of larval cells at CCA8 as compared to the control and two lower treatment groups.

3.11.4. Pupae (Capped brood)

In the 50, 100 and 200 pg/L treatment groups, there were significant reductions from control (p<0.05) that
persisted through most of the study (EPA findings at the 50 pg/L were significant at two CCAs, CDPR at 3
CCAs and the PMRA analysis determined significant reductions from control at 5 CCAs). The percent
reductions from control based on the raw counts of pupal cells in the 100 and 200 pg/L groups ranged from
49.7 — 93.5% during CCA4 — CCA7T.

At the 12.5 pg/L treatment group, there were significant reductions determined at CCA6 for the EPA and
PMRA analyses. While the findings were not determined at the 25 pg/L treatment group at CCAG6 for the
EPA and CDPR analyses, they were for the approach used by PMRA. It is noted that significant reductions
in pupal cells were not determined by any analysis at 12.5 and 25 pg/L in any CCA preceding or subsequent
to CCA®6, thus the significant effect for the 12.5 and 25 pg/L treatments was isolated to the CCA6 timepoint.
Additionally, although PMRA determined significant reductions at CCA6 for all treatment groups, the
effects did not demonstrate a dose response at the lowest three doses with the percent reductions from
control (based on raw counts of the data) at 22.3, 18.3, 12.5, 49.7 and 75.5% for the 12.5, 25, 50, 100 and
200 pg/L groups, respectively. However, responses at the lower three doses were all similarly reduced
compared to controls (12.5 -22.3%), and some overlap in dose-response might be expected at the lower
doses, given the variability and overlap in exposure among individual hives. It is also noted that the
confidence intervals among the three lowest doses are similar and overlapping (see Bees 8, PMRA analysis
Appendix B). Finally, after overwintering at CCAS8, the levels of pupae in the surviving hives at the 12.5
and 25 pg/L treatment groups were actually above the level of control (based on raw counts of the data) by
1.3 and 10.8%, respectively. The percent reduction from control at CCAS in the 50 pg/L group was 70.6%.

Table 27. Estimated percent reduction from control for number of pupae

Test Estimated reduction from control (%)’
concentration R
(ng/L) CCA4 CCAS CCA6 CCA7 CCAS8
12.5 2.8 -3.7 22.2%* -8.4 -1.3
25 17.7 5.8 18.3** 18.1 -10.8
50 28.1% 34.6** 12.5* 9.7 70.6%*
100 S1.7** 56.6** 49.7%* 75.6%* 150.9*
200 83.3%* 79.5%* 75.5%* 93.5%* 42
Note: Negative value indicates increased number of pupae in comparison to control.
*0.05<p<0.1
**p<0.05

Percent differences from control are based on the raw counts of pupae (capped) brood, not proportions of the pupae (capped) brood as
Figure 16 below shows.

2At CCAS8, comparisons made to the 100 and 200 treatment groups are with uncertainty as 1 and 2 hives survived in these groups,
respectively. These data are included in the PMRA and CDPR analyses but excluded from the EPA analysis.
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Figure 16. Proportion of pupal (capped) cells following exposure to varying concentrations of
imidacloprid in the diet across CCA3 — CCAS.

In summarizing the information provided by the different analyses for this response variable, a few points
can be made:

e All analyses find significant differences at the 100 and 200 pg/L levels starting at CCA4 and
persisting until CCA7 (data from CCAS excluded from EPA analysis at these two treatment groups)

e PMRA analysis determined significant difference at the 50 pg/L group (at either 0.1 or 0.05 alpha
level) for all CCAs assessed except CCA7 (for CDPR, same findings except no significant findings
at CCA6 and CCA7)

e EPA analysis determined significant differences at 50 pug/L group (at either 0.1 or 0.05 alpha level)
at CCAS and CCAS

e PMRA determined significant differences at all treatment groups at CCA6 while EPA determined
significant effects for the 12.5, 100 and 200 pg/L groups, and CDPR only at 100 and 200 pug/L.

In further exploring this last point, the difference in findings can potentially be explained by the statistical
model selections employed for each analyses. The discussion below focuses on additional lines of evidence
to further characterize the findings.

Figure 17 shows the trends in pupal cells over the course of the study in the control and three lowest

treatment groups only. As indicated in both the PMRA and EPA analyses, the impacts to pupal cells occurs
early as there is divergence from the control as early as CCA4.
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Figure 17. Proportion of pupal (capped) cells following exposure to varying concentrations of
imidacloprid in the diet across CCA3 — CCAS in the control, 12.5, 25, and 50 pg/L groups only.

It is noted that the average proportion of comb area as pupal cells in controls is similar after overwintering
at CCAS8 (17%) as compared to CCA3 (16%) when the hives were initially placed in the test sites. Also
notably, the average proportion of pupal cells in the 12.5 and 25 pg/L groups (22%) is higher than it was
for the control group (16%) but this is obviously not a finding related to imidacloprid treatment, given that
exposure had not occurred yet.

In the 12.5 pg/L group, unlike the control group, where the average proportion of pupal cells remained
stable between the time of CCAS and CCA6 (26%), there was an apparent decrease in the 12.5 pg/L group
from CCAS (26%) to CCA6 (20%) based on average proportions. This decrease continued for the CCA6
to CCA7 interval to an equivalent level as controls (approximately 8%). After the overwintering period in
the 12.5 pg/L group, the proportions of life stages were similar to CCAS8 for the control group in that the
proportion of pupal cells 17% at CCAS8 (as compared to 17% in the control).

In the 25 pg/L treatment group, there were again no significant differences in the proportions of all life
stages at CCA3 before the start of exposure (p>0.05). As opposed to the steady buildup that was observed
in the control and 12.5 pg/L treatment groups from CCA3 to CCAS, the numbers of pupal cells remained
similar from CCA3 to CCAS; they were decreased slightly at CCA4 (21%) as compared to CCA3 (23%)
but at CCAS (24%) were again to the level of CCA3. As with the other life stages, a decline in numbers
was observed between CCA6 and CCA7 as the hives prepared for overwintering. The average proportion
of pupal cells at CCAS8 for the 25 pg/L treatment group were similar to the proportions in CCAS8 of the
control group, that is, 16% and 17% frame coverage at CCAS8 for the 25 pug/L group and control group,
respectively.
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Figure 18. Proportion of pupal (capped) cells following exposure to varying concentrations of
imidacloprid in the diet across CCA3 — CCAS in the control, 12.5, 25, and 50 pug/L groups.

As distinguished from the control and 12.5 and 25 pg/L groups, the number of pupal cells at the 50 pg/L
group underwent a steady decline beginning at CCA4 and continuing through CCAS (average proportion at
CCA3 was 19% compared to 16% at CCAS). This is also evidenced by the average proportion of pupal
cells at CCAS at the 50 pg/L group which was 16% of the comb areas as compared to 26, 26, and 24% at
CCAS for the control, 12.5, and 25 pg/L groups, respectively. This finding is also statistically significant
for all analyses conducted as indicated above. An examination of the proportions at CCAS also suggest the
persistent nature of these effects and their lasting impact at this treatment group. The average proportion of
pupal cells at CCAS for the 50 pg/L group was 9% as compared to 17, 17, and 16% for the control, 12.5,
and 25 ng/L groups, respectively. This finding was significant at the o = 0.1 in the EPA analysis and a o =
0.05 for the PMRA analysis (with 70.6 % reduction compared to control).
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Regarding the statistical analyses, all methods found significant differences at 100 and 200 pg/L that were
apparent at early CCAs and persisted throughout the study. Additionally, effects were noted at multiple
CCAs for 50 pg/L, and the effects continued following overwintering. While all analyses found a significant
effect at the 12.5 ug/L treatment level at CCA6, and the PMRA analysis also found significant effect at the
25 ng/L treatment level, these effects were considered transient. This is because effects at 12.5 and 25ug/L
were isolated to CCA6 with levels returning to those similar to control after overwintering, and at CCA6
the effects lacked a clear dose-response relationship and were similar among all three lower treatment levels
(12.5, 25, and 50 pg/L; 22.2, 18.3, and 12.5 % reductions compared to control based on raw data,
respectively). Additionally, the discussion presented above indicates that the average proportions of pupal
cells in the 12.5 and 25 pug/L group at different CCAs resemble the responses found in the control group in
terms of their level before, during, and after exposure and overwintering. The effects at the 50 pg/L however,
appear earlier, persist longer, and have a clear impact, especially after overwintering, when compared to the
control.

When weighing statistical and biological significance, the overall NOAEC and LOAEC for pupal cells
is determined to be 25 and 50 png/L, respectively.

3.11.5. Total individuals in hives

When evaluating the proportion of frame coverage of total individuals, the pattern of effects has some
similarity to the proportion of frame coverage of adults and pupae, as these two life stages make up the
largest components of the hive population throughout the course of the study. In the 100 and 200 pg/L
treatment groups, total individuals were significantly reduced from the level of control from CCA4 to CCA7
(p<0.05). The EPA analysis did not find a significant difference (p>0.1) at the 200 pug/L group at CCA4
but the impact at this treatment level is evident at other CCAs. The CDPR analysis did not assess this
response variable.

Table 28. Estimated percent reduction from control for total number of individuals

Test Estimated reduction from control (%)'
concentration CCA4 CCAS CCAG CCA7 CCAS?
(ng/L)
12.5 4 1 8.7* -16.9 -2.6
25 10.8 10.9 17.4%* 2.2 -11.4
50 10.3 25.4%* 12.1%* 8.1 49.1%*
100 35.3%* 46%* 48.2%* 60.9%* 145.1%%*
200 48.6%* 60.5%* 65.9%* 74.6%* 54.1
Note: Negative value indicates increased number of total individuals in comparison to control.
*0.05<p<0.1
**p<0.05

"Percent differences from control are based on the raw counts of total individuals, not proportions of the total individuals as Figure 19 below

shows.

2At CCAS, comparisons made to the 100 and 200 treatment groups are with uncertainty as 1 and 2 hives survived in these groups, respectively.
These data are included in the PMRA analysis but excluded from the EPA analysis
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Figure 19. Proportion of total individuals (adult, eggs, larvae, pupae) following exposure to varying
concentrations of imidacloprid in the diet across CCA3 — CCAS.

For the 50 ppb treatment group, reductions relative to the control at CCAS5 and CCA6 were significant at
0=0.10 and reductions relative to the control at CCA8 were significant for a=0.05 (CCA6 result was
significant at 0.05 in the PMRA analysis). For the EPA analysis, there were no further findings of statistical
significance which includes all CCAs at the 12.5 and 25 pg/L treatment groups. In the PMRA analysis,
total individuals were significantly reduced at 12.5 (p<0.1) and at the 25 pug/L treatment groups (p<0.05).
It is noted here, as it has been previously for other response variables, that the effects determined at 12.5
and 25 pg/L are isolated to CCA6, with no determinations of significance before and after this CCA,
indicating this may be a transient effect. After overwintering at CCAS8, the surviving hives in the 12.5 and
25 pg/L groups were actually above the level of control by 2.6 and 11.4% respectively (based on the raw
counts of total individuals) while the 49% reduction from control at CCAS8 in the 50 pg/L group was
significantly reduced at a 0.05 alpha level.

When weighing statistical and biological significance, the overall NOAEC and LOAEC for total
individuals is determined to be 25 and 50 pg/L, respectively.

Figures 20-22 below provide another visual representation of the effects across CCAs variables within a
response variable for the various life stages of bees during the course of the study. The bar charts represent
the percent differences from control with negative percent differences from control indicating an increase
in a given response variable above the level of control. These figures provide further evidence of the general
lack of dose responsiveness in effects at the three lowest treatment groups. Furthermore these charts are
effective in indicating how the percent differences with a given response variable, changed over the course
of the study within a treatment group. The 50 png/L group chart (Figure 22) in particular shows a progression
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of a continuous impact throughout the study for certain response variables that is still present to a higher
degree after overwintering at CCAS8. It is also noted here that the scale for percent difference from control
(y-axis) has been standardized across all charts. It is noted here also that negative (
percent increase above the level of control. Charts are not shown for the 100 and 200ug/L groups given the
clear impacts on those hives across multiple response variables. Additional charts of the data represented

I3

in a slightly different way, across response variables within a CCA, are provided in Appendix B.
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Figure 21. Summary of living organism parameters at the 25 pg/L treatment group
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Figures 23-27 provide an additional visual representation of the effects on life stages during the course of
the study. This representation is distinguished from the figures previously presented for the life stage
response variables in that the trends for each variable are presented within a CCA. It is noted for these
figures that the scale has been adjusted to match for the y-axis for all CCAs. This helps visualize the trends
of the response variables particularly in the later CCAs as compared to the earlier ones as well as to highlight
the fact that the control hives themselves experience seasonal reductions and increases in certain life stages
through time.

Although the assessment of hive health at CCA4 was taken only 3 weeks after the exposure period began,
decreasing numbers of pupal and larval cells are indicated with increase in imidacloprid dose, particularly
at the 100 and 200 pg/L groups (Figure 23). These effects were also confirmed statistically by the three
analyses. Effects on pupal and larval cells numbers were persistent throughout the subsequent CCAs as was
discussed above.
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Figure 23. Trends of life stages across treatment groups within CCA4

At CCAS (Figure 24), the effects become more readily apparent in the 50 ng/L group for adults and pupal
cells especially. In the 100 and 200 pg/L groups, adults, pupal cells, and egg cells continue to be repressed
as they were from CCA4. This is also visualized by the sharp dip in the trend lines for adult and pupal cells
in particular at the 50 pg/L groups and above in comparison to the level of control while the responses in
the 12.5 and 25 pg/L groups remain generally at the level of the control.
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Figure 24. Trends of life stages across treatment groups within CCAS

At CCAG6 (Figure 25), reductions that were determined in the three analyses for all life stage response
variables at the two highest treatment groups continue to be repressed from the level of control. At the 50
pg/L group, the reductions in adults and pupal cells are also evident. Most noteworthy is the reduction in
pupal cells that was confirmed as statistically significant (p<0.05) by the EPA and PMRA analyses at the
12.5 ng/L (the PMRA analysis also determined a significant reduction at the 25 pg/L treatment group). This
is also evidenced visually by the dip in the proportion of pupal cells of frame coverage at these two groups
(12.5 and 25 pg/L) while other response variables in this group (12.5 pg/L) at this CCA are in line with the
level of the control.
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As mentioned previously, CCA7 represented the time during the study when hives are in a “shut down”
mode and preparing for overwintering. As a result, the proportions of all life stages are in a natural decline,
independent of imidacloprid exposure. The significant effects for adults, eggs, larvae, and pupal cells at the
100 and 200 pg/L treatment groups that were identified in previous CCAs were again determined by all
three analyses which are also visually evident in Figure 26 with the proportions of life stages in these two
groups clearly being below the level of that in the control. Effects at the 50 pg/L for adults (no other
significant effects at this group for other life stages) were determined as statistically significant by the
PMRA analysis but the level at CCA7 is reduced from control as well as in previous CCAs.
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Figure 26. Trends of life stages across treatment groups within CCA7

After overwintering at CCAS8 (Figure 27a and 27 b), there were a number of hives that were lost due to
hive mortality. Despite this, colony health response variables of surviving hives are still considered
informative in examining the success of certain treatment groups over others (see Section 5 — Reviewer’s
Comments for more details regarding this). As evidenced by the hive mortality data previously discussed
as well as the trends shown below at the 100 and 200 pg/L group, there was a clear impact at these groups.
It is worth noting that significant reductions in these life stage response variables were evident well before
the time of CCAS, with reductions being determined as early as CCA4. What is noteworthy is the levels of
proportions at the 50 pg/L group as compared to the control and 12.5 and 25 pug/L groups. In addition to
the statistically significant findings of all analyses, the levels of proportions in all life stages is shown below
to be reduced from the level of control (EPA and CDPR analyses did not determine significance for larval
cells). This is distinguished from the 12.5 and 25 pg/L groups whose levels are generally in line or above
the level of control.
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Figure 27. Trends of life stages across treatment groups within CCA8

Colony Condition Assessments - Food Store Response Variables

3.11.6. Pollen

Pollen stores were significantly reduced in the 200 pg/L treatment group during from CCA4 to CCA7
(p<0.05), with the CDPR analysis not finding a significant difference at CCA7 only. Pollen stores were
reduced at 100 pg/L treatment group at CCA4 andCCAS5 (p<0.05). Similarly, pollen stores were
significantly reduced at the 50 ng/L treatment group at the 0.05 alpha level at CCA4 and CCAS, but not
CCA6 and CCA7 (p>0.1). A marginal reduction at CCA7 (0.05 < p <0.1) for the 50 pg/L was determined
in the PMRA analysis but not in the EPA or CDPR analyses. The reduction of pollen stores was not
determined in the 12.5 and 25 pg/L treatment groups for any CCA assessed. The reduced pollen store was
most prevalent during and just after the exposure phase (CCA4 and CCAS) of the treatment levels exhibiting
effects.

Table 29. Estimated percent reduction from control for pollen stores

Test Estimated reduction from control (%)'
concentration CCA4 CCAS CCAG CCA7 CCAS?
(ng/t)
12.5 11.8 -6.8 -53.3 -26.1 -12.2
25 5.2 2.1 -25.2 -20.7 0.7
50 56.1%* 62.5%* 15.5 29.2% 63.8**
100 83.7%* 83.6%* 15.3 12.9 100.6**
200 94.5%* 90.4%* 54.7** 50.6%* 12.3
Note: Negative value indicates increased pollen stores in comparison to control.
*0.05<p<0.1
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sk,
p<0.05
"Percent differences from control are based on the raw counts of pollen stores, not proportions of the pollen stores as Figure 28 below shows.

2At CCAS, comparisons made to the 100 and 200 treatment groups are with uncertainty as 1 and 2 hives survived in these groups, respectively.
These data are included in the PMRA and CDPR analyses but excluded from the EPA analysis.

At CCAS, in the hives that survived overwintering, the total amount of pollen store was reduced in in the
50 pg/L group (|64% based off raw counts). The PMRA analysis also determined a significant reduction
in the 100 ug/L group (p<0.05) but not in the 200 pg/L group (p>0.1) (this data excluded from EPA’s
analysis). It is noted however, that the lack of statistical difference of pollen stores in the 200 pg/L group
is considered to be uncertain as there were only two hives surviving overwinter and a large confidence
interval.

Figure 28. Proportion of pollen stores following exposure of honey bees to varying concentrations of
imidacloprid in the diet across CCA3 — CCAS.

Figure 29 below shows the clear divergence of pollen stores in the 50 ug/L group as compared to the
control, 12.5, and 25 pg/L groups where stores begin to decline immediately following exposure and
continue to be repressed throughout the study including after overwintering.
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Figure 29. Proportion of pollen stores following exposure to varying concentrations of imidacloprid in
the diet across CCA3 — CCAS in the control, 12.5, 25, and 50 ug/L groups only.

In examining the trends of pollen stores in the control (Figure 30 below), there was a buildup that occurred
from CCA3 (7% of frame coverage area) to CCAS (10%). This increase supports the queen in her effort to
build up brood during the late spring and early summer months. Pollen stores experienced a decline in
numbers from CCAS5 (10%) to CCA7 (4%) before showing an upward trend from CCA7 to CCAS8 (8%).
This downward trend reflects that the fact that up to overwintering, brood production will slow as the hive
prepares for winter and therefore there is a reduced need for pollen within the hive.

As depicted in the Figure 30 below, the trends of the proportions in the 12.5 and 25 pg/L groups tracks very
similarly with the control. Pollen stores at the 50 pug/L group, in contrast to the control, 12.5 and 25 pg/L

groups, began a decline in stores earlier than the other groups as well as having an average proportion of
approximately 50% of the stores after wintering in CCA8 among the surviving hives.
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Figure 30. Proportion of pollen stores following exposure to varying concentrations of imidacloprid in
the diet across CCA3 — CCAS in the control, 12.5, 25, and 50 pg/L groups.

When weighing statistical and biological significance, the overall NOAEC and LOAEC for pollen
stores is determined to be 25 and 50 pg/L, respectively.

3.11.7. Nectar / Honey
There was consistently and significantly (p<0.1) a lower amount of honey stored in treatment hives at 50,
100 and 200 pg/L than in the control at CCA6 and thereafter (Figure 31 below). One exception is the
absence of a determination of significance at CCA6 for the 100 pg/L group which PMRA determined as
significant but EPA did not. All other findings after CCA6 at the 50, 100 and 200 pg/L (EPA excluded data
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at CCAS for the 100 and 200 pg/L groups) were in general agreement with slight variations of the alpha
level that the effect was significant. No reduction of the honey stores was determined at the 12.5 and 25
png/L during the study, with the exception of the PMRA finding of a reduction at CCAG6 at the 12.5 pg/L
treatment group (p<0.1) at CCA6. This statistical difference at 12.5 ug/L was unlikely to be treatment
related, as there were no reductions before or after the CCA6 at the same concentration, nor at the higher
concentration of 25 ug/L at CCA6. While there were no significant findings of impact at CCAS in the 200
ng/L group (EPA excluded this data) it is noted that this lack of finding is considered to be uncertain as
there were only 2 surviving hives at this treatment group.

Table 30. Estimated percent reduction from control for nectar/honey stores

Test Estimated reduction from control (%)
concentration ccA4 CCAS CCAG CCA7 CCAS
(ng/l)
12.5 -7.5 1.3 15.8% 12.5 -10.9
25 -10.4 -15.3 -2.4 10.6 13.3
50 -6.2 21.6* 36%* 41.2%* 60.4%*
100 -8 7.1 21.8* 52.9%* 156.6**
200 -21.1 -84.1 70.5%* 80** 5.1
Note: Negative value indicates increased nectar/honey stores in comparison to control.
*0.05<p<0.1
**p<0.05

"Percent differences from control are based on the raw counts of nectar/honey stores, not proportions of the nectar/honey stores as Figure 31

below shows.
2At CCAS, comparisons made to the 100 and 200 treatment groups are with uncertainty as 1 and 2 hives survived in these groups, respectively.
These data are included in the PMRA analysis but excluded from the EPA analysis

Figure 32 below for the honey store trends in the control, 12.5, 25, and 50 pg/L groups only show a marked
divergence at the 50 pg/L treatment group beginning at CCA6 and persisting up to and after overwintering
at CCAS.
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Figure 31. Proportion of honey stores following exposure of honey bees to varying concentrations of
imidacloprid in the diet across CCA3 — CCAS.
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Figure 32. Proportion of honey stores following exposure to varying concentrations of imidacloprid in
the diet across CCA3 — CCAS in the control, 12.5, 25, and 50 pg/L groups only.
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For the control group, honey stores underwent an upward trend from CCA3 (16% of the frame coverage) to
CCA4 (20%), before a subsequent decline in average proportion from CCA4 to CCAS (13%). This was
followed by an approximately 140% increase in honey cells from CCAS to CCA6 (average proportion of
30%) that remained stable until CCA7 (30%). This buildup of honey stores took place ahead of CCA7 that
represented the last time point before overwintering. The honey stores declined markedly from CCA7 to
CCAS8 (16%) which is expected given lack of foraging and utilization of these reserves during the
overwintering period. It is noted that the proportion of comb cells containing honey stores at CCA3 and at
CCAS8 were approximately the same at 16%.
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Figure 33. Proportion of honey stores following exposure to varying concentrations of imidacloprid in
the diet across CCA3 — CCAS in the control, 12.5, 25, and 50 ug/L groups.
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In the 12.5 pg/L treatment group, honey stores also underwent an initial build up from CCA3 (16%) to
CCA4 (21%) before a subsequent decline from CCA4 to CCAS (12%), similar to that of the control. This
was followed by a large buildup of honey stores from CCAS5 to CCA7 (27%). Honey stores declined during
overwintering and represented 15% of the brood area at CCAS8, as compared to 16% at CCA3, which a
similar finding to that in the control group. The proportion of honey stores at CCA8 was comparable to that
of the control group (15% for both 12.5 pg/L and control). A similar picture was found for the 25 pg/L
treatment group, in that honey stores underwent an initial build from CCA3 (15%) to CCA4 (21%) before
a decline at CCAS5 (14%). The subsequent build up reached 29% at CCA7 before a decline through
overwintering to CCAS8 (14%). CCAS concentrations of nectar and pollen were comparable to that of the
control at CCAS8 (honey: 14% and 15%; 25 pg/L and control groups, respectively).

These trends in the control and two lower treatment groups are distinguished from the response at the 50
pug/L group. While honey stores underwent an initial buildup and then decline from CCA 3 (17%) to CCA4
(21%), the subsequent larger buildup leading up to CCA7 that took place in the control and lower treatment
groups was much less pronounced with the 50 ug/L. group. Specifically, the proportion of honey stores
from CCA3 to CCA7 roughly double in numbers from 15 to 30% of the brood comb in the control, 12.5
and 25 pg/L treatment groups. This is distinguished from the 50 pg/L group were the buildup that occurred
from CCAS to CCA7 reached a marginally higher level that the starting proportion at CCA3 (18% and 17%
respectively). That is to say, that the amount of honey stores at CCA7 (before the overwintering period) in
the 50 pg/L group was approximately half of that in the control, 12.5, and 25 pg/L treatment groups (18%
for 50 pg/L as compared to 30, 27, and 29% at CCA7 for the control, 12.5 and 25 pg/L treatment groups,
respectively). Notably, it is also the only group out of these 4 in which the proportion of honey stores at
CCAS8 was markedly lower than that of CCA3 (8% at CCAS8 and 17% at CCA3).

It is noted that the feeding solutions (sugar solutions) provided during the exposure period might have
affected natural honey storage patterns; however, effects on honey storage are still able to be considered as
all treatments were compared to control hives (which also received feeding solutions).

When weighing statistical and biological significance, the overall NOAEC and LOAEC for honey
stores is determined to be 25 and 50 pg/L, respectively.

Figures 34-36 below show an additional visual representation of the impacts on food stores across the CCAs
for each treatment group (Figures not shown for the 100 and 200 pg/L treatment groups due to the clear
impacts on the hives at that level, primarily on hive mortality). It is noted that the scale for percent difference
from the control (y-axis) was standardized to the level of the 50 pg/L chart. When visualized this way, the
impact of the early on and persistent nature of effects (particularly with pollen) at the 50 ug/L is clearly
divergent from the responses at the 12.5 and 25 pg/L, which generally show a buildup in food stores that

was also observed in the control group. It is noted here that negative (“-*) responses refer to a percent
increase above the level of control.
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Figure 34. Summary of hive food supply parameters at the 12.5 pg/L treatment group
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Figure 35. Summary of hive food supply parameters at the 25 pg/L treatment group
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Figure 36. Summary of hive food supply parameters at the 50 pg/L treatment group

Figures 37-41 provide an additional visual representation of the effects on food store parameters during the
course of the study. This representation is distinguished from the figures previously presented for the food
store response variables in that the trends for each variable are presented within a CCAS8 across treatment
groups. It is noted for these figures that the scale has been adjusted to match for the y-axis for all CCAs.
This helps visualize the trends of the response variables particularly when examining the level of control at
each CCA as honey stores for example initially fall then build up across multiple CCAs in preparation for
overwintering heading into CCA7.
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At CCAA4, 3 weeks into the exposure period, honey stores across all treatment groups remained at the level
of the control, as shown below, and this was also confirmed statistically by all analyses. Pollen stores
however, began to undergo an immediate reduction at the 50, 100, and 200 pg/L groups while the 12.5 and
25 ug/L remain generally at the level of control.
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Figure 37. Trends of food store parameters across treatment groups within CCA4

The responses at CCAS are the same as those at CCA4 in terms of honey responses although the trend at
the 200 pg/L group rises above the level of the control. Pollen stores continue to be suppressed at the 50,
100 and 200 pg/L, while the responses at 12.5 and 25 pg/L are generally at the level of the negative
control.
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Figure 38. Trends of food store parameters across treatment groups at CCAS
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At CCAG®, significant reductions in honey stores began to become apparent and were confirmed statistically
at the 50 and 200 png/L levels. These groups also appear visually reduced from the level of control. Of note
is that the proportions of honey in the control are above that of the level of CCAS by approximately 2.5
fold, indicating a buildup in stores in the weeks before overwintering.
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Figure 39. Trends of food store parameters across treatment groups at CCA6

At CCAT, just before the overwintering phase begins, there is a marked decline in honey stores in the 50,
100 and 200 pg/L groups below that of the level of control. This is noteworthy as the reduced stores provide
an indication that these hives will have reduced success after overwintering. In the case of the 100 and 200
ug/L groups, these hives largely did not survive overwintering.

0.35
. CCA7
g 0.3
2
8 0.25
(]
€ 02
i
g 0.15 —e—Honey
(@)
v 0.1 —e—Pollen
8
[a W

0
Control 12,5 25 50 100 200
Treatment Group

Figure 40. Trends of food store parameters across treatment groups at CCA7
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Finally, at CCAS after overwintering, honey stores were markedly decreased in the control group from their
level heading into overwintering at CCAs 6 and 7. The levels at the 100 and 200 pg/L groups are clearly
suppressed as these groups had one and two hives surviving, respectively. The response at the 50 ug/L
level was also reduced from control while the response at the 12.5 and 50 groups again are in line with or
above the level of control.
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Figure 41. Trends of food store parameters across treatment groups at CCAS8

3.11.8. Hive Weight

There were significant reductions from control observed at the two highest dose levels (100 and 200 pg/L)
beginning at CCA4 and persisting until CCA8 (p<0.05, data from CCAS8 excluded from EPA analysis).
Additionally, there were no significant reductions from control in the 12.5 and 25 pg/L treatment groups
determined for all CCAs assessed (p>0.1). For the 50 pg/L group, there were significant reductions at both
the 0.05 and 0.1 alpha level starting as early as CCA4 (CDPR and PMRA analyses). The PMRA analysis
determined significant reductions at the 0.1 alpha level for CCA4 and CCAG6 and at the 0.05 alpha level for
CCAs 5,7, and 8. The EPA analysis determined significant reductions from the control at the 0.1 alpha
level at CCAs 7 and 8 only. Despite these differences in statistical findings, there is an apparent effect on
hive weight at the 50 pg/L level that is supported by both analyses indicating significant reductions at
multiple CCAs.

While there was no difference (p>0.1) in the hive weight at the 200 pg/L treatment groups (data not included
in EPA analysis), the lack of statistical difference is considered to be uncertain as there were only two hives
surviving overwintering.
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Table 31. Estimated percent reduction from control for hive weights

Test Estimated reduction from control (%)
concentration cca4 CCAS CCA6 CCA7 CCAS'
(ng/L)
12.5 -0.5 2.4 0.2 -1.6 -1.1
25 2.7 -0.4 -1.5 0.6 1.2
50 4.1%* 11%* 12.3* 15%* 20.9%*
100 7.1%% 14.9%* 15%* 18.9%* 67.7%*
200 10.1** 10.4** 30.4** 33.3%* -25.5
Note: Negative value indicates increased hive weight in comparison to control.
*0.05<p<0.1
**p<0.05

2At CCAS, comparisons made to the 100 and 200 treatment groups are with uncertainty as 1 and 2 hives survived in these groups, respectively.
These data are included in the PMRA analysis but excluded from the EPA analysis

Figure 42. Proportion of hive weight following exposure of honey bees to varying concentrations of
imidacloprid in the diet across CCA3 — CCAS8

When weighing statistical and biological significance, the overall NOAEC and LOAEC for hive
weight is determined to be 25 and 50 pg/L, respectively.
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4. Reviewer comments:

What follows is brief discussion of some of the elements taken into consideration when evaluating the results
of this study.

General Considerations for Biological Interpretation

While the hive mortality is considered as the most relevant measurement of survival at the colony level,
sublethal effects at the colony level were estimated by measuring multiple parameters during the course of
study. Each measured parameter is expected to reflect only part of the colony conditions, and all
measurements have to be integrated for a better understanding of the hive status at the colony level. A
honey bee colony is a super-organism in which live individuals and food supply are the two major
components in maintaining the proper function of the colony. There are interactions between the two
components and even within each component.

Bee individuals are present in the colony as eggs, larvae, pupa and adults and they develop from one stage
to another and interact with each other to perform a variety of tasks to maintain the integrity of the colony.
The measurement of each stage of the bees is expected to provide information on the potential treatment
effect on a specific life stage of bees during their development.

Hive food supplies including hive pollen and nectar are collected and processed by adults and are expected
to have a large impact on the development of all stages of bees in hives. However, the amount of hive food
storage is dependent on not only the power/number of foragers available for food collection, but also the
number of individuals that consume the food. In addition, the seasonal availability of outside pollen and
nectar sources also affects the amount of storage, thus impacting hive development. As well, sucrose
feeding solutions were provided to the hives as a means of treatment and as a supplement for hive
overwintering, which may have affected foraging and food storage during those time periods.

Hive weight was measured during the study. However, it is largely affected by the honey storage and number
of bees that consume the food. A strong colony with a high number of bees likely consumes a high amount
of stored honey and may result in a reduced hive weight. In this study, additional sugar solution was
provided as the means of treatment and a supplement for hive overwintering in the study. Such feeding
likely further confounds the relevance of the hive weight to the treatment effect. In addition, hive weights
were taken after 10 a.m. However, weighing hives at different time periods of the day may result in an
increased variation of the measurement due to the fact that foragers may not be present in the hive when the
weight is measured. Hive weights may be artificially lower in hives which contain a high number of forager
bees that may be out collecting food during a different time of the day.

Considerations regarding the measurement time points:

e CCA3 represents the background hive conditions as the first colony assessment after the hives
were placed in the test fields prior to the exposure.

e (CCA4 and CCAS5 represent the hive conditions during the exposure phase. It was noted that the
CCAS was conducted a week after the end of the 6-week exposure period, but is expected to
represent effects during the exposure period.
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e CCAG6 was measured at 5 weeks after the end of exposure. It allows all bee individuals, including
eggs, larvae and pupa that were exposed to treatment to finish their development cycle and become
adults.

e CCAT7 represents the hive conditions prior to overwintering. It is considered that hives were
physiologically preparing for overwintering by reducing the production of immature bee
individuals. Treatment effects may be masked by the natural decline of hive individuals.

e CCAB8 represents hive conditions of surviving hives after overwintering. Additionally, hive
overwintering mortality at CCAS is expected to be directly relevant to the treatment effect at the
colony level.

Control Performance

Control mortality:

The level of colony loss after overwintering in controls (36%), though not desirable, is consistent with that
historically experienced by beekeepers on average across the United States?; the 2014-2015 preliminary
results estimate US overwintering loss on average to be 23.1%. There are, however, differences in bee
management practices associated with the test hives compared to commercial hives, making a direct
comparison of expected overwintering success challenging. Commercial hives could experience very
different beekeeping practices than test hives, including being transported for pollination services, being
harvested for honey production, given additional feedings, receiving different pest and disease control
treatments, having different sized hives and different preparation for overwintering. The test hives, while
closely monitored, may also experience invasive disruptions during the colony condition assessments, have
different/less supplemental feeding or mite treatments than commercial hives, have a lower colony size or
be prepared differently going into overwintering as was the case with hives in this study which were not
given supers to allow for growth as well as having supplemental feeding delayed.

Sublethal effects on life stages and food stores

As described with discussion of the response variables in Section 3 above, the parameters measured indicate
that control hives behaved as would be expected through the seasonal changes that a honey bee colony
undergoes. Although a large variation among apiaries was detected for each parameter in all control hives,
the average of the total number of individuals in hives, as well as eggs, larvae, pupae and adults increased
or remained at similar levels during the exposure period from CCA3 to CCAS. After the end of the exposure,
all these biological parameters also increased or remained at a similar level at CCAS and CCAG6, and then
all decreased sharply from CCA6 to CCA7.

The similarity in the dynamics of all parameters for the individual living organisms at various stages
indicates that control hives were well developed during CCA3 to CCAG6, and the hives were preparing for
overwintering at CCA7 as expected in the late fall in October. The increase of hive food supply (pollen and
honey store) and hive weight also confirms that hives were actively developing during the exposure period
from CCA3 to CCAS. The increased level of honey store from CCAS to CCA6 and CCA7 indicates that
there were plenty of outside nectar sources in the test area after the end of feeding exposure period.

3 http://beeinformed.org/2015/05/colony-loss-2014-2015-preliminary-results/
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However, the pollen store reduction observed during CCA5 to CCA7 might have resulted from increased
pollen consumption due to the increase of live individuals and/or limited availability of outside pollen
sources. If the outside pollen source were limited, it may have impacted the further development of control
hives after CCAS5. However, the decline of pollen stores in the control hives after CCAS is likely normal
for the local region of the study, and control hives did not appear to be impacted, therefore, this is not
expected to have biased the study.

Consideration of CCA8

Control overwintering mortality

While the level of control mortality after overwintering is generally in line with historical findings from
North American beekeepers as described above, it is noted that the use of data from CCAS to distinguish
treatment-related effects on colony survival (i.e. dead or alive) is compromised due to the level of control
mortality observed. That is to say, the ability to detect treatment-related decreases in overwintering colony
survival may be masked by the magnitude of control hive loss.

Response Variables from Surviving Hives

While the measure of overwintering success may be compromised by the control hive loss, the evaluation
of life stage and food store metrics at CCAS for surviving hives is considered to be useful and important to
interpreting the study results. Specifically, the data suggest that the weaker control hives were not able to
survive overwintering because they had disproportionately fewer numbers of adults and honey stores
compared to control hives that survived overwintering. (Figure 43).

Figure 43. Fate of control hives as compared to number of adults across CCAs

Control hives that survived overwintering had 2.5X more honey on average at CCA7 than those that did not
survive overwintering (Figure 44)
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Figure 44. Fate of control hives as compared to the honey stores across CCAs

This, coupled with the experimental design which limited colony development due to lack of supers,
provides a plausible explanation for the loss of control hives. Assuming this hypothesis, the bias introduced
by this “culling” of weaker hives would theoretically render the remaining control hives at CCAS8 stronger
(on average) than the initial population of control hives. This could conceivably improve the ability to
detect treatment-related colony condition effects at CCAS, since the actual values for controls would be
weaker (on average) if the data from the dead hives were available for inclusion, and because there were
more non-survived hives among controls than the two lowest treatments.

Consideration of Study Strengths, Limitations and Interpretation

It is important to recognize the inherent strengths and limitations of this study as results are interpreted and
potentially considered in risk assessment.

In the context of available field studies involving honey bees and imidacloprid, this study contains a number
of strengths including:

e Use of a high degree of replication (n=12) to achieve a reasonable level of statistical power

e Demonstration of a generalized concentration-response relationship with respect to the
concentration of imidacloprid in sucrose solution and the magnitude and duration of adverse effects

¢ Quantification of exposure to parent (imidacloprid) and toxicologically-relevant metabolites in diet
and in hive matrices (uncapped nectar, pollen, honey, bee bread)

e Use of a 6-week exposure duration to represent a “high end” exposure scenario

¢ Inclusion of multiple colony-level endpoints reflecting hive strength, brood development and food
stores
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Detailed QA/QC results regarding quantification of chemical residues in various matrices
Availability of raw data for conducting statistical analysis.

A number of limitations are also noted with this study, including:

Exposure of bees through nectar (sucrose) alone, whereas bees in the field are likely exposed through
both pollen and nectar routes. Therefore, the design of this study may not reflect a “worst case”
exposure scenario in which bees are experiencing prolonged exposure to both contaminated nectar
and pollen. While exclusion of the pollen route is expected to reduce overall exposure, the impact
of this exclusion on the study results is uncertain and will likely depend on the life stage/caste of
bee.

It is noted that imidacloprid was found in both hive nectar and hive pollen (beebread), at
concentrations lower than the feeding solutions. Dilution compared to the treatment feeding solution
is expected since bees could also forage on outside nectar and pollen sources. As well, hive pollen
contains only some hive nectar, thus would not be expected to have a concentration equivalent to
nectar alone, and it is mixed with pollen which will come from outside sources. Therefore exposure
through both hive pollen and nectar occurred via exposure to the sucrose feeding solution, but how
this compares to exposure through contaminated pollen directly is not known. A recent paper by
Dively (2014) showed that higher residues throughout the hive resulted from feeding pollen
treatments compared to feeding sucrose solution treatments. It is also noted that nectar is considered
the dominant exposure route for forager bees; other hive bees and larvae consume both nectar and
pollen. In addition, since bees were forced to forage for pollen in this study, the potential impact of
imidacloprid exposure on reducing pollen foraging efficiency of bees could be incorporated into the
overall expression of adverse effects, as suggested by published literature. Had contaminated pollen
been provided to bees, it is not known if the potential impact on pollen foraging efficiency would
have been masked.

The quantity of nectar provided to hives (2 L per week per hive) likely did not fulfill the complete
carbohydrate needs of the colony, as indicated by colony bioenergetics and the lack of remaining
sucrose solution upon their renewal. This suggests that bees could be exposed to a greater dose of
imidacloprid in nectar had a greater volume of spiked sucrose been provided. Although one can
infer that the dosing regimen may have underestimated exposure through sucrose relative to 100%
contaminated diet, it is also noted that bees had to supplement their spiked sucrose by foraging on
their own for other sources of nectar. As with the previous discussion of pollen, it is noted that had
100% of the carbohydrate needs of the colony been provided via feeders, the potential impact of
purported reductions in nectar foraging efficiency may have been masked to some degree.

Overwintering success of controls was impacted (36% hive mortality). This may have reduced the
ability to detect adverse effects related to hive loss following overwintering. Although comparable
to overwintering losses of commercial beekeepers, it is possible that elements of the study design
may have contributed to this loss (e.g., lack of supers to allow for colony growth, delayed
supplemental feeding during fall).

Hive contamination with pesticides from food sources other than the artificial feeding was detected
during the exposure period and post-exposure periods through collection of pollen from pollen traps.
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Although the study was deliberately conducted in a low agricultural area in order to minimize the
potential for pesticide contamination from other sources, the bees still appeared to be foraging on
contaminated pollen and possibly nectar. During both exposure and post-exposure periods, high
levels of multiple pesticides that may cause concern for bees were detected in most monitoring hives,
such as spiromesifen (maximum at 961 ppb) and piperonyl butoxide (maximum at 591 ppb). Trace
amounts of other bee-toxic pesticides, such as chlorpyifos (LOD = 1.0 ppb) and malathion (LOD =
4.0 ppb) were also detected. The test chemical imidacloprid was found at 12.1 ppb in pollen from
one (apiary L) of the total of six sites analysed. This level is similar to one of the test concentrations.

Residues of imidacloprid in uncapped nectar and bee bread within the hives at CCAs 4, 5, and 8
represent a single sample per hive on a single frame rather than a composite sample from multiple
portions of the comb within a hive. This means that residue results may reflect “hit or miss” scenario
with respect to detecting residues in nectar laid down from contaminated (fed) vs. outside sources.

The exposure, based on residues measured in the hive (hive nectar and hive pollen) indicated that,
overall, higher measured hive residues correlated with higher nominal residues in feeding solutions.
However, individual hive residue values varied, and there was some overlap in measured values,
particularly among the three lowest doses.

Exposure dilution during the study was evident. Pollen storage was observed consistently in the
control hives and hives exposed to lower test concentrations during the exposure period, indicating
that test bees were foraging on food sources other than the spiked sugar solution. Remarkably lower
residue concentrations detected in bee bread and hive nectar in some test hives compared to the
feeding concentrations may also indicate foraging on other food sources. This uncertainty is inherent
in any semi-field or full-field study design.
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5. Conclusions

The study is considered to be informative and will be used as a line of evidence in the pollinator risk
assessment. While there were uncertainties that were generally related to inherent aspects of any semi-field
or full field study design (such as dilution of the test chemical through alternative sources of forage,
detection of other chemicals in the monitoring hives), this study still provides information on a number of
colony health parameters about the long term (including overwintering) exposure to imidacloprid at the
colony level.

As indicated in the results section above, the PMRA, EPA, and CDPR analyses determined significant
effects (at both the 0.05 and 0.1 alpha levels) in the 50, 100, and 200 pug/L groups across multiple CCAs for
the majority of response variables. Specifically, for the 100 and 200 pg/L treatment groups, significant
effects (p<0.05) were determined for every response variable and persisted across at least 2 CCAs, along
with very high overwintering mortality. While the 50 pg/L group had overwintering mortality similar to the
controls, colony condition effects were different from controls with an early onset of effects which tended
to persist, and notably poorer colony condition in surviving hives after overwintering in comparison to
controls.

Conversely, there was not a strong indication from the PMRA, EPA, and CDPR analyses of an impact at
the colony level at the 12.5 and 25 png/L treatment groups. This is evidenced not only by a general lack of
statistical findings (p>0.1) at these treatment levels but in cases where significant effects were determined,
they either did not show strong dose-responsiveness, did not persist across multiple CCAs, or were
considered potential transient effects (e.g. at CCA6) which did not persist after overwintering. This latter
point was the case for the total life and pupal cell findings in which the PMRA analysis determined
significant effects at all treatment levels at CCA6 (EPA also determined a significant reduction in pupal
cells at the lowest treatment group of 12.5 ng/L at CCA6). As well at CCA6, PMRA determined significant
effects with eggs and larvae at 25 pg/L treatment (but not at the 50 pg/L). For these two lowest treatment
groups (12.5 and 25 pg/L), the colony condition of surviving hives at CCAS8 following overwintering was
similar to controls, indicating the effects observed at CCA6 were likely transient and the colony was able
to compensate for these effects.

The figures below present the trends of life stages across all CCAs in the 12.5, 25, and 50 pg/L treatment
groups compared alongside the response of that in the control.
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When examining the effects on food stores (pollen and nectar), the PMRA, EPA, and CDPR analyses did
not determine any consistent and significant reductions in pollen and nectar stores at the 12.5 and 25 pg/L
treatment groups. This is distinguished from the 50 pg/L group where effects on nectar in particular were
very apparent when compared alongside the response of the control in terms of the level of nectar buildup
before the hive preparation for overwintering at CCA7. This finding was also confirmed statistically in all
three analyses with significant reductions in honey stores at CCAs 6, 7, and 8 (CCAS data excluded from
the EPA analysis for the 100 and 200 pg/L groups). Significant reductions in pollen stores were also
confirmed at CCAs 4 and 5 at the 50 ug/L treatment during the exposure period.

Specifically, when considering the adult and honey and pollen stores response variables, the differences
from control were apparent both visually and statistically, particularly in the three highest treatment groups.
For the proportion of adults, the onset of a decline in numbers occurred one CCA earlier in these groups
than in the control, 12.5 and 25 pg/L treatment groups. For honey stores, the buildup that occurred starting
at CCAS in the 50 ug/L treatment group, reached only half the level reached in the control, 12.5, and 25
ng/L treatment groups by CCA7. Pollen stores were also reduced at CCA4 and CCAS compared to controls
for the three highest treatment groups, as well as at CCA6 and CCA7 at the highest treatment group. These
effects were statistically significant (p<<0.05) and indicate that the 50 pg/L treatment group was associated
with trends and proportions of abundance for life stages and food stores not observed in the control, 12.5,
and 25 pg/L treatment groups.

Therefore, when weighing biological significance and the natural seasonal changes of honey bees
colonies, as well as supporting conclusions from the statistical approaches used in PMRA, EPA, and
CDPR, the NOAEC and LOAEC for this study is determined to be 25 and 50 pg/L, respectively.
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Appendix A: Details of EPA Statistical Analysis

In the statistical analysis of the Tier II colony feeding study for imidacloprid and honey bees, there were
three main questions that were investigated:
1. For given CCA (colony condition assessment) and treatment level, what treatments were having an
effect on the measures of hive health, as determined relative to control?
2. Were the observed treatment effects consistent over time?
3. What was nature of the onset of effects over time for various treatments?

To answer these questions, a variety of statistical approaches were considered and a repeated measure mixed
model analysis was deemed best to address the above questions.

For this analysis the time by treatment interaction was evaluated across all CCAs and treatment groups for
each response variable. In this way, the trends for each response variable (i.e. adult, eggs, etc.) across all
CCAs for a given treatment group could be examined. The details of the parameterization of the repeated
measure mixed model along with the statistical results (p-values) are provided below.

Background on data manipulation

e Data utilized for the statistical analysis were provided in an Excel file by the study author. This file
was made available to the Agency on May 15, 2015. Additional QA of the entire data file was
completed by the study author, as some transcription errors were found in an earlier electronic file
submitted by the study author.

e Data to be included in the data analysis were data that were collected on or after CCA3. CCA3
represents the first time hive parameters were measured after the hives were placed in their treatment
apiaries/locations.

e Zeros in the data set represent instances when no frame contained >5% coverage of a given matrix.
Missing values for all matrices during a given timepoint indicate the hive was dead and no
measurements were taken. Definition of a dead hive is provided in the study report. For these data
analyses, all entered zeros were maintained in the data set. Missing values were kept as ‘missing’.
These parameters were not replaced with zeros.

e Time (days) between measurements was roughly even for CCA3 through CCA7, while CCAS8 was
measured during the following spring (to evaluate any impacts on hive overwintering). Number of
days was estimated using the median number of days between CCAs. Assuming that CCA3 was on
day 0, CCA4 through CCAS occurred on the following days: 25, 53, 84, 119, and 272.

e In the initial analyses, there were difficulties with convergence of the PROC MIXED algorithm for
many of the more complicated temporal covariance structures. John Troiano (California Department
of Pesticide Regulation) provided an article from SAS suggesting that by re-scaling the response
variable, the likelihood of convergence would be improved. Given the nature of the response variable
(most were count cells of a given matrix within in a hive), a re-scaling was straight-forward. For
eggs, open, capped, pollen, and honey cells, the count (the variable recorded in the excel spreadsheet)
was divided by 68800 (total number of cells in the hive). This resulted in the proportion of cells
occupied by a given matrix (values between zero and one). Number of adult bees, as recorded in the
spreadsheet, was derived from the percent coverage, the density estimate of 1.3 bees/cell, and the
density estimate of 4 cells/cm?. Therefore, the conversion from the data stored in the spreadsheet
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was to divide by 68800, divide by 1.3, and multiply by 4. The resulting number is the proportion of
cells occupied by adult bees. Following the re-scaling of the response variables, the model
convergence improved dramatically.
The variables to be analyzed included:

0 Proportion of hive covered in adults
proportion of hive covered in eggs
proportion of hive covered in open cells (larvae)
proportion of hive covered in capped cells (pupae)
Proportion of hive covered in live bees (at any life stage). This was obtained by summing the
proportions of the four life stages (described above). Note that it is possible for the proportion
of a hive covered in live bees to be greater than 1.0, as adult bees will be observed on top of
cells containing eggs, larvae, or pupae.
0 Proportion of hive covered in pollen cells
0 proportion of hive covered in honey cells, and
0 Hive weight.

O o0Oo0o

Examination of the associations among the variables

Based on physical hive constructs and the nature of the honey bees, it is generally accepted that the
colony condition assessment (CCA) variables may be correlated over time and may also be
correlated within a time point (sampling time). Given this background, a series of scatterplots,
correlation matrices, and principal component analyses for this bee study was prepared (Further
details are provided in the section entitled “Scatterplot and Principal Component Discussion”
and the full SAS output is included as Attachment 3).
Some of the general summary points are:
O Variables tended to have stronger correlations at adjacent time points than at farther time
points (i.e., correlations for CCA3 and CCA4 tended to be stronger than correlations for
CCA3 and CCA7 or for CCA4 and CCA7).
0 CCAS tended to have weaker pairwise correlations with all the other time points than CCA3
through CCA7 had with each other.
0 The first principal component for each of the CCAs explained 20-50% of the total
variation. The lowest was capped, and the highest were adults, honey, and pollen.
0 The general interpretation of the first principal component was a weighted average over all
time points (weights varied depending on variable).

Analysis Approach and Model Setup

The general experimental design was a randomized complete block with repeated measures. Apiary was the
block effect and the repeated measures were the CCAs. Within each block, the control treatment was
replicated 2x and each treatment occurred one time. Since hives were not placed till shortly before CCA3,
the data for the statistical analysis only included CCA3 through CCAS8. Exploring the interaction between
treatment and CCA will address the first two questions above.

Once the design component of the analysis was established, the next part of the analysis was to determine
which correlation structure (across time) was the best fitting for these data. One of the challenges was that
many hives died before the end of the study (especially the 100 and 200 ppb treatments in CCAS8), creating
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censored data or an imbalanced design. PROC MIXED in SAS can handle an unbalanced design; however,
convergence may not be attained for some correlation structures. In this case the imbalance was due to
treatment (the higher treatments had a higher rate of hive death) as well as random mortality (control hive
mortality rate during overwintering was similar to background mortalities of commercial hives). After
exploring several options (which are detailed in the section entitled “Options for Addressing the Data
Imbalance”), the data were analyzed after removing data from the few remaining hives in treatment groups
100 and 200 ppb from CCAS. Data from hives treated with 100 or 200 ppb imidacloprid remain in the data
set and analysis for CCA3 through CCA7 permitting utilization of a majority of the data. These deletions
create a 5x6 factorial design matrix with two of the cells (CCAS, treatment=100) and (CCAS,
treatment=200) missing all data. CCA*treatment interaction means can still be calculated. Least square
means on the main effects (treatment and CCA) cannot be estimated for Concentration=100,
Concentration=200, and CCAS. Since the expectation was that the interaction would be significant and all
further statistical tests would be exploring the interaction, this was not considered a significant hindrance.

To address the primary research questions above, the “treatment * CCA” interaction was evaluated in two
ways:
e Ateach CCA, was there a reduction in the response relative to the control? This was evaluated using
a one-sided Dunnett’s test.
e At each treatment level, was there a difference in the response relative to the baseline? This was
evaluated using a two-sided Dunnett’s test comparing CCA4 through CCAS against CCA3.

Scatterplot and Principal Component Discussion

Based on physical hive constructs and the nature of the honey bees, it is generally accepted that the colony
condition assessment (CCA) variables may be correlated over time and may also be correlated within a time
point (sampling time). Given this background, a series of scatterplots, correlation matrices, and principal
component analyses (PCA) for this bee study were prepared. The full printout is included as Attachment
3. Some of the general summary points are:

The first series looked at: for a given response variable, what were the pairwise correlations over time, and
how would a principal components analysis best explain the observed variation. Data were plotted and
subjected to a PCA without accounting for treatment (i.e., all data were included in a single series of plots
and PCAs; separate assessments were not done for each treatment). Some general interpretations are:

e Scatterplot and correlation matrices indicated that variables tended to have stronger correlations at
adjacent time points than at farther time points.

e (CCAS tended to have weaker pairwise correlations with all the other time points than CCA3 through
CCA7 had with each other.

e The first principal component for each of the variables explained 26-53% of the total variation. The
lowest was proportion frame coverage of eggs, and the highest were adults, honey, and hive weight.
The general interpretation of the first principal component was a weighted average over all time
points (weights varied depending on variable). For most variables, CCA3 tended to carry the least
weight in the weighted average.

e The second principle component explained an additional 16 to 27 percent of the total variation. For
most endpoints, a general interpretation of the principle component eigenvector was a difference
between measured taken early in the study and measure recorded later in the study (e.g., average of
CCA3 and CCA4 minus the average of CCA7 and CCAS).
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These scatterplots, correlation matrices, and principle component analyses were used to inform the choice
of covariance structure used in the repeated measure analysis. Some summary points are:

e Variance for a given response variable was not consistent across all CCAs. This may indicate that
the correlation structures with a constant variance for all CCAs (e.g., CS, SP(pow)(1), and AR(1))
may not fit as well as those that allow for heterogenous variance (e.g., CSH, ToepH(1), and
ToepH(2)).

e There did not appear to be a consistent decrease in correlation if the paired CCAs were farther apart
(i.e., correlation between CCA4 and CCAS (three time steps apart) was not consistently less than
correlation between measurements 2 time steps apart, e.g., (CCA4, CCA6), (CCAS, CCA7), and
(CCA6, CCARB). This may indicate that the AR(1) and SP(pow)(1) covariance structures may not fit
the data as well as other structures.

The second series of scatterplots and PCAs looked at: for a given CCA, what were the pairwise correlations
across matrices, and how would a principal components analysis best explain the observed variation. Data
were plotted and subjected to a PCA without accounting for treatment (i.e., all data were included in a single
series of plots and PCAs; separate assessments were not done for each treatment). Some of the general
summary points are:

0 Honey had the weakest correlations (honey and any of the other measured matrices) amongst
all the pairwise correlations.

0 The first principal component explained 36-66% of the total variation. The CCAs with the
lowest percent of variation explained were CCA3 and CCA4. The percent variation
explained tended to increase over time. At each time point the first principle component
tended to be interpreted as a weighted average, with honey receiving the least weight.

O The second principal component explained an additional 15 to 24% of the total variation.
The interpretations of the eigenvectors from the second principal component were less clear
and consistent. They tended to be an average of a measure of hive food stores (pollen, honey,
and/or hive weight) or an average of the hive food stores contrasted with a subset of the
population matrices (e.g., eggs, open, capped, adult, and/or total).

Options for Addressing the Data Imbalance

Once the design component of the analysis was established, the next part of the analysis was to determine
which correlation structure (across time) was the best fitting for these data. One of the challenges was that
many hives died before the end of the study (especially the 100 and 200 ppb treatments in CCAS), creating
censored data or an imbalanced design. PROC MIXED in SAS can handle an unbalanced design; however,
convergence may not be attained for some correlation structures. In this case the imbalance was due to
treatment (the higher treatments had a higher rate of hive death) as well as random mortality (control hive
mortality rate during overwintering was similar to background mortalities of commercial hives). Several
options were explored for addressing the data imbalance and convergence issues: *

4 These analyses were conducted utilizing an earlier version of the data set that was provided by the study author. It was later
determined that there were some data entry errors. The errors were corrected and the main analyses were re-run. These
exploratory analyses discussed in Appendix B were not re-run utilizing the corrected data set; however, the scope of the data
errors was such that it was unlikely that the analysis choices would have changed.
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e Analyze the data with treatment groups 100 and 200 deleted for all CCAs. The reasoning behind this
path forward are:

0 There was consensus that treatments 100 and 200 impacted hive health with no recovery
amongst all evaluators.

0 Removing these treatment groups greatly improves the percentage of covariance structures
that were able to be fitted in PROC MIXED.

0 During the study, hives treated with 100 and 200 concentrations of test material were
physically moved away from the initial placements in the field to minimize the potential
impact these hives may have on the other nearby hives. Thus data obtained on these hives
after moving may not be comparable to data obtained before moving.

e Analyze the data with CCAS8 removed and conduct separate analysis for CCAS8. The justifications
are:

0 The majority of hive deaths occurred between CCA7 and CCAS; therefore, data are better
balanced from CCA3 to CCA7 and convergence success will be much higher for all
responses.

0 Number of days between CCAs was very similar from CCA3 to CCAS,; therefore, the AR(1)
covariance structure which requires equal spacing between time points could be evaluated.

e Analyze the data analyzed after removing data for the few remaining hives in treatment groups 100
and 200 ppb from CCAS. The justifications are:

0 The vast majority of the data can still be included in the analysis.

0 Data on some hives after overwintering can be included in the full analysis.

O Pulled error terms (and standard errors) will utilize the majority of the data set, thus
increasing confidence in the estimates.

After exploring these options, the data were analyzed after removing data from the few remaining hives in
treatment groups 100 and 200 ppb from CCAS (third option above). Data from hives treated with 100 or
200 ppb imidacloprid remain in the data set and analysis for CCA3 through CCA7 permitting utilization of
a majority of the data. These deletions create a 5x6 factorial design matrix with two of the cells (CCAS,
treatment=100) and (CCAS, treatment=200) missing all data. CCA*treatment interaction means can still be
calculated. Least square means on the main effects (treatment and CCA) cannot be estimated for
Concentration=100, Concentration=200, and CCAS. Since the expectation was that the interaction would
be significant and all further statistical tests would be exploring the interaction, this was not considered a
significant hindrance.

Determining the temporal covariance structure

Before conducting Dunnett’s test, several different correlation structures to best fit the temporal correlation
were evaluated. The structures that were fitted included:

e Compound symmetry (CS): assumes equal correlation for all pairwise correlations (regardless of
distance of timepoint).

e Compound symmetry with heterogeneous variance (CSH): Estimates a unique variance at each
time point, but assumes equal correlation for all pairwise correlations (regardless of distance of time
point).

e Sp(pow)(1): this is a correlation structure that fits an AR(1) but it adjusts for unequal spacing
between time points.
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e AR(1): autoregressive correlation. Assumes equal correlation between adjacent timepoints. Time
points further apart have a lesser correlation.

o Heterogeneous Toeplitz TOEPH(1): models a unique variance for each timepoint. Correlation
between timepoints was zero.

o Heterogeneous Toeplitz TOEPH(2): models a unique variance for each timepoint and a common
correlation for adjacent timepoints. Correlation for timepoints not immediately adjacent was
assumed to be zero.

More information about each of the correlation structures can be found here:
http://support.sas.com/documentation/cdl/en/statug/63033/HTML/default/viewer.htm#statug_mixed sectO
19.htm . The full SAS output is provided in Attachment 4.

To compare structure fit, Bayesian Information Criterion (BIC) was utilized. The BIC is similar to the AIC
and both are functions of the log likelihood with a penalty for an increase in the number of covariance
parameters to be fitted. The BIC value for each fitted model for all eight response variables is reported in
Table A-1; smaller values of the BIC indicate a better fit (bolded). For many of the endpoints, heterogeneity
of variance at different time points was indicated as CSH, ToepH(1), or ToepH(2) were the covariance
structures providing the best fits. This is not surprising as unequal variances were observed in the
exploratory multivariate/principle component analysis. Although the AR(1) model was fit here, it may not
be appropriate as the spacing between measurement times is not consistent (minor deviations as between
CCA3, CCA4, CCA5, CCA6, and CCAT are acceptable, but CCAS is clearly not equidistant from CCA7).

For the variables that represent the individual life stages (adults, eggs, open cells, and capped cells),
ToepH(2) is the one covariance structure that provides a good fit for all four matrices of the evaluated
structures. In addition, the BIC statistics suggests that CSH, AR(1) and ToepH(1) provide adequate fits for
at least one of the life stages. For proportion frame coverage of total individuals, ToepH(2) provides the
best fit to the covariance structure of all the evaluated models. For pollen, CSH, ToepH(1) and ToepH(2)
provided the best fits to the data. For honey, SP(pow)(1) and AR(1) provided the best fits to the covariance
structure; ToepH(2) did not converge (infinite likelihood). For hive weight, SP(pow)(1), AR(1), and
ToepH(1) were the best fitting covariance structures. Compound symmetry (CS) was not identified as
quality fit to the data for any of the eight evaluated response variables.

Residual plots were also evaluated for each of the response variables and covariance structures.

Patterns indicative of heterogeneous variance of the residuals were evident for many of the response
variables and models where an assumption of equal variance at each time point was made. It was recognized
that many of the response variables were proportions, hence the distribution of the response variable and
the residuals may not meet assumptions of normality. Review of the residual plots indicated that estimating
unique variances at each CCA (e.g., CSH, ToepH(1), or ToepH(2) covariance structures) appears to address
the concern of unequal variance.

The varying strength and pattern of correlation seen in the pairwise scatterplots (CCAX vs. CCAYy for any
given response variable for X and y equal to 3, 4, 5, 6, 7, and 8), the BIC comparisons, and the residual plot
review indicate that there is not a single covariance structure that is clearly best for all eight response
variables. General conclusions that can be made from the scatter plots and covariance analysis are that
within a response variable, variance varies over time and that there is correlation in response variable over
time; however, the pattern of correlation is not particularly strong nor is it consistent. Given these
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interpretations along with the BIC analysis and residual plots, the CSH covariance was chosen for the mixed
model structure.

Table A-1. BIC values for fitted models. CCA3 - CCAS; concentrations 100 and 200 ppb deleted from
CCAS8

Variable — Adults Eggs Open Capped Total Pollen Honey Hive
Model | indiv. weight
SP(pow)(1) -389 -1457 -1268 -735 1.95 -1518 -724 2502

CS -374 -1459 -1265 =724 333 -1518 -679 2588
CSH -385 -1549 -1321 -816 -5.85 -1534 -709 2533
AR(1) -401* @) -1456 -1268@ | -738@ -2.27@ -1522 -729 2492@
ToepH(1) -381 -1552 -1320 -815 1.99 -1532 =711 2547
ToepH(2) -406 -1550 -1319 -824 -35.5 -1535 Inf. Iklhd | 2484
*Within a response variable, bolded BIC values indicate better covariance model fit. Kass and Raferty (1995) suggested that
differences of greater than 10 in BIC values provides very strong evidence that model fits are not equivalent.
(@Convergence was attained, but estimated G matrix was not positive definite.

Treatment by time interaction and follow-up contrasts

The text box provides the SAS code for the mixed model that was used for the Dunnett’s comparisons.
Table A-2 provides the results from the Dunnett’s comparisons in which treatment means were tested to
see if significantly less than control at each CCA. For these analyses, the CSH covariance matrix was used
for each of the variables.

title "concentration 100 and 200 deleted for CCA=8, covariance=csh-;
proc mixed data=cca3 8 ;
title2 "Dunnett®s tests - adult';
class apiary cca concval replicate;
model adult_p = concval]cca /DDFM=SATTERTHWAITE;
random apiary ;
repeated cca/ subject=replicate*concval(apiary) type=csh ;
Ismeans concval*cca;
slice concval*cca /sliceby=cca diff=controll adjust=dunnett;
slice concval*cca /sliceby=concval diff=control adjust=dunnett;
run;

Treatment effects within a CCA

The table of p-values resulting from the Dunnett’s tests for evaluating whether within a CCA, the treatment
mean are significantly less than control means) are summarized in Table A-2. Figures 1-7 below show the
results for each response variable across all CCAs analyzed (CCA3-CCAS) and all treatment levels. It is
noted as discussed previously that the 100 and 200 ppb treatment groups were excluded from CCAS due to
high hive mortality. For all figures presented below, significant reductions from the negative control with
p-values below the 0.05 alpha level are denoted by a red dot at a given treatment level and CCA and those
reductions with p-values between 0.05 and 0.1 are denoted by a black dot. Statistical NOAECs and
LOAECs will be determined using an alpha-level of 0.05. Additional comparisons using and alpha-level of
0.10 are included for additional characterization. The tables of p-values resulting from the Dunnett’s test
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are summarized in Table A-2. The associated SAS output containing the full results of the Dunnett’s
comparisons can be found in Attachment 5.

Table A-2. Results of one-sided Dunnett’s test (comparing control to each treatment group) with 100 and
200 concentrations deleted from CCAS, correlations modeled using CSH.*

Adults Eggs Open Capped | Total Pollen | Honey Hive weight
indiv.
CCA3 NS NS NS NS NS NS NS NS
CCA4 NS 100 100 100 100 50 NS 100
200 200 100 200
200
CCAS 50 100 100 50 50 50 NS 50
100 200 100 100 100 100
200 200 200 200
CCA6 50 100 100 125 50 200 50 100
100 200 200 100 100 200 200
200 200 200
CCA7 100 200 100 100 100 200 50 50
200 200 200 200 100 100
200 200
CCAS 50 125 NS 50 50 50 50 50
50
*Listed concentrations are those that were significantly less than the control following the results of Dunnett’s
test. NS indicates that there were no test concentrations with means significantly less than the control (p>0.10).
Bolded concentration = significantly less than control (p< 0.05)
Italicized concentration = less than control (0.05< P < 0.10)

Temporal trends within a treatment level

A second component to evaluating the “treatment x CCA” interaction is to look at the temporal changes
within a treatment group. This was accomplished by comparing each CCA (CCA4 through CCAS) to CCA3
by use of a two-sided Dunnett’s test (Table A-3 and Table A-4). This suite of comparisons is not as
informative as the contrasts of control against the treatment group within a CCA for establishing a NOAEC
and LOAEC. However, it may aid in interpretations and further biological understanding of temporal shifts
in the life stages and food components present in the hive. Differences in patterns of temporal shifts between
the control and various treatment groups can provide further understanding of the potential impacts of
imidacloprid on beehive population dynamics.

Table A-3. Results of two-sided Dunnett’s test (comparing CCA3 to each following CCA) with 100 and
200 concentrations deleted from CCAS, correlations modeled using CSH.*

Trt Response Variable
Group Adults Eggs Open Capped Total indiv
Control | CCAS>CCA3 | CCA7 and CCAS CCA7<CCA3 CCA4-6 > CCA3 CCA7<CCA3

< CCA3 CCA7 <CCA3
12.5 NS NS NS CCA7 <CCA3 CCA7 <CCA3
25 NS CCA7 <CCA3 CCA7<CCA3 CCA7 <CCA3 CCA7 <CCA3
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50 NS CCA7 and CCAS CCA7<CCA3 CCA7 <CCA3 CCA7-8 <CCA3
< CCA3
100* CCA7<CCA3 | CCA6 and CCA7 | CCA7<CCA3 CCA5-7<CCA3 CCA6-7<CCA3
<CCA3
200* CCAG6 and CCA6 and CCA7 | CCA4-7 <CCA3 CCA4-7<CCA3 CCA4-7<CCA3
CCA7<CCA3 | <CCA3

* CCAS not included for test concentrations 100 and 200
NS — No significant differences from control (p>0.05)

Table A-4. Results of two-sided Dunnett’s test (comparing CCA3 to each following CCA) with 100 and
200 concentrations deleted from CCAS, correlations modeled using CSH.*

Trt Response Variable

Group Pollen Honey Hive weight

Control | CCA5>CCA3 CCA6-7 > CCA3 CCA4-7> CCA3

CCA7 <CCA3

12.5 CCAS5 and CCA8>CCA3 CCA6-7 > CCA3 CCA4, 6-7>CCA3

25 CCA5>CCA3 CCA6-7 > CCA3 CCA4-7> CCA3

50 CCA4 and CCA7<CCA3 CCAS and CCA8< CCA3 CCA4>CCA3
CCA8<CCA3

100* CCA4-5<CCA3 NS CCA4>CCA3

200* CCA4-5 and CCA7<CCA3 CCA4-5> CCA3 CCA4>CCA3

* CCAS not included for test concentrations 100 and 200

NS — No significant differences from control (p>0.05)

Tables A-5 — A-12 tabulate the summary statistics (including mean and standard deviation) of each
response variable for all treatment levels across CCAs 3-8.
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Table A-5. Summary statistics for adults

Treatment

Group ne/L, | Parameter CCA3 CCA4 CCAS CCA6 CCA7 CCAS
0 N 21 2 2 21 20 14
0 MIN 0.157513 0.127504 0.077504 0.155009 0.130009 0.047496
0 MAX 0.489982 0.632513 0.742487 0.875 0.532513 0.605009
0 MEAN 0.328452 0.34023 0.451138 0.394288 0.29725 0.36411
0 STD 0.099238 0.15064 0.170406 0.170447 0.117737 0.169285
12 N 11 11 11 11 11 9
12 MIN 0.15 0.130009 0.212522 0.194991 0.130009 0.180009
12 MAX 0.727504 0.680009 0.687522 0.555009 0.485018 0.577504
12 MEAN 0.374093 0.36932 0.484327 0.375224 0.342958 0.369728
12 STD 0.177567 0.183432 0.157566 0.124439 0.09466 0.13788
25 N 11 11 11 11 T 10
25 MIN 0.155009 0.219991 0.175 0.139982 0.117487 0.077504
25 MAX 0.705009 0.614982 0.672496 0.597496 0.6 0.632513
25 MEAN 0.379094 0.357501 0.422731 0.361364 0.328639 0.346498
25 STD 0.16288 0.141233 0.173179 0.169438 0.13711 0.191584
50 N 11 11 11 10 9 7
50 MIN 0.175 0.175 0.155009 0.147496 0.172496 0.039982
50 MAX 0.535018 0.707513 0.562522 0.407513 0.432513 0.305501
50 MEAN 0.302053 0.396361 0.334323 0.264244 0.255282 0.184718
50 STD 0.098915 0.174624 0.148201 0.086622 0.077175 0.10027
100 N 11 11 11 10 10 1
100 MIN 0.155009 0.117487 0.027504 0.037522 0.042487 0.010018
100 MAX 0.560018 0.664982 0.647496 0.597496 0.397496 0.010018
100 MEAN 0.301374 0.312047 0.281591 0.253001 0.144253 0.010018
100 STD 0.132728 0.157151 021117 0.21868 0.137779
200 N 11 11 11 11 10 2
200 MIN 0.214982 0.202504 0.225 0.112522 0.037522 0.035018
200 MAX 0.589982 0.787522 0.632513 0.302504 0.260018 0.077504
200 MEAN 0.378175 0.479541 0.351374 0.172508 0.143256 0.056261
200 STD 0.120328 0.180595 0.133209 0.059981 0.069188 0.030043
Table A-6. Summary statistics for eggs
g:(fl‘:;“l‘fg‘;i Parameter CCA3 CCA4 CCAS CCAG6 CCA7 CCAS
0 N 21 2 2 21 20 14
0 MIN 0 0.025 0.0075 0.03 0 0.0175
0 MAX 0.165 0.1525 0.12 0.1225 0.0675 0.08
0 MEAN 0.083929 0.069205 0.070909 0.07369 0.025 0.04875
0 STD 0.052331 0.026574 0.028301 0.027552 0.015749 0.019728
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12 N 11 11 11 11 11 9
12 MIN 0 0 0 0.03 0.0125 0
12 MAX 0.15 0.0875 0.1125 0.175 0.05 0.0925
12 MEAN 0.058636 0.055909 0.065227 0.0675 0.0275 0.031389
12 STD 0.041418 0.026369 0.030485 0.039655 0.01199 0.027475
25 N 11 11 11 11 11 10
25 MIN 0 0 0 0 0 0.0275
25 MAX 0.105 0.12 0.1175 0.1175 0.035 0.1
25 MEAN 0.0675 0.071364 0.065227 0.055909 0.017727 0.04575
25 STD 0.034605 0.030951 0.034414 0.034229 0.010214 0.021572
50 N 11 11 11 10 9 7
50 MIN 0 0.0125 0.0125 0.0375 0.0125 0.0075
50 MAX 0.1425 0.1475 0.14 0.1125 0.0475 0.0375
50 MEAN 0.080227 0.077045 0.069318 0.068 0.024444 0.017857
50 STD 0.039851 0.037213 0.038342 0.023682 0.01191 0.011586
100 N 11 11 11 10 10 1
100 MIN 0 0 0 0 0 0.0025
100 MAX 0.15 0.105 0.1125 0.0675 0.0425 0.0025
100 MEAN 0.066818 0.043864 0.044091 0.0255 0.01625 0.0025
100 STD 0.053445 0.039376 0.046088 0.026557 0.014589
200 N 11 11 11 11 10 2
200 MIN 0 0 0 0 0 0.015
200 MAX 0.1225 0.1175 0.1 0.065 0.015 0.0175
200 MEAN 0.071136 0.060682 0.045682 0.029545 0.007 0.01625
200 STD 0.036372 0.037167 0.035019 0.021961 0.006433 0.001768
Table A-7. Summary statistics for larval (open) cells
g:jﬁ;“l‘fg‘;i Parameter CCA3 CCA4 CCAS CCA6 CCA7 CCA8
0 N 21 22 22 21 20 14
0 MIN 0 0.015 0 0.0425 0 0
0 MAX 0.215 0.185 0.1725 0.18 0.0675 0.1425
0 MEAN 0.101905 0.110795 0.100682 0.099048 0.03425 0.083036
0 STD 0.055778 0.037736 0.044207 0.033001 0.017698 0.042508
12 N 11 11 11 11 11 9
12 MIN 0 0.005 0 0.0425 0.0275 0
12 MAX 0.15 0.1525 0.1425 0.2275 0.085 0.15
12 MEAN 0.087045 0.094773 0.09 0.113864 0.053636 0.078333
12 STD 0.05073 0.041132 0.040481 0.055389 0.017189 0.049418
25 N 11 11 11 11 11 10
25 MIN 0 0.075 0 0 0 0.0125
25 MAX 0.1775 0.16 0.1575 0.1125 0.1075 0.1475
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25 MEAN 0.11 0.102955 0.084318 0.072727 0.039773 0.07925
25 STD 0.049422 0.025637 0.047593 0.036408 0.027075 0.04026
50 N 11 11 11 10 9 7
50 MIN 0 0.0225 0 0.0575 0.02 0.01
50 MAX 0.2075 0.155 0.1775 0.1475 0.0725 0.125
50 MEAN 0.1 0.096591 0.085455 0.0955 0.041667 0.058929
50 STD 0.054118 0.040316 0.058372 0.029411 0.018028 0.042127
100 N 11 11 11 10 10 1
100 MIN 0 0 0 0 0 0.0025
100 MAX 0.12 0.1325 0.15 0.09 0.045 0.0025
100 MEAN 0.071818 0.056591 0.063409 0.0445 0.01425 0.0025
100 STD 0.041399 0.049816 0.063946 0.03704 0.014484
200 N 11 11 11 11 10 2
200 MIN 0.0425 0 0 0 0 0.005
200 MAX 0.1375 0.1125 0.15 0.085 0.0225 0.0275
200 MEAN 0.099318 0.039545 0.034318 0.039091 0.007 0.01625
200 STD 0.03406 0.042849 0.043288 0.030522 0.0084 0.01591
Table A-8. Summary statistics for pupal (capped) cells

g::z;“l‘fg‘;i Parameter CCA3 CCA4 CCAS CCA6 CCA7 CCAS$
0 N 21 22 22 21 20 14
0 MIN 0 0 0 0.19 0.04 0
0 MAX 0.345 0.36 0.4075 0.3675 0.1525 031
0 MEAN 0.16381 0.228523 0.259318 0.260595 0.080875 0.17625
0 STD 0.123803 0.093985 0.119229 0.053003 0.031843 0.093627
12 N 11 11 11 11 11 9
12 MIN 0.0625 0.195 0.13 0 0.0325 0
12 MAX 0.285 0.3025 0.3575 0315 0.16 0.2875
12 MEAN 0.224545 0.246818 0.257045 0.197955 0.084773 0.178611
12 STD 0.068628 0.037518 0.062897 0.104228 0.038705 0.085961
25 N 11 11 1 11 1 10
25 MIN 0.18 0.04 0 0 0.0175 0.0325
25 MAX 0.3375 0.3275 0.35 0.3275 0.115 0.2725
25 MEAN 0.233409 0.214091 0.235227 0.208409 0.065 0.1655
25 STD 0.042519 0.086373 0.120931 0.084656 0.034893 0.085965
50 N 11 11 11 10 9 7
50 MIN 0 0 0 0.145 0.05 0.02
50 MAX 0.3325 0.3475 0.325 0.2975 0.115 0.1625
50 MEAN 0.189773 0.170909 0.162955 0.2185 0.077222 0.092143
50 STD 0.108975 0.114511 0.112704 0.051763 0.024253 0.058531
100 N 11 11 11 10 10 1
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100 MIN 0 0 0 0 0 0.005
100 MAX 0.355 0.2425 0.3175 0.255 0.0825 0.005
100 MEAN 0211136 0.128864 0.105 0.1215 0.025 0.005
100 STD 0.097477 0.082016 0.128826 0.110001 0.024438
200 N 11 11 11 11 10 2
200 MIN 0.1425 0 0 0 0 0.01
200 MAX 0.33 0.3025 0.195 0.165 0.03 0.045
200 MEAN 0.250682 0.065227 0.041136 0.057955 0.0115 0.0275
200 STD 0.053934 0.095796 0.059091 0.062077 0.012315 0.024749
Table A-9. Summary statistics for total individuals
g:jﬁ;“l‘g;i Parameter CCA3 CCA4 CCAS CCA6 CCA7 CCAS
0 N 21 2 2 21 20 14
0 MIN 0.242513 0.210013 0.102504 0.515009 0.212509 0.064996
0 MAX 1.012491 1.142513 1242487 1.4775 0.664996 1.107509
0 MEAN 0.678095 0.748753 0.882047 0.827622 0.437375 0.672146
0 STD 0.237041 0.254076 0.312739 0.233682 0.147805 0.30578
12 N 1 1 1 11 11 9
12 MIN 0.2125 0.450004 0.617522 0.5175 0.205009 0.180009
12 MAX 1267504 1.132504 1.160013 0.972487 0.714991 1.067496
12 MEAN 0.744321 0.76682 0.896599 0.754542 0.508867 0.658061
12 STD 0.264013 0.236201 0.212789 0.132926 0.140911 0.277451
25 N 11 1 1 11 11 10
25 MIN 0.477509 0.479991 0.175 0.15 0.149987 0.152504
25 MAX 1.112509 1.087482 1184996 1.049996 0.735 1.107513
25 MEAN 0.790003 0.74591 0.807504 0.698409 0.451139 0.636998
25 STD 0.197306 0.219977 0.332487 0.246998 0.151117 0.325348
50 N 11 11 11 10 9 7
50 MIN 0.47 0.45 0.219996 0.462491 0.270004 0.092482
50 MAX 1.062518 1.150013 1.080022 0.787496 0.580013 0.575018
50 MEAN 0.672053 0.740907 0.65205 0.646244 0.398616 0.353646
50 STD 0.187031 0.261104 0.317216 0.122113 0.094003 0.204817
100 N 11 11 11 10 10 1
100 MIN 0.347509 0.124991 0.027504 0.064982 0.059996 0.020018
100 MAX 1.152518 0.860018 1.199996 0.9525 0.492496 0.020018
100 MEAN 0.651147 0.541365 0.494001 0.444501 0.199753 0.020018
100 STD 0.235144 0.251096 0.431212 0.370248 0.179209
200 N 11 11 11 11 10 2
200 MIN 0.519996 0.212504 0.3 0.117487 0.050022 0.065018
200 MAX 1.042522 1262522 0.952513 0.610004 0.260018 0.167504
200 MEAN 0.799312 0.644996 0.472511 0.299099 0.168756 0.116261
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| 200 | st | oarss2 | 020121 | 096226 | 0455814 | 0070029 | 0.072469

Table A-10. Summary statistics for nectar (honey) cells

g:jﬁ;“l‘fg‘;i Parameter CCA3 CCA4 CCAS CCA6 CCA7 CCAS
0 N 21 2 2 21 20 14
0 MIN 0.0375 0.0625 0.0075 0.0975 0.0325 0.055
0 MAX 0.305 0.345 0.25 0.4875 0.5325 0.2925
0 MEAN 0.156667 0.202045 0.125341 0.205476 0.293625 0.168214
0 STD 0.069211 0.07982 0.059833 0.12647 0.156801 0.086937
12 N 1 11 11 11 11 9
12 MIN 0.0625 0.06 0.0125 0.115 0.105 0.0325
12 MAX 0.4275 0.415 0.285 0.4475 0.55 0.3375
12 MEAN 0.160909 0.211591 0.121818 0.259773 0.270227 0.168056
12 STD 0.098503 0.110478 0.09819 0.121431 0.135906 0.080833
25 N 11 11 11 11 11 10
25 MIN 0.0125 0.0125 0 0.1075 0.075 0.065
25 MAX 0.2725 0.3575 0.2675 0.55 0.49 0.29
25 MEAN 0.152045 0.213636 0.137045 0.311591 0.288864 0.139
25 STD 0.09124 0.120781 0.093252 0.138912 0.153913 0.067063
50 N 11 11 11 10 9 7
50 MIN 0.08 0.1 0.02 0.0475 0.06 0
50 MAX 0.2775 0.405 0.195 0.3275 0.445 0.2325
50 MEAN 0.168636 0.213409 0.101136 0.18975 0.193889 0.085
50 STD 0.066533 0.08095 0.05968 0.099467 0.122226 0.072414
100 N 11 11 11 10 10 1
100 MIN 0.055 0.085 0.0175 0.03 0.0175 0.0325
100 MAX 0.2775 0.3225 0.3 0.4675 0.355 0.0325
100 MEAN 0.173864 0.219773 0.125682 0.22725 0.13975 0.0325
100 STD 0.080602 0.084915 0.085089 0.162235 0.112023
200 N 11 11 11 11 10 2
200 MIN 0.035 0.0975 0.055 0.0175 0.0025 0.08
200 MAX 0.25 0.33 0.3575 0.17 0.16 0.09
200 MEAN 0.135227 0.2225 0.207273 0.092727 0.07375 0.085
200 STD 0.06755 0.076722 0.10878 0.053074 0.048265 0.007071
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Table A-11. Summary statistics for pollen cells

g:jﬁ;“:fg‘;i Parameter CCA3 CCA4 CCAS CCAG6 CCA7 CCAS
0 N 21 2 2 21 20 14
0 MIN 0.0175 0 0.0025 0.02 0.0025 0.0225
0 MAX 0.18 0.1375 0.205 0.1 0.09 0.12
0 MEAN 0.069286 0.066136 0.103182 0.0525 0.043125 0.076607
0 STD 0.043805 0.031156 0.048936 0.022389 0.02484 0.027185
12 N 11 11 11 11 11 9
12 MIN 0.0225 0.005 0.05 0.0225 0.0275 0.03
12 MAX 0.105 0.1025 0.205 0.1475 0.1125 0.13
12 MEAN 0.054091 0.054773 0.104318 0.075455 0.051136 0.0875
12 STD 0.024425 0.035151 0.045772 0.039351 0.024555 0.032089
25 N 11 11 11 11 11 10
25 MIN 0.01 0.0325 0.0275 0.0075 0.0125 0.035
25 MAX 0.115 0.095 0.17 0.1325 0.1025 0.1475
25 MEAN 0.045682 0.055455 0.086591 0.059545 0.047273 0.0755
25 STD 0.026671 0.023044 0.053083 0.039605 0.02425 0.032783
50 N 11 11 11 10 9 7
50 MIN 0.0125 0 0 0.0075 0.0025 0.015
50 MAX 0.16 0.0625 0.11 0.09 0.0825 0.08
50 MEAN 0.067727 0.0275 0.037045 0.04225 0.0325 0.039643
50 STD 0.040488 0.025471 0.035686 0.026574 0.026071 0.026826
100 N 11 11 11 10 10 1
100 MIN 0.0275 0 0 0.0175 0.01 0.015
100 MAX 0.125 0.07 0.0775 0.0725 0.0925 0.015
100 MEAN 0.062727 0.008636 0.013409 0.0435 0.0395 0.015
100 STD 0.024886 0.021429 0.023218 0.018379 0.024743
200 N T T T 11 10 2
200 MIN 0.025 0 0 0 0 0.0125
200 MAX 0.085 0 0.0125 0.08 0.0875 0.015
200 MEAN 0.046818 0 0.001136 0.020227 0.0165 0.01375
200 STD 0.019464 0 0.003769 0.027916 0.026358 0.001768
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Table A-11. Summary statistics for hive weight

g:jﬁ;“:fg‘;i Parameter CCA3 CCA4 CCAS CCAG6 CCA7 CCAS
0 N 21 2 2 21 21 14
0 MIN 32 49 31 30 315 255
0 MAX 50 66 56.5 68 66.5 53.5
0 MEAN 40.19524 58.06818 47.43182 52.59524 52.14286 41.71429
0 STD 4284913 5.005462 5.910635 10.71286 10.99675 7.392081
12 N 11 11 11 11 11 9
12 MIN 335 50 37 39 41 275
12 MAX 49 715 56.5 68 74 49
12 MEAN 42.13636 58.5 45.86364 5227273 53 40.11111
12 STD 5.822761 6.492303 5263511 8.866689 9.721111 6.436118
25 N 11 11 11 1 1 10
25 MIN 335 48.5 0 375 41 34
25 MAX 51 64 545 69.5 64.5 485
25 MEAN 4236364 5731818 47.59091 54.09091 53.18182 4.1
25 STD 5.186959 5.891828 4597924 9.194613 9.453234 4.629615
50 N 11 11 11 10 10 7
50 MIN 335 475 36 30 25 30
50 MAX 55.5 65 47 55.5 575 03
50 MEAN 42.95455 5531818 41.54545 45.85 44 35
50 STD 6.254816 6.108489 4.143999 8.131045 9.436925 4.481443
100 N 11 11 11 10 10 1
100 MIN 355 47 325 33 325 26.5
100 MAX 50 65 505 67 62.5 26.5
100 MEAN 39.90909 5331818 40 44.05 .15 26.5
100 STD 4.559705 6.569904 6.160357 11.48296 10.78592
200 N T T T 11 11 2
200 MIN 355 47 38 345 335 32
200 MAX 52 60 49.5 55 4 32
200 MEAN 41.90909 52.63636 42.54545 38.18182 36.5 32
200 STD 5.337688 4.080998 3.173756 3.356134 3.138471 0
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Appendix B: Details of PMRA Statistical Analysis

During the review of the study, a separate statistical analysis was conducted with the program R (version
3.1.2 )°using the raw data submitted by the study author.

Statistical analysis

Analysis Strateqy

Hive condition data:

To analyze colony condition data which contains many components over many assessments at different
times, a primary analysis was set out to effectively prevent multiplicities from interfering with the
interpretation of p_values and confidence intervals. These multiplicities arise from having multiple dose
levels, multiple outcomes and multiple time points, and are dealt with as follows:

The multiplicities from having multiple dose levels was dealt with by using step down testing, the
highest dose group’s data was compared directly to the control group’s data, if statistically
significant at a chosen alpha level the next lowest dose group’s data was compared to the control
group’s data and this was continued down to the dose where statistical significance was no longer
achieved. A technical reference for this step down testing would be Multiple Comparison
Procedures in Dose Response Studies. Tamhane, Ajit C. and Logan, Brent R., in Dose Finding in
Drug Development edited by Ting, Naitee. Springer New York 2006. This step down procedure
(referred to as the SD2PC procedure in the technical reference) was chosen as it provides good power
for detecting the minimum effective dose (lowest does where effect is present) when monotonic dose
effects are expected while providing stringent control of type one error, regardless of the true pattern
of dose effects. That is, with minimal assumptions, the procedure strongly controls family wise type
one error rate while maintaining good power for effect patterns that are expected.

The applicant’s choice of multiplicity adjustment procedure, which was William’s trend test
(Williams 1972), presumably chosen to be in accord with OECD. 2003. Draft guidance document
for the statistical analysis of ecotoxicity data. They are both step down procedures but ours differs
from William’s in that it uses only within dose group data based estimates of means rather than
maximum likelihood estimates of dose group means using all group’s data simultaneously - under
monotonicity assumption (i.e. order restricted or isotonic means) additionally assuming
homogeneous variances . Although these additional assumptions may not be problematic and are
within the OECD guidelines, we simply chose not to rely on them (and by doing so, exceed the
OECD guidelines.)

The multiplicities from having multiple outcomes, was dealt with by choosing to focus on the
assessment of total life in the hive — simply the number of viable life forms at any stage in the hive.
It is considered that the total number of individuals includes all live individuals in hives and is
expected to be a better indicator of the hive status at the colony level than any single stage of bees
alone. This outcome would provide good power when background knowledge is lacking on the
stage most likely to be affected (i.e. it cannot be well anticipated) and it is not expected that there

SR Core Team (2014). R: A language and environment for statistical computing. R Foundation for Statistical
Computing, Vienna, Austria. URL http://www.R-project.org/.
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will be simultaneous trade-offs effects between the stages. That is, when it is not expected that a
toxic effect on one stage would have a beneficial effect for another stage at the same point in time.
e The multiplicities from having multiple time points was dealt with by choosing to focus on the time
when the effects were believed most pronounced both in terms of having an impact on total life and
having a high powered assessment of that. In this case CCA6 was selected for the following reasons.
0 CCAG (five weeks after the end of feeding exposure) was selected as it maximises the time
period for detecting a potential latent effect from exposure and occurs before the start of hive
decline prior to overwintering.
0 CCAT7 was not chosen simply due to the natural decline of hive size in the late fall that may
mask the effect of treatment.
0 CCAS8 was not selected because of the higher hive mortality observed in the controls in
comparison to lower dose groups, and because data was available only for surviving hives.
The hive mortality in the control was higher than the two lowest test concentrations (12.5
and 25 ug/l) and equal to the 50 ug/l treatment. The uncertainty regarding the cause of dead
hives, (i.e. whether mortality resulted from the treatment effects or random background effect
or both), is considered to reduce the confidence of using CCAS8 data as the primary time
point. Additionally, no hive condition data were available on hives that died during the
overwintering, meaning only the condition of hives that survived overwintering
(informatively selected on ability to survive) were able to be compared. The lack of data on
dead hives poses difficulties in the statistical analysis for hive condition at CCAS.

While the total individuals at CCA6 is considered as a primary parameter to control multiplicity for
statistical analysis, all parameters including eggs, open brood and capped brood, adults, hive weight, pollen
and nectar store, that were observed during the entire study including CCA4, CCAS, CCA6, CCA7 and
CCAS8 were also considered in the review. Given that the primary analysis has prevented multiplicities from
interfering with the interpretation of p_values and confidence intervals, if statistical significance has been
achieved (at given dose levels), further analysis with all other outcomes is undertaken “with prejudice” for
the assessment of similar effects as being significant. More formally, re-allowance for multiplicities is not
required and less stringent alpha levels are allowed. Essentially the price has been paid for searching for the
pattern in the primary analysis (measures taken to prevent multiplicities) and it need not be re-paid
evaluating the same pattern elsewhere. On the other hand, if statistical significance has not been achieved
(at given dose levels), further analysis with all other outcomes is undertaken “with prejudice” for assessment
of other effects as likely being just noise. Here though dramatic effects should not be ignored but carefully
considered and noted.

With the primary focus on CCA®6 to discern treatment effects, the later assessment of recovery from detected
effects at CCA7 and CCAS8 was subsequently addressed. Here the use of confidence intervals was chosen
to provide assurance that important underlying differences at the later period had been reliably ruled out —
that is the upper confidence limit did not include worrisome differences. Given the arguable need to make
important bias adjustment for confidence intervals in CCAS8 but little to no background information to
accurately make these bias adjustments, the assessment of recovery was limited to CCA7. There was no
formal analysis of whether and when treatment effects detected at CCA6 were present before CCA6. The
consideration of recovery at CCA7, while considered, was not formally presented because of concern
regarding relying on parameters at CCA7 which are all decreasing as colonies prepare for overwintering.
Hive mortality data:
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The analysis of Mortality at CCA8 had been anticipated as the primary or key assessment for this study
design and the only multiplicities to be dealt with there were from the multiple dose levels (for which the
step down method was used). Unfortunately, the observed hive mortality in the control was higher than the
two lowest test concentrations (12.5 and 25 ug/l) and equal to the 50 ug/l treatment which is at odds with
underlying biological understanding and thus greatly reduced the confidence of using CCAS8 mortality as
the primary assessment.

Analysis methods for hive conditions

For all hive conditions total life, eggs, open brood and capped brood, adults, hive weight, pollen and nectar
store at CCA4, CCAS, CCA6, CCA7 and CCAS8 a conventional analysis of block randomised experiments
with a baseline measurements was undertaken. In line with the statistical strategy discussed above, the focus
was on total life at CCA6 (with step down adjustment for multiplicities applied) but identical analysis was
carried out (less the step down adjustment) on all other hive conditions assessed at the given assessment
points (with CCAS8 considered biased and problematic). This analysis comprised of linear modeling (or
ANOVA) stratified on Apiary (block) and adjusted for baseline measurements at CCA3 with one-side
testing for harm using only the control group data and the data from a single dose group at a time, starting
with the highest and then through lowest dose groups. It is a series of robust “t.test like” analyses that
conservatively implement the step down testing procedure. Under the assumption of no effect in the single
dose group being tested (relevant to type one error control), the means and variances and covariate effects
should be identical in both the control group and the single dose group being tested. (In an analysis that
includes all dose group data together e.g. William’s procedure, an impact of a treatment effect on the
variance and covariate effects at a higher dose, in addition to an effect on the mean, would invalidate the
assumptions needed to control type one error rate in the lower doses.) The results of these analyses are
presented in tables of unadjusted p_values (adjusted p_values can be simply read off as the maximum of all
p_values in higher doses), effect estimates and upper and lower confidence intervals (currently labelled as
Table A-2) as well as plots of the confidence intervals (pdf file Bees8.pdf).

The code snippet to implement these analyses in R was:

glm(outcome~Apiary + baseline + exposed, data= x[x$exposed == " control " | x$exposed == dose,])
Sensitivity analysis was undertaken on the primary analysis (total life) by taking logs. The resulting p _values
were 0.089, 0.043, 0.042, 0.000 and 0.000 for dose of 13, 25, 50, 100 and 200 the largest difference for the

original scale being .013.

Analysis methods for hive mortality

The analysis of hive mortality at CCAS, like all other outcomes was also blocked by Apiary, but unlike
other outcomes, it was not adjusted for a baseline measurement at CCA3. Additionally, given the sparsity
of the outcome when blocked, common methods of analysis for binary data like Cochran—Armitage test for
trend, Pearson's chi-square test or logistic regression should not be used as they are well known to be biased.
Instead, conditional logistic regression or exact tests are required. The code snippet to implement conditional
logistic regression in R was:

clogit(Mortality ~ Conc + strata(Apiary), data=filter(mm,Conc =="CON" | Conc== dose)).

109

196



Appendix 8. Data Evaluations for the Colony Feeding Studies that were
Included in this Risk Determination Document

As with other outcomes, step down testing from highest dose, and then in turn lower doses was used to
control for multiplicity.

Transcript/program of analyses carried out

The file RunJune25.2015 contains the transcript of the final run of the R program used to carry out the
analysis and generate the tables and plots.

Supporting graphs

The following graphs were produced as part of the analysis.

Beesl.pdf — Plots of individual hive condition assessments over-time group by Apiary.

Bees2.pdf — Plots of control versus exposed condition assessments over-time group by Apiary.
Bees3a.pdf — Plots of mean and Apiary mean control condition assessments over time.

Bees5.pdf — Plots of model estimated differences and confidence intervals (title revised).

Bees6.pdf — Plots of model estimated difference versus observed mean for total life.

Bees7.pdf — Plots of individual exposed hive versus control condition assessments for all parameters.

Bees8.pdf — Plots of effect estimates and confidence intervals for all parameters.
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Table B-1: Summary of the differences between treatment and controls on the basis of observations and model estimations, and P values

Observed Standard e'\z/sifc)icrj:alwte Standard P value for Estimated Estimated
Time Test mean . 90% 90% . . Obeserve | Ttest
Parameter | (CCA) conc. difference error n ”Tea" err.or of cqmparlson confidence confidence et LA d means confidence
2 (ug/N? | from observed difference | estimated | with the I - lower limit from from control in control | limit
control? mean from mean control control (%)> | (number)
control*

TotalLife 3 200 -5284 3194 | 11 0 32147 -1.729
TotalLife 3 100 1344 3438 | 11 0 32147 -1.729
Totallife 3 50 -63 4496 | 11 0 32147 -1.729
TotalLife 3 25 -4600 3028 | 11 0 32147 -1.729
TotalLife 3 13 -1690 5092 | 11 0 32147 -1.729
TotalLife 4 200 13608 3399 | 11 17344.8 | 3970.078 0 0.678 0.293 0.486 24210 35714 -1.729
TotalLife 4 100 12959 3492 | 11 12608 3851.589 0.002 0.54 0.167 0.353 19268 35714 -1.729
Totallife 4 50 3147 3246 | 11 3667.244 3939.317 0.182 0.293 -0.088 0.103 10479 35714 -1.729
TotalLife 4 25 998 2684 | 11 | 3863.666 | 3887.011 0.166 0.296 -0.08 0.108 10585 35714 -1.729
Totallife 4 13 108 2566 | 11 1412.154 3701.529 0.354 0.219 -0.14 0.04 7813 35714 -1.729
TotalLife 5 200 23543 3240 | 11 24026.8 | 4838.476 0 0.815 0.394 0.605 32393 39734 -1.729
TotalLife 5 100 18818 4838 | 11 18258.98 5313.62 0.001 0.691 0.228 0.46 27447 39734 -1.729
TotalLife 5 50 10399 6533 | 11 | 10080.39 | 6256.939 0.062 0.526 -0.019 0.254 20899 39734 -1.729
TotalLife 5 25 3809 6432 | 11 | 4333.576 6380.06 0.253 0.387 -0.169 0.109 15366 39734 -1.729
Totallife 5 13 540 3894 | 11 385.681 4958.292 0.469 0.225 -0.206 0.01 8959 39734 -1.729
TotalLife 6 200 25992 1870 | 11 | 25425.35 | 2545.607 0 0.774 0.545 0.659 29840 38559 -1.734
TotalLife 6 100 19875 4884 | 10 18601.92 3977.831 0 0.662 0.303 0.482 25522 38559 -1.74
TotalLife 6 50 6104 2836 | 10 | 4674.351 | 2657.457 0.048 0.241 0.001 0.121 9297 38559 -1.74
TotalLife 6 25 7290 3261 | 11 6715.559 3326.913 0.029 0.324 0.025 0.174 12485 38559 -1.734
Totallife 6 13 4072 1865 | 11 3357.78 2424.369 0.091 0.196 -0.022 0.087 7562 38559 -1.734
TotalLife 7 200 11178 1781 | 10 11783.5 1864.738 0 0.952 0.54 0.746 15039 15794 -1.746
Totallife 7 100 9015 2385 | 10 9612.191 2061.392 0 0.836 0.381 0.609 13211 15794 -1.746
Totallife 7 50 1212 779 9 1275.1 1411.714 0.19 0.237 -0.076 0.081 3750 15794 -1.753
TotalLife 7 25 18 2073 | 11 353.425 1937.944 0.429 0.236 -0.191 0.022 3725 15794 -1.74
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Appendix 8. Data Evaluations for the Colony Feeding Studies that were
Included in this Risk Determination Document

Observed Standard eMs'(c)ic:;te Standard P value for Estimated Estimated
Time Test mean . 90% 90% . . Obeserve | Ttest
Parameter | (CCA) conc. difference | €' n n?ean errf)r of cqmparlson confidence confidence el LT d means confidence
2 qep | e observed difference | estimated | with the el lower limit from from control in control | limit
control3 mean from mean control control (%)°> | (number)
control*

Totallife 7 13 -3289 2471 | 11 -2666.66 1985.142 0.902 0.05 -0.387 -0.169 787 15794 -1.74
Totallife 8 200 14495 | NA 1| 15094.09 | 19208.88 0.238 2.009 -0.927 0.541 56044 27899 -2.132
Totallife 8 100 42178 | NA 1 40478.37 16670.41 0.036 2.725 0.177 1.451 76017 27899 -2.132
Totallife 8 50 15852 5456 7 | 13690.55 | 6342.992 0.028 0.903 0.079 0.491 25187 27899 -1.812
Totallife 8 25 -2246 6876 8 -3173.88 | 7643.389 0.657 0.378 -0.606 -0.114 10553 27899 -1.796
Totallife 8 13 936 2165 8 -724.634 4642.539 0.561 0.273 -0.325 -0.026 7613 27899 -1.796
Eggs 3 200 1134 976 | 11 0 6028 -1.729
Eggs 3 100 1431 1163 | 11 0 6028 -1.729
Eggs 3 50 508 1151 | 11 0 6028 -1.729
Eggs 3 25 1384 1043 | 11 0 6028 -1.729
Eggs 3 13 1994 1280 | 11 0 6028 -1.729
Eggs 4 200 586 907 | 11 691.939 847.57 0.212 0.453 -0.162 0.145 2157 4761 -1.729
Eggs 4 100 1743 628 | 11 1805.239 706.582 0.01 0.636 0.123 0.379 3027 4761 -1.729
Eggs 4 50 -539 1014 | 11 -457.571 898.501 0.692 0.23 -0.422 -0.096 1096 4761 -1.729
Eggs 4 25 -149 737 | 11 -54.052 763.511 0.528 0.266 -0.289 -0.011 1266 4761 -1.729
Eggs 4 13 915 573 | 11 | 1087.188 680.722 0.063 0.476 -0.019 0.228 2264 4761 -1.729
Eggs 5 200 1736 1002 | 11 | 1571.261 864.911 0.043 0.629 0.016 0.322 3067 4879 -1.729
Eggs 5 100 1845 1193 | 11 1920.253 1006.424 0.036 0.75 0.037 0.394 3660 4879 -1.729
Eggs 5 50 109 794 | 11 88.23 736.676 0.453 0.279 -0.243 0.018 1362 4879 -1.729
Eggs 5 25 391 1094 | 11 405.731 941.939 0.336 0.417 -0.251 0.083 2034 4879 -1.729
Eggs 5 13 391 840 | 11 578.592 788.155 0.236 0.398 -0.161 0.119 1941 4879 -1.729
Eggs 6 200 2916 744 | 11 2973.088 707.187 0 0.849 0.353 0.601 4199 4949 -1.734
Eggs 6 100 3449 721 | 10 3505.81 669.65 0 0.944 0.473 0.708 4671 4949 -1.74
Eggs 6 50 396 497 | 10 578.756 531.111 0.146 0.304 -0.07 0.117 1503 4949 -1.74
Eggs 6 25 1102 860 | 11 1302.118 787.695 0.058 0.539 -0.013 0.263 2668 4949 -1.734
Eggs 6 13 305 1045 | 11 291.007 940.826 0.38 0.388 -0.271 0.059 1922 4949 -1.734
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Appendix 8. Data Evaluations for the Colony Feeding Studies that were
Included in this Risk Determination Document

Observed Model
Time Test mean Standard estimate Standard P value for 90% 90% Estlma_ted Estlma_ted Obeserve | Ttest
. error mean error of comparison . . reduction reduction .
Parameter | (CCA) conc. difference n . . . confidence confidence d means confidence
observed difference | estimated | with the . . from from control . .
1 (ng/1)2 | from upper limit lower limit oG in control | limit
g mean from mean control control (%) (number)
control
control*

Eggs 7 200 1170 322 | 10 1259.78 371.642 0.002 1.179 0.378 0.778 1909 1618 -1.746
Eggs 7 100 662 405 | 10 754.486 410.884 0.042 0.909 0.023 0.466 1472 1618 -1.746
Eggs 7 50 -38 242 9 41.97 335.082 0.451 0.389 -0.337 0.026 629 1618 -1.753
Eggs 7 25 399 376 | 11 506.208 404.398 0.114 0.747 -0.122 0.313 1210 1618 -1.74
Eggs 7 13 -274 437 | 11 2.106 429.799 0.498 0.463 -0.461 0.001 750 1618 -1.74
Eggs 8 200 3956 | NA 1 4993.274 916.963 0.003 2.132 0.932 1.532 6948 3258 -2.132
Eggs 8 100 3612 | NA 1| 4496.733 793.551 0.002 1.899 0.861 1.38 6188 3258 -2.132
Eggs 8 50 2027 387 7 2548.007 434.937 0 1.024 0.54 0.782 3336 3258 -1.812
Eggs 8 25 -54 428 8 189.139 542.807 0.367 0.357 -0.241 0.058 1164 3258 -1.796
Eggs 8 13 1032 723 8 1227.919 719.885 0.058 0.774 -0.02 0.377 2521 3258 -1.796
Open
brood 3 200 235 1230 | 11 0 7068 -1.729
Open
brood 3 100 2127 990 | 11 0 7068 -1.729
Open
brood 3 50 188 1511 | 11 0 7068 -1.729
Open
brood 3 25 -500 1105 | 11 0 7068 -1.729
Open
brood 3 13 1079 1612 | 11 0 7068 -1.729
Open
brood 4 200 4902 1036 | 11 4876.767 1033.897 0 0.874 0.405 0.64 6665 7623 -1.729
Open
brood 4 100 3729 1093 | 11 2825.234 1049.719 0.007 0.609 0.133 0.371 4640 7623 -1.729
Open
brood 4 50 977 1014 | 11 918.781 1063.42 0.199 0.362 -0.121 0.121 2758 7623 -1.729
Open
brood 4 25 539 663 | 11 618.534 861.531 0.241 0.277 -0.114 0.081 2108 7623 -1.729
Open
brood 4 13 1102 717 | 11 935.28 920.463 0.161 0.331 -0.086 0.123 2527 7623 -1.729
Open
brood 5 200 4566 1188 | 11 4505.546 1123.44 0 0.931 0.37 0.65 6448 6927 -1.729
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Appendix 8. Data Evaluations for the Colony Feeding Studies that were
Included in this Risk Determination Document

Observed Mo_del . .
Time Test mean Standard estimate Standard P value for 90% 90% Estlma_ted Estlma_ted Obeserve | Ttest
. error mean error of comparison . . reduction reduction .

Parameter | (CCA) conc. difference n . . . confidence confidence d means confidence

2 qep | e observed difference | estimated | with the el lower limit from o from control in control | limit

control3 mean from mean control control (%) (number)
control*

Open
brood 5 100 2564 931 | 11 2137.769 1035.374 0.026 0.567 0.05 0.309 3928 6927 -1.729
Open
brood 5 50 1048 1563 | 11 1060.273 1359.971 0.223 0.493 -0.186 0.153 3412 6927 -1.729
Open
brood 5 25 1126 1360 | 11 1125.489 1237.741 0.187 0.471 -0.146 0.162 3266 6927 -1.729
Open
brood 5 13 735 991 | 11 743.713 1041.675 0.242 0.367 -0.153 0.107 2545 6927 -1.729
Open
brood 6 200 4042 491 | 11 3848.744 692.846 0 0.75 0.393 0.572 5050 6731 -1.734
Open
brood 6 100 3844 797 | 10 3519.266 851.435 0 0.743 0.303 0.523 5000 6731 -1.74
Open
brood 6 50 189 652 | 10 -144.032 726.133 0.577 0.166 -0.209 -0.021 1119 6731 -1.74
Open
brood 6 25 1728 989 | 11 1548.347 905.214 0.052 0.463 -0.003 0.23 3118 6731 -1.734
Open
brood 6 13 -1102 1420 | 11 -1046.67 1215.331 0.8 0.158 -0.469 -0.155 1061 6731 -1.734
Open
brood 7 200 1737 385 | 10 1738.782 405.588 0 1.102 0.464 0.783 2447 2220 -1.746
Open
brood 7 100 1462 421 | 10 1431.022 433.195 0.002 0.985 0.304 0.644 2187 2220 -1.746
Open
brood 7 50 -698 370 9 -719.181 396.111 0.955 -0.011 -0.637 -0.324 -25 2220 -1.753
Open
brood 7 25 -516 681 | 11 -565.735 573.919 0.831 0.195 -0.704 -0.255 433 2220 -1.74
Open
brood 7 13 -1470 476 | 11 -1389.37 456.941 0.996 -0.268 -0.984 -0.626 -594 2220 -1.74
Open
brood 8 200 3096 | NA 1 2958.927 3590.736 0.228 1.942 -0.859 0.541 10614 5466 -2.132
Open
brood 8 100 8944 | NA 1 8738.39 3111.431 0.024 2.812 0.385 1.599 15371 5466 -2.132
Open
brood 8 50 2138 1418 7 2328.118 1194.927 0.04 0.822 0.03 0.426 4494 5466 -1.812
Open
brood 8 25 -677 1406 8 -543.73 1466.604 0.641 0.382 -0.581 -0.099 2090 5466 -1.796
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Appendix 8. Data Evaluations for the Colony Feeding Studies that were
Included in this Risk Determination Document

Observed hﬂqdel . .
Time Test mean Standard estimate Standard P value for 90% 90% Estlma_ted Estlma_ted Obeserve | Ttest
. error mean error of comparison . . reduction reduction .

Parameter | (CCA) conc. difference n . . . confidence confidence d means confidence

2 qep | e observed difference | estimated | with the el lower limit from o from control in control | limit

control3 mean from mean control control (%) (number)
control*

Open
brood 8 13 43 585 8 45.576 856.197 0.479 0.29 -0.273 0.008 1583 5466 -1.796
Capped
brood 3 200 -5684 2040 | 11 0 11563 -1.729
Capped
brood 3 100 -2963 2161 | 11 0 11563 -1.729
Capped
brood 3 50 -1493 3468 | 11 0 11563 -1.729
Capped
brood 3 25 -4495 1327 | 11 0 11563 -1.729
Capped
brood 3 13 -3886 2448 | 11 0 11563 -1.729
Capped
brood 4 200 11235 1859 | 11 13101.38 2806.568 0 1.142 0.525 0.833 17954 15722 -1.729
Capped
brood 4 100 6857 1666 | 11 8125.651 2490.725 0.002 0.791 0.243 0.517 12432 15722 -1.729
Capped
brood 4 50 3964 2316 | 11 4411.824 2826.411 0.068 0.591 -0.03 0.281 9299 15722 -1.729
Capped
brood 4 25 993 1631 | 11 2778.589 2653.562 0.154 0.469 -0.115 0.177 7367 15722 -1.729
Capped
brood 4 13 -1259 1275 | 11 433.306 2337.261 0.427 0.285 -0.229 0.028 4475 15722 -1.729
Capped
brood 5 200 15011 1722 | 11 14191.99 2739.248 0 1.061 0.53 0.795 18929 17841 -1.729
Capped
brood 5 100 10617 2093 | 11 10099.86 2683.038 0.001 0.826 0.306 0.566 14739 17841 -1.729
Capped
brood 5 50 6630 3684 | 11 6173.291 3431.445 0.044 0.679 0.013 0.346 12107 17841 -1.729
Capped
brood 5 25 1657 3361 | 11 1028.506 3529.735 0.387 0.4 -0.284 0.058 7132 17841 -1.729
Capped
brood 5 13 156 2183 | 11 -665.442 2729.606 0.595 0.227 -0.302 -0.037 4054 17841 -1.729
Capped
brood 6 200 14026 1220 | 11 13595.89 1412.206 0 0.891 0.619 0.755 16045 18013 -1.734
Capped
brood 6 100 9477 2550 | 10 8945.157 2165.524 0 0.706 0.287 0.497 12712 18013 -1.74
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Appendix 8. Data Evaluations for the Colony Feeding Studies that were
Included in this Risk Determination Document

Observed hﬂqdel . .
Time Test mean Standard estimate Standard P value for 90% 90% Estlma_ted Estlma_ted Obeserve | Ttest
Parameter | (CCA) conc. difference | €' n n?ean errf)r el cgmpanson confidence confidence el LT d means confidence
2 qep | e observed difference | estimated | with the el lower limit from o from control in control | limit
control3 mean from mean control control (%) (number)
control*

Capped

brood 6 50 2761 1515 | 10 2244.065 1367.303 0.06 0.257 -0.007 0.125 4623 18013 -1.74
Capped

brood 6 25 3675 1774 | 11 3304.405 1729.37 0.036 0.35 0.017 0.183 6303 18013 -1.734
Capped

brood 6 13 4394 2297 | 11 3994.561 2028.775 0.032 0.417 0.026 0.222 7513 18013 -1.734
Capped

brood 7 200 4730 610 | 10 5046.549 808.018 0 1.197 0.674 0.935 6457 5395 -1.746
Capped

brood 7 100 3750 848 | 10 | 4078.307 875.563 0 1.039 0.473 0.756 5607 5395 -1.746
Capped

brood 7 50 506 353 9 523.439 697.699 0.232 0.324 -0.13 0.097 1747 5395 -1.753
Capped

brood 7 25 923 755 | 11 974.261 846.077 0.133 0.453 -0.092 0.181 2446 5395 -1.74
Capped

brood 7 13 -438 1038 | 11 -454.128 917.895 0.686 0.212 -0.38 -0.084 1143 5395 -1.74
Capped

brood 8 200 4816 | NA 1 4816 12138.26 0.356 2.674 -1.835 0.42 30693 11476 -2.132
Capped

brood 8 100 17716 | NA 1 17320.16 10822.64 0.092 3.52 -0.501 1.509 40392 11476 -2.132
Capped

brood 8 50 6917 2328 7 8097.621 | 4134.314 0.039 1.359 0.053 0.706 15591 11476 -1.812
Capped

brood 8 25 -785 2926 8 -1239.48 3942.057 0.62 0.509 -0.725 -0.108 5840 11476 -1.796
Capped

brood 8 13 172 1273 8 -148.408 2879.268 0.52 0.438 -0.464 -0.013 5022 11476 -1.796
Adults 3 200 -968 577 | 11 0 7488 -1.729
Adults 3 100 749 896 | 11 0 7488 -1.729
Adults 3 50 734 638 | 11 0 7488 -1.729
Adults 3 25 -988 904 | 11 0 7488 -1.729
Adults 3 13 -877 926 | 11 0 7488 -1.729
Adults 4 200 -3115 980 | 11 -2220.6 1189.671 0.961 -0.021 -0.562 -0.292 -164 7608 -1.729
Adults 4 100 630 1345 | 11 391.889 1414.562 0.392 0.373 -0.27 0.052 2838 7608 -1.729
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Appendix 8. Data Evaluations for the Colony Feeding Studies that were
Included in this Risk Determination Document

Observed Standard eMs'(c)ic:;te Standard P value for Estimated Estimated
Time Test mean . 90% 90% . . Obeserve | Ttest
Parameter | (CCA) conc. difference | €' n n?ean errf)r of cqmparlson confidence confidence el LT d means confidence
2 qep | e observed difference | estimated | with the el lower limit from from control in control | limit
control3 mean from mean control control (%)°> | (number)
control*

Adults 4 50 -1255 1159 | 11 -1771.83 1144.327 0.931 0.027 -0.493 -0.233 207 7608 -1.729
Adults 4 25 -386 741 | 11 205.329 | 1175.032 0.432 0.294 -0.24 0.027 2237 7608 -1.729
Adults 4 13 -650 1085 | 11 168.16 1163.063 0.443 0.286 -0.242 0.022 2179 7608 -1.729
Adults 5 200 2231 598 | 11 | 2466.328 | 1208.532 0.028 0.452 0.037 0.244 4556 10087 -1.729
Adults 5 100 3791 1342 | 11 | 3425.479 | 1451.632 0.015 0.588 0.091 0.34 5936 10087 -1.729
Adults 5 50 2612 1430 | 11 2191.531 1483.044 0.078 0.471 -0.037 0.217 4756 10087 -1.729
Adults 5 25 635 1120 | 11 874.801 | 1378.486 0.267 0.323 -0.15 0.087 3258 10087 -1.729
Adults 5 13 -742 1148 | 11 -544.515 1369.016 0.652 0.181 -0.289 -0.054 1823 10087 -1.729
Adults 6 200 5008 728 | 11 | 4677.835 932.194 0 0.71 0.345 0.528 6294 8865 -1.734
Adults 6 100 3105 1397 | 10 2544.891 1196.879 0.024 0.522 0.052 0.287 4627 8865 -1.74
Adults 6 50 2759 1078 | 10 1754.005 1053.102 0.057 0.404 -0.009 0.198 3586 8865 -1.74
Adults 6 25 785 642 | 11 686.452 950.173 0.24 0.263 -0.108 0.077 2334 8865 -1.734
Adults 6 13 475 953 | 11 199.536 910.841 0.415 0.201 -0.156 0.023 1779 8865 -1.734
Adults 7 200 3541 1095 | 10 | 3895.534 993.559 0.001 0.858 0.329 0.594 5630 6561 -1.746
Adults 7 100 3142 965 | 10 3347.475 917.098 0.001 0.754 0.266 0.51 4949 6561 -1.746
Adults 7 50 1441 650 9 1222.715 799.636 0.074 0.4 -0.027 0.186 2625 6561 -1.753
Adults 7 25 -788 1243 | 11 -272.138 | 1019.519 0.604 0.229 -0.312 -0.041 1501 6561 -1.74
Adults 7 13 -1108 959 | 11 -826.715 874.128 0.821 0.106 -0.358 -0.126 694 6561 -1.74
Adults 8 200 2627 | NA 1 564.155 | 2791.126 0.425 0.846 -0.7 0.073 6514 7699 -2.132
Adults 8 100 11906 | NA 1 13280.14 2402.712 0.003 2.39 1.06 1.725 18402 7699 -2.132
Adults 8 50 4770 1434 7 | 6008.543 1473.09 0.001 1.127 0.434 0.78 8678 7699 -1.812
Adults 8 25 -730 2337 8 -329.695 2346.527 0.555 0.505 -0.59 -0.043 3884 7699 -1.796
Adults 8 13 -311 695 8 -845.547 1275.142 0.74 0.188 -0.407 -0.11 1444 7699 -1.796
Honey 3 200 1407 1690 | 11 0 10711 -1.729
Honey 3 100 -1251 1594 | 11 0 10711 -1.729
Honey 3 50 -891 1300 | 11 0 10711 -1.729
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Appendix 8. Data Evaluations for the Colony Feeding Studies that were
Included in this Risk Determination Document

Observed Standard eMs'(c)ic:;te Standard P value for Estimated Estimated
1 0, 0,
Parameter I(Ilr(?:) -crs:\tc g;fefaerr]ence error n mean I comparison Sca:))n/;idence Sc):))n/;idence LISl LT dOlr)::ae:;e IZiSf?dence
observe ifference | estimate with the . . rom rom contro . .
2 ) b d diff i d ith th f f |
(ng/1)2 | from upper limit lower limit -~ in control | limit
control3 mean from mean control control (%) (number)
control*

Honey 3 25 250 1801 | 11 0 10711 -1.729
Honey 3 13 -360 2276 | 11 0 10711 -1.729
Honey 4 200 -1407 2205 | 11 -2934.5 1555.065 0.963 -0.018 -0.405 -0.211 -246 13901 -1.729
Honey 4 100 -1220 1573 | 11 -1111.34 1055.672 0.847 0.051 -0.211 -0.08 714 13901 -1.729
Honey 4 50 -782 2012 | 11 -864.527 1431.841 0.723 0.116 -0.24 -0.062 1611 13901 -1.729
Honey 4 25 -797 1894 | 11 -1438.89 1134.467 0.89 0.038 -0.245 -0.104 523 13901 -1.729
Honey 4 13 -657 1710 | 11 -1036.17 1160.622 0.808 0.07 -0.219 -0.075 971 13901 -1.729
Honey 5 200 -5637 2476 | 11 -7251.97 1690.564 1 -0.502 -1.18 -0.841 -4329 8623 -1.729
Honey 5 100 -23 1814 | 11 609.048 1392.03 0.333 0.35 -0.208 0.071 3016 8623 -1.729
Honey 5 50 1665 1294 | 11 1862.689 1342.59 0.091 0.485 -0.053 0.216 4184 8623 -1.729
Honey 5 25 -805 2119 | 11 -1323.61 1297.1 0.84 0.107 -0.414 -0.153 919 8623 -1.729
Honey 5 13 242 2130 | 11 112.248 1320.202 0.467 0.278 -0.252 0.013 2395 8623 -1.729
Honey 6 200 14526 2808 | 11 14734.61 2475.396 0 0.91 0.499 0.705 19027 20906 -1.734
Honey 6 100 4059 3930 | 10 | 4547.091 3224.44 0.088 0.486 -0.051 0.218 10156 20906 -1.74
Honey 6 50 7327 3279 | 10 7524.125 2905.267 0.01 0.602 0.118 0.36 12578 20906 -1.74
Honey 6 25 -532 2597 | 11 -507.008 2427.394 0.582 0.177 -0.226 -0.024 3702 20906 -1.734
Honey 6 13 3033 2428 | 11 3297.32 2397.491 0.093 0.357 -0.041 0.158 7455 20906 -1.734
Honey 7 200 16194 3296 | 10 16768.37 3080.791 0 1.057 0.543 0.8 22147 20961 -1.746
Honey 7 100 10243 3273 | 10 11091.16 3101.539 0.001 0.787 0.271 0.529 16506 20961 -1.746
Honey 7 50 8485 4632 9 8636.163 3907.923 0.022 0.739 0.085 0.412 15487 20961 -1.753
Honey 7 25 1087 3820 | 11 2226.627 3127.457 0.243 0.366 -0.153 0.106 7667 20961 -1.74
Honey 7 13 2369 3644 | 11 2614.224 3427.576 0.228 0.409 -0.16 0.125 8577 20961 -1.74
Honey 8 200 516 | NA 1 559.044 7145.141 0.471 1.447 -1.345 0.051 15791 10912 -2.132
Honey 8 100 17114 | NA 1 17084.95 6067.538 0.024 2.751 0.38 1.566 30020 10912 -2.132
Honey 8 50 6217 2261 7 6589.059 2225.801 0.007 0.973 0.234 0.604 10623 10912 -1.812
Honey 8 25 1333 3139 8 1450.279 2523.066 0.288 0.548 -0.282 0.133 5981 10912 -1.796
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Appendix 8. Data Evaluations for the Colony Feeding Studies that were
Included in this Risk Determination Document

Observed Standard eMs'(c)ic:;te Standard P value for Estimated Estimated
Time Test mean . 90% 90% . . Obeserve | Ttest
Parameter | (CCA) conc. difference | €' n n?ean errf)r of cqmparlson confidence confidence el LT d means confidence
2 qep | e observed difference | estimated | with the el lower limit from from control in control | limit
control3 mean from mean control control (%)°> | (number)
control*

Honey 8 13 -1161 1972 8 -1185.77 2059.405 0.712 0.23 -0.448 -0.109 2513 10912 -1.796
Pollen 3 200 1392 645 | 11 0 4613 -1.729
Pollen 3 100 297 717 | 11 0 4613 -1.729
Pollen 3 50 -47 1057 | 11 0 4613 -1.729
Pollen 3 25 1470 764 | 11 0 4613 -1.729
Pollen 3 13 891 833 | 11 0 4613 -1.729
Pollen 4 200 4550 478 | 11 4297.751 690.417 0 1.207 0.682 0.945 5492 4550 -1.729
Pollen 4 100 3956 651 | 11 3806.351 713.408 0 1.108 0.565 0.837 5040 4550 -1.729
Pollen 4 50 2658 385 | 11 2551.377 594.965 0 0.787 0.335 0.561 3580 4550 -1.729
Pollen 4 25 735 615 | 11 236.8 695.034 0.369 0.316 -0.212 0.052 1439 4550 -1.729
Pollen 4 13 782 541 | 11 536.343 685.609 0.222 0.378 -0.143 0.118 1722 4550 -1.729
Pollen 5 200 7021 642 | 11 | 6419.711 | 1061.603 0 1.163 0.646 0.904 8255 7099 -1.729
Pollen 5 100 6176 899 | 11 5935.685 1078.422 0 1.099 0.573 0.836 7800 7099 -1.729
Pollen 5 50 4550 704 | 11 | 4438.326 | 1047.955 0 0.88 0.37 0.625 6250 7099 -1.729
Pollen 5 25 1141 1327 | 11 145.606 1282.746 0.455 0.333 -0.292 0.021 2364 7099 -1.729
Pollen 5 13 -78 1005 | 11 -485.925 1177.574 0.658 0.218 -0.355 -0.068 1550 7099 -1.729
Pollen 6 200 2119 493 | 11 | 1921.621 506.636 0.001 0.798 0.297 0.547 2800 3510 -1.734
Pollen 6 100 731 610 | 10 537.423 519.822 0.158 0.411 -0.105 0.153 1442 3510 -1.74
Pollen 6 50 628 595 | 10 544.13 502.694 0.147 0.404 -0.094 0.155 1419 3510 -1.74
Pollen 6 25 -586 699 | 11 -885.905 606.289 0.919 0.047 -0.552 -0.252 165 3510 -1.734
Pollen 6 13 -1681 584 | 11 -1872.63 550.502 0.998 -0.262 -0.805 -0.533 -918 3510 -1.734
Pollen 7 200 1531 748 | 10 1400.095 688.615 0.029 0.94 0.071 0.506 2602 2768 -1.746
Pollen 7 100 292 660 | 10 357.835 605.124 0.281 0.511 -0.252 0.129 1414 2768 -1.746
Pollen 7 50 860 506 9 807.288 538.712 0.077 0.633 -0.05 0.292 1752 2768 -1.753
Pollen 7 25 -485 568 | 11 -573.884 549.941 0.844 0.138 -0.553 -0.207 383 2768 -1.74
Pollen 7 13 -751 776 | 11 -723.548 633.978 0.865 0.137 -0.66 -0.261 379 2768 -1.74

206

119



Appendix 8. Data Evaluations for the Colony Feeding Studies that were
Included in this Risk Determination Document

Observed Standard eMs'(c)ic:;te Standard P value for Estimated Estimated
Time Test mean . 90% 90% . . Obeserve | Ttest
Parameter | (CCA) conc. difference | €' n n?ean errf)r of cqmparlson confidence confidence el LT d means confidence
2 qep | e observed difference | estimated | with the el lower limit from from control in control | limit
control3 mean from mean control control (%)°> | (number)
control*

Pollen 8 200 688 | NA 1 611.922 2401.029 0.406 1.153 -0.907 0.123 5731 4969 -2.132
Pollen 8 100 4902 | NA 1| 4997.097 | 2082.223 0.037 1.899 0.112 1.006 9436 4969 -2.132
Pollen 8 50 2949 672 7 3170.529 780.622 0.001 0.923 0.353 0.638 4585 4969 -1.812
Pollen 8 25 -172 1125 8 34.473 | 1041.741 0.487 0.383 -0.37 0.007 1905 4969 -1.796
Pollen 8 13 -580 787 8 -605.432 809.164 0.765 0.171 -0.414 -0.122 848 4969 -1.796
Weight 3 200 -2 2|11 0 40 -1.729
Weight 3 100 0 2| 11 0 40 -1.729
Weight 3 50 -3 2|11 0 40 -1.729
Weight 3 25 -2 2| 11 0 40 -1.729
Weight 3 13 -2 2|11 0 40 -1.729
Weight 4 200 5 1] 11 5.863 1.472 0 0.145 0.057 0.101 8 58 -1.729
Weight 4 100 5 2| 11 4.147 1.436 0.005 0.114 0.029 0.071 7 58 -1.729
Weight 4 50 3 2|11 2.382 1.532 0.068 0.087 -0.005 0.041 5 58 -1.729
Weight 4 25 1 2| 11 1.569 1.495 0.154 0.072 -0.017 0.027 4 58 -1.729
Weight 4 13 0 2|11 -0.271 1.798 0.559 0.049 -0.058 -0.005 3 58 -1.729
Weight 5 200 5 2| 11 4.929 1.972 0.011 0.176 0.032 0.104 8 47 -1.729
Weight 5 100 7 2| 11 7.088 2.034 0.001 0.224 0.075 0.149 11 47 -1.729
Weight 5 50 6 2|11 5.241 2.189 0.014 0.19 0.031 0.11 9 47 -1.729
Weight 5 25 0 2| 11 -0.188 2.015 0.537 0.069 -0.077 -0.004 3 47 -1.729
Weight 5 13 2 2|11 1.146 2.222 0.306 0.105 -0.057 0.024 5 47 -1.729
Weight 6 200 15 3| 11 16.153 3.421 0 0.415 0.192 0.304 22 53 -1.734
Weight 6 100 8 4 | 10 7.991 3.955 0.03 0.28 0.021 0.15 15 53 -1.74
Weight 6 50 8 3| 10 6.564 3.966 0.058 0.253 -0.006 0.123 13 53 -1.74
Weight 6 25 -1 3| 11 -0.802 3.677 0.585 0.105 -0.135 -0.015 6 53 -1.734
Weight 6 13 1 3|11 0.088 3.5 0.49 0.116 -0.112 0.002 6 53 -1.734
Weight 7 200 16 3| 11 17.512 3.434 0 0.446 0.22 0.333 23 53 -1.734
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Observed Model
Time Test mean Standard estimate Standard P value for 90% 90% Estlma_ted Estlma_ted Obeserve | Ttest
. error mean error of comparison . . reduction reduction .
Parameter | (CCA) | conc. difference n . . . confidence confidence d means confidence
observed difference | estimated | with the . . from from control . .
i (ug/1)? | from upper limit lower limit in control | limit
mean from mean control control (%)°> | (number)
control3
control*
Weight 7 100 9 41 10 9.946 3.841 0.01 0.316 0.062 0.189 17 53 -1.74
Weight 7 50 9 4| 10 7.903 4.104 0.036 0.286 0.015 0.15 15 53 -1.74
Weight 7 25 -1 41 11 0.306 3.853 0.469 0.133 -0.121 0.006 7 53 -1.734
Weight 7 13 0 3|11 -0.825 3.756 0.586 0.108 -0.139 -0.016 6 53 -1.734
Weight 8 200 -6 | NA 1 -10.331 5.62 0.93 0.041 -0.551 -0.255 2 41 -2.132
Weight 8 100 26 | NA 1 27.447 3.867 0.001 0.881 0.474 0.677 36 41 -2.132
Weight 8 50 8 2 7 8.475 2.777 0.006 0.333 0.085 0.209 14 41 -1.812
Weight 8 25 -1 4 8 0.503 3.511 0.444 0.168 -0.143 0.012 7 41 -1.796
Weight 8 13 -1 1 8 -0.454 1.484 0.617 0.055 -0.077 -0.011 2 41 -1.796
Notes:

1, Observation dates for hive weight measurement were slight different from the dates when colony assessments were conducted.

2, The test concentration labelled as “13” in the table was originated from the raw data submitted by the study author. The actual concentration is expected to be 12.5 pg/I .

3, Mean of observations in controls minus the observation in the treatment.

4, Difference between the mean of observation in controls and estimated number in treatment after adjustment for covariance for CCA3 to be a 0 baseline.
5, The percentage of the estimated difference between the treatment and control divided by the number in the control.[Value in column must be multiplied by 100 to be a %]
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Results

The following tables and graphs present results for individual measurement endpoints (total
individuals, eggs, larvae, pupae, pollen stores, nectar stores, hive weight). The percent reductions
are the means of the differences between each treatment and control at the same apiary, based on
observations and expected values estimated by the statistical model that adjusted baseline
measurement for CCA3, using raw count data.

Table B-2. Estimated percent reduction from control for total number of individuals

Test Estimated reduction from control (%)
concentration (P value)
(ng/L) CCA4 CCAS CCA6 CCA7 CCAS8
125 4 1 8.7 -16.9 -2.6
) (0.354) (0.469) (0.091)* (0.902) (0.561)
25 10.8 10.9 17.4 2.2 -11.4
(0.166) (0.253) (0.029)** (0.429) (0.657)
50 10.3 25.4 12.1 8.1 49.1
(0.182) (0.062)* (0.048)** (0.19) (0.028)**
100 353 46 48.2 60.9 145.1
(0.002)** (0.001)** (<0.001)** (<0.001)** (0.036)**
200 48.6 60.5 65.9 74.6 54.1
(<0.001)** (<0.001)** (<0.001)** (<0.001)** (0.238)
Note: Negative value indicates increased number of individuals in comparison to control.
*0.05<P<0.1
*#P<0.05

Where two p values are listed, the first is the non-adjusted p value, the second is the p value adjusted for
the step-down approach. The step-down adjustment was shown only if it changed the significance level.

At CCABS, the step-down approach was not applied to the 200 or 100 treatment levels where very few

hives survived.
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Figure B-1: Estimates and 90% Cls for Total Life with thresholds of statistical (red) significance shown. The green
line shows 10% difference from control.

Figure B-2: Mean of the differences of the total individuals in hives between treatments and control at the

same apiary.

123

210



Appendix 8. Data Evaluations for the Colony Feeding Studies that were
Included in this Risk Determination Document

for each CCAs.

indicates reversely.

Apiaries are coded with various colors.

Black dash line represents the mean of all apiaries.

Figure A: Total number of individuals in control hives at each apiary (n=11).

Labels at the end of each line are the treatment concentrations (ug/L).

X-axis represents the number of CCA; Y-axis represents the total individuals in control hives.

Figure B: Mean of the differences of the total individuals in hives between the treatments and control at the same apiary
(n=11) with 90% upper and lower confidence interval.
X-axis represents the number of CCA; Y-axis represents the mean of the differences of the total individuals in hives between
the control and treatment at the same apiary (control minus treatment).
The line of “0” indicates no effect from the control within the same Apiary and it was adjusted for baseline covariate at CCA3

A positive Y value indicates there are more live individuals in hives in the control than in the treatment, and a negative value

A dash line indicates the 90% confidence interval estimated by a GLM model for a solid line with the same color.

Table B-3: Estimated percent reduction from control for number of adults

Test Estimated reduction from control (%)
concentration (P value)
(ng/L) CCA4 CCAS5 CCA6 CCA7 CCAS8
125 22 -5.4 23 -12.6 -11
) (0.443) (0.652) (0.415) (0.821) (0.74)
25 2.7 8.7 7.7 4.1 4.3
(0.432) (0.267) (0.24) (0.604) (0.555)
50 233 21.7 19.8 18.6 78%*
(0.931) (0.078)* (0.057)* (0.074)* (0.001)
100 52 34 28.7 51 172.5
(0.392) (0.015)** (0.024)** (0.001)** (0.003)**
200 -29.2 24.4%* 52.8%* 59.4%%* 7.3
(0.961) (0.028) (<0.001) (0.001) (0.425)
Note: Negative value indicates increased number of adults in comparison to control.
*0.05<P<0.1
**P<0.05

Where two p values are listed, the first is the non-adjusted p value, the second is the p value adjusted for
the step-down approach. The step-down adjustment was shown only if it changed the significance level.
At CCAB, the step-down approach was not applied to the 200 or 100 treatment levels where very few

hives survived.
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Figure B-3: Estimates and 90% Cls for adult bees with thresholds of statistical (red) significance shown. The
green line shows 10% difference from control.

Figure B-4: Mean of the differences of adult bees between treatments and control at the same apiary.
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Figure A: Total member of adults in control hives at each apiary (n=11).

X-axis represents the number of CCA; Y-axis represents the number of adults in control hives.
Apiaries are coded with various colors.

Black dash line represents the mean of all apiaries.

Figure B: Mean of the differences of the number of adults in hives between the treatments and control at the same apiary
(n=11).

X-axis represents the number of CCA; Y-axis represents the mean of the differences of the number of adults in hives
between the control and treatment at the same apiary (control minus treatment).

The line of “0” indicates no effect from the control within the same Apiary and it was adjusted for baseline covariate at CCA3
for each CCAs.

Labels at the end of each line are the treatment concentrations (ug/L).

A positive Y value indicates there are more adult bee in hives in the control than in the treatment, and a negative value
indicates reversely.

A dash line indicates the 90% confidence interval estimated by a GLM model for a solid line with the same color.

Table B-3: Estimated percent reduction from control for number of eggs

Test Estimated reduction from control (%)
concentration (P value)
(ng/L) CCA4 CCA5S CCA6 CCA7 CCAS8
125 22.8 11.9 5.9 0.1 37.7
) (0.063*/0.69) (0.236) (0.38) (0.498) (0.058*/0.36)
25 -1.1 8.3 26.3 31.3 5.8
(0.528) (0.336) (0.058*/0.14) (0.114) (0.367)
50 9.6 1.8 11.7 2.6 78.2
(0.692) (0.453) (0.146) (0.451) (<0.001)**
100 379 394 70.8 46.6 138
(0.01%*/0.21) (0.036)** (<0.001)** (0.042)** (0.002)**
200 14.5 322 60.1 77.8 153.2
(0.212) (0.043)** (<0.001)** (0.002)** (0.003)**

Note: Negative value indicates increased number of eggs in comparison to control.

*0.05<P<0.1

**P<0.05

Where two p values are listed, the first is the non-adjusted p value, the second is the p value adjusted for
the step-down approach. The step-down adjustment was shown only if it changed the significance level.
At CCAB, the step-down approach was not applied to the 200 or 100 treatment levels where very few
hives survived.
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Figure B-5: Estimates and 90% Cls for eggs with thresholds of statistical (red) significance shown. The green line
shows 10% difference from control.

Figure B-6: Mean of the differences of number of eggs in hives between treatments and control at the same
apiary.
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(n=11).

for each CCAs.

reversely.

Figure A: Total number of eggs in control hives at each apiary (n=11).
X-axis represents the number of CCA; Y-axis represents the number of eggs in control hives.
Apiaries are coded with various colors.
Black dash line represents the mean of all apiaries.

Labels at the end of each line are the treatment concentrations (ug/L).
A positive Y value indicates there are more eggs in hives in the control than in the treatment, and a negative value indicates

Figure B: : Mean of the differences of the number of eggs in hives between the treatments and control at the same apiary
X-axis represents the number of CCA; Y-axis represents the mean of the differences of the number of eggs in hives between

the control and treatment at the same apiary (control minus treatment).
The line of “0” indicates no effect from the control within the same Apiary and it was adjusted for baseline covariate at CCA3

A dash line indicates the 90% confidence interval estimated by a GLM model for a solid line with the same color.

Table B-4: Estimated percent reduction from control for number of larvae

Test Estimated reduction from control (%)
concentration (P value)
(ng/L) CCA4 CCAS CCA6 CCA7 CCAS8
125 12.3 10.7 -15.5 -62.6 0.8
' (0.161) (0.242) (0.8) (0.996) (0.479)
25 8.1 16.2 23 -25.5 -9.9
(0.241) (0.187) (0.052*/0.57) (0.831) (0.641)
50 12.1 15.3 2.1 -32.4 42.6
(0.199) (0.223) (0.577) (0.955) (0.04)**
100 37.1 30.9 523 64.4 159.9
(0.007)** (0.026)** (<0.001)** (0.002)** (0.024)**
200 64 65 57.2 78.3 54.1
(<0.001)** (<0.001)** (<0.001)** (<0.001)** (0.228)
Note: Negative value indicates increased number of larvae in comparison to control.
*0.05<P<0.1
**P<0.05

Where two p values are listed, the first is the non-adjusted p value, the second is the p value adjusted for
the step-down approach. The step-down adjustment was shown only if it changed the significance level.
At CCAB, the step-down approach was not applied to the 200 or 100 treatment levels where very few

hives survived.
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Figure B-7 Estimates and 90% Cls for larvae with thresholds of statistical (red) significance shown. The green
line shows 10% difference from control.

Figure B-8: Mean of the differences of number of larvae in hives between treatments and control at the same
apiary.
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(n=11).

for each CCAs.

indicates reversely.

Figure A: Total number of larvae in control hives at each apiary (n=11).
X-axis represents the number of CCA; Y-axis represents the number of larvae in control hives.
Apiaries are coded with various colors.
Black dash line represents the mean of all apiaries.

Labels at the end of each line are the treatment concentrations (ug/L).
A positive Y value indicates there are more larvae in hives in the control than in the treatment, and a negative value

Figure B: : Mean of the differences of the number of larvae in hives between the treatments and control at the same apiary
X-axis represents the number of CCA; Y-axis represents the mean of the differences of the number of larvae in hives

between the control and treatment at the same apiary (control minus treatment).
The line of “0” indicates no effect from the control within the same Apiary and it was adjusted for baseline covariate at CCA3

A dash line indicates the 90% confidence interval estimated by a GLM model for a solid line with the same color.

Table B-5: Estimated percent reduction from control for number of pupae

Test Estimated reduction from control (%)
concentration (P value)
(ng/L) CCA4 CCAS CCA6 CCA7 CCAS8
222
12.5 2.8 -3.7 (0.032%**/ -8.4 -1.3
(0.427) (0.595) 0.06*) (0.686) (0.52)
18.3
25 17.7 5.8 (0.036**/ 18.1 -10.8
(0.154) (0.387) 0.06*) (0.133) (0.62)
50 28.1 34.6 12.5 9.7 70.6
(0.068)* (0.044)** (0.06)* (0.232) (0.039)**
100 51.7 56.6 49.7 75.6 150.9
(0.002)** (0.001)** (<0.001)** (<0.001)** (0.092)*
200 83.3 79.5 75.5 93.5 42
(<0.001)** (<0.001)** (<0.001)** (<0.001)** (0.356)
Note: Negative value indicates increased number of pupae in comparison to control.
*0.05<P<0.1
**#P<0.05

Where two p values are listed, the first is the non-adjusted p value, the second is the p value adjusted for
the step-down approach. The step-down adjustment was shown only if it changed the significance level.
At CCAB, the step-down approach was not applied to the 200 or 100 treatment levels where very few

hives survived.
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Figure B-9: Estimates and 90% Cls for pupae with thresholds of statistical (red) significance shown. The green
line shows 10% difference from control.

Figure B-10: Mean of the differences of number of pupae in hives between treatments and control at the same
apiary
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Figure A: Total number of capped brood (pupae) in control hives at each apiary (n=11).

X-axis represents the number of CCA; Y-axis represents the number of pupae in control hives.
Apiaries are coded with various colors.

Black dash line represents the mean of all apiaries.

Figure B: Mean of the differences of the number of capped brood (pupae) in hives between the treatments and control at
the same apiary (n=11).

X-axis represents the number of CCA; Y-axis represents the mean of the differences of the number of pupae in hives
between the control and treatment at the same apiary (control minus treatment).

The line of “0” indicates no effect from the control within the same Apiary and it was adjusted for baseline covariate at CCA3

for each CCAs.

indicates reversely.

Labels at the end of each line are the treatment concentrations (ug/L).
A positive Y value indicates there are more pupae in hives in the control than in the treatment, and a negative value

A dash line indicates the 90% confidence interval estimated by a GLM model for a solid line with the same color.

Table B-6: Estimated percent reduction from control for pollen store

Test Estimated reduction from control (%)
concentration (P value)
(ng/L) CCA4 CCAS5 CCA6 CCA7 CCAS8
12.5 11.8 -6.8 -53.3 -26.1 -12.2
' (0.222) (0.658) (0.998) (0.865) (0.765)
25 52 2.1 -25.2 -20.7 0.7
(0.369) (0.455) (0.919) (0.844) (0.487)
50 56.1 62.5 15.5 29.2 63.8
(<0.001)** (<0.001)** (0.147) (0.077%/0.28) (0.001)**
100 83.7 83.6 15.3 12.9 100.6
(<0.001)** (<0.001)** (0.158) (0.281) (0.037)**
200 94.5 90.4 54.7 50.6 12.3
(<0.001)** (<0.001)** (0.001)** (0.029)** (0.406)
Note: Negative value indicates increased pollen store in comparison to control.
*0.05<P<0.1
**P<0.05

Where two p values are listed, the first is the non-adjusted p value, the second is the p value adjusted for
the step-down approach. The step-down adjustment was shown only if it changed the significance level.
At CCAB, the step-down approach was not applied to the 200 or 100 treatment levels where very few

hives survived.
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Figure B-11: Estimates and 90% Cls for pollen store with thresholds of statistical (red) significance shown. The
green line shows 10% difference from control.

Figure B-12: Mean of the differences of the amount of pollen store in hives between treatments and control at

the same apiary.
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apiary (n=11).

for each CCAs.

indicates reversely.

Figure A: Total amount of pollen store in control hives at each apiary (n=11).
X-axis represents the number of CCA; Y-axis represents the amount of pollen store in control hives.
Apiaries are coded with various colors.

Black dash line represents the mean of all apiaries.

Labels at the end of each line are the treatment concentrations (ug/L).
A positive Y value indicates there are more pollen store in hives in the control than in the treatment, and a negative value

Figure B: Mean of the differences of the amount of pollen store in hives between the treatments and control at the same
X-axis represents the number of CCA; Y-axis represents the mean of the differences of the amount of pollen store in hives

between the control and treatment at the same apiary (control minus treatment).
The line of “0” indicates no effect from the control within the same Apiary and it was adjusted for baseline covariate at CCA3

A dash line indicates the 90% confidence interval estimated by a GLM model for a solid line with the same color.

Table B-7: Estimated percent reduction from control for honey store

Test Estimated reduction from control (%)
concentration (P value)
(ng/L) CCA4 CCAS CCA6 CCA7 CCAS8
125 -7.5 1.3 15.8 12.5 -10.9
) (0.808) (0.467) (0.093*/0.58) (0.228) (0.712)
25 -10.4 -15.3 2.4 10.6 133
(0.89) (0.84) (0.582) (0.243) (0.288)
50 -6.2 21.6 36 41.2 60.4
(0.723) (0.091%/0.33) (0.01)** (0.022)** (0.007)**
100 -8 7.1 21.8 52.9 156.6
(0.847) (0.333) (0.088)* (0.001)** (0.024)**
200 21.1 -84.1 70.5 80 5.1
(0.963) (1) (<0.001)** (<0.001)** (0.471)
Note: Negative value indicates increased honey store in comparison to control.
*0.05<P<0.1
**#P<0.05

Where two p values are listed, the first is the non-adjusted p value, the second is the p value adjusted for
the step-down approach. The step-down adjustment was shown only if it changed the significance level.
At CCAB, the step-down approach was not applied to the 200 or 100 treatment levels where very few
hives survived.
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Figure B-13: Estimates and 90% Cls for honey store with thresholds of statistical (red) significance shown. The
green line shows 10% difference from control.

Figure B-14: Mean of the differences of the amount of honey store in hives between the treatments and control

at the same apiary.
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A

Figure A: Total amount of honey store in control hives at each apiary (n=11).
X-axis represents the number of CCA; Y-axis represents the amount of honey store in control hives.
Apiaries are coded with various colors.
Black dash line represents the mean of all apiaries.

Figure B: : Mean of the differences of the amount of honey store in hives between the treatments and control at the same

apiary (n=11).

X-axis represents the number of CCA; Y-axis represents the mean of the differences of the amount of honey store in hives
between the control and treatment at the same apiary (control minus treatment).
The line of “0” indicates no effect from the control within the same Apiary and it was adjusted for baseline covariate at CCA3

for each CCAs.

Labels at the end of each line are the treatment concentrations (ug/L).
A positive Y value indicates there is more honey store in hives in the control than in the treatment, and a negative value

indicates reversely.

A dash line indicates the 90% confidence interval estimated by a GLM model for a solid line with the same color.

Table B-8: Estimated percent reduction from control for hive weights

Test Estimated reduction from control (%)
concentration (P value)
(ng/L) CCA4 CCAS CCA6 CCA7 CCAS8
125 -0.5 2.4 0.2 -1.6 -1.1
) (0.559) (0.306) (0.49) (0.586) (0.617)
25 2.7 -0.4 -1.5 0.6 1.2
(0.154) (0.537) (0.585) (0.469) (0.444)
50 4.1 11 12.3 15 20.9
(0.068)* (0.014)** (0.058)* (0.036)** (0.006)**
100 7.1 14.9 15 18.9 67.7
(0.005)** (0.001)** (0.03)** (0.01)** (0.001)**
200 10.1 10.4 304 333 -25.5
(<0.001)** (0.011)** (<0.001)** (<0.001)** (0.93)
Note: Negative value indicates increased hive weight in comparison to control.
*0.05<P<0.1
**P<0.05

Where two p values are listed, the first is the non-adjusted p value, the second is the p value adjusted for
the step-down approach. The step-down adjustment was shown only if it changed the significance level.
At CCAB, the step-down approach was not applied to the 200 or 100 treatment levels where very few

hives survived.

223

136




Appendix 8. Data Evaluations for the Colony Feeding Studies that were
Included in this Risk Determination Document

Figure B-15: Estimates and 90% Cls for hive weight with thresholds of statistical (red) significance shown. The
green line shows 10% difference from control.

Figure B-16 Mean of the differences of the hive weight between the treatments and control at the
same apiary.
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Figure A: Total hive weight in control hives at each apiary (n=11).

X-axis represents the number of CCA; Y-axis represents the hive weight in control hives.
Apiaries are coded with various colors.

Black dash line represents the mean of all apiaries.

Figure B: Mean of the differences of the hive weight between the treatments and control at the same apiary (n=11).
X-axis represents the number of CCA; Y-axis represents the mean of the differences of the hive weight between the
control and treatment at the same apiary (control minus treatment).

The line of “0” indicates no effect from the control within the same Apiary and it was adjusted for baseline covariate
at CCA3 for each CCAs.

Labels at the end of each line are the treatment concentrations (ug/L).

A positive Y value indicates that the hive weight was more in the control than in the treatment, and a negative value
indicates reversely.

A dash line indicates the 90% confidence interval estimated by a GLM model for a solid line with the same color.
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Figure B-18. Adults (percent difference from control)
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Figure B-19. Eggs (percent difference from control)
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Figure B-20. Larvae (percent difference from control)
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Figure B-21. Pupae (percent difference from control)
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Figure B-22. Honey (percent difference from control)

Pollen
150
100
50
0

-50

-100

Difference from control (%)

CCA4 CCA5 CCA6 CCA7 CCA8

—0=12.5 25 50 =e=100 ==o=200

Figure B-23. Pollen (percent difference from control)
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Figure B-24. Weight (percent difference from control)
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Figure B-26. Summary of living organism parameters at 25 pg/L
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Table B-9. Summary of observed effects at each treatment level (Note: Values reported in the
table are the % reduction compared to control, based on model estimated raw numbers corrected
for baseline measurements).

Treatment Observations
(re/1)
125 e Decreased total number of individuals in hive at CCA6 (8.7%, P<0.1)
e Decreased number of pupae at CCA6 (22.2%, P<0.05)
e Decreased honey store at CCA6 (15.8%, P<0.1)
o At CCAS, two out of 11 colonies did not survive overwintering (better survival than control)
e At CCA8 among surviving hives, hive condition similar to control
e The potential colony effects at CCA6 were considered short-term, colony able to compensate
25 e Decreased total number of individuals in hive at CCA6 (17.4%, P<0.05)
e Decreased number of pupae at CCA6 (18.3%, P<0.05)
e Decreased number of eggs at CCA6 (26.3%, P<0.1)
e Decreased number of larvae at CCA6 (23%, P<0.1)
o At CCAS, one out of 11 colonies did not survive overwintering (better survival than control)
o At CCAS8 among surviving hives, hive condition similar to control
o The potential colony effects at CCA6 were considered short-term, colony able to compensate
50 e Decreased total number of individuals in hive at CCAS (25.4%, P<0.1) and CCAG6 (12.1%,
P<0.05)
e Decreased pupae at CCA4, CCAS, CCA6 (28.1, 34.6, 12.5%, P<0.1, <0.05, <0.1)
e Decreased number of adults at CCAS5 - CCA7 (18.6 - 21.7%, P<0.1)
e No effect on eggs or larvae observed
e Decreased pollen store at CCA4, CCAS, CCA7
e Decreased honey store at CCAS — CCA7
e Decreased hive weight at CCA4 — CCA7
o At CCAS, four out of 11 colonies did not survive overwintering, comparable to control
o At CCAS8 among surviving hives, poorer hive condition compared control
100 and e Decreased total number of individuals in hive at CCA4-CCA7
200 e Decreased number of adults at CCAS - CCA7
e Decreased number of eggs at CCA4 — CCA7
e Decreased number of larvae at CCA4 — CCA7
e Decreased number of pupae at CCA4 — CCA7
e Decreased pollen store at CCA4 and CCAS
e Decreased honey store at CCA6-CCA7
e Decreased hive weight at CCA4 — CCA7
e High overwintering mortality (only 1 survived at 100; only 2 survived at 200)
OVERALL e NOAEL: 25 pg/L sucrose solution (nominal 20.3 ppb; measured 23.3 ppb)
ENDPOINT | ® LOAEL: 50 pg/L sucrose solution (nominal 40.7 ppb; measured 46.7 ppb)
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Appendix C: Details of CDPR Statistical Analysis
Statistical Summary

A clear progression of effects on hive health in response to imidacloprid dose was indicated by
the results of the multivariate mixed model analysis.

e After only 3 weeks into the exposure period pupal and larval numbers decreased in
response to higher dose levels with effects initiated on pupal cells at the 50 ppb treatment.
Pollen food stores also exhibited decreased numbers as a dose response relationship at the
higher treatment levels with effects initiated at the 50 ppb dose level. Overall hive weight
was decreased at 100 and 200 ppb doses.

e At 7 weeks after initiation of exposure (1 week after end of treatments), numbers of adult
and egg cells were then decreased at the higher treatments with effects initiated on adult
cells at the 50 ppb dose level. A clear dose response was also observed for hive weight at
the higher doses with effects now measured at the 50 ppb treatment.

e Later at 11 weeks after initiation of exposure (5 weeks after end of treatments), number of
honey cells exhibited a dose response relationship at the higher treatment levels with
effects initiated at the 50 ppb dose level.

e At the final assessment before overwintering at 16 weeks after initiation of exposure (10
weeks after end of treatments) decreases in number of honey cells and hive weight were
measured at the 50 ppb dose level. Numbers of adults and pupal and larval cells were
decreased at the 100 and 200 ppb dose levels. Note that some effects previously measured
between control and 50 ppb treatment levels were not apparent at this assessment.

e Assessment of the hives after overwintering indicated that dose related effects noted at
CCA7 were expressed in CCAS8 where extreme loss of hives was observed at the 100 and
200 ppb. Decreased vigor of hives at the 50 ppb dose level was indicated due to decreased
numbers of adults and pupal and larval cells as compared to control hives.

The general conclusion is that the data indicate a NOEC value at 25 ppb and a LOEC value
at 50 ppb.

Background

The multivariate mixed repeated measures model approach is distinguished from the univariate
approach previously in that all bee life stages or hive food storage variables are simultaneously
analyzed as a single model. Multivariate analyses of variance for fixed effects models are
conducted, using Statistical Analysis System (SAS) software, through implementing the
MANOVA option in the PROC GLM procedure. Recently, multivariate analyses have been
extended to mixed models using the PROC MIXED procedure. The MIXED procedure is designed
to conduct a mixed model analysis of variance where fixed and random effects can be specified.
Inclusion of random effects in a model provides a broader application of results. For this study,
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locations were denoted as apiaries with individual hives as test subjects. Use of a mixed model
with apiaries identified as a random variable provides some assurance that the results can be
generalized to other locations and hives.

Model Setup

e The Multivariate Analysis of Variance in PROC MIXED is conducted by combining the data
for response variables to be analyzed into two columns of data. One column contains the list
of variables to be analyzed, denoted as ‘RESPONSE’ in this analysis, and the other variable
contains the measured value for that variable, denoted “VALUE’ in this analysis.

e Factors on the effect side of the equation for the multivariate response were dose of
imidacloprid and date sampled, which was denoted as day for each CCA assessment. .

e Technically, the RESPONSE variable is listed as a class variable in the multivariate analysis
and then included in the effects side of the model.

The SAS code below illustrates the syntax for one of the programs used to determine the
appropriate covariate model to use:

proc mixed data=a7;

titled4 "Overall Multivariate analysis”;

title5 "EPA scaling - Apiary random - CV = un@ar(l)";
class day dose response hivenum apiary;

model epavaluet=response|day]dose/noint;

random apiary;

run;

Features in this syntax are:

1. Class Statement: The RESPONSE variable is included in the list of effects variables and
contains the variables to be analyzed for the multivariate analysis.
2. Model Statement:

a. VALUE is the respective measure for the RESPONSE variable. For example,
VALUE contains the value for number of adult bees taken for hive number 2
located in Apiary A and taken at CCA3 at the 12.5 ppb treatment. For the statistical
analysis, the original values were scaled as in the univariate analyses: Raw values
for pupal, larval, and egg cells were dived by 68800 with adult cells divided by
68800/1.3 then times by 4.

b. The RESPONSE variable is tested for interactive effects with day and dose on the
effects side of the model.

3. Random Statement: Apiary is treated as a random variable because effects are to be
generalized to other locations.
4. Repeated Statement:

a. Provides for a repeated measures analysis of variance.

b. The subject= indicates the hive where the repeated measures were taken.

c. Type=UN@AR(1) indicates the covariance model used where the symbols
represent a Compound Symmetry model applied to the response variable and a first-
order autoregressive model applied to day. Various covariance models were tested
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to determine the model which provided the best fit. The best model was chosen by
comparing values of informational criteria for -2 Res Log Likelihood, a criteria that
provided an overall estimate of the amount of variance explained by the model, and
the BIC criteria that adjusts the previous criteria based on the number of additional
parameters added to the model for each structured model. .

The sequence of statistical analyses conducted was:

1. Conduct a full model analysis of variance as reflected in syntax above. Owing to the large
number of dead hives at CCAS8 for the 100 and 200 ppb treatments, data from CCA3
through CCA7 were used in this overall analysis to test for interactive effects. Three
covariance models relevant to this design were tested. For bee life stages the UN*AR(1)
model provided the best fit, whereas, UN@CS provided the best fit for analysis of food
stores .

2. Upon observation of a significant interactive term between dose, day, and response, further
analyses were conducted at each CCA to determine the differential responses among
variables over time. Data for CCA8 were included in this analysis. Seven covariance
models were tested for each CCA. The autoregressive-first-order model with heterogeneity
model fit best at CCA3, the compound symmetry model with heterogeneity fit best at
CCAA4, and the unstructured model fit best for CCAS through CCAS.

Multivariate Analysis of Variance

e Two sets of analyses were conducted. One focused on the counts for the various life stages of
bees within the hive, contrasting the numbers of adults, pupal, larval, and eggs over time.

e A second analysis explored the relationship between nectar and pollen cells. These values
indicate the level of food stores in the hive over. Analysis on hive weight was conducted
separately.

Results
Life Stages

All effects in the multivariate full model for adult, pupal, larval, and eggs cells were highly
significant (Table C-1). Notably, the triple interactive effect for Day*Dose*Response indicated
that the various bee stages responded differently over time to imidacloprid dosage. Analyses were
then conducted by CCA to determine the sequence of effects over time.

In order to determine the pattern of response for life stages at each CCA, a regression analysis was
first conducted to measure potential linear and curvilinear effects of dose at each CCA (Table C-
2). Quadratic and cubic dose effects were included to indicate potential curvature in response. The
second analysis provided a LSMEANS test for each pairwise comparison between levels of dose
for each response (Table C-3). These contrasts provide a basis for estimating potential no observed
effect concentration (NOAEC) and lowest observed effect concentration (LOAEC) values.

148

235



Appendix 8. Data Evaluations for the Colony Feeding Studies that were
Included in this Risk Determination Document

Table C-1. Results for multivariate mixed model analysis of variance for potential interactive
effects of imidacloprid dose over time on counts of bee stages for adult, pupal, larval and egg cells.

Overall Model Effect Num DF Den DF PR>F
Response 3 213 <.0001
Day 4 283 <.0001
Day*Response 12 849 <.0001
Dose 5 61 <.0001
Dose*Response 15 213 <.0001
Day*Dose 20 283 0.0001
Day*Dose*Response 60 849 <.0001

Comparison of the pattern of significant regression results between CCAs provided evidence for
the differential responses in bee life stages over time (Table C-2). In the figures for effects, the
response for each variable over dose and is plotted. In addition, oversized dots and colors indicate
levels of significant difference between the control value and the value at each treatment level as
indicated from Table C-3.

CCA3: Prior to dietary administration of imidacloprid at CCA3, baselines for life stages
assigned to each treatment level were essentially not significantly different (p<0.05) from
control, with the exception of pupal cells (Table C-3). For pupal cells, the initial number of
cells tended to be lower for the control group. The reason for this finding is not known but
differences caused by imidacloprid treatments were measured in subsequent analyses. At this
time, adults were in greatest number followed by pupal cells and then larval and egg cells
(Figure C-1).

CCA4: Although this assessment of hive health was taken only 3 weeks into the exposure
period, significant regression indicated decreasing numbers of pupal and larval cells with
increase in imidacloprid dose (Figure C-2). For pupal cells the effect was first measured at the
50 ppb treatment (p<.1)) and then at progressively increasing probability levels for 100 and
200 ppb treatments. For larval cells the effects were significant for the 100 ppb treatment and
higher. Effects on pupal and larval cells numbers were persistent throughout the subsequent
CCAs (Figures C-2 to C-6).

CCAS: Decreases in numbers of adult and egg cells were now indicated at the higher 100 and
200 ppb dose levels (Figure C-3).

CCAG6:_ Decreases noted in the previous CCAs at the 100 and 200 pbb levels of dose were
measured for all life stages. For adult cells, decreased numbers of adults were also measured

for the 50 ppb treatment, indicating a dose response to treatments starting at this level (Figure
C-4).

CCA7: At CCAT7 higher order regression coefficients were significant for counts of adults
and larval cells (Table C-2). The curvilinear nature of the response reflected the extreme
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effects on reductions in numbers measured for the 100 and 200 ppb levels of imidacloprid dose
(Figure C-5).

e CCAS8: The pattern noted at CCA7 was reflected at the final assessment at CCA8 where
curvature in response measured for all life stages reflected a grouping of treatment levels:
Results were similar for 0, 12.5, and 25 ppb treatments and with 50, 100, and 200 ppb
treatments reflecting detrimental effects due to imidacloprid treatment (Table C-2, Figure C-
6). Loss of hives at 100 and 200 ppb treatments was an obvious effect resulting in essentially
loss of all life stages at these treatments. But additional decreases in numbers of adults, pupal,
and egg cells were measured at the 50 ppb treatment compared to the control, indicating lower
vigor of hives at this treatment.

Table C-2. Regression for regression effects conducted within each CCA and for each bee life
stage.

Regression Results for Each CCA
Bee Life Stage | Regression Effect CCA3 CCA4 CCAS CCA6 CCA7 CCAS8
Pr>t Pr>t Pr>t Pr>t Pr>t Pr>t
Adult Dose Linear 0.6945 0.0622 0.0341 0.0003 <.0001 <.0001
Dose Quadratic 0.1763 0.1761 0.017 0.2027 0.0938 0.034
Dose Cubic 0.3279 0.143 0.5933 0.8789 0.0501 0.0417
Pupal Dose Linear 0.0923 <.0001 <.0001 <.0001 <.0001 <.0001
Dose Quadratic 0.9986 0.4165 0.1366 0.2841 0.1758 0.0437
Dose Cubic 0.2244 0.6987 0.9101 0.7008 0.1117 0.0511
Larval Dose Linear 0.626 <.0001 0.0003 <.0001 <.0001 <.0001
Dose Quadratic 0.1992 0.3551 0.8878 0.1037 0.5789 0.0968
Dose Cubic 0.2381 0.3424 0.9101 0.2008 0.0055 0.0275
Egg Dose Linear 0.7645 0.2451 0.021 <.0001 0.0003 <.0001
Dose Quadratic 0.6786 0.2995 0.4279 0.0421 0.9673 0.0244
Dose Cubic 0.7019 0.0996 0.4022 0.1842 0.9576 0.1589

150

237



Appendix 8. Data Evaluations for the Colony Feeding Studies that were
Included in this Risk Determination Document

Table C-3. Mean comparison for the response between each level of dose at each CCA for each
bee life stage. The difference is the percent frame coverage of dosel minus dose2 where a positive
value indicates a higher value for the lower dosage and a negative value indicates a lower value
for the lower dosage.

Significant Pairwise Comparisons Testing Differences Between Each Level of Imidicloprid Dose at Each CCA and Each Life Stage
CCA3 CCA4 CCAS
Life Life Life
Stage Dosel Dose2 PR>t Difference| Stage Dosel Dose2 PR>t Difference| Stage Dosel Dose2 PR>t Difference
Pupal 0 12.5  0.0969 -0.06 Adult 0 200 0.0225  -0.13 Adult 0 50 0.0636 0.12
0 25 0.0577  -0.07 25 200 0.0812  -0.12 0 100 0.0079 0.17
0 200 0.0185  -0.09 100 200 0.0177  -0.17 12.5 50  0.0397 0.15
Larval 0 100 0.0972 0.03 Pupal 0 50 0.0822  0.06 12.5 100 0.006 0.21
25 100  0.0709 0.04 0 100 0.0032 0.1 12.5 200  0.0674 0.13
0 200 <0.0001  0.16 25 100 0.0525 0.14
12.5 50 0.048  0.08 Pupal 0 50 0.0172 0.1
12.5 100 0.0026  0.12 0 100 0.0002 0.15
12.5 200 <0.0001 0.18 0 200 <0.0001  0.02
25 100 0.027  0.09 12.5 50 0.0428 0.09
25 200 0.0002  0.15 12.5 100  0.0014 0.15
50 200 0.0065  0.11 12.5 200 <0.0001  0.22
100 200 0.0961 0.06 25 100 0.0056 0.13
Larval 0 100 0.0003  0.05 25 200 <0.0001  0.19
0 200 <0.0001  0.07 50 200  0.0094 0.12
12.5 200 0.024  0.04 Larval 0 100 0.045 0.04
25 100 0.0065  0.05 0 200  0.0005 0.07
25 200 0.0003  0.06 12.5 200  0.0102 0.06
50 100 0.0182  0.04 25 200  0.0205 0.05
50 200  0.001 0.06 50 200 0.0179 0.05
Egg 0 100 0.0367  0.03 Egg 0 100 0.0407 0.03
25 100 0.0491  0.03 0 200  0.0538 0.03
50 100 0.0184  0.03

151

238



Appendix 8. Data Evaluations for the Colony Feeding Studies that were
Included in this Risk Determination Document

Table C-3 Continued. Mean life stage comparisons continued for CCA6 through CCAS:

Significant Pairwise Comparisons Testing Differences Between Each Level of Imidicloprid Dose at Each CCA and Each Life Stage

CCA6 CCA7 CCAS
Life Life Life

Stage Dosel Dose2 PR>t Difference| Stage Dosel Dose2 PR>t Difference| Stage DoselDoseZ PR>t Difference

Adult 0 50 0.0246 0.14 Adult 0 100 0.0036 0.14 Adult 0 50 0.00707 0.11

0 100  0.016 0.15 0 200  0.0034 0.14 0 100 0.0004 0.23

0 200  0.001 0.21 12.5 50  0.0142 0.13 0 200 0.0007 0.22

12.5 50  0.0525 0.14 12.5 100 0.0002 0.21 12.5 50 0.0121 0.19

12.5 100  0.0374 0.15 12.5 200  0.0002 0.21 12.5 100 <0.0001 0.3

12.5 200  0.0042 0.21 25 50  0.0278 0.12 125 200 0.0001 0.3

25 50  0.0811 0.12 25 100 0.0004 0.2 25 50 0.0076 0.2

25 100 0.059 0.13 25 200  0.0004 0.2 25 100 <0.0001 0.31

25 200  0.0074 0.19 Pupal 0 100 0.0001 0.05 25 200 <0.0001 0.3

Pupal 0 100 <0.0001  0.14 0 200 <0.0001 0.06 Pupal 0 50 0.0942 0.05

0 200 <0.0001  0.19 12.5 100 <0.0001 0.06 0 100 0.0007 0.11

12.5 100 0.02 0.09 12.5 200 <0.0001 0.07 0 200 0.0011 0.11

12.5 200  0.0003 0.14 25 100 0.0044 0.04 12.5 50 0.0189 0.09

25 100 0.0096 0.1 25 200  0.0003 0.05 12.5 100 0.0002 0.15

25 200  0.0001 0.15 50 100 0.0063 0.04 12.5 200 0.0002 0.14

50 100 0.0191 0.09 50 200  0.0005 0.05 25 50 0.014 0.09

50 200  0.0003 0.14 Larval 0 12.5  0.0023 -0.02 25 100 0.0001 0.15

Larval 0 100 0.0005 0.05 0 100  0.0127 0.02 25 200 0.0002 0.15

0 200  0.0003 0.06 0 200  0.0009 0.02 Larval 0 100 0.0013 0.05

12.5 25  0.0178 0.04 12.5 25 0.0958 0.01 0 200 0.0022 0.05

12.5 100 <0.0001  0.07 12.5 50 0.02 0.02 12.5 100 0.0008 0.06

12.5 200 <0.0001  0.07 12.5 100 <0.0001 0.04 12.5 200 0.0012 0.06

25 100 0.0609 0.03 12.5 200 <0.0001 0.05 25 50 0.0609 0.03

25 200  0.0511 0.03 25 100  0.0017 0.03 25 100 0.0002 0.07

50 100  0.0079 0.05 25 200  0.0001 0.03 25 200 0.0003 0.07

50 200  0.0063 0.05 50 100  0.0122 0.02 50 100 0.0435 0.04

Egg 0 100 <0.0001 0.05 Egg 50 200  0.0012 0.03 50 200 0.0609 0.03

0 200  0.0006 0.04 0 200  0.0014 0.02 Egg 0 50 0.0158 0.02

12.5 100 0.0012 0.04 12.5 100 0.0284 0.01 0 100 0.0002 0.03

12.5 200  0.005 0.04 12.5 200  0.0004 0.02 0 200 0.0007 0.03

25 100  0.0148 0.03 25 200  0.0495 0.01 125 25 0.0871  -0.02

25 200  0.0477 0.03 50 200  0.0192 0.01 125 100 0.0071 0.03

50 100 0.0043 0.04 125 200 0.0156 0.02

50 200  0.0162 0.03 25 50 0.0016 0.03

25 100 <0.0001 0.04

25 200 <0.0001 0.04
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Comparisons to control: Large gray dot 0.05<p<0.1; Large red dot p<0.05.
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Figure C-1. Response of each life stage measured prior to the initiation of imidacloprid treatments

at CCA3. Except for pupal cells, the baseline for each group was not significantly different (p<0.05)
from control. For pupal cells, significant differences from the control were determined for

treatment locations except for the 50 ppb group. The reason for these differences is not known.

Comparisons to control: Large gray dot 0.05<p<0.1; Large red dot p<0.05.
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Figure C-2. At CCAA4, significant dose related effects were measured for larval and pupal life
stages. Sporadic effects were noted for egg and adult cells, which were most likely not related to
dosing level.
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Comparisons to control: Large gray dot 0.05<p<0.1; Large red dot p<0.05.
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Figure C-3. Effects on larval and pupal cells measured at CCA4 were sustained in CCAS with
significant reductions from control (p<0.05) at the 50, 100, and 200 ppb levels for pupal cells and
at the 100 and 200 level for larval cells.

Comparisons to control: Large gray dot 0.05<p<0.1; Large red dot p<0.05.
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Figure C-4. At CCA 6 effects on pupal and larval cells were again sustained with onset of dose
related effects measured for egg and adult cells. Specifically, significant reductions (p<0.05) in the
number of adults and eggs were determined, along with effects to larval and pupal cells that were
determined in CCAs 4 and 5.
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Comparisons to control: Large gray dot 0.05<p<0.1; Large red dot p<0.05.
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Figure C-5. At CCA7, decreases in all life stages from control group were measured for 100 and
200 ppb levels of imidacloprid.

Comparisons to control: Large gray dot 0.05<p<0.1; Large red dot p<0.05.
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Figure C-6. Clear effects of hive death were measured at CCAS at the 100 and 200 ppb
treatments. Decreased numbers of adults, pupal, and egg cells were also measured at the 50 ppb
treatment.
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Food Stores

A second multivariate analysis was conducted to determine potential effects on honey and pollen
cells. Univariate mixed model analyses were conducted for hive weight. The triple interaction of
Day*Dose*Response was again significant in the combined analysis of pollen and honey cells
(Table C-4).

Table C-4. Analysis of Food Stores (Pollen and honey cells, and hive weight

Overall Model Effect Num DF Den DF Pr>F
Response 1 116 <.0001
Day 4 294 <.0001
Day*Response 4 306 <.0001
Dose 5 118 0.0002
Dose*Response 5 116 0.8633
Day*Dose 20 294 <.0001
Day*Dose*Response 20 306 <.0001

In light of the significant three way interaction, the approach used for bee life stages was followed
where further multivariate analyses were conducted to determine the pattern of response at each
CCA. Results from the regression analysis for each CCA indicated that there was a differential
response over time (Table C-5).

e CCA3: As indicated in the results for bee life stages initial values for pollen and honey cells
and hive weight were essentially similar between all treatment levels. Some slight differences
between the controls and a few treatment levels for pollen cells were measured but these
appeared to be sporadic and not related to dose levels (Table C-6; Figure C-6 and Figure C-
12).

e CCA4: The number of pollen cells and hive weight were first affected at CCA4 with
decreases measured in relation to increasing imidacloprid concentration (Figure C-7 and
Figure C-13). Dose related effects on pollen cells were evident at the 50 ppb treatment with
progressive decreases in numbers in relation to increases in level of dose. The pattern for hive
weight mimicked that observed for pollen cells but significant effects were measured at the
100 ppb treatment and higher. Again, these decreases are rather significant because this
assessment was made only 3 weeks into the exposure period.

e CCAS: The pattern in response for pollen cells and hive weight was similar to that observed
at CCA4 (Figure C-8 and Figure C-13). An additional effect was observed for hive weight
in that a significant effect was also observed at the 50 ppb level of dose. Together the effects
on honey cells and hive weight indicated two groupings of effects for the levels of dose: One
where the numbers were similar between 0, 12.5, and 25 ppb treatments and a second where
effects of imidacloprid dose were measured for 50, 100, and 200 ppb treatments There was one
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significant effect indicated for honey cells but it was an isolated effect where higher numbers
were recorded for the 200 ppb treatment versus the rest of the treatments.

CCA6: At CCA6 decreased numbers of pollen cells were only measured at the 200 ppb level
of imidacloprid dose (Figure C-9). The response of honey cells, on the other hand, now
mimicked the initial response for pollen cells in that decreased numbers compared to the
control were measured at 50 ppb and higher dose levels. The two grouping pattern noted at
CCAS was now reflected in the responses for number of honey cells and hive weight (Figure
C-9 and Figure C-14).

CCAT7: The response at CCA7 was very similar to that measured at CCA6 with the same noted
grouping of effects for honey cells and hive weight (Figure C-10 and Figure C-15). Numbers
of pollen cells were not as plentiful as for honey cells throughout the study. By this assessment
all treatment means were low with values either at or below 0.05% frame coverage. The lower
coverage at this CCA is most likely the cause for diminishing effects of imidacloprid treatment
at this CCA and perhaps noted at the previous CCA6. Effects though were still measured at
the 200 ppb level when compared to the control.

CCAS8: Similar to the effects measured for life stages, the pattern noted at CCA7 was reflected
at the final assessment at CCA8 where curvature in response was measured for all life stages,
reflecting the extreme loss of hives at the 100 and 200 ppb levels of imidacloprid dose (Table
C-5). Lowered counts for honey and pollen cells were also measured for the 50 ppb treatment
when compared to control values, indicating lower hive vigor (Figure C-11 and Figure C-
16). These results provide evidence for the sustained influence of effects noted at CCA7 on the
over wintering heath of hives.

Table C-5. Regression for linear and quadratic effect conducted within each CCA and for pollen
or nectar cells and hive weight.

Regression Results for Each CCA
Food Storage CCA3 CCA4 CCAS CCA6 CCA7 CCAS8
Variable Regression Effect Pr>t Pr>t Pr>t Pr>t Pr>t Pr>t
Dose Linear 0.5037 0.5842 0.0056 0.0001 <.0001 | <.0001
Honey Cells )
Dose Quadratic 0.2801 0.7943 0.0821 0.9244 0.2545 | 0.0272
Dose Cubic 0.7263 0.8815 0.9365 0.6355 0.644 0.1049
Dose Linear 0.2855 | <0.0001 <0.0001 <0.0001 0.002 <.0001
Pollen Cells .
Dose Quadratic 0.5849 0.0007 0.0006 0.9176 0.6843 | 0.0279
Dose Cubic 0.222 0.8135 0.7822 0.4604 0.8962 | 0.0215
. . Dose Linear 0.9952 0.0027 0.0011 0.0014 0.0007 | <.0001
Hive Weight )
Dose Quadratic 0.9164 0.2306 0.0023 0.2494 0.1424 | 0.0541
Dose Cubic 0.0581 0.7024 0.5848 0.4948 0.4931 0.002
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Table C-6. Mean comparisons for the response between each level of dose for number of honey
and pollen cells and hive weight conducted at each CCA. For pollen and honey cells the
difference is the percent frame coverage of dosel minus dose2 where a positive value indicates a
higher value for the lower dosage and a negative value indicates a lower value for the lower

dosage. For hive cells the difference represents measurements made in pounds (1bs).

245

Significant Pairwise Comparisons Testing Differences Between Each Level of Imidicloprid Dose at Each CCA for Food Stores
CCA3 CCA4 CCAS
Effect Dosel Dose2 PR>t Difference| Effect Dosel Dose2 PR>t Difference| Effect Dosel Dose2 PR>t Difference
Pollen 0 25 0.0582 0.02 Pollen 0 50  <.0001 0.04 Pollen 0 50 <0.0001  0.07
0 200  0.071 0.02 0 100 <.0001 0.06 0 100 <0.0001  0.09
Hive 0 125 0.0149 -4 0 200  <.0001 0.07 0 200 <0.0001 0.1
Weight 125 100 0.0081 5.2 12.5 50 0.0067 0.03 12.5 50 0.0001  0.07
12.5 200  0.0261 4.1 12.5 100 <.0001 0.05 12.5 100 <0.0001  0.09
12.5 200 <0001 0.05 12.5 200 <0.0001 0.1
25 50 0.0055 0.03 25 50 0.0038  0.05
25 100 <.0001 0.05 25 100 <0.0001  0.07
25 200 <0001 0.06 25 200 <0.0001  0.09
50 100 0.0568 0.02 50 200 0.033  0.04
50 200  0.0063 0.03  |Honey 0 200 0.009  -0.08
Hive 0 100 0.0208 43 12.5 200 0.0177  -0.08
Weight 0 200  0.0278 4.1 25 200 0.0498  -0.07
12.5 50  0.0391 44 50 200 0.0036  -0.11
12.5 100 0.0056 6.1 100 200 0.0233  -0.08
12.5 200  0.0074 5.9 Hive 0 12.5 0.0305 3.6
25 100 0.0273 4.8 Weight 0 50 <0.0001 74
25 200  0.0348 4.5 0 100 <0.0001 10.7
0 200 0.0015 5.5
12.5 50 0.0464 3.8
12.5 100 0.0005 7.1
25 50 0.0024 6
25 100 <0.0001 9.3
25 200  0.0311 4.1
50 100 0.0843 33
100 200  0.0081 -5.2
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Table C-6 Continued. Mean food storage comparisons continued for CCA6 through CCAS:

246

Significant Pairwise Comparisons Testing Differences Between Each Level of Imidicloprid Dose at Each CCA for Food Stores
CCA6 CCA7 CCA8
Effect Dosel Dose2 PR>t Difference| Effect Dosel Dose2 PR>t Difference| Effect Dosel Dose2 PR>t Difference
Pollen 0 125 0.0086  -0.03 Pollen 0 200  0.0087 0.02 Pollen 0 125 00677 -0.02
0 200  0.0022 0.03 12.5 50  0.0203 0.02 0 50 0.0601 0.02
12.5 50 0.0011 0.04 12.5 200  0.0009 0.04 0 100 0.0003  0.05
12.5 100 0.0015 0.04 25 50 0.0492 0.02 0 200 0.0004 0.05
12.5 200 <0.0001  0.06 25 200  0.0027 0.03 12.5 50 0.017  0.05
25 50  0.0545 0.02 100 200  0.0468 0.02 12.5 100 <0.0001 0.07
25 100 0.0683 0.04 |Honey 0 50  0.0392  -0.003 12.5 200 <0.0001 0.07
25 200 0.0006  -0.001 0 100  0.0083 0.11 50 100 0.0975 0.02
50 200  0.0967 0.02 0 200  0.0002 0.14  |Hoiney 0 50 0.08  0.05
100 200  0.078 0.02 12.5 50  0.0649 0.11 0 100 0.0008 0.1
Honey 0 50  0.0255 0.11 12.5 100  0.0188 0.14 0 200 0.003 0.09
0 200  0.0002 0.19 12.5 200  0.0011 0.2 12.5 50 0018  0.08
12.5 200  0.0036 0.17 25 50  0.032 0.13 12.5 100 0.0002  0.13
25 50  0.0144 0.14 25 100 0.0082 0.16 125 200 0.0007  0.12
25 100 0.0623 0.11 25 200  0.0004 0.22 25 50 0.0394  0.07
25 200  0.0002 0.22 Hive 0 50  0.0471 9.8 25 100 0.0006  0.12
100 200  0.0436 0.11 Weight 0 100 0.0206 115 25 200 0.0019  0.11
Hive 0 50 00818 85 0 200 00077 133 Hive 0 25 00618 -11.7
Weight 0 100 0.0389 10.2 12.5 50  0.0228 13 Weight 0 100 0.0002 24
0 200  0.0151 12 12.5 100 0.0105 14.7 0 200 00013 207
12.5 50  0.0615 10.6 12.5 200  0.0042 16.5 12,5 100 <0.0001 304
12.5 100  0.0316 122 25 50  0.021 13.2 125 200 0.0003 27
12.5 200  0.0137 14.1 25 100 0.0096 14.9 25 50 0.0281 16
25 50 0.0292 124 25 200  0.0039 16.7 25 100 <0.0001 359
25 100  0.014 14 25 200 <0.0001 325
25 200  0.0057 159 50 100 0.0069 199
50 200 0.0241 16.5
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Comparisons to control: Large gray dot 0.05<p<0.1; Large red dot p<0.05.
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Figure C-6. Response of pollen and honey cells in relation to treatment group at CCA3.

Comparisons to control: Large gray dot 0.05<p<0.1; Large red dot p<0.05.
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Figure C-7. At CCA4, onset of dosage related effects were measured for pupal cells and hive

weight (see Figure C-13).
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Comparisons to control: Large gray dot 0.05<p<0.1; Large red dot p<0.05.
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Figure C-8. At CCAS, the effects on pollen cells and hive weight (See Figure C-14) measured
previously at CCA4 were sustained at the 50, 100, and 200 ppb treatment groups (p<0.05) for
pollen cells with additional significant effects at the 50 ppb level (p<0.05) measured for hive
weight. An isolated significant effect for honey was noted at the 200 ppb treatment.

Comparisons to control: Large gray dot 0.05<p<0.1; Large red dot p<0.05.
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Figure C-9. At CCA®6, significant treatment related effects were also measured for the number of
honey cells with decreases at the 50, 100 and 200 ppb dose levels. Effects measured on hive weight
at CCAS were sustained at CCA6 (See Figure C-15).
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Comparisons to control: Large gray dot 0.05<p<0.1; Large red dot p<0.05.
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Figure C-10. At CCA7 the effects on number of honey cells and hive weight (see Figure C-16)
appear to form two groups where numbers are similar between 0, 12.5 and 25 ppb treatments and
then imidacloprid dose-related effects were measured for the 50, 100, and 200 ppb treatments (See
Figure C-x for hive weight).

Comparisons to control: Large gray dot 0.05<p<0.1; Large red dot p<0.05.
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Figure C-11. At CCAS effects measured at the 100 and 200 ppb treatments resulted in loss of
colonies after overwintering (see Figure C-17for hive weight graph). Lower vigor at 50 ppb
treatment was also indicated by the lower numbers of adults, pupal, and egg cells when
compared to the control hives.
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Comparisons to control: Large gray dot 0.05<p<0.1; Large red dot p<0.05.
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Figure C-12. Response of hive weight in relation to treatment group at CCA3

Comparisons to control: Large gray dot 0.05<p<0.1; Large red dot p<0.05.
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Figure C-13. Response of hive weight in relation to treatment group at CCA4.
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Comparisons to control: Large gray dot 0.05<p<0.1; Large red dot p<0.05.
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Figure C-14. Response of hive weight in relation to treatment group at CCAS

Comparisons to control: Large gray dot 0.05<p<0.1; Large red dot p<0.05.
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Figure C-15. Response of hive weight in relation to treatment group at CCA6
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Comparisons to control: Large gray dot 0.05<p<0.1; Large red dot p<0.05.
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Figure C-16. Response of hive weight in relation to treatment group at CCA7

Comparisons to control: Large gray dot 0.05<p<0.1; Large red dot p<0.05.
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Figure C-17. Response of hive weight in relation to treatment group at CCAS8
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State of California Department of Pesticide Regulation

EVALUATION REPORT - Imidacloprid Pollen Colony Feeding Study

John Troiano, Research Scientist 111
Alexander Kolosovich, Senior Environmental Scientist (Specialist)

June, 2018

A review of:- Dively, G.P., Embrey, M.S., Kamel, A., Hawthorne, D.J., & J.S. Pettis. (2015).
Assessment of chronic sublethal effects of imidacloprid on honey bee colony health. PLoS ONE,
10(3), e011874. DOI:10.1371/journal.pone.0118748.

Introduction

The objective of the study was to determine sublethal effects on bee colony health as a result of
exposure to beebread fortified at 0, 5, 20, or 100 ug/kg of imidacloprid. The study was replicated
in two years in 2009 and 2010. The study design differed between the two years. In 2009, 2
replicate hives at each treatment level were located in 5 separate apriaries whereas in 2010 there
was only replicate hive in each treatment placed in 7 separate apriaries. Spacing between apiaries
was not specified but within an apiary the hives were spaced 10 meters apart.

Colony health was assessed by measuring the percentage of frame area covered with drawn cells,
adult bees, capped bees, cells with older larvae, cells packed with beebread and honey, the
number of hives that survived overwintering, and measures of foraging activity. No significant
effect of imidacloprid treatment was measured in either year on coverage of drawn cells,
beebread, capped brood, and adult bees where measurements made at the end of exposure and
prior to overwintering of hives. No dose effects indicating decreases in numbers were indicated
at the individual time intervals where measurements were taken to follow development
throughout the summer and fall. No significant consistent effects were indicated for
measurements made on foraging activity. The area of frame coverage for honey was consistently
greater at the 100 ug/kg treatment in both years. Inconsistent effects between years were noted
for measurements made on frequency of queen events, on number of supesedual cells, and in
analyses conducted on cumulative area under curves.
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Statistical Analysis

Conclusions on the effect of treatment on overwintering survival of colonies also indicated
inconsistent effects when a statistical analysis for effect of dose was measured within each year.
In 2009 the statistical test used to measure effect of treatment on survival rate indicated a
significant effect of treatment with less hives surviving in imidacloprid treatments, whereas, in
2010 survival percentages were similar between all treatment levels and no associated statistical
significance was measured. A further manipulation of the data that combined survival data
obtained prior to wintering and then after wintering produced an overall significant effect of
treatment, indicating reduction in survival rate in response to imidacloprid dose. A potential
oddity in the data was the measure of perfect survival of all hives in the control treatment in 2009
where 10 of 10 hives successfully overwintered. A boxplot of all 8 values composed of the rate
measured at each treatment level in both years indicates that this may be an extreme value
(Figure 1). The proportional mean of the 8 values is 0.62 with a standard deviation of 0.21. All
values except for the for the control value in 2009 fall within 1 standard deviation of the mean
where the range in measured values is 0.43 to 0.8 and the range for one standard deviation is
from 0.41 to 0.83. The measurement of an overall significant effect is most likely driven by this
one value, especially when the months are combined and this value receives even greater weight.
The validity of measuring this extreme event in this study is not at question. But survival of
100% hives from overwintering in actual practice is an event with an extremely low probability
of occurrence. The problem statement for investigating effects of stressors on rate of
overwintering of beehives was based on an elevated rate of decreased survival from a normal
occurrence of around 15% to an increased rate of 25 to 30% of hives not surviving
overwintering. The veracity of results obtained from the study is not questioned. The noted
inconsistencies in effects between years, the lack of an imidacloprid effect on bee life stages, and
potential for skewing of results due to the survival rate for the control in 2009 indicate that
verification of effect of exposure by beebread equires more study. Consequently, derivation of a
LOEC or NOEC from this study would have a large uncertainty associated with it.

Conclusion

Investigation of the effect of exposure of beehives from ingestion of imidacloprid from pollen is
of critical importance to determining the relevant endpoints for assuring healthy bee colonies.
However, derivation of a LOEC or NOEC from this study would have large uncertainty
associated with it. Even though the authors provide a basis for continued investigation on effect
of ingestion of beebread dosed with imidacloprid, causes for uncertainty are the inconsistencies
measured for survival rate between years and lack of effects on bee life stages. Effects on bee life
stages prior to overwintering would be indicators for weakening of hives prior to overwintering.
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Inspection of the data indicated that complete survival of hives in the control treatment in 2009 is
a result that 1s odd compared to the rest of the treatments. Furthermore, complete survival is not
an expected biological event. Consequently, this one value most likely exerts extraordinary
influence on the significance measured when data were combined between months and subject to
further statistical analysis. Replication of the experiment is required in order to verify a
consistent effect of ingestion of beebread dosed with imidacloprid on health and survival of bee
colonies.
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Figure 1. Boxplot for distributional statistics for proportion of overwintering survival of
hives. Note that except for the control value proportion at 1.0 (all survived) measured for
the control in 2009, the remaining 7 values are captured within the range for a distribution
based on the mean plus/minus 1 standard deviation.
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Executive Summary

A colony feeding study was conducted with honey bees to assess the potential for long-term
effects, including overwintering survival, resulting from exposure to clothianidin in artificial
nectar (i.e. spiked sugar) diet. The study was conducted in twelve test areas of low agricultural
cultivation (Apiaries A — L) in North Carolina from June 17, 2014 (when hives were moved to the
study apiaries) to April 27, 2015 (final colony condition assessment). Eighty-four hives were
divided according to hive strength (number of brood frames) with the strongest 7 hives ssigned to
Apiary A and the weakest 7 hives assigned to Apiary L. Within each apiary, the 7 hives were
randomly assigned to control and treatment groups.

At each apiary, five test hives were artificially fed with 50% sugar solution spiked with clothianidin
at 10, 20, 40, 80 or 160 pg ai/L. for six weeks continuously in the field, with two hives at each
apiary serving as controls. Assuming the density of a 50% sugar solution is 1.2296 g/ml, the
reviewer calculated that the test concentrations at 10, 20, 40, 80 or 160 pg/L are equivalent to 8.1,
16.3,32.5, 65.1, and 130.1 ppb (ng/kg), respectively. Residue analysis of the dosing solutions on
7/3/14 and 7/28/2014 provided mean measured ppb (pg/kg) concentrations of <LOD (0.5 ppb),
9.5, 19.0, 35.6, 71.8 and 140.0 ppb (ng/kg), respectively with stability samples from hive feeders
indicating 93—105% recoveries in the dosing solutions.

Nine Colony Condition Assessments (CCAs) were conducted during the study. Three CCAs
(CCA1 — 3; May 12, June 2 and 18, respectively) were conducted prior to feeding to determine
hive strength and initial hive conditions. A CCA was conducted during exposure (CCA4; July 15)
with another one conducted within one week after termination of exposure (CCAS; August 5)
which characterize hive conditions during exposure. Two more CCAs were conducted at 5 (CCAG6;
Sept. 8) and 10 (CCAT7; Oct. 14) weeks after exposure (or 11 for hives in the 80 and 160 ppb
treatment groups, only) to assess the chronic effect following exposure to clothianidin and to
characterize pre-overwintering hive conditions. Two final CCAs were conducted after
overwintering in mid-March 2015 (CCAS; Mar 17-19 for all treatment groups except for the 80
ppb treatment group whose CCA was delayed to April 2) and mid-late April (CCA9; April 22-27)
to assess potential exposure impact on survival and chronic colony level effects. Multiple
parameters, such as hive weight, number of individuals at different life stages in the hive, hive
honey and pollen stores, and hive overwintering survival, were measured during the course of the
study.

Levels of clothianidin residues were measured before (in pollen and nectar collected from hives’
at CCA2), during (uncapped nectar at CCA4), immediately post-exposure (uncapped nectar and
bee bread at CCAS), 10 weeks after the feeding exposure (capped honey at CCA7) and following
overwintering (capped honey at CCA9). Potential contamination of colonies by pesticides from
other food sources was monitored using pollen and uncapped nectar collected in additional hives
at each apiary that served as monitoring hives. The results showed that while there were a few
instances of clothianidin detected in the pollen (bee bread) and nectar (uncapped and capped) of
the control hives, the frequency and magnitude of these detections is not expected to confound the
results of this study. The residue samples collected at CCA2 were from four hives, while residue
samples at CCAs 4, 5, 7 and 9 were from all available hives with sufficient material for analysis.
Mean residues measured in hive matrices generally demonstrated that higher treatment exposures
corresponded well to higher residues in hive matrices. There were individual hive variations in

6
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measured residues, with some overlap in measured hive concentrations, particularly at the lower
doses. This variability likely originates from the limited spatial and temporal sampling
methodology (i.e. one sample from one side of the comb on one frame to represent a hive, and
only at 4 CCAs) employed for this study. Mean measured residues at CCAS5 (end of exposure) in
uncapped nectar were 68% (5.5 ppb), 62% (10.2 ppb), 61% (19.9 ppb), 57% (37.0 ppb) and 51%
(65.7 ppb) and in bee bread were 43% (3.5 ppb), 41% (6.7 ppb), 37% (12.2 ppb), and 55% (35.8
ppb) compared to the nominal concentrations from the feeding solutions (10, 20, 40, 80 and 160
ug/Lor 8.1, 16.3,32.5,65.1 and 130.1 pg/kg; insufficient bee bread was available for sampling in
the nominal 160 pg/L treatment). This dilution is expected since bees could forage on outside
pollen and nectar sources, and hive pollen (bee bread) includes nectar (both from the supplied
sucrose solution and untreated foraged) and pollen (untreated). See Section 3.7 for more details
regarding the residues of clothianidin in the dosing solutions and hive matrices.

Study Endpoint Conclusions:

Colony Survival:

Overwintering mortality was 65%, 75%, 33%, 50%, 17% and 100% in the control, 10, 20, 40, 80
and 160 pg/L treatment groups, respectively. As overwintering losses were so high in the controls
that statistical differences would not be able to be detected, no statistical analysis was conducted
on these colonies for the CCAs following overwintering and no NOAEC or LOAEC could
therefore be determined for this endpoint.

Life Stage Endpoints:

Specifically, when considering the number of adults, pupae, total brood and total live bees, the
differences from control were apparent both visually and statistically, particularly in the three
highest treatment groups. For the number of adults, the onset of a decline in numbers occurred at
least one CCA earlier (CCASY) in the three highest treatment groups than in the control, 10 and 20
ug/L treatment groups. Consistent significant effects were observed at multiple CCAs, showing a
dose-response relationship beginning at the 40 pg/L treatment group for adults, pupae, total brood
(pupae, larvae and eggs combined) and total live (all life stages combined).

Food Stores

When examining the effects on food stores (pollen and nectar), the analyses did not determine any
consistent and significant reductions in pollen and nectar stores at the 10 and 20 pg/L treatment
groups. This is distinguished from the 40 pg/L group where effects on pollen in particular were
very apparent during and immediately after exposure, when compared alongside the response of
the control (though these effects had lessened by the last two CCAs prior to overwintering).
Similarly, significant dose-repsonse decreases in pollen stores were observed in the 80 and 160
ug/L treatment groups at all CCAs following exposure. No significant reductions from the control
were observed in the nectar and total food cells, but higher treatments generally had greater
numbers of cells with nectar than the lower treatments and the control.

Overall Study Conclusions

As will be discussed more fully in Section 3.9 (Results) the analyses determined statistically
significant clothianidin dose-related effects in the 40, 80, and 160 pug/L treatment groups across
multiple CCAs for the majority of response variables. Indeed, for the 80 and 160 pg/L treatment
groups, significant effects (p<0.05) were determined for every response variable, except for honey
and total food stores and persisted across multiple CCAs. The 40 pg/L treatment group also
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showed significant effects for multiple response variables (adults, pupae, total live, total brood and
pollen storage) across multiple CCAs.

Conversely, there was not a strong indication of an impact at the colony level for the 10 and 20
pug/L treatment groups for individual life stages or food storage. This is evidenced not only by a
general lack of statistically significant effects (p>0.1) at these treatment levels but in cases where
significant effects were determined, they either did not show strong dose-responsiveness and/or
did not persist across multiple CCAs. This was the case for the statistically significant effects noted
by EPA in pollen storage at CCAS at 10 and 20 pg/L (effects did not persist at subsequent CCAs),
in the number of eggs at CCAS at 20 pg/L (but no statistically significant effects at 40 ug/L and
the effect did not persist at subsequent CCAs) and in the number of adults at CCAG6 in the 10 ug/L
treatment group (but no statistically significant effects at 20 pg/L and the effect did not persist to
CCA7). The PMRA statistical results were slightly different from EPAs for eggs and adults, but
resulted in the same conclusions. PMRA determined significant effects on the number of eggs at
CCA4 and CCAS at all test concentrations, but not in subsequent CCAs in the 10, 20 and 40 ng/L
treatment groups, suggesting this effect did not persist following exposure. PMRA also determined
significant reductions in the number of adults at CCA6 at all test concentrations, but not in
subsequent CCAs in the 10, 20 and 40 pg/L treatment groups, suggesting this effect did not persist.

The study is considered to be informative and will be used as a line of evidence in the pollinator
risk assessment. While there were uncertainties that were generally related to inherent aspects of
any semi-field or full field study design (described in the section below) this study still provides
information on a number of colony health parameters about the long term (excluding overwintering)
exposure to clothianidin at the colony level. As control survival was only 35% after the
overwintering period, results from the overwintering period are not considered valid for assessing
the potential chronic risks of clothianidin. When weighing biological and statistical significance,
the NOAEC and LOAEC for this study are determined to be 20 and 40 pg/L, respectively
based on effects to number of adults, pupae, total brood, total live bees and pollen storage at
the 40 pg/L treatment group. These effect levels include the understanding that evaluation
of overwintering was not possible which limits the ability to fully evaluate potential long-
term effects in the two lower treatments groups, and therefore, remains a major source of
uncertainty.

Consideration of Study Strengths, Limitations and Interpretation

It is important to recognize the inherent strengths and limitations of this study as results are
interpreted and potentially considered in risk assessment.

In the context of available field studies involving honey bees and clothianidin, this study contains
a number of strengths including:

e Use of a high degree of replication (n=12) to achieve a reasonable level of statistical power

e Demonstration of a generalized concentration-response relationship with respect to the
concentration of clothianidin in sucrose solution and the magnitude and duration of adverse
effects

¢ Quantification of exposure to clothianidin in diet and in hive matrices (uncapped nectar,
pollen, capped honey, bee bread)
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Use of a 6-week exposure duration to represent a “high end” exposure scenario
Inclusion of multiple colony-level endpoints reflecting hive strength, brood development
and food stores

Detailed QA/QC results regarding quantification of clothianidin residues in various
matrices

Availability of raw data for conducting statistical analysis.

A number of limitations are also noted with this study, including:

Dosing of bees by clothianidin occurred through sucrose (nectar-substitute) alone, whereas
bees in the field are likely exposed through both pollen and nectar routes. Therefore, the
design of this study may not reflect a “worst case” exposure scenario in which bees are
experiencing prolonged exposure to both contaminated nectar and pollen. While exclusion
of the pollen route is expected to reduce overall exposure, the impact of this exclusion on
the study results is uncertain and will likely depend on the life stage/caste of bee. However,
it is notable that in addition to the nectar exposure route and subsequently through honey
storage, bees would also be exposed (albeit in lower doses) in bee bread, as bee bread
would incorporate both supplied and foraged nectar/sucrose and foraged pollen.

Residues in hive matrices were only analyzed for parent clothianidin. Metabolites of
clothianidin were not considered. Clothianidin degradates (e.g. TZNG) have been
demonstrated in laboratory studies to have much less acute toxicity to adult honey bees,
though data is not available for their chronic effects to adult bees or potential effects to
other honey bee life stages.

Clothianidin was found in both hive nectar and hive pollen (beebread), at concentrations
lower than the feeding solutions. Dilution compared to the treatment feeding solution is
expected since bees could also forage on outside nectar and pollen sources. As well, hive
pollen contains only some hive nectar, thus would not be expected to have a concentration
equivalent to nectar alone, and it is mixed with pollen which will come from outside
sources. Therefore exposure through both hive pollen and nectar occurred via exposure to
the sucrose feeding solution, but how this compares to exposure through contaminated
pollen directly is not known. It is also noted that nectar is considered the dominant exposure
route for forager bees; other hive bees and larvae consume both nectar and pollen. A recent
paper by Sandrock (2014)! indicated that consuming contaminated pollen containing low
levels of both clothianidin and thiamethoxam had effects on many hive parameters. In
addition, since bees were forced to forage for pollen in this study, the potential impact of
clothianidin exposure on reducing pollen foraging efficiency of bees could be incorporated
into the overall expression of adverse effects, as suggested by published literature. Had
contaminated pollen been provided to bees, it is not known if the potential impact on pollen
foraging efficiency would have been masked.

The quantity of nectar provided to hives (4 L per week per hive) likely did not fulfill the
complete carbohydrate needs of the colony, as indicated by colony bioenergetics and the
lack of remaining sucrose solution upon their renewal at some of the test concentrations.

! Sandrock C, Tanadini M, Tanadini LG, Fauser-Misslin A, Potts SG, et al. (2014) Impact of Chronic Neonicotinoid
Exposure on Honeybee Colony Performance and Queen Supersedure. PLoS ONE 9(8): €103592.
doi:10.1371/journal.pone.0103592
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This suggests that bees could be exposed to a greater dose of clothianidin in nectar had a
greater volume of spiked sucrose been provided. Although one can infer that the dosing
regimen may have underestimated exposure through sucrose relative to 100%
contaminated diet, it is also noted that bees had to supplement their spiked sucrose by
foraging on their own for other sources of nectar. As with the previous discussion of pollen
it is noted that had 100% of the carbohydrate needs of the colony been provided via feeders,
the potential impact of purported reductions in nectar foraging efficiency may have been
masked to some degree.

Overwintering success of controls was severly impacted (65% hive mortality). This
prevents the ability to detect adverse effects related to hive loss following overwintering.
The lack of control hive overwintering may reflect the study design that prevented earlier
supplemental feeding in the fall (in order to ensure that treatment hives were consuming
their exposed food stores), while typical beekeeping practice would have permitted
additional feeding earlier in the fall.

Pesticides from food sources other than the artificial feeding were also detected during
the exposure period and post-exposure periods through collection of pollen from pollen
traps from monitoring hives. This contributes to exposure uncertainty and can add
confounding effects when interpreting results. However, it is noted that detections
occurred in <10% of samples from monitoring hives and that the only pesticides detected
(propiconazole, chlorothalonil and carbaryl) had relatively low toxicity compared to
parent clothianidin (ranging from practically non-toxic for chlorothalonil to moderately
toxic for cararyl).

Residues of clothianidin in uncapped nectar and bee bread within the hives at CCAs 4, 5,
7 and 9 represent a single sample per hive on a single frame rather than a composite sample
from multiple portions of the comb within a hive. This means that residue results may
reflect a “hit or miss” scenario with respect to detecting residues in nectar laid down from
contaminated (fed) vs. outside sources.

The exposure, based on residues measured in the hive (hive nectar and hive pollen)

indicated that, overall, higher measured hive residues correlated with higher nominal

residues in feeding solutions. However, individual hive residue values varied, and there
was some overlap in measured values, particularly among the three lowest doses.

Exposure dilution during the study was evident. Remarkably lower residue concentrations
detected in bee bread and hive nectar in some test hives compared to the feeding
concentrations indicate foraging on other food sources. This uncertainty is inherent in any
semi-field or full-field study design.

Following standard beekeeping practice, supers (additional hive bodies) were added or
removed on a case-by-case basis from each hive to support growth or restrictions in the
size of the bee colony. Since each hive was treated differently, this may have added
variability and uncertainty into the study design. Additionally, because of this difference
between hives, no analysis could be conducted on the proportion of each hive devoted to
different life stages and/or food storage.
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1. Study Objective
To determine the potential long term effects on the honey bee (Apis mellifera L.) colony health
during and after dietary intake of clothianidin, including the potential effects on overwintering.

The long term exposure allows for the characterization and distinction of short-term versus a
persistent nature of effects.

2. Study Methods

2.1. Test crop
Not applied. The study was conducted in an open field where multiple field flowers were available
and may serve as food sources for the test bees, in addition to the artificial feeding of spiked sugar
solution.

2.2. Test chemical

The test substance was technical clothianidin. Further details are provided in Table 1 below.

Table 1. Details about the test substance

Test Item

Name Clothianidin Batch number: AE1283742-01-10
Test item code: TMC 14-63 Appearance / colour: White solid
Formulation type: Technical compound Intended Usage: Insecticide
Active ingredient: Clothianidin Content of a.i. analysed: 98.6 %
CAS number: 210880-92-5
Density (20 °C) Not applicable Risk symbol(s): Not available
analysed:
Date of analysis: 14 Jan 2015 Expiry date: 14 Apr 2016
Stability in solution: sufficient for the test purpose | Storage conditions: +10 to +30°C

(at least 1h)

2.3. Test sites

The field and sampling phases of this study were conducted by Smithers Viscient, CRC, Carolina
Research Station, Snow Camp, NC, USA; the analytical phase was conducted by Bayer
CropScience in Research Triangle Park, NC, USA. The apiary sites were located in the vicinity of
the Smithers Viscient CRC site in Guilford, Randolf, Alamance, and Chatham counties, North
Carolina.

There were 12 apiaries separated by at least 1 mile. Land use surveys in 1-, 3- and 5-mile radii
were conducted. The land use pattern based on National Land Cover Database (NLCD) coverage
(2011 dataset layer) indicates that the surrounding area of the apiaries is dominated by forests and
hay/pasture with only ~0.5% cultivated crops, while the more contemporary Cropland Data Layer
(CDL) coverage (2014 dataset layer) indicated that corn and soybeans were the predominant crop
types with approximately 8% coverage in the surrounding area of the apiaries. Pollen species
identification and multiple pesticide analysis were conducted using pollen samples collected from
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the monitoring hives to characterize outside food sources of the test bees and contamination.
Pollen samples were collected for a period of 24-48 hours using pollen traps once prior to exposure
(June 18-20, 2014), two times during the feeding exposure period (July 1 and 18, 2014), once
immediately after exposure (Aug 13, 2014) and 3 additional post-exposure times (September 5-13,
Sep 26, and Oct 20 2014). The study authors noted that pollen amounts from these hives were
variable and sufficient sample material were not available from every site at each measurement
time point.

Figure 1: Location of test apiary sites

Table 2: GPS-coordinates of the test apiary sites

Apiary GPS-coordinates
New Package Apiary 35°51'48.0"N,79°22'24.0"W
Apiary A 35%49'50.0"N,79°21'03.0"W
Apiary B 35°53'01.0"N,79°31'20.5"W
Apiary C 35°52'04.0" N, 79°20'02.0" W
Apiary D 35°51'16.0"N,79°35'54.0"W
Apiary E 35°57'55.0"N,79°31'48.0"W
Apiary F 35°58'45.0" N, 79°28'38.0" W
Apiary G 35°54'13.0"N,79°38'25.0"W
Apiary H 35°48'31.0"N,79°31'55.0"W
Apiary | 35°49'19.0"N,79°32'45.0"W
Apiary J 35°50'06.0"N,79°34'10.0"W
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Apiary GPS-coordinates
Apiary K 35°53'44.0"N,79°36'19.0"W
Apiary L 35°52'52.0" N, 79°36'28.0" W
High Rate Apiary 35°49'06.9"N, 79°21'46.5" W
Minimal Strength Apiary 35%53'38.4" N, 79°34'03.4" W

From Table 2, page 18 of the study report.
2.4. Test organisms

The test species was the honey bee (Apis mellifera), Italian race (Apis mellifera ligustica). Hives
were established from package bees bought from the commercial bee supplier The Carolina Honey
Bee Company (10 South Main Street, Travelers Rest, SC 29690, USA) typical of the bee stock
used in commercial beekeeping operations. A new queen was introduced into each colony. Four
breeder queens which were sister queens were used to generate all the queens used in the study.
All queens were purchased from the package supplier. The colonies were maintained in 10-frame
Langstroth boxes with an empty deep super on top as a feeder box. In the test field, hives were
raised above ground level.

Eighty-four hives that met the study author’s criteria (presence of all stages of brood, laying queen
and stored pollen and nectar) at the second Colony Condition Assessments (CCA2) were selected
for the study. More than 100 inspected hives were screened based on the outcome of CCA2. Hives
were checked for the “appearance” of a healthy colony with no visible symptoms of Varroa or
Nosema, as well as having all stages of brood, a queen, and some food stores.

Eighty-four hives were blocked into 12 apiary sites (8 hives/apiary) by brood strength of the colony,
starting with Apiary A as the strongest group of hives, and Apiary L as the weakest group of hives.
Assignment of apiaries to the geographic locations was done randomly.

Hives were moved from the new package apiary on 17/18 Jun 2014 to their study apiaries. CCA3
was initiated on 18 Jun 2014. After evaluating CCA3, 7 hives were deemed unsuitable due to
moving stress that caused swarming or loss of queen and were replaced just before exposure
initiation. The replaced hives were A7, B2, H3, H8, J5, J6 and LA4.

There were eight hives at each site (7 hives for biological assessments and one as the monitoring
hive for pollen sample collection). Each hive was spatially isolated from other treatment rates by

30 feet (9 m) spacing at each apiary site (Figure 2). Hives were arranged in a semi-circular pattern,
facing east to west, with 125 feet (38 m) spacing between the two end hives.
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Figure 2. Layout of test hives in a test site

During the study, all hives were treated for Varroa with one application of Apiguard® (active
ingredient: thymol) following typical apicultural practice for the region. The initial application
occurred immediately after CCA6 (8-12 Sep, 2014) to prevent high mite loads. No treatments for
any other hive pests, predators or diseases were administered to any hives. To evaluate Varroa
mite infestations, hive bees were sampled to obtain specific mite counts the week before and after
the exposure period, as well as after over-wintering (3™, 5" and 9" CCAs)

To minimize the potential for robbing amongst test hives, hives at 80 and 160 ppb treatments were
removed from all test apiaries in week 8 (12 Aug, 2014) following CCAS. The hives were placed
at a separate “high treatment” apiary. For over wintering, the surviving colonies were fed with 1
L of 2:1 sugar syrup on 30 Oct 2014, 06 Nov 2014, 17 Nov 2014, 24 Nov 2014, 01 Dec 2014, 29
Jan 2015, 04 Feb 2015, and 11 Feb 2015

The monitoring hives were used for outsource pollen sample collection. In addition, test solutions
were sealed and placed in monitoring hives in order to assess clothianidin stability under field test
conditions. These stability solutions were not available as a food source to the monitoring hives.

2.5. Treatments
There were:

0 6 treatment groups (5 test concentrations and control): 0, 10, 20, 40, 80, and 160 pg/L.
At each site, there were 2 control hives, and one hive for each test concentration.
0 12 replicates per treatment group (apiaries), with 24 replicates in the control group.

The individual treatment groups, the respective feeding rates and the respective feeding volumes
are summarized in Table 3 below.

Table 3. Treatment groups, feeding rates and feeding volume
Treatment Group Code Feeding Timing Concentration Feeding
a.i. Volume
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1:UTC UTC Twice a week --- 2000 mL
(C1+C2)
2 : Lowest Rate T1 Twice a week 10 ppb 2000 mL
3 : Low rate T2 Twice a week 20 ppb 2000 mL
4 : Moderate rate T3 Twice a week 40 ppb 2000 mL
5: High rate T4 Twice a week 80 ppb 2000 mL
6: Effect rate TS5 Twice a week 160 ppb 2000 mL
From Table 3, page 21 of the study report.
UTC = untreated control
The assignment of each test hive at 12 apiaries is summarized in Table 4.
Table 4. Hive assignment to test apiaries
Treatment Apiary
group
A B C D E F G H I J K L
UTC A3 B2 Cl D4 El F2 G2 H1 16 J7 K5 L4
UTC A5 B3 C3 D8 E4 F5 G8 H6 17 J8 K7 L6
10 ppb A7 B8 C5 D3 E2 F6 Go6 H2 11 J4 K4 L1
20 ppb Al BS5 C4 D6 E7 F7 G3 H9 14 J5 K3 L2
40 ppb A4 Bl C2 D7 E8 F3 G5 H7 18 J6 K2 L5
80 ppb A2 B6 C8 D5 E6 F1 G4 H4 15 I3 K1 L7
160 ppb A8 B4 C7 D1 E5 F8 Gl H3 12 12 K6 L3
Monitoring A6 B7 C6 D2 E3 F4 G7 H5 I3 1 K8 L8

From Table 4, page 21 of the study report.

2.5.1. Preparation of stock solution

Stock solution was created by combining 0.051 g of clothianidin dissolved in 20 mL of acetone

and added to 1000 mL of distilled water. After preparation, the stock solution was re-stored in a
refrigerator until use or replacement. New stock solution was prepared on 09 Jul 2014, 26 July
2014 and 31 July 2014. The study author did not report whether the control sucrose solution

contained any acetone.

2.5.2. Preparation of sugar solution

Sugar syrup was created by combining 3 gallons of water for every 25 pound bag of sugar to

produce approximately 200 gallons (757L) of sugar syrup.

2.5.3. Preparation of feeding solution

O O0O0OO0o0o

10 pg/L: mixing 3.0 mL of stock solution into the 15 L of sugar solution.
20 pg/L: mixing 6.0 mL of stock solution into the 15 L of sugar solution
40 pg/L: mixing 12.0 mL of stock solution into the 15 L of sugar solution
80 pg/L: mixing 24.0 mL of stock solution into the 15 L of sugar solution
160 pg/L: mixing 48.0 mL of stock solution into the 15 L of sugar solution.
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The test concentrations were reported as “ppb” in the study report. However, the values are in fact
in the unit of ug/L, not ppb (ug/kg). For example, 10 pug/L: can be calculated by 3.0 ml * (0.051 g
/1020 ml)/15,000 ml.

The test solution density was not provided. Assuming the density of'a 50% sugar solution is 1.2296
g/ml?, the reviewer calculated that the nominal test concentrations at 10, 20, 40, 80 and pg/L are
equivalent to 8.1, 16.3, 32.5, 65.1, and 130.1 pg/L (ug/kg), respectively.

2.5.4. Artificial Feeding

A hive top feeder was placed on the top box (either original hive box or an added super) and
covered with a telescoping lid. This allowed easy access only to those bees within the hive and
minimized light exposure of the test material.

The treated sugar syrup was prepared one day in advance for each feeding event. The feeding
started on 26 Jun, 2014 and continued for 6 weeks until the last feeding on August 4. All of the
hives were artificially fed with 2 liters of 50% sugar solution, two times per week. Prior to each
feeding, any remaining feeding syrup was removed from the feeder and weighed to determine the
consumed amount. The study observation (commencing when hives were moved to their study
apiaries) period was 17 Jun, 2014 — 27 Apr, 2015, which includes the overwintering period.

2.6. Meteorological Data

Temperature, humidity and precipitation data were monitored at each study apiary. An average
total of 6.32 inches (161 mm) of rainfall accumulated throughout the exposure period (from 26
Jun 2014 until 11 Aug 2014) across the 12 apiaries. However, Apiary I did not record any data on
9 days during the exposure period and only recorded a total of 1.1 mm precipitation throughout
the exposure period. Removal of Apiary I’s rainfall data would result in an average of 6.90 inches
(175 mm) across the 11 apiaries during the exposure period. The minimum and maximum weekly
average temperatures are shown in Figure 3.

2 Cell Biology Laboratory Manual, http://homepages.gac.edu/~cellab/chpts/chpt3/table3-2.html, accessed on Dec 12,
2014
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Figure 3. Average minimum and maximum temperatures across all apiaries
From Figure 4, page 32 of the study report

2.7. Observations

Important activity and dates are summarized in Table 5.
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Table 5. Chronological list of key dates and activities

Week| Date Activity Week Date Activity
-6 12-21 May 2014 CCAl1 6 05-11 Aug 2014 | Hive samples (uncapped nectar, bee bread)
-3 02-13 June 2014 CCAZ2; Hive samples (uncapped nectar, bee | 6 05-11 Aug 2014 | CCAS
bread)
-2 17— 18 Jun 2014 Hives moved to study apiaries 6 05-11 Aug 2014 | Hive bee sampling for Varroa and Nosema
assessment
-1 18-23 Jun 2014 CCA3 6 12 Aug 2014 Removal of 80 and 160 ppb hives to high
treatment apiary
-1 18-20 Jun 2014 Hive bee sampling for Varroa and Nosema 6 13 Aug 2014 Monitoring hive sampling (uncapped nectar,
assessment pollen)
-1 18-20 Jun 2014 Sampling of Monitoring Hives (uncapped 8 25 Aug 2014 Hive C2 was removed from the study
nectar, pollen)
-1 24 Jun 2014 Seven hives replaced based on CCA3 results 10 05 Sep 2014 Monitoring hive sampling (uncapped nectar,
pollen)
0 26 Jun 2014 1* Feeding 10 8-12 Sep 2014 | CCA6*
0 30 Jun 2014 2™ Feeding; measurement of remaining food | 13 23 Sep 2014 Monitoring hive sampling (uncapped nectar,
pollen)
0 01-02 Jul 2014 Monitoring hive sampling (uncapped nectar, | 13 25 Sep 2014 Weakest hives moved to minimal strength apiary
pollen)
1 03 Jul 2014 3" Feeding; measurement of remaining food | 15 14-16 Oct 2014 | CCA7 (UTC, 10 ppb, 20 ppb, 40 ppb) capped
honey sample
1 07 Jul 2013 Stability samples 16 21-22 Oct 2014 | CCA7 (high treatment apiary)
1 07 Jul 2014 4" Feeding; measurement of remaining food 17 28 Oct 2014 Additional hive moved to minimal strength
apiary
1 09 Jul 2014 New stock solution prepared 18 30 Oct 2014 Feeding 1 L 2:1 sugar syrup per hive
2 10 Jul 2014 5% Feeding; measurement of remaining food 18 04 Nov 2014 All remaining 160 ppb treatment hives destroyed
2 10 Jul 2014 Hive 17 removed from study 19 06 Nov 2014 Feeding 1 L 2:1 sugar syrup per hive
2 14 Jul 2014 6" Feeding; measurement of remaining food 20 17 Nov 2014 Feeding 1 L 2:1 sugar syrup per hive
3 18 Jul 2014 7% Feeding; measurement of remaining food | 21 24 Nov 2014 Feeding 1 L 2:1 sugar syrup per hive
3 15-18 Jul 2014 CCA4 22 01 Dec 2014 Feeding 1 L 2:1 sugar syrup per hive
3 16-18 Jul 2014 Hive sample (uncapped nectar) 31 29 Jan 2015 Feeding 1 L 2:1 sugar syrup per hive
3 18 Jul 2014 Monitoring hive sampling (uncapped nectar, | 31 04 Feb 2015 Feeding 1 L 2:1 sugar syrup per hive
pollen)
3 21 Jul 2014 8" Feeding; measurement of remaining food | 32 11 Feb 2015 Feeding 1 L 2:1 sugar syrup per hive
4 24 Jul 2014 9% Feeding: measurement of remaining food After over-wintering
4 26 Jul 2014 New stock solution prepared 37 | 17-19 Mar 2015 | CCAS8 (UTC, 10 ppb, 20 ppb, 40 ppb)
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Week| Date Activity Week Date Activity
4 28 Jul 2014 10" Feeding; measurement of remaining food | 40 02 Apr 2015 CCAS8 (80 ppb)
5 31Jul 2014 New stock solution prepared 43 22-23 Mar 2015 | Hive bee sampling for Varroa and Nosema
assessment
5 01 Aug 2014 11" Feeding; measurement of remaining food| 43 22-23 Apr 2015 | CCA9 (UTC, 10 ppb, 20 ppb, 40 ppb)
5 01 Aug2014 Stability samples, monitoring hive sampling | 43 22-23 Apr 2015 | Hive samples (capped honey)
(uncapped nectar, pollen)
5 04 Aug 2014 12" (final) Feeding; measurement of remaining| 43 27 Apr 2015 CCA9 (80 ppb)
food
6 07 Aug 2014 Measurement of remaining food

*CCAG6 timing allows all bee individuals (eggs, larvae, pupae) present during the exposure period to complete their development cycle to adults.
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2.7.1. Colony mortality

The study author did not report what defined a “dead hive”. However, the reviewer has assumed
that any colony (hive) that did not show the presence of a queen and had no open brood or eggs,
or was devoid of worker (female) bees was considered “dead”. If a hive was considered “dead”
at the time of assessment, it was no longer used in the analysis of endpoints (e.g., adult bee
numbers, hive weight). The number of individual dead bees was not recorded.

2.7.2. Colony Condition Assessments (CCA)

Beginning with CCA 3, observations were blocked by the observer, with the same person always
observing the same set of hives to avoid viewer discrepancies in the data. Hives at apiaries A, B,
E, G, I, and J were inspected by the study author and those at apiaries C, D, F, H, K and L by
another inspector.

Nine CCAs were conducted during the entire study. CCA1 (day -45 to -36), and CCA2 (day -24
to -13) were conducted during the hive establishment. CCA3 (day -10 to -3 days) was conducted
1 week prior to the feeding exposure which served as initial hive conditions prior to the feeding
exposure. CCA4 was conducted 3 weeks (19—22 days) after the start of feeding exposure. After
the end of feeding exposure (Week 6), the following additional CCAs were conducted: CCAS
(week 6, 40-47 days post exposure), CCA6 (days 74—78), CCA7 (days 110—118) and after
overwintering CCAS8 in Mar 2015 (days 264—280) and CCA9 in April 2015 (300—305 days post-
exposure). Each CCA period took multiple days to complete. For summary statistics, the average
day is used to characterize any given CCA. The time schedule of CCAs in relation to other study
activities is summarized in Table 5.

During the colony condition assessments, each frame was removed and inspected one at a time
(observations recorded for each side), with measurements for endpoints taken as percent of total
frame area covered by honey / nectar, bee bread / pollen, eggs, open brood (larvae), capped brood
(pupae), and adult bees.

The estimation was made by:

0 Each hive consisted of 20 observed panels (10 frames with two sides of each frame), with
an area of 929 cm? per side, or a total area of 18,580 cm? for all 10 frames.

0 A frame with 100% coverage of adult bees was assumed to have an adult bee density of
1.30 bees/cm?.

0 Each cell is a regular hexagon with a flat-to-flat distance of 5.2cm and an area of 0.234
cm?

0 Each frame was considered to have 3970 cells/frame side (929 cm?*/cell area of 0.234

cm?)

For adult bees, therefore, a frame side with 100% coverage of adult bees would contain 1208
bees (929 cm? * 1.30 bees/cm?). For the number of cells containing honey/nectar, pollen, capped
or open brood or eggs, the following equation was used:
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Number of cells (for a given hive matrix) = X %frame coverage * cells per frame side (3970)
100%

2.7.3. Evaluation of Disease or Pests in the Hive

At each CCA, colonies were also checked for visible symptoms of disease or pests, such as
Nosema, foulbrood, Varroa mites or small hive beetle. To quantify the presence of Varroa in the
hive, bee samples were taken at CCA3, CCAS and CCA9. Bees were washed in alcohol to
remove mites. The number of mites per 100 bees was calculated.

2.7.4. Hive weights

Each hive had a dedicated scale beneath it that was placed just before exposure initiation and
remained until the end of the study. Each scale was programmed to record the hive weight every
hour.

2.8. Residue analysis

All residue and stability samples collected from feeding solution, pollen traps, and test hives were
analysed for clothianidin residues at Bayer CropScience in Durham, NC. Samples from pollen
traps in the monitoring hives were also analysed for residues of multiple pesticides from outside
sources at the National Science Laboratories of USDA in Gastonia, NC (non-GLP). The residue
results were reported as pg per kg of sample matrix (ppb), which is different from the test solution

that was reported in pg/L. Samples were not analyzed for residues of clothianidin metabolites (e.g.
TZNG).

The LOQ was 1 ppb for clothianidin in feeding solution and hive nectar samples for pollen samples.
The LODs are listed in Table 6.

Table 6. LOD for clothianidin

Matrix Clothianidin
LOD LOQ
Dosing/Stability Solutions | 0.5 ppb 1 ppb
Hive Collected Nectar 0.1 ppb 1 ppb
Pollen 0.4 ppb 1 ppb

Taken from page 373-374 of the study report

For the values <LOD, half of the LOD value was used in order to calculate the means. For values
between the LOD and LOQ, half of the LOQ value was used to calculate means. Multiple pesticide
analysis was conducted in order to monitor pesticide contamination from outside food sources
using pollen collected from pollen traps on the monitoring hives.

All samples for residue analysis were protected from sunlight by using amber vials and transported
to freezer storage after field collection. All samples were placed in frozen storage upon receipt at
the test facility. Samples were maintained frozen (<-15° C) at the test facility until shipment under
frozen conditions to the test site for residue analysis. Daily minimum/maximum temperatures were
recorded for the duration of the storage period at the test facility.

21

271



Appendix 8. Data Evaluations for the Colony Feeding Studies that were
Included in this Risk Determination Document

2.8.1. Pollen from outside sources

Pollen samples were collected from pollen traps attached for 24-48 hours to the monitoring hives
at each site to assess the potential contaminant exposure from outside sources. Pollen traps were
only activated at seven time points during the study and were occasionally left open longer than
48 hours if sufficient pollen sample was not available at the expected date. Pollen amounts
collected from each hive were variable and samples were not available from every site each time.
Pollen samples from the monitoring hives were taken at weeks -1 (CCA3), 0, 3 (CCA 4), 6 (CCAS),
10 (CCA®6), 13, and 16 (CCA7).

2.8.2. Stored pollen and nectar in test hives

Stored bee bread and bee-collected nectar were collected within the study hives for clothianidin
residue analysis. Samples weighed at least 500 mg each and were not available from every colony
each time. Bee bread was collected at week 6 (CCAS). Uncapped nectar was collected at weeks 3
and 6 (CCAs 4 and 5) and capped honey was collected at weeks 15 and 43 (CCAs 7 and 9).

2.8.3. Feeding solution and stability of test item

The monitoring hives were used for dose verification and to evaluate stability of the test item in a
hive environment. Monitoring hives were set up in the same manner as test hives except the colony
was denied access to the spiked or unspiked sucrose. Residue samples comprising approx. 5 g each
from the sugar syrup were taken on week 1 (7 July 2014), and week 5 (1 August 2014). Stability
of the test material was evaluated by placing treated feeding solutions in closed-off vials in the
feeding compartments of hives at representative apiaries.

Table 7. Number of samples and sampling schedule for feeding solution and stability of test chemical.

Timing Week 1 Week 5
Apiary / replicate 07 Jul 2014 01 Aug 2014
UTC - 3

10 ppb 4 4

20 ppb 4 4

40 ppb 4 4

80 ppb 4 4

160 ppb 4 4

-- =no samples taken
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3. Results

3.1. Land use near test hives

Land use pattern within a 1-mile, 3-mile and 5-mile radii around the 12 apiaries are summarized
in Table 8. Generally, the results indicate that the area around the apiaries during the year the
study was conducted was dominated by forest and grassland/pasture/hay and that corn and
soybean were the predominant crop types. The cultivated crop area occupied 6.7% of the total
land within 1 mile radius, 8.3% within a 3 mile radius range, and 7.7% within a 5 mile radius
range from the test apiaries. Data from the 2011 cropland data layer also indicate forests
(particulary deciduous) and hay and pasture land were dominant in the study area prior to test
initiation, but that cultivated crop acreage was lower (Table 9).

Table 1. Average percent (%) land use pattern across the 12 study apiaries (based on 2014 Cropland Data

Layers (CDL))

Land Use Category Average of 12 Study Apiaries
1 mile radius 3 mile radius 5 mile radius
Corn 2.5% 3.1% 2.7%
Soybean 3.3% 4.5% 4.4%
Other Crops 0.9% 0.7% 0.6%
Developed, Open Space 6.0% 5.7% 5.3%
Developed, Low-High Intensity 3.0% 2.7% 2.3%
Forest 44.4% 45.7% 47.8%
Grassland/Pasture/Hay 38.8% 36.1% 35.2%
Water/Barren/Shrub/Wetland 1.6% 1.5% 1.6%

Table 2. Average percent (%) land use pattern across the 12 study apiaries (based on 2011 National Land

Cover Database (NLCD))
Land Use Category Average of 12 Study Apiaries
1 mile radius 3 mile radius 5 mile radius
Open Water 0.4% 0.6% 0.7%
Developed, Open Space 5.8% 5.6% 5.3%
Developed, Low Intensity 2.6% 2.2% 1.8%
Developed, Medium Intensity 0.4% 0.5% 0.4%
Developed, High Intensity 0.1% 0.2% 0.1%
Barren Land 0.1% 0.1% 0.1%
Deciduous Forest 32.5% 34.0% 35.5%
Evergreen Forest 5.5% 5.2% 5.6%
Mixed Forest 2.5% 2.2% 2.4%
Shrub/Scrub 2.0% 2.7% 2.9%
Herbaceous 4.0% 4.3% 4.5%
Hay/Pasture 42.9% 41.3% 39.5%
Cultivated Crops 0.5% 0.5% 0.5%
Woody Wetlands 0.6% 0.7% 0.6%

279

23



Appendix 8. Data Evaluations for the Colony Feeding Studies that were
Included in this Risk Determination Document

3.2. Pollen sources of test hives

Monitoring hives were used at each test apiary to collect pollen for assessment of the local pollen
flora (non-GLP). Pollen trap samples from the monitoring hives were taken at seven times: CCA3
(18-20 Jun 2014; week -1), July 1-2 (week 0) and CCA4 (18 Jul 2014; week 3), as well as at CCA
5 (13 Aug 2014; week 6), on September 5-13 (week 10) and 26 (week 13), at prior to overwintering
at CCA7 (20 Oct 2014; week 16).

Major sources (>10%) of pollen at any measured time point were from clovers, crepe myrtle,
plaintain, vitis, corn, virginia creeper, chickory, pigweed, ragweed, goldenrod/tickseed, and grass.
Corn was the only cultivated crop with significant levels of pollen in monitoring hives (average of
18—23% in July). In the fall, pollen in monitoring hives was dominated by asters (goldenrod,
tickseed and ragweed) with average proportions of 55—88% in September and October) and
grasses (mean 37% in late September). Full results can be found in Table 9 (p. 44) and Tables 64-
70 (p. 319-324) of the study report.

3.3. Consumption of spiked sucrose

Individual hive consumption rates (determined by the remaining food in the feeder added up
throughout the entire exposure period) for the feeding solution (sugar syrup) ranged from 11,636
mL to 24,000 mL of the total 24,000 mL per hive provided during a 6-week period (i.e. 2 litres per
colony 2 times a week for a total of 24,000 mL per colony during the exposure period). All colonies
in the control, 10, 20, 40 and 80 ppb treatment groups consumed most or all of the sugar solution
(see Figure 4) with some colonies in the 160 ppb treatment having substantially lower
consumption. Mean total consumption in control hives was 99.5% of provided sugar syrup
(minimum control hive consumption of 93%).

Figure 4. Mean total food consumption (L) per colony during the 6-week exposure period
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3.4. Examination of pesticides from other sources

Monitoring hives were used to assess the potential contaminant exposure from outside sources
(non-GLP) at each site. Pollen trap samples from the monitoring hives were taken at seven times:
CCA3 (18-20 Jun 2014; week -1), July 1-2 (week 0) and CCA4 (18 Jul 2014; week 3), as well as
at CCA 5 (13 Aug 2014; week 6), on September 5 (week 10) and 23 (week 13), at prior to
overwintering at CCA7 (20 Oct 2014; week 16). The study author reported that the amount of
pollen collected from traps on the monitoring hives varied and that not all hives had samples
collected at each measurement time point. However, the hives and measurement times where there
was insufficient material were not identified in the study report and no list of samples that were
sent to the USDA National Science Laboratories in Gastonia, NC was provided.

Out of the 42 pollen samples that were analyzed for pesticide residues, only three found any
residues higher than the LOD. The 01 Jul 2014 sample (week 0) from Apiary E has measured
residues of 203 pg/kg chlorothalonil, the 13 Aug 2014 (week 6) sample from Apiary I had
measured residues of 119 ug/kg carbaryl and the 20 Oct 2014 (week 16) sample from Apiary B
had measured residues of 2010 pg/kg propiconazole. No residues of clothianidin, thiamethoxam
or imidacloprid (LODs all 1.0 ppb) were detected in any pollen sample from any monitoring hive.
The LODs for each pesticide in the residue analysis can be found in Appendix I on p. 346 of the
original study report.

59 uncapped nectar samples from monitoring hives were analyzed and none had any detectable
pesticide residues.

Pesticide contamination is unknown for those intervals when pollen or nectar samples were not
collected.

3.5. Confirmation of test concentrations

Clothianidin was analyzed from feeding solutions sampled after they were prepared on 03 July
2014 (week 1) and 28 Jul 2014 (week 4). The averages of measured concentrations were <LOD,
9.5, 19.1, 35.7, 71.9, and 140.0 pg/kg for the nominal concentrations of control, 10, 20, 40, 80,
and 160 pg/L, respectively. The data are tabulated below in Table 10.

Table 10. Dosing solution residue data from 03 July 2014 (Week 1) and 28 July 2014 (Week

4).
. . Average of YT
Nominal concentrations Measured clothianidin
measured .
. Concentrations
concentrations =2
pg/L ppb (ng/ke) (opb) (n=2)
0 (Control) 0 <LODf <LOD <LOD
10 8.1 9.5 9.13 9.89
20 16.3 19.1 18.3 19.8
40 32.5 35.7 349 36.4
80 65.1 71.9 68.5 75.2
160 130.1 140.0 129 151

fLOD = 0.5 ppb in feeding solutions

281

25



Appendix 8. Data Evaluations for the Colony Feeding Studies that were
Included in this Risk Determination Document

3.6. Stability of the test item in feeding solution

Stability of clothianidin in the sugar solution during the feeding period was examined from diet
collected from closed-off feeding solutions placed in the monitoring hives, placed two times, on 3
July and 28 July, 2014 (n=4 for all treatment hives at each sampling event) and removed four days
after placement. No reduction of test concentrations in the feeding solution was noticed during
these two samplings. No clothianidin residues were detected (LOD of 0.5 ppb) in any of the
control samples (n=8) taken on from test materials placed in closed-off hive feeders on 28 July
2014 and removed on 01 Aug 2014. Control samples were not placed in closed-off feeding
solutions on 03 July 2014. Average clothianidin residue data for the stability solution are presented
in Table 11.

Table 11. The stability of clothianidin in feeding solution on 3 Jul and 28 Jul, 2014.

Nominal Average of me.asured Number of Range of measured clothianidin
5 concentrations .
concentration . samples concentrations (ppb)
(ug/L) across sampling measured
dates (ppb) 03 Jul, 2014 28 Jul, 2014
Control <LOD" 8* N/A* <LOD
10 9.59 8 8.31—12.3 9.45—9.82
20 19.98 8 18.9—21.7 19.5—20.1
40 36.48 8 31.6—394 36.9—37.8
80 70.88 8 62—75.5 73.3—753
160 131.0 8 106—128 145—149

- Regenerated from Section 5.2, on page 382-383 in the study report
+: LOD=0.5 ppb for clothianidin;
*All control samples were from the samples placed on 28 July 2014.

3.7. Residues in hive matrices

It is noted here as it was in the uncertainties section that the residue samples from the different
hive matrices represent a single sample from a single frame. Therefore there is variation in the
residues that likely stems from the sampling procedure employed for this study (single sample,
one side of the comb).

3.7.1. Clothianidin residues in hives prior to the feeding exposure

Potential background clothianidin contamination in test hives was examined using hive bee bread
(hive pollen) and nectar collected about three weeks (03 June 2014) prior to the beginning of
feeding exposure from two hives at each of the initial installation apiaries (2 apiaries). Clothianidin
was not detected in any of four hive pollen samples (LOD = 0.4 ppb) or four nectar samples (LOD
=0.1 ppb). Residue analysis for other pesticides was not conducted prior to exposure beyond that
reported from the monitoring hives in Section 3.4

3.7.2. Residues in hive matrices during and after feeding exposure

Clothianidin residues in hives were examined five times after the feeding started using hive bee
bread and hive nectar. All test hives were sampled during or immediately following the exposure
phase, for uncapped nectar at at CCA4, 16-18 July 2014 and uncapped nectar and bee bread at
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CCAS5 (5-11 Aug, 2014), and post exposure in capped honey at CCA7 (14-16 Oct, 2014) and at
CCAO9 (after overwintering on 22-23 Apr, 2015).

3.7.2.1. Residues in hive matrices at CCA4 (after 3 weeks of exposure)

The level of clothianidin in uncapped nectar after 3 weeks of feeding (CCA4) is summarized in
Table 12. All test hives were sampled at CCA4 (16-18 July 2014). Average clothianidin
concentrations were calculated assuming that values below the LOD contained one-half the LOD
(0.05 pg/L) and values below the LOQ contained one-half the LOQ (0.5 pg/L). A dose-response
correlation was observed between the clothianidin concentrations in the feeding solution and the
mean-measured concentrations in uncapped hive nectar. However, the clothianidin concentration
in hive uncapped nectar ranged from 16.6—38.3% of the mean concentrations in feeding solution,
after accounting for brix content of the uncapped nectar compared to the original 50% sugar
solution. It is possible that dilution of nectar from other food sources occurred during the exposure
period since, as indicated in the study, a significant degradation of clothianidin in test solution was
not detected in the study.

Clothianidin in hive uncapped nectar at CCA4: The level of clothianidin in hive uncapped nectar
during the feeding exposure (CCA4) was summarized in Table 12. All but one control hive and
one treatment hive were measured (these were removed from the study due to either technical
issues or vandalism of the test hive). Out of 12 hives measured for each concentration, levels
below either the LOD or LOQ were reported in three hives at 10 pg/L, one hive at 20 pg/L, one
hive at 40 ug/L, three hives at 80 pg/L and one hive at 160 pg/L, while the remaining treatment
hives had quantifiable levels of clothianidin. Clothianidin was undetected in the majority (18/23)
of control samples and was detected at levels below the LOQ in four additional samples. Only
one control sample had a level of clothianidin above the LOQ (1.36 ppb)

The results showed a dose-response correlation between the average concentrations measured in
uncapped hive nectar and the concentrations in the feeding solution. However, the concentrations
varied remarkably within each treatment group (see Table 12). After correction with Brix values
to 50% sugar concentration, the mean of the measured concentrations in uncapped hive nectar
within each treatment group of 10, 20, 40, 80 and 160 ug/L (8.1, 16.3, 32.5, 65.1, and 130.1 ppb)
was 2.97 (range: <LOQ-8.04), 6.01 (range: <LOD-13.29), 12.44 (range: <LOQ-35.83), 15.67
(range: <LOD-45.4), and 21.61 ppb (range: <LOD-84.18), respectively. By average, the measured
concentration in hive nectar was 30.5% (range 16.6-38.3%) of the concentration in feeding
solution. The results showed that after 3 weeks of feeding, clothianidin concentrations in uncapped
hive nectar appeared lower than that in the feeding solutions, which indicated that the foraging
bees also foraged on nectar sources other than the provided sugar sources which diluted the level
of treatment. It is noted that this result is expected, as bees were allowed to freely forage, and also,
under natural conditions bees typically forage on multiple plant pollen and nectar sources.
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Table 5. Clothianidin concentrations (ppb) in uncapped hive nectar sampled 27 days after the start of
artificial feeding on 23 Jul, 2014 (CCA4).

Measured Clothianidin concentrations (ppb) (LOD=0.1 ppb)"
Nominal concentration (ug/L)
Apiary Control 17 ‘ Control 27 ‘ 10 ‘ 20 ‘ 40 ‘ 80 ‘ 160
Nominal concentration (ppb)
0 0 8.1 16.3 32.5 65.1 130.1
A <LOD <LoQ 1.84 8.42 5.94 4.89 26.69
B <LOD <LOD <LOQ 1.18 7.34 <LOD 4.67
C <LOD <LOD 3.08 7.50 16.81 17.94 16.50
D <LOQ <LOD 1.42 6.96 17.34 <LOD <LOD
E <LOD <LOQ <LOQ 5.18 5.69 11.56 25.63
F <LOD <LOD 0.96 4.60 HAK 13.06 1.18
G <LOD <LOD 5.57 <LOD 8.23 32.09 19.38
H <LOD <LOD 4.69 9.62 10.06 9.69 28.44
I <LOD i <LOQ 2.44 <LOQ <LOQ 16.63
J <LOQ <LOD 4.59 10.63 22.56 36.81 34.94
K <LOD 1.36 8.04 2.27 6.69 16.19 84.18
L <LOD <LOD 4.57 13.29 35.83 45.40 1.08
Number of samples 12 11 12 12 11 12 12
Average <LOQ 2.97 6.01 12.44 15.67 21.61
concentration
% Feeding .
2 Not applicable 36.7 36.9 383 24.1 16.6
concentration

* Concentrations in all treatments except for the controls are corrected to 50% sugar using Brix values that are not listed in the
table, but were in the table section 6 on page 384-387 of the study report (brix values reported as >80, were assumed to be
80% for the purpose of this calculation). The brix corrected residue value reported here is determined using the formula that
the brix corrected concentration = measured concentration * (feeding solution brix {50%}/hive nectar measured brix)

** Hive was removed from the study due to a technical error and no sample collected.

***Hive was removed from study after it was found knocked over and no sample collected.

* Concentrations in the controls are measured concentrations in hive uncapped without corrections for sugar concentrations
(brix).

*Nominal concentration in ppb is estimated from the concentration in pg/L by assuming the volume density of the test solution
to be 1.2296 g/ml.

7% Feeding concentration: the average of measured concentration compared with the nominal feeding concentration in ppb.

3.7.2.2. Residues in Hive Matrices at CCA5 (1 week after end of exposure)

The level of clothianidin in hive bee bread and uncapped nectar one week after the end of feeding
exposure (CCAS, 5-11 Aug 2014) is summarized in Tables 13-14. As with the uncapped nectar
results from CCA4, these measurements indicate a dose-response correlation between the average
concentrations of clothianidin measured in both bee bread and uncapped hive nectar and the
concentrations in the feeding solution. However, the concentrations varied remarkably within
some treatments.

Clothianidin in bee bread at CCA5: The level of clothianidin in bee bread (hive pollen) following
exposure (6 weeks of feeding) at CCAS5 was summarized in the Table 13. Clothianidin was
detected in all measured treatment samples. It was noted that not all residue information in pollen
was available. No residue information for treatment at 160 pg/L in bee bread was provided,
primarily due to insufficient pollen stores. Out of 12 hives, two hives at 80 pg/L, nine hives at 40
ng/L, eleven hives at 20 pg/L and ten hives at 10 pg/L were measured, respectively. For the
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remaining hives that did not have bee bread measurements, the vast majority were due to
insufficient pollen stores for sample collection, especially in the 80 and 160 pg/L treatment groups.

The results showed a dose-response correlation between the average concentrations measured in
hive bee bread and the concentrations in the feeding solution. However, the concentrations varied
within each treatment group (see Table 13). The mean of the measured concentrations in bee bread
within each treatment group of 10, 20, 40, and 80 ug/L (8.1, 16.3, 32.5, and 65.1 ppb) was 3.52
(range: 2.32-5.26), 6.68 (range: 3.54-9.41), 12.16 (range: 2.19-19.2), and 35.8 ppb (range: 30.9-
40.6), respectively. By average, the measured concentration was 44.2% (range 37.4-54.9%) of the
concentration in feeding solution, and 45.9% (range 38.9-61.7 %) of the measured concentrations
in uncapped hive nectar (data not shown in the table). The results showed that after 3 weeks of
feeding, clothianidin concentrations in hive bee bread appeared remarkably lower than that in the
feeding solutions and in hive nectar. The lower concentration in bee bread is expected due to the
dilution since bee bread is a mixture of nectar and pollen from various sources.

Table 6. Clothianidin concentrations (ppb) in hive pollen (bee bread) sampled six weeks after the start of
artificial feeding on 5-11 August 2014 (CCAS).

Measured clothianidin concentrations (ppb) (LOD = 0.4 ppb)
Nominal concentration (ug/L)
Apiary
Control 1 Control 2 10 20 40 80 160
Nominal concentration (ppb)*
0 0 8.1 16.3 32.5 65.1 130.1
A -- <LOD - - 9.79 - -
B <LOD <LOD 2.91 9.41 - - -
C <LOD <LOQ 2.58 6.4 15.8 - -
D <LOQ <LOQ 2.4 4.65 6.15 - -
E <LOQ <LOQ 4.58 3.54 13 - -
F <LOD <LOD 2.73 9.03 - - -
G <LOQ -- 5.26 6.93 12.2 30.9 -
H <LOD <LOD 2.32 5.6 2.19 - -
1 <LOD -- - 3.78 13.3 - -
J <LOD <LOD 3.02 6.67 - - -
K <LOQ <LOQ 4.79 8.3 19.2 40.6 -
L <LOD <LOD 4.56 9.2 17.8 - -
Number of
samples 11 10 10 11 9 2 0
measured
Average <LOD 3.52 6.68 12.16 35.75 -
concentration
% of the feeding Not applicable 43.5% 41.0% 37.4% 54.9% ;
concentration
% of the average
detection in hive Not applicable 41.0% 41.9% 38.9% 61.7% -
Nectarftf

TR

indicates that data are not available

fNominal concentration in ppb is estimated from the concentration in pg/L by assuming the volume density of the test solution to
be 1.2296 g/ml.

1% Feeding concentration: the average of measured concentration compared with the nominal feeding concentrations in ppb.

1 % of the average detection in hive Nectar: the average of measured concentration in bee bread compared with the average
measured concentration in nectar ppb without corrections for sugar (see Section 7 pp 388-391 in the study report).
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Clothianidin in uncapped hive nectar at CCA5: Similar to CCA4, a dose-response correlation was
observed between the average concentrations of clothianidin measured in uncapped hive nectar
and the concentrations in the feeding solution. However, the clothianidin concentration in hive
uncapped nectar was lower than what was in the feeding solutions, indicating dilution of stored
nectar from other food sources. The level of clothianidin in hive uncapped nectar following
feeding exposure (CCAS) is summarized in Table 14. All but one control hive and one treatment
hive were measured (these were removed from the study due to either technical issues or vandalism
of the test hive). Clothianidin was detected above the LOQ (0.5 ppb) in all of the measured
treatment samples. Clothianidin was undetected in the majority (19/23) of control samples and
was detected at levels below the LOQ in three additional samples. Only one control sample had a
level of clothianidin above the LOQ (1.4 ppb).

The results showed a dose-response correlation between the average concentrations measured in
uncapped hive nectar and the concentrations in the feeding solution. Additionally, these measured
concentrations had much less overlap in ranges than the uncapped nectar concentrations indicated
at CCA 4 (Table 12). After correction with Brix values to 50% sugar concentration, the mean of
the measured concentrations in uncapped hive nectar within each treatment group of 10, 20, 40,
80 and 160 ug/L (8.1, 16.3, 32.5, 65.1, and 130.1 ppb) was 5.51 (range: 3.09-7.06), 10.17 (range:
8.45-13.25), 19.94 (range: 12.66-26.86), 36.99 (range: 25-48.97), and 65.65 ppb (range: 31.4-
107.69), respectively. By average, the measured concentration in hive nectar was 59.8% (range
50.5-68%) of the concentration in feeding solution. The results showed that after 6 weeks of
feeding, although clothianidin concentrations in uncapped hive nectar still appeared lower than
that in the feeding solutions (indicating that the foraging bees also foraged on nectar sources other
than the provided sugar sources which diluted the level of treatment), they appeared to utilize the
feeding solutions much more than they had after only 3 weeks of feeding. As the level of
clothianidin in the uncapped nectar compared to the feeding solution appeared similar across
treatment groups, this may indicate that there was less available alternate forage during the final 3
weeks of exposure compared with the initial 3 weeks represented by the nectar stores at CCA4.

Table 7. Clothianidin concentrations (ppb) in uncapped hive nectar sampled 40-46 days after the start of
artificial feeding on 5-11 Aug, 2014 (CCAS).

Measured Clothianidin concentrations (ppb) (LOD=0.1 ppb)”
Nominal concentration (ug/L)
Apiary Control 17 ‘ Control 21 ‘ 10 ‘ 20 l 40 l 80 l 160
Nominal concentration (ppb) *
0 0 8.1 16.3 325 65.1 130.1
A <LOD <LoQ 5.72 10.39 23.13 31.88 314
B <LOD <LOD 5.79 10.44 16.17 27.17 61.58
C <LOD <LOD 5.98 9.87 22.66 38.86 72.60
D <LOQ <LOD 6.63 9.94 21.32 29.55 61.82
E <LOD <LOQ 3.79 9.87 20.45 28.40 69.23
F <LOD 1.4 5.06 12.04 - 32.78 107.69
G <LOD <LOD 5.35 10.06 19.56 47.53 41.92
H <LOQ <LOD 4.81 8.45 12.66 42.57 40.83
1 <LOD - 3.09 8.56 12.97 25 63.90
J <LOD <LOD 5.97 8.94 23.94 45 77.5
K <LOD <LOD 7.06 10.06 19.69 46.20 68.99
L <LOD <LOD 6.82 13.25 26.86 48.97 90.38
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Number of samples 12 | 11 12 12 11 12 12
Average <LOQ 5.51 10.17 19.94 36.99 65.65
concentration
% Feeding .
L2 Not applicable 68.0 62.4 61.4 56.8 50.5
concentration

* Concentrations in all treatments except for the controls are corrected to 50% sugar using Brix values that are not listed in the
table, but were in the table section 7 on page 388-391 of the study report (brix values reported as >80, were assumed to be
80% for the purpose of this calculation). The brix corrected residue value reported here is determined using the formula that
the brix corrected concentration = measured concentration * (feeding solution brix {50%}/hive nectar measured brix)

** Hive was removed from the study due to a technical error and no sample collected.

***Hive was removed from study after it was found knocked over and no sample collected.

 Concentrations in the controls are measured concentrations in hive uncapped without corrections for sugar concentrations.
*Nominal concentration in ppb is estimated from the concentration in pg/L by assuming the volume density of the test solution
to be 1.2296 g/ml.

7% Feeding concentration: the average of measured concentration compared with the nominal feeding concentration in ppb.

3.7.2.3. Residues in hive matrices at CCA7 (prior to overwintering)

The level of clothianidin in capped honey at the last CCA prior to overwintering (CCA7, 14-22
Oct, 2014) is summarized in Table 15. As with the uncapped nectar results from CCAs 4 & 5,
these measurements generally indicated a dose-response correlation between the average
concentrations of clothianidin measured in the hive matrix (capped honey) and the concentrations
in the feeding solution. However, the concentrations varied remarkably within some treatments
and the mean concentrations in capped honey were very similar between the nominal 20 and 40
ug/L concentrations (means of 6.15 and 6.38 ppb, respectively). The concentration of clothianidin
in the capped honey was lower than in the uncapped nectar at CCAS, indicating that either bees
were continuing to consume the clothianidin-exposed food stores, there was continued dilution of
the stores from other nectar sources and/or there was potential degradation of clothianidin in the
capped honey (which seems unlikely given the storage stability data).

At this point in the study there were more hives that did not have measurements taken (compared
with the measurements at CCAs 4 and 5), often due to insufficient capped honey stores for samples
to be taken. Five control hives and six treatment hives were not measured. Of the treatment hives
with measurements, levels below either the LOD or LOQ were reported in three hives at 10 pg/L,
one hive at 20 pg/L, two hives at 40 pg/L, three hives at 80 pg/L and one hive at 160 ug/L, while
the remaining treatment hives had quantifiable levels of clothianidin. Clothianidin was undetected
in all but one control samples (18/19) and was detected at levels below the LOQ in the remaining
sample. After correction with Brix values to 50% sugar concentration, the mean of the measured
concentrations in capped honey within each treatment group of 10, 20, 40, 80 and 160 ug/L (8.1,
16.3, 32.5, 65.1, and 130.1 ppb) was 2.14 (range: <LOD-6.81), 6.15 (range: <LOQ-10.88), 6.38
(range: <LOD-21.38), 22.32 (range: <LOD-44.31), and 27.23 ppb (range: <LOD-66.25),
respectively. By average, the measured concentration in capped honey was 27.8% (range 19.6-
37.7%) of the concentration in feeding solution. It is notable that the mean residues in uncapped
nectar in the 20 and 40 pg/L treatment groups were highly similar.
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Table 8. Clothianidin concentrations (ppb) in capped honey sampled 97--103 days after the start of
artificial feeding during CCA7 on either 14-16 Oct, 2014 (all but the highest treatment groups) or 21-22
Oct, 2014 (80 and 160 pg/L groups only).

Measured Clothianidin concentrations (ppb) (LOD=0.1 ppb)*
Nominal concentration (ug/L)
Apiary Control 17 ‘ Control 27 ‘ 10 ‘ 20 ‘ 40 ‘ 80 ‘ 160
Nominal concentration (ppb) *

0 0 8.1 16.3 32.5 65.1 130.1

A <LOD <LOD - 6.63 644 | <LOD | 3981

B <LOD <LOD 10.88 6.56 32.63 24.29
C <LOD <LOD 1.29 3.35 -- 25.19 <LOD

D <LOQ - 6.81 5.72 <LOD <LOQ 22.06

E <LOD <LOD <LOD 3.02 2.28 <LOQ 17.97

F <LOD <LOD 2.16 3.06 -- 16 49.5

G <LOD <LOD <LOD 8.19 5.04 30.13 29.88

H - <LOD 0.78 7.19 3.7 36.5 45.94

I <LOD - 3.52 8.94 3.49 39.75 14.69

J <LOD <LOD 4.59 10.38 21.38 4431 5.59

K <LOD - -- <LOQ <LOD 30.56 66.25

L <LOD <LOD -- -- 14.88 12.09 10.75

Number of samples 10 9 9 11 10 12 12
Average <LOD 2.14 6.15 6.38 2232 27.23
concentration
5 .
Vo Feeding Not applicable 26.4 37.7 19.6 343 20.9
concentration

* Concentrations in all treatments except for the controls are corrected to 50% sugar using Brix values that are not listed in the
table, but were in the table section 8 on page 392-395 of the study report (brix values reported as >80, were assumed to be
80% for the purpose of this calculation). The brix corrected residue value reported here is determined using the formula that
the brix corrected concentration = measured concentration * (feeding solution brix {50%}/hive nectar measured brix)
“-“indicates that no data are available (either no sample was taken {due to either minimal capped honey stores or the hive had
already been removed due to technical errors or vandalism} or no sample was received by the analytical lab {only 1 instance})
 Concentrations in the controls are measured concentrations in hive uncapped without corrections for sugar concentrations.
#Nominal concentration in ppb is estimated from the concentration in pg/L by assuming the volume density of the test solution
to be 1.2296 g/ml.

19 Feeding concentration: the average of measured concentration compared with the nominal feeding concentration in ppb.

3.7.2.4. Residues in hive matrices at CCA9 (following overwintering)

The level of clothianidin in capped honey at the final CCA following overwintering (CCA9,
22-23 Apr, 2015 for UTC, 10, 20, and 40 ppb; 27 Apr 2015 for 80 ppb treatment group) is
summarized in Table 16. As with the uncapped nectar results from CCAs 4 & 5 and capped honey
from CCA 7, these measurements generally indicated a dose-response correlation between the
average concentrations of clothianidin measured in capped honey and the concentrations in the
feeding solution. However, the concentrations varied remarkably within some treatments and as
survival in several treatments was very poor (including in controls), and samples were only taken
from surviving hives, there were a low number of hive samples in all but the 20 and 80 pg/L
treatment groups.

Of the treatment hives with measurements, levels below the LOQ were reported in two (out of
three remaining) hives at 10 pg/L, three hives (out of eight) at 20 ug/L, one hive (out of five) at
40 ng/L, and two hives (out of ten) at 80 ug/L, while the remaining surviving treatment hives had
quantifiable levels of clothianidin. Out of eight surviving control hives, clothianidin was
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undetected in six samples and was detected at levels below the LOQ in the remaining two samples.
After correction with Brix values to 50% sugar concentration, the mean of the measured
concentrations in capped honey within each treatment group of 10, 20, 40, and 80 ug/L (8.1, 16.3,
32.5, and 65.1 ppb) was 1.17 (range: <LOQ-2.89), 1.82 (range: <LOQ-6.81), 5.24 (range: <LOQ-
12.88), and 13.41 ppb (range: <LOQ-31.5), respectively. The average measured concentration in
capped honey at CCA9 was 15.6% (range 11.2-20.6%) of the concentration in feeding solution.
No measurement was provided for treatment at 160 ug/L as all colonies in this treatment group
were destroyed after CCA7 (Dec, 2014). The unmeasured level of residues in dead hives presents
an additional uncertainty as to the average residues that might represent the level of treatments at
following overwintering.

Table 9. Clothianidin concentrations (ppb) in capped honey sampled 305 days after the start of artificial
feeding on 22-27 Apr (CCA9).

Measured Clothianidin concentrations (ppb) (LOD=0.1 ppb)*
Nominal concentration (ug/L)
Apiary Control 1' | Control 2' | 10 | 20 | 40 | 80 | 160
Nominal concentration (ppb) *

0 0 8.1 16.3 325 65.1 130.1

A - - -- 2.43 12.88 5.89 --

B - - <LOQ - 2.49 1.65 -

C <LOD - - <LOQ - 315 -

D - <LOD - - <LOQ <LOQ -

E - <LOD - 1.91 - <LOQ -

F -- -- 2.89 -- oAk 12.06 --

G -- <LOQ -- 0.68 -- 23.63 --

H - <LOD <LOQ -- -- 26.28 --

1 <LOD - -- 1.78 3.69 -- --

J -- <LOD -- <LOQ 6.81 31.5 --

K <LOQ - - <LOQ - 0.98 -

L -- -- -- 6.81 -- -- --

Number of samples 3 5 3 8 5 10 0
Average <LOQ 1.17 1.82 5.24 13.41 N/A

concentration
5 :
o Feeding ” Not applicable 14.4 11.2 16.1 20.6 N/A
concentration’’

* Concentrations in all treatments except for the controls are corrected to 50% sugar using Brix values that are not listed in the
table, but were in the table section 9 on page 396-398 of the study report (brix values reported as >80, were assumed to be 80%
for the purpose of this calculation). The brix corrected residue value reported here is determined using the formula that the brix
corrected concentration = measured concentration * (feeding solution brix {50%}/hive nectar measured brix)

“-“ indicates that no data are available (either no sample was taken {due to either a dead hive, minimal capped honey stores or the
hive had already been removed due to technical errors or vandalism} or no sample was received by the analytical lab {only 1
instance})

 Concentrations in the controls are measured concentrations in hive uncapped without corrections for sugar concentrations.
fNominal concentration in ppb is estimated from the concentration in pg/L by assuming the volume density of the test solution to
be 1.2296 g/ml.

1% Feeding concentration: the average of measured concentration compared with the nominal feeding concentration in ppb.
3.7.2.5. Comparison of concentration in feeding solution and hive matrices

A correlation between the clothianidin concentrations in the feeding solution and the
concentrations measured in hive beebread, uncapped nectar and capped honey was observed in the
middle of the exposure period (CCA4), one week after the end of exposure (CCAS) and continued
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through succeeding CSAs (CCAs 7 and 9). However, clothianidin measured concentrations in all

hive matrices were lower than that in the feeding solutions (Table 17).

Table 10. Clothianidin concentration measured in hive uncapped nectar, capped honey and hive bee bread
compared to nominal concentrations in the test feeding solutions

measured concentration in
ppb)

Nominal concentration in ng/L 10 20 40 80 160
test feeding solution Average
ppb 8.1 16.3 32.5 65.1 130.1
36.7 36.9 38.3 24.1 16.6
cea4 2.97) (6.01) (12.44) (15.67) (21.61) 305
Clothianidin concentration
(CCAs 4 and 5) or capped (5.51) (10.17) (19.94) (36.99) (65.5) ’
honey (CCAs 7 and 9) in %
of the concentration of 264 377 196 343 0.9
nominal feeding solution CCA 7 : : : : : 27.8
(average measured (2.14) (6.15) (6.38) (22.32) (27.23)
concentration in ppb)¥
14.4 11.2 16.1 20.6
CCAD a17 | a8 (5.24) (13.41) N/A 156
Clothianidin concentration
in hive beebread in % of the
concentration of nominal 434 41.0 37.4 54.9
feeding solution (average CCAS (3.52) (6.68) (12.16) (35.75) N/A 44.2

The study did not test for clothianidin degradation products (e.g. TZNG) in the test solution.
Considering the stability of clothianidin in the test solution, the reduced concentrations of
clothianidin in hive matrices likely indicates that test bees were also foraging for pollen and nectar

from sources other than the feeding solution.

3.8. Pathogens

Besides a standard treatment for Varroa mites, no treatments for any other hive pests, predators

or diseases were administered to any hives.

3.8.1. Varroa Presence

Varroa mite occurrence in the colonies was assessed the week before and after the feeding period,
as well as after over-wintering (CCA3, CCAS and CCA9). The number of mites per 100 bees was
counted following washing bees in alcohol to remove the mites. Hives were treated with one
application of Apiguard® (active ingredient: thymol) following typical apicultural practice for the
region immediately after the September CCA’s to prevent high mite loads.
Prior to exposure at CCA3, the hives had similar mite loads (mean ranges of 0.28—0.44 mites/100
bees). Immediately following exposure (CCAS), mite loads were more variable (mean ranges of
0.71-2.40 mites/100 bees), but generally appeared to be positively correlated with treatment dose,
though the 160 pg/L treatment group had lower infestation levels compared with the 80 pg/L
treatment group (Error! Reference source not found. 5). After over-wintering, Varroa levels were
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highly variable (mean ranges of 0.67-2.61mites/100 bees) and did not appear to follow a dose-
response relationship, though this may be confounded by the low number of remaining hives with
measurements in both contols and treatment groups.

Figure 5. Varroa infestation levels in control and treatment groups prior to exposure (CCA 3),
immediately following the termination of exposure (CCAS5) and after over-wintering (CCA9).

3.8.2. Nosema presence

The number of Nosema spores per bee was determined at three time points at CCA3, CCAS and
CCA9. At CCA3, there were 2-3 measurements per hive, while at CCA9 there were 2
measurements and at CCAS there was only 1 sample measurement. It was unclear from the study
report why the number of samples were different between the CCAs or why different numbers of
samples were taken at some hives during CCA3. There generally appeared to be no trend between
Nosema infestation and treatment dose, though there were generally more Nosema spores in the
higher treatments following overwintering, although the 10 pg/L treatment group had lower levels
than controls at this measurement time (Figure 6) and the 20 pg/L treatment group was only
slightly elevated compared to the controls (2.29 million spores/bee comapred to 2.15 million
spores/bee). As with Varroa, above, the CCA9 numbers may also be confounded by the low
number of remaining surviving hives in both control and treatment groups.
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Figure 6. Nosema spore loads in control and treatment groups prior to exposure (CCA 3), immediately
following the termination of exposure (CCA5) and after over-wintering (CCA9).

3.9. Statistical Analysis

What follows are brief summaries of the study author’s and reviewer’s statistical analyses
employed for the review of this study.

3.9.1. Study Author’s Analysis

The study author conducted statistical analysis using SAS (version 9.3). The analysis included
colony strength (as indicated by mean number of adults), brood stages (as indicated by the mean
number of eggs, larval cells, and pupal cells) and food stores (as indicated by the mean number of
pollen and nectar/honey cells). For the pre-test data, all tests were done in a two tailed approach,
whereas for the data assessed after exposure, one tailed (lower) tests were conducted. According
to the study author, after Shapiro-Wilks and Levene’s were used to test assumptions of normality
and equal variances, respectively, procedure GLM was used for the ANOVA analysis. Williams’
Trend Test was used to test data that passed the assumptions of normality, variance homogeneity,
and monotonicity. Dunnett’s t-Test was used to test data that were non-monotonic, but passed tests
of normality and variance homogeneity. Dunnett’s T3 Test with Rank Transformed (within blocks)
data was used to test data that were normally distributed, but failed the criteria for equal variance.

3.9.2. Study Reviewer’s Statistical Analysis Approach

As part of the collaborative review effort of the study, separate statistical analyses were
conducted by EPA and PMRA using the raw data submitted by the study author. A description
of EPA’s statistical methodology is provided here while PMRA’s methodology is presented in
Appendix A. However, the discussions below in the Colony Condition Assessment section
(Section 3.9.5) presents the results of both analyses. It is noted that while the Agencies utilized
different statistical analysis approaches, interpretations based on the PMRA analysis tended to be
similar to interpretations from the EPA analysis. Although the PRMA analysis resulted in some
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differences in statistically significant endpoints and time periods, these differences do not
significantly alter the ultimate biological interpretation of the study regarding colony level
effects leading to a clearly defined, highly-confident protective endpoint.

The general experimental design was a randomized complete block (apiary) with repeated
measures (CCA) and data will be analyzed in SAS (v9.4) using the PROC MIXED procedure.
Since hives were not assigned and placed in the study apiaries until shortly before CCA3, the
data for the statistical analysis only included data collected from CCA3 and the following CCAs.
Shortly before CCA3, hives were ranked by strength and the ‘strongest’ hives were placed in the
one apiary. The next eight strongest hives were then placed in an empty apiary. This process
continued until hives were placed in all apiaries. Within each apiary, the control treatment was
replicated two times and each treatment occurred one time (total of 8 hives in each apiary: seven
hives were randomly assigned as control or treatment group and the eighth hive was used for
additional sampling during the study). Given this design, the blocking factor ‘apiary,’ represents
variation due to geographic location and initial hive strength.

As a large percentage of hives did not survive overwintering, data collected the following spring
will not be included in the statistical analyses. Other than the three hives (removed from the

study and noted in Table 18), no hive mortality occurred prior to overwintering.

Table 11. Timeline including major milestones of study

Date Study action* Comments
12 May 2014 Initiate CCA1 (non-GLP) Not included in statistical analysis.
2 Jun 2014 Initiate CCA2 (non-GLP) Not included in statistical analysis.
17-18 Jun 2014 Hives moved to study locations none
18 Jun 2014 Initiate CCA3 (non-GLP) First CCA to be included in the
statistical analyses.
26 Jun 2014 Initiate clothianidin exposure through | none
sucrose solution.
15 Jul 2014 Initiate CCA4 (GLP) Hive 17 (control) removed from

study; possible contamination.
Hive F3 (40 ppb) removed from
study; found knocked over.

5 Aug 2014 Initiate CCAS (GLP) none
7 Aug 2014 End clothianidin exposure through none
sucrose solution
8 Sep 2014 Initiate CCA6 (GLP) Hive C2 (40 ppb) removed from
study; found knocked over.
14 Oct 2014 Initiate CCA7 (GLP) Final CCA to be included in the
statistical analyses.
December 2014 All remaining hives in the 160 ppb treatment group were destroyed as colony
strength was low and they were not expected to survive the winter.
17 Mar 2015 Initiate CCAS8 (GLP) Overwintering survival was 35, 27,

67, 50, and 85% for control, 10 ppb,
20 ppb, 40 ppb, and 80 ppb treatment
22 Apr 2015 Initiate CCA9 (GLP) groups, respectively. Therefore,
CCA8 and CCA9 were not included
in statistical analyses.

*each CCA took three or more days to complete.
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Variables recorded at each CCA included number of adult bees in the hive and number of cells
containing each of the following life stages or food stores: eggs, larvae (open cells), pupae
(closed cells), pollen, and honey. Following standard bee keeping practices, supers were added
or removed from each hive to best support growth or reductions in the size of the bee colony.
Timing for addition and removal of supers is provided in Appendix B. A queen excluder was
placed between the initial hive box and added super boxes; this limited the summed number of
egg, pupae, and larvae cells to the number of cells in the initial box (3970 cells). All adult bees,
with the exception of the queen, could move to any added supers, and honey and pollen could be
stored in those additional supers as well. The suite of variables that were subjected to data
analysis were:

. Number of adults

. Number of egg cells

. Number of open (larvae) cells

. Number of capped (pupae) cells

. Number of pollen cells

. Number of honey cells

. Total number of individuals (adults + eggs + larvae + pupae)
. Total brood (eggs + larvae + pupae), and

. Total food (pollen + honey).

To facilitate computation and algorithm convergence in the SAS Procedures, all data was divided
by 1000 prior to any statistical analysis. Since all response variables were divided by the same
constant, there was no effect on any of the test statistics or p-values. No adjustments for addition
or removal of supers were conducted for the statistical analysis.

Total brood and total food are new summary variables; EPA’s Environmental Fate and Effects
Division (EFED) is still evaluating their utility in providing additional information on biological
effects beyond the initial set of variables. PMRA did not analyze these summary variables in
their statistical analysis.

Prior to the repeated measures analysis, the data were evaluated for patterns in temporal
correlation and correlations across hive components within each of the evaluated CCAs. This
analysis was accomplished through a series of pairwise scatterplots and principle components
analyses (PCA).

3.9.2.1 Scatterplot and Principle Component Analysis

Based on physical hive constructs and the nature of honey bees, it is generally accepted that the
colony condition assessment (CCA) variables may be correlated over time and may also be
correlated within a time point (sampling time). Given this background, a series of scatterplots,
correlation matrices, and principle component analyses was prepared; the full SAS output is
included as Attachments 1-3. For these analyses, there was no adjustment for treatment effects,
only correlation over time was evaluated.

For the single hive components, adults, eggs, larvae, pupae, pollen, and honey, some of the
general summary points are:
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e Honey had the strongest and most consistent pairwise correlations across all the time
points.

e (CCA3 tended to have the lowest pairwise correlations with the other CCAs for all
components.

e For each of the hive components, the first principle component explained 46 to 85% of
the total variation across all CCAs; the lowest percent of explained variation was for
larvae and the highest was for honey.

e For each of the hive components except honey, the general interpretation of the first
principle component was a weighted average with CCA4, CCAS, CCA6, and CCA7
carrying approximately equal weights and CCA3 carrying much less weight. Note that
for pupae, CCA7 carried slightly less weight than CCA4, CCAS, and CCA®6. For honey,
the general interpretation of the first principle component was a weighted average with
all CCAs carrying approximately equal weight.

For the three composite hive variables (live, brood, and food), general summary points are:

e For live, all possible pairwise correlations between CCA4, CCAS, CCA6, and CCA7
ranged from 0.61 to 0.87, while the pairwise correlations between CCA3 and the
following CCAs ranged from 0.15 to 0.30. For brood, the pairwise correlations between
CCA4, CCA5, and CCAG6 were highest; pairwise correlations with CCA7 were lower,
and pairwise correlations with CCA3 were the lowest.

e For live and brood, the first principle component explained 67% and 57%, respectively,
of the total variation. As with the individual components, the general interpretation of the
first principle component was a weighted average over all time points with CCA3
carrying the least weight. For brood, as with pupae (above), CCA7 carried slightly less
weight than CCA4, CCAS, and CCAG®.

e For food, all pairwise correlations were strong (ranged from 0.67 to 0.92), and the general
interpretation of the first principle component was a weighted average with all CCAs
carrying approximately equal weight.

In addition to exploring correlations among CCAs for each of the response variables, correlations
among response variables within a CCA were explored. For this exploratory analysis, only the
individual hive components were evaluated. No adjustment was made for treatment effects (i.e.,
all data were included in a single series of plots and PCAs; separate assessments were not done
for each treatment). Some general interpretations are:

e For all of the CCAs, honey had the weakest pairwise correlations (honey with any of the
other measured matrices) amongst all the pairwise correlations. For many of the CCAs,
honey was negatively correlated with some of the other variables.

e For each of the CCAs, the percent of the total variation explained by the first principle
component ranged from 40 to 52%. At each time point the first principle component
tended to be interpreted as a weighted average. The weights and interpretations for the
first principle component were not consistent when compared across CCAs.

3.9.2.2 Analysis Approach and Model Setup

As discussed above, the experimental design was a randomized complete block (apiary) with
repeated measures (CCAs). Exploring the interaction between treatment and CCA can address
these two questions:

39

295



Appendix 8. Data Evaluations for the Colony Feeding Studies that were
Included in this Risk Determination Document

e Ateach CCA, was there a reduction in the response relative to the control?

e At each treatment level, was there a difference in the response relative to the baseline
time point (CCA3)?

With the experimental design component of the analysis established, the next part of the analysis
was to determine which correlation structure (across time) was the best fitting for these data. The
scatterplots, correlation matrices, and principle component analyses were used to inform the
choice of covariance structure used in the repeated measure analysis. Some summary points from
the above exploratory analyses are that temporal correlations within a response variable tended
to be stronger than correlations among response variables within a time point; variance for a
given response variable was not homogenous among the CCAs; and that the pairwise
correlations did not consistently decrease as the distance between the temporal pairs increased.

Before conducting any comparisons among treatments or CCAs, several different correlation
structures to best fit the temporal correlation were evaluated. The structures that were fitted
included:

e Compound symmetry (CS): assumes equal correlation for all pairwise correlations
(regardless of distance of time point).

e Compound symmetry with heterogeneous variance (CSH): Estimates a unique
variance at each time point, but assumes equal correlation for all pairwise correlations
(regardless of distance of time point).

e Autoregressive correlation (AR(1)). Assumes equal correlation between adjacent time
points. Time points further apart have a lesser correlation.

e Heterogeneous Toeplitz (ToepH): models a unique variance for each time point and
separate correlations for equidistant time points (€.g., correlation between CCA3 and
CCAS is the same as the correlation between CCA4 and CCA®6).

More information about each of the covariance structures available in the REPEATED statement
in SAS can be found here:
https://support.sas.com/documentation/cdl/en/statug/63033/HTML/default/viewer.htm#statug m
ixed_sect019.htm . The full SAS output is provided in Attachment 1.

To compare covariance structure fits, Bayesian Information Criterion (BIC) was utilized®. The
BIC is a function of the log likelihood with a penalty for an increase in the number of covariance
parameters to be fitted. The BIC value for each fitted model for all response variables is reported
in Table 19; smaller values of the BIC indicate a better fit (bolded). For many of the endpoints,
heterogeneity of variance at different time points was indicated as compound symmetry with
heterogeneous variance (CSH) and heterogeneous Toeplitz (ToepH) were the covariance
structures providing the best fits. This is not surprising as unequal variances were observed in the
exploratory multivariate/principle component analysis.

3 Schwarz, Gideon. Estimating the Dimension of a Model. Ann. Statist. 6 (1978), no. 2, 461--464.
doi:10.1214/a0s/1176344136. http://projecteuclid.org/euclid.aos/1176344136.
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Table 12. BIC values for fitted models. CCA3 — CCA7 -clothianidin

Variable — | Adults | Eggs | Larvae Pupae Pollen Honey Live Brood Food

Model | (open) | (capped)

CS 2216 1671 2005 2281 2118 2950 2852 2640 3018

CSH 2216 1614 1990 2248 2062 2938 2829 2619 3012

AR(1) 2189 1670 | 1998@ 2277 2118 2905 2833 2632 2974

ToepH 2197 1609 | 1983@ | 2247@ | 2059@ | 2893@ | 2810@ | 2614@ 2972@

*Within a response variable, smaller BIC values (bolded) indicate better covariance model fit. Kass and Raferty
(1995) suggested that differences of greater than 10 in BIC values provides very strong evidence that model fits
are not equivalent.

@Convergence was attained, but estimated G matrix was not positive definite and not all covariance parameters
could be estimated.

For all the evaluated response variables, ToepH was identified as one of the ‘best fitting’
covariance structures; however, all covariance parameters could not be estimated for majority of
the endpoints. CSH was identified as one of the best fitting covariance structures for four of the
six single hive components and one of the three composite hive variable. Compound symmetry
(CS) was not identified as quality fit to the data for any of the eight evaluated response variables.
AR(1) was identified as a quality fit for two of the evaluated endpoints.

Residual plots were also evaluated for each of the response variables and covariance structures.
Patterns indicative of heterogeneous variance of the residuals were evident for many of the
response variables and models where an assumption of equal variance at each time point was
made. For many of the residual plots when CS or AR(1) covariance structure was modeled, the
vertical spread of the residuals around increased as the predicted mean increased (indicating
larger variances as the mean increased; see Figure 7, for example). These response variables are
counts, hence the distribution of the response variable and the residuals may not meet
assumptions of normality and/or equal variance. More specifically, review of the residual plots
indicates that estimating utilizing a covariance structure that estimated unique variances for each
CCA (e.g., CSH, ToepH covariance structures) appears to improve overall model fit.
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Figure 7. Studentized residual plots for eggs with covariance structures of (left) compound symmetry (CS) and
(right) compound symmetry with heterogeneous variance (CSH). Distribution of the residuals indicates a better
fitting model for the CSH covariance structure.

Of the evaluated models, either CSH or ToepH should be selected as the covariance structure for
the repeated measure of CCA as they provided better fitted models for multiple endpoints. The
additional covariance parameters could not always be estimated in the ToepH model suggesting
that the increase in the number of parameters relative to CSH that were to be estimated is an
overparameterization of the model based on the available data. Therefore, the review team
elected to move forward with the heterogeneous compound symmetry (CSH) covariance
structure for the final analyses.

3.9.2.3 Treatment by Time Interaction and Follow-up Contrasts

The text box below provides the SAS code for the mixed model that was used for follow-up
statistical contrasts to address the following questions:
e Ateach CCA, was there a reduction in the response relative to the control?

e At each treatment level, was there a difference in the response relative to the baseline
time point (CCA3)?
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e The contrasts that were utilized for this analysis were Dunnett’s test. Dunnett’s test is a
set of pairwise contrasts in which each treatment mean is compared to the control mean;
the tests can be one- or two-sided. For a given set of contrasts, the experiment-wise error-
rate is controlled as the specified alpha-level. In this case, a ‘set of contrasts’ is either (1)
comparisons of treatment means to the control for a specific endpoint at a specific CCA
or (2) comparison of time-points CCA4, CCAS, CCA6, and CCA7 to the baseline CCA3
for a given endpoint. For all analyses, the CSH covariance matrix was used for each of
the variables.

Text Box 1. SAS Code for the mixed model used to run the statistical analysis

title "Clothianidin - ColonyFeedingStudy(2015) data analysis”;
proc mixed data=cca3 7 ;
title2 "Dunnett®s tests - adult _scale";
class apiary cca conc hive;
model adult_scale = conc|cca /DDFM=SATTERTHWAITE;
random apiary ;
repeated cca/ subject=hive*conc(apiary) type=csh ;
Ismeans conc*cca/cl;
slice conc*cca /sliceby=cca diff=controll adjust=dunnett;
slice conc*cca /sliceby=conc diff=control adjust=dunnett;
run;

Williams’ test was also considered for use for one set of the follow-up contrasts - comparisons of
treatment means to the control for a specific endpoint at a specific CCA. Williams’ test has been
shown to be more powerful than Dunnett’s test when the assumption of monotonicity is met.
Williams’ requires the assumption that if there is an effect of the chemical, it follows the classic
dose-response relationship (i.e., assuming there test material has a negative effect on the
response variable, then as the test concentration increases, mean response is equal to or less than
the mean response of the next lower dose concentration). The test procedure then determines the
lowest dose level for which the mean is significantly less than the control mean. This
concentration is identified as the LOAEC and the next lower concentration is identified as the
NOAEC. Williams’ test was not utilized for this analysis for several reasons:

e Review of the treatment means identified several instances when the underlying
assumption of monotonicity does not appear to be met. Given the large variation in the
measured responses in general, it could not be determined if the observed deviations
from monotonicity were due to large background variation or to a non-monotone
treatment response.

e For any one response variable, the data are combined across CCAs into one mixed model
analysis. Incorporating data from all CCAs improves the variance/covariance estimates
and increases the degrees of freedom for hypothesis testing. As the degrees of freedom
for hypothesis testing increases, differences in power between Dunnett’s test and
Williams’ test become small.

e It has not been codified in the PROC MIXED procedure in SAS, and the level of effort
to code and QA the test would be significant.
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An analysis approach where data from each CCA was analyzed separately as a randomized
complete block design was also considered as SAS has options for use of Williams’ test for
simpler experimental designs. This approach was not selected for several reasons:

e Equality of variance would still need to be evaluated. If the assumption of homogenous
variances was not met for some CCAs, then transforming the response or non-parametric
analyses would need to be considered. Incorporating the heterogeneous variances into the
error matrices of the general linear model (GLM) would increase the complexity of the
model such that the Williams’ options in SAS could no longer be utilized.

e A statistical analysis approach that does not utilize the strength of the correlations among
time points to improve estimates of error variance would not be as powerful as one that
does incorporate that additional information about the nature of the responses.

3.9.3 Treatment Effects Within a CCA

The table of p-values resulting from the Dunnett’s tests (for evaluating whether within a CCA,
the treatment mean are significantly less than control means) are summarized in Table 20.
Figures 8-17 below show the results for each response variable across all CCAs analyzed
(CCA3-CCA7) and all treatment levels. For all the figures presented below, significant
reductions from the negative control with p-values below the 0.05 alpha level are denoted by a
red dot at a given treatment level and CCA and those reductions with p-values between 0.05 and
0.1 are denoted by a black dot. Statistical NOAECs and LOAECs within a CCA will be
determined using an alpha-level of 0.05. Additional comparisons using and alpha-level of 0.10
are included for additional characterization. Error bars represent one standard error from the
mean calculated from the model residual mean squares estimate. The associated SAS output
containing the full results of the Dunnett’s comparisons can be found in Attachment 1.

Table 13. Results of one-sided Dunnett’s test (comparing control to each treatment group), correlations
modeled using CSH. Cells include the treatment groups that were significantly lower than control.

Adults | Eggs | Larvae | Pupae Pollen | Honey | Live Brood Food
(Open) | (Capped)
CCA3 | NS NS NS NS NS NS NS NS NS
CCA4 | 160 80 160 40 40 NS 40 40 NS
160 80 80 80 80
160 160 160 160
CCAS | 40 20 80 40 10 NS 40 40 NS
80 80 160 80 20 80 80
160 160 160 40 160 160
80
160
CCA6 | 10 80 80 40 80 NS 40 40 NS
40 160 160 80 160 80 80
80 160 160 160
160
CCA7 | 80 80 80 160 10 NS 80 80 NS
160 160 160 80 160 160
160
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Adults | Eggs | Larvae | Pupae Pollen | Honey | Live Brood Food
(Open) | (Capped)
* NS indicates that there were no test concentrations with means significantly less than the control
(p>0.10).
Bolded concentration = significantly less than control (p< 0.05)
Italicized concentration = less than control (0.05< p < 0.10)

3.9.4 Temporal Trends Within a Treatment Level

A second component to evaluating the “treatment x CCA” interaction is to look at the temporal
changes within a treatment group. This was accomplished by comparing each CCA (CCA4
through CCA7) to CCA3 by use of a two-sided Dunnett’s test (Table 21 and Table 22). This
suite of comparisons is not as informative as the contrasts of control against the treatment group
within a CCA for establishing a statistical NOAEC and LOAEC. However, it may aid in
interpretations and further biological understanding of temporal shifts in the life stages and food
components present in the hive. Differences in patterns of temporal shifts between the control
and various treatment groups can provide further understanding of the potential impacts of
clothianidin on beehive population dynamics.

Table 14. Results of two-sided Dunnett’s test (comparing CCA3 to each following CCA), correlations
modeled using CSH.

Trt Response Variable

Group | Adults Eggs Open Capped Pollen

Control | CCA5-6>CCA3 | CCA4-7<CCA3 | CCA7<CCA3 CCA7<CCA3 CCA4-5>CCA3

10 CCA7<CCA3 CCA4-7<CCA3 | CCA7<CCA3 CCA7<CCA3 CCA4>CCA3
CCA7<CCA3

20 CCA5>CCA3 CCA4-7<CCA3 | CCA7<CCA3 CCA7<CCA3 CCA4>CCA3

40 CCA7<CCA3 CCA4-7<CCA3 | CCA7<CCA3 CCAS5-7<CCA3 CCA4>CCA3

80 CCAS-7<CCA3 | CCA4-7<CCA3 | CCA4-7<CCA3 | CCA4-7<CCA3 CCAS-7<CCA3

160 CCA4-7<CCA3 | CCA4-7<CCA3 | CCA4-7<CCA3 | CCA4-7<CCA3 CCA4-7<CCA3

Table 15. Results of two-sided Dunnett’s test (comparing CCA3 to each following CCA), correlations
modeled using CSH.

Trt Response Variable

Group | Honey Live Brood Food

Control | CCA4-5>CCA3 CCA7<CCA3 CCA7<CCA3 CCA4-5>CCA3
CCA6-7<CCA3 CCA6-7<CCA3

10 CCA4-5>CCA3 CCA7<CCA3 CCAA4,5,7<CCA3 CCA4-5>CCA3
CCA7<CCA3 CCA7<CCA3

20 CCA4-5>CCA3 CCA7<CCA3 CCA7<CCA4 CCA4-5>CCA3
CCA7<CCA3 CCA7<CCA3

40 CCA4-5>CCA3 CCA5-7<CCA3 CCA4-7<CCA3 CCA4-5>CCA3

80 CCA4-6>CCA3 CCA4-7<CCA3 CCA4-7<CCA3 CCA4-5>CCA3

160 CCA4-6>CCA3 CCA4-7<CCA3 CCA4-7<CCA3 CCA4-6>CCA3
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3.9.5 Colony Condition Assessment Response Variables

What follows is a breakdown of each response variable assessed and the significant effects that
were determined at each CCA (after set up and prior to overwintering; i.e., CCAs 3-7). A couple
of general points are made below when examining the results data analysis:

Unless explicitly stated otherwise, all discussion of statistical findings refer to shared
determinations from the PMRA and EPA analyses.

All analyses considered effects at both the 0.05 and 0.1 alpha levels when weighing
statistically significant effects with biological considerations. All analyses considered
effects at both the 0.05 and 0.1 alpha levels when weighing statistically significant effects
with biological considerations.

For simplicity and consistency in visualizing the trends and findings of statistical
significance simultaneously, the EPA-generated tables and figures are presented below
while PMRA-generated tables and figures reflect PMRA’s statistical analysis and are
presented in Appendix A (and as such, estimated values and significance in EPA tables
presented below may differ in some instances from the PMRA generated tables in this
appendix).

As noted above, the EPA-generated tables below indicate the percent differences from
control based on raw counts of the data which have been scaled (divided by 1000) for each
response variable to facilitate convergence of the statistical model.

The EPA-generated table values are the percent reductions of the response model-based
mean for a given treatment relative to the control model-based mean. The model-based
means are the Least Square means based on the randomized complete block, repeated-
measures design and model fit using SAS PROC MIXED algorithms. These Least Square
means may differ from arithmetic means due to missing values in the raw data (this also
accounts for some of the differences between calculations of mean percent inhibitions
between EPA and PMRA’s analyses).

The figures with colored significance “dots” representing p-values of <0.05 or <0.10 were
based on the results of the mixed model analyses conducted by EPA. off of these counts
for each hive for each response variable (with the exception of hive weight) and were
generated by EPA. The figures indicate statistical significance (reduction in treatment
mean relative to control within a CCA) with black and red “dots” denoting a significant
reduction at the 0.10- and 0.05-alpha levels, respectively.

CCA3 was the baseline covariate and therefore is not presented in the tables generated by
PMRA (in Appendix A) for each response variable with percent reductions.

Even though data from CCA8 and CCA9 were included in the PMRA analysis and
presented in the tables in Appendix A, the evaluation of effects at these time points is
considered unreliable (by both EPA and PMRA) due to the high hive mortality observed
in the controls (65% mortality at these CCAs).

PMRA did not include “total brood in hives” and “total food storage” in its analysis so
those results pertain solely to EPA findings.

It is acknowledged that there was considerable variability for some response variables at
certain treatment groups and CCAs. In order to better understand the variability of
treatment groups and make comparisons with controls, for certain variables the reviewer
has provided additional graphs focusing on the controls and lower treatment groups (10,
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20, and 40 pg/L) that includes error bars around the means. Please refer to Appendix C
for summary statistics tables (i.e. 95% lower and upper confidence intervals, means and
standard error values) of the proportions of each response variable for further information.

3.9.6 Life Stage Results

The tables and figures below present results from CCA3 thru CCA7 across the different life
stages. As discussed previously, CCA3 is the final assessment just prior to placing the
clothianidin-treated sucrose solutions (or untreated control) in the hives. CCA4 occurs during
the 6-week treatment period and CCAS is just after the treatment period. CCA6 represents the
time of year when the colony as a whole starts to prepare for overwintering and therefore starts
to begin a “shut-down” phase where the numbers of adults and other life stages are clearly
decreased which is noted at CCA7. During this pre-overwintering phase, adult proportions
decline due to natural die off of worker bees and reduced rates of replenishment from reduced
egg laying by the queen.

3.9.6.1 Adults

Table 23 and Figure 8 below show the effects on adult honey bees across CCAs and treatment
groups. Compared with the control, no differences in the number of adults in hives (p>0.1) during
the CCA4 exposure period were apparent in any of the treatments with the exception of a
significant (p<0.05) reduction determined for the 160 pg/L group, which was also reduced in all
subsequent CCAs (percent inhibtitions ranging from 30.3—96.2% in EPA’s analysis and 32.3-
98.4% in PMRA’s analysis). The number of adults in the 80 pug/L treatment group, though not
significantly reduced at CCA4, was significantly reduced (p<0.05) compared to controls at all
subsequent CCAs (percent inhibitions ranging from 8.5% [non-statistically significant at CCA 4]
to 56.5%) in EPA’s analysis. For PMRA the number of adults in the 80 pg/L treatment group was
significantly reduced (p<0.05) at CCA4 (13.9% estimated reduction) and in all subsequent CCAs
(estimated percent reduction ranging from 41.2-64.1%). The number of adults in the 40 pg/L
treatment group was also significantly reduced (p<0.05) at CCAs 5 and 6 (inhibitions of 23.7%
and 30.4% for EPA and 23.1% and 29.9% for PMRA), but was not significantly reduced at CCA7
(13.3% fewer adults at CCA7, compared with controls). From CCA3 through CCA7, no significant
reductions relative to controls were observed in the 10 and 20 pg/L treatment groups, except for
at CCA6 where a significant reduction was observed in the 10 ug/L group (EPA: 21.9% reduction;
PMRA: 19.6% reduction), but not for the 20 pg/L treatment group (non-statistically significant
16.5% reduction compared to controls). While the findings were not determined to be statistically
significant at 20 pg/L treatment group at CCA6 for the EPA analysis, they were for the analysis
used by PMRA (17% reduction compared to control, p<0.05).

Table 16. Estimated percent reduction from control for mean number of adults

Test Reduction relative to the control mean
concentration
(ug/L) CCA3 CCA4 CCA5 CCAb6 CCA7
10 4.4 -1.0 9.0 21.9* 18.9
20 -0.6 0.4 1.4 16.5 6.1
40 -2.0 2.1 23.7* 30.4* 13.3
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Test Reduction relative to the control mean
concentration
(ng/L) CCA3 CCA4 CCA5 CCA6 CCA7
80 -10.0 8.5 37.1* 56.5* 47.6*
160 -4.3 30.3* 68.9* 87.7* 96.2*
Note: Negative value indicates increased number of adults in comparison to control.

#p<0.05

Figure 8. Number of adult honeybees at colony condition assessments (CCA) 3 thru 7 for each
treatment group (based on model residual mean squares estimates).

Figure 9 below shows the trends in mean numbers of adults across the CCAs for the control and
three lowest treatment groups only as the impact at the two highest groups was evident, and adds
standard error bars in order to better compare differences in the populations. Removing the two
highest treatment concentrations adjusts the scale of the figures to see the trends more clearly at
the lower treatment groups. There is a clear divergence in the trends at the 40 ug/L treatment
group in comparison to the control group at CCAs 5 and 6, though by CCA7 there appears to be
substantial overlap in the error bars (one standard error from the mean). The 10 and 20 ug/L
treatment groups, which appear similar compared to the control group at CCAs 4 and 5, appear to
have low overlap with the control group at CCA6 (when statistically significant reductions were
observed in the 10 pg/L, but not the 20 pg/L treatment group), but by CCA7, the control and lowest
treatment groups are much closer together with a distinct lack of dose-response. Also notably, as
distinguished from the control and 10 and 20 pug/L groups, while the proportions of adults for those
groups generally increased or remained stable through CCAS before beginning to decline, the
numbers of adults at 40 pg/L began to decline as early as CCA4, where these numbers were being
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built up or remained constant in the control and lower treatment groups to support the foraging
worker bee force for nectar and pollen collection.

Figure 9. Number of adult honeybees at colony condition assessments (CCA) 3 thru 7 for the control and
three lowest treatment groups. Error bars represent one standard error from the mean calculated from the
model residual mean squares estimate.

Although treatment means were significantly reduced from the control at the lowest treatment
group (10 pg/L) at CCAG6 in both EPA and PMRA analyses and were also significantly reduced
from control in the 20 pg/L treatment group at CCA6 (PMRA'’s analysis only), these effects were
considered to be potentially transient, while the early onset and persistence of significant effects
in the highest treatment groups (40, 80 and 160 pg/L) supports the conclusion that the overall
NOAEC and LOAEC for adults is 20 and 40 pg/L, respectively. It is also notable that no
obvious dose-response relationship is observable in the two lowest doses at CCA6, though this
may also be a function of the overlap in exposure among individual hives, based on residue
analysis of hive matrices.

3.9.6.2 Eggs

Table 24 and Figure 10 below show the effects on eggs across CCAs and treatment groups. For
the EPA analysis at CCA4, compared with the controls, significant differences were observed in
the 40 pg/L (p<0.05) and 80 pg/L (0.05<p<0.1) treatment groups, but no dose-response
relationship was observed across any dosage and a lack of significant inhibition was observed
even at the highest treatment dose at this CCA. However, at CCAS there were clear significant
reductions (p<0.05) at the 80 pg/L and 160 pg/L treatment groups (68.7% and 92.9% reduction of
eggs relative to controls), which persisted at the subsequent CCAs. At CCAS there were also
marginaly significant reductions (p<0.1) at the 20 pg/L treatment group (37% reduction), but not
at either the 10 and 40 pg/L treatment groups (32 and 34% reductions, respectively). Further, there
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were no significant reductions (p>0.1) for the three lowest treatments at any of the subsequent

CCAs.

For the PMRA analysis treatment means were significantly reduced (p>0.05) from the control at
the lowest three doses (10, 20 and 40 pg/L) during and immediately after the exposure period
(CCA4 and CCAS) but not in subsequent CCAs after the exposure period and were significantly
reduced (p<0.05) from the control at the two highest treatment groups (80 and 160 ug/L) at all
CCAs. Similar to the EPA analysis, there was no dose response evident at CCA4. A general dose
response was evident starting at CCAS which became more pronounced over subsequent CCAs

up to CCAT.

Table 17. Estimated percent reduction from control for number of eggs.

Test Reduction relative to the control mean
concentration
(ug/L) CCA3 CCA4 CCA5 CCA6 CCA7
10 -6.6 30.1 32.0 3.1 0.9
20 -0.6 26.4 37.0*%* 15.1 26.5
40 -11.8 48.0* 33.9 12.9 25.6
80 8.4 38.1** 68.7* 49 4%** 71.2*
160 3.0 31.9 92.9* 83.1% 95.2%*

Note: Negative value indicates increased number of eggs in comparison to control.

#p<0.05
#%0.05<p<0.1

Figure 10. Number of eggs (cells) following exposure to varying concentrations of clothianidin in the diet

across CCA3 — CCA7 (based on model residual mean squares estimate).
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Figure 11 below shows the responses for the mean number of eggs for the control, 10, 20 and 40
pug/L treatment groups. Removing the two highest treatment concentrations adjusts the scale of the
figures to see the trends more clearly. It is noted from this graph that at CCA4, while significant
differences (p<0.05) were observed for the 40 ng/L treatment group, as well as lower (though non-
significant) numbers at CCAS, where the 20 pg/L treatment group was significantly (p<0.1)
different from controls, at both of these CCAs there were no obvious dose-response trends within
a CCA and across CCAs for these treatment groups (i.e. substantial overlap of these populations
based on their standard errors). Additionally, at subsequent CCAs the mean number of eggs in all
three treatments appears to have reverted close to control means. However, it is noted that the
mean and standard error values for the lower treatment groups are lower than the control.

Figure 11. Number of egg cells following exposure to varying concentrations of clothianidin in the diet
across CCA3—CCAY7 in the control, 10, 20, and 40 pg/L groups only. Error bars represent one standard
error from the mean calculated from the model residual mean square estimate.

When weighing statistical and biological significance, the overall NOAEC and LOAEC for
eggs is determined to be 40 and 80 pg/L, respectively, based on a significant reduction in eggs
consistent at all CCAs following the end of exposure. Although there is some uncertainty
regarding this endpoint as the means of the three lowest treatments were lower than the control
means at CCAs 4 and 5, the lack of dose-response surrounding these doses and the reversion of
these three treatments back to control means by CCAG6 indicates a potential transient effect and
supports the use 0of 40 pg/L as the NOAEC and 80 pg/L as the LOAEC for effects from clothianidin
on egg production following a six-week exposure period.

3.9.6.3 Larvae (Open/Uncapped brood)

Table 25 and Figure 12 below show the effects on larvae (open/uncapped brood) across CCAs
and treatment groups. In the EPA analysis, compared with the control, no differences in the number
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of larvae (open/uncapped cells) in hives (p>0.1) during the CCA4 exposure period were apparent
in any of the treatments with the exception of a significant (p<0.05) dramatic reduction determined
for the 160 png/L. group, which was also reduced in all subsequent CCAs (percent inhibtitions
ranging from 86.8—100%). The number of larval cells in the 80 pg/L treatment group, though
not significantly reduced at CCA4, was significantly reduced (p<0.05) compared to controls at
CCAs 5 and 6 (percent inhibitions ranging from 9.1% [non-statistically significant at CCA 4] to
81.7%), but was not statistically significantly inhibited at CCA7, despite a reduction of 46.2%
relative to controls. From CCA3 through CCA7, no significant (p>0.1) reductions were observed
in any of the lowest treatment groups.

In the PMRA analysis treatment means were significantly reduced (0.05< p<0.1) from the control
at the lowest three doses (10, 20 and 40 ug/L) during a single CCA during the exposure period
(CCAA4) but not in subsequent CCAs and were significantly reduced (p<0.05, 0.05< p<0.1) at all
CCAs at the two highest treatment groups (80 and 160 pg/L). A clear dose response (increase in
the reduction from the control as the dose increases) was evident over all CCAs except at CCA4.

Table 18. Estimated percent reduction from control for number of larvae (open/uncapped brood)

Test Reduction relative to the control mean
concentration
(ng/L) CCA3 CCA4 CCAS CCA6 CCA?7
10 -0.9 14.8 1.6 -5.0 33.2
20 9.4 12.7 14.5 4.1 36.8
40 5.1 22.4 19.8 24.0 33.0
80 -15.3 9.1 81.7* 48.7* 46.2
160 3.5 86.8* 100* 93.2% 98.6*
Note: Negative value indicates increased number of larvae in comparison to control.

#p<0.05
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Figure 12. Number of open cells (larvae) at colony condition assessments (CCA) 3 thru 7 for each
treatment group (based on model residual mean squares estimates).

Figure 13 below shows the responses for the control, 10, 20 and 40 pg/L treatment groups.
Removing the two highest treatment concentrations adjusts the scale of the figures to see the trends
more clearly. It is noted from this graph that although error bars surrounding the control group
generally have some overlap with those surrounding the 10 and 20 pg/L treatment groups, they
just overlap with the 40 pg/L treatment group from CCAs 5 through 6 and a general dose-response
relationship is observed across these doses during CCAs 5 and 6.
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Figure 13. Number of open cells (larvae) at colony condition assessments (CCA) 3 thru 7 for the control
and three lowest treatment groups. Error bars represent one standard error from the mean calculated from
the model residual mean squares estimate.

When weighing statistical and biological significance, the overall NOAEC and LOAEC for
larval cells is determined to be 40 and 80 ug/L, respectively. This is based on persistent
significant effects at the 80 ng/L and 160 pg/L treatment groups and lack of persistent effects
at the three lowest treatment groups (10, 20 and 40 pg/L). However, there is some
uncertainty in this endpoint, given the lack of overlap of the 40 png/L. and control group
populations at all CCAs from the beginning of exposure through CCA6 and the appearance
of a dose-response relationship beginning at 40 pg/L.

3.9.6.4 Pupae (Capped Brood)

In the 40, 80 and 160 ng/L treatment groups in the EPA analysis, there were significant reductions
from the control in pupae (capped brood) (p<0.05) that persisted through multiple measurement
points (CCA’s 4-6). The percent reductions from control based on the raw counts of pupal cells
ranged from 16.4—47.1%, 26.1—83.4% and 46.3—100% in the 40, 80 and 160 pg/L treatment
groups, respectively during CCAs 4-6 (Table 26 and Figure 14, below).

In the PMRA analysis, the number of pupal cells was significantly reduced (p<0.05) compared to
the control at the three highest treatment groups (40, 80 and 160 pg/L) which persisted over
multiple CCAs (16.3—47.0%, 30.9—87.7% and 46.9—99.6% reduction in the 40, 80 and 160
pg/L treatment groups, respectively during CCAs 4-6 and 98.2% reduction at CCA7 in the 160
pug/L treatment group). No significant reduction (p>0.1) in the number of pupae was observed at
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the lowest two treatment groups (10 and 20 pug/L) during any of the CCAs with the exception of
CCA5 where the number of pupae was significantly reduced by 13.1% in the 20 pg/L treatment
group (p=0.039) and by 19.9% in the 10 pg/L treatment group (p=0.05). This analysis considers
that the overlap in dose-response at the lower doses is not unexpected since the dose levels are
similar and measured exposures indicate overlap in exposure among individual hives, particularly
at the lower two doses.

Table 19. Estimated percent reduction from control for number of capped (pupal) cells.

Test Reduction relative to the control mean
concentration
(ne/L) CCA3 CCA4 CCAS5 CCA6 CCA?7
10 -8.3 0.4 17.2 10.3 27.0
20 -7.8 3.9 9.7 3.7 4.7
40 1.1 16.4* 47.1%* 36.7* 19.6
80 -7.7 26.1* 83.4% 59.3* 7.9
160 -0.9 46.3* 100* 98.1* 97.3*%
Note: Negative value indicates increased number of pupae in comparison to control.
*p<0.05

Figure 14. Number of capped cells (pupae) at colony condition assessments (CCA) 3 thru 7 for each
treatment group ( based on model residual mean squares estimate).

Figure 15 below shows the responses for pupae for the control, 10, 20 and 40 pg/L treatment
groups. Removing the two highest treatment concentrations adjusts the scale of the figures to see
the trends more clearly. It is noted from this graph that although error bars surrounding the control
group, and the 10 and 20 pg/L treatment groups generally overlap with each other, they do not
show any overlap with the 40 ng/L treatment group from CCAs 4 through 6.
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When weighing statistical and biological significance, the overall NOAEC and LOAEC for
pupal cells is determined to be 20 and 40 png/L, respectively.

Figure 15. Number of capped cells (pupae) at colony condition assessments (CCA) 3 thru 7 for the control
and three lowest treatment groups. Error bars represent one standard error from the mean calculated from
the model residual mean squares estimate.

3.9.6.5 Total Individuals in Hives

When evaluating the total number of live individuals (total adults + combined number of cells of
eggs, larvae and pupae), significant effects (p<0.05) were observed at the three highest treatments
for CCAs 4-6 and in the two highest treatments at CCA7 (Table 27), generally following the
pattern observed earlier for total adults and pupae, the two life stages that made up the largest
components of the hive population throughout the course of the study (Figures 8, 14 and 16). No
significant differences (p>0.1) were observed for the 10 and 20 pg/L treatment groups relative to
the controls in the EPA analysis.

In the PMRA analysis, significant reductions were observed for the 20 pg/L treatment group at
CCA4 and for the 10 and 20 pug/L treatment groups at CCAS (0.05< p<0.1) A general dose
response (increase in the reduction from the control as the dose increases) at the three highest
treatment groups (40, 80 and 160 pg/L ) was evident over all CCAs. For the two lowest treatment
groups, the reduction in total individuals in the 10 pg/L treatment group was consistently higher
than or equivalent to the 20 pg/L treatment group over all CCAs (6.1-23.7% and 6.7-11.1%
reduction in the 10 and 20 pg/L treatment groups, respectively) and in particular, CCA7. This
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analysis considers that the overlap in dose-response at the lower doses is not unexpected since the
dose levels are similar and measured exposures indicate overlap in exposure among individual
hives, particularly at the lower two doses.

Table 20. Estimated percent reduction from control for total individuals

Test Reduction relative to the control mean
concentration

(ug/L) CCA3 CCA4 CCAS5 CCA6 CCA?7
10 -2.6 5.1 12.4 114 21.3
20 -1.2 6.3 9.6 9.1 104
40 -0.8 14.0* 32.5%* 30.6* 17.9
80 -7.8 18.1* 65.0* 55.8* 40.3*
160 -0.6 46.6* 88.1* 92.5% 96.6*

Note: Negative value indicates increased number of total individuals in comparison to control.

#p<0.05

Figure 16. Number of live (adult numbers+cells of brood) at colony condition assessments (CCA) 3 thru 7
for each treatment group (based on model residual mean squares estimate).

Figure 17 below shows the responses for total live for the control, 10, 20 and 40 pg/L treatment
groups. Removing the two highest treatment concentrations adjusts the scale of the figures to see
the trends more clearly. It is noted from this graph that although error bars surrounding the control
group, and the 10 and 20 pg/L treatment groups generally overlap with each other, they do not
show any overlap with the 40 pug/L treatment group from CCAs 4 through 6. When weighing
statistical and biological significance, the overall NOAEC and LOAEC for total individuals
is determined to be 20 and 40 ng/L, respectively.

57

313



Appendix 8. Data Evaluations for the Colony Feeding Studies that were
Included in this Risk Determination Document

Figure 17. Number of total live (adult+brood) at colony condition assessments (CCA) 3 thru 7 for
the control and three lowest treatment groups. Error bars represent one standard error from the
mean calculated from the model residual mean squares estimate.

3.9.6.6 Total Brood in Hives

When evaluating the total number of brood cells (eggs, open and capped), significant effects
(p<0.05) were consistently observed at the three highest treatments for CCAs 4-6 and in the highest
treatment at CCA7 (Table 28 and Figure 18). No significant differences (p>0.1) were observed
for the 10 and 20 pg/L treatment groups relative to the controls.

Table 21. Estimated percent reduction from control for total brood cells

Test Percent reduction relative to the control mean (%)
concentration
CCA3 CCA4 CCA5 CCAb6 CCA7
(ng/L)

10 -5.8 8.4 14.4 5.4 25.5
20 -1.4 9.5 14.4 5.0 17.6
40 -0.2 22.5%* 37.5% 31.0%* 25.4
80 -6.8 23.2% 81.2%* 55.4* 28.3
160 1.1 55.2* 99.2%* 95.3* 97.4%*
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Figure 18. Number of brood at colony condition assessments (CCA) 3 thru 7 for each treatment group
(based on model residual mean squares estimate).

Figure 19 below shows the responses for total brood for the control, 10, 20 and 40 ug/L treatment
groups. Removing the two highest treatment concentrations adjusts the scale of the figures to see
the trends more clearly. It is noted from this graph that although error bars surrounding the control
group, and the 10 and 20 pug/L treatment groups generally show some overlap with each other,
there is clear and consistent divergence of the 40 ug/L treatment group compared to controls and
the lower treatment groups. Therefore, when weighing statistical and biological significance,
the overall NOAEC and LOAEC for total brood is determined to be 20 and 40 pg/L,
respectively.
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Figure 19. Number of brood at colony condition assessments (CCA) 3 thru 7 for the control and
three lowest treatment groups. Error bars represent one standard error from the mean calculated
from the model residual mean squares estimate.

Figures 20-24 below provide another visual representation of the effects across CCAs variables
within a response variable for the various life stages of bees during the course of the study for the
three lowest treatments. The bar charts represent the percent differences from control with negative
percent differences from control indicating an increase in a given response variable above the level
of control. Although these figures show what appear to be substantial decreases compared to
controls for some endpoints at select CCAs (e.g. larvae at CCA7), these figures provide further
evidence of the general lack of dose responsiveness in effects at the lowest treatment groups, while
a clear dose-response relationship is observed between the 40, 80 and 160 ug/L treatment groups.
Furthermore these charts are effective in indicating how the percent differences with a given
response variable, changed over the course of the study within a treatment group. It is also noted
here that the scale for percent difference from control (y-axis) has been standardized across all

[

charts and that negative (“-*) responses refer to a percent increase above the level of control.
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Figure 20. Summary of living organism parameters at the 10 pg/L treatment group
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Figure 21. Summary of living organism parameters at the 20 pg/L treatment group
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Figure 22. Summary of living organism parameters at the 40 pg/L treatment group
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Figure 23. Summary of living organism parameters at the 80 pg/L treatment group
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Figure 24. Summary of living organism parameters at the 160 pg/L treatment group
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3.9.7 Colony Condition Assessments - Food Store Response Variables

3.9.7.1 Pollen

Pollen stores were significantly reduced (p<0.05) in the 80 and 160 pg/L treatment groups from
CCA4 to CCAT (inhibitions of 46.8—98% and 96.7—100%, respectively in the 80 and 160 pg/L
treatment groups in the EPA analysis and 47.5-99.4% and 94.3-100%, respectively in the PMRA
analysis). Pollen stores were also significantly reduced in the 40 ug/L treatment group during
CCAs 4 and 5 (inhibitions of 29.3 and 64.7%, respectively in the EPA anlaysis and 21.9 and 55.3%
in the PMRA analysis), though at CCA4 this difference was more marginal in the EPA analysis
(0.05<p<0.1; Figure 25). In the two lower treatment groups, pollen stores were significantly
reduced (p<0.05) at CCAS and for EPA’s analysis only, at CCA7, though at CCA7 these were not
observed to follow a dose-response trend (Table 29).
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Table 22. Estimated percent reduction from control for pollen stores

Test Reduction relative to the control mean
concentration
(ug/L) CCA3 CCA4 CCA5 CCAb6 CCA7
10 1.2 6.9 32.7* 26.1 62.2
20 9.3 16.1 36.2* 33 36.1%*
40 11.3 290.3** 64.7* 34.1 19.0
80 -2.3 46.8* 98.0* 60.4* 70.9*
160 2.9 96.7* 100* 99.8* 100*

*p<0.05
##(),05<p<0.1

Figure 25. Number of pollen cells at colony condition assessments (CCA) 3 through 7 for each treatment
group.

Figure 26 below shows the clear divergence of pollen stores in all three lower treatment groups at
CCAS as compared to the control, but pollen stores than appear to overlap at CCAs 6 through 7,
except for in the 10 ug/L treatment group which does not appear to have any dose-response
relationship with the other doses at CCA7. The data indicate clear and consistent effects during
(and immediately after) the feeding exposure on the 40 pg/L group, however are approaching
levels near the control following exposure. There is more uncertainty surrounding the two lower
treatment groups, for which a significant decrease in pollen storage is observed at a single
measurement (CCAS) without any statistical significance or dose-response at CCA6 and 7, with
the 10 pg/L treatment having reduced pollen storage compared to controls while the 20 ug/L
treatment group more closely tracks the control pollen storage.
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Figure 26. Number of pollen cells at colony condition assessments (CCA) 3 thru 7 for the control and three
lowest treatment groups. Error bars represent one standard error from the mean calculated from the model
residual mean squares estimate.

Due to consistent effects in the 40 png/L treatment group at CCAs 4 and 5, the overall LOAEC
for pollen stores is determined to be 40 ng/L. There is some uncertainty surrounding this
endpoint given the significant reduction at all treatment doses at one measurement point
(CCA)S), that generally follows a dose-response relationship. However, as this only occurs at
one CCA and thereafter no significant effects or dose-response are observed, the NOAEC is
therefore considered to be 20 pg/L.

3.9.7.2 Nectar / Honey

There were no significant decreases (p>0.1) for honey/nectar storage at any CCA for any treatment
dose (Table 30 and Figure 27). However, there was a general trend of more honey storage in
higher treatments compared to the controls and lower treatment groups. It is noted that honey
storage in the 10 and 20 pg/L treatment groups did not differ appreciably from contols (<20%
difference at all CCAs), while in the two highest treatments there was substantially more honey
stored (>50%) by CCAs 6 and 7. Given the lack of statistical significance for honey, a second
graph focusing on the control and three lowest treatment groups was not generated for this endpoint.
It is noted that the feeding solutions (sugar solutions) provided during the exposure period might
have affected natural honey storage patterns; however, effects on honey storage are still able to be
considered as all treatments were compared to control hives (which also received feeding
solutions).
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Table 23. Estimated percent reduction from control for nectar/honey stores

Test Reduction relative to the control mean
concentration
(ug/L) CCA3 CCA4 CCA5 CCAb6 CCA7
10 15.7 4.0 1.1 1.8 12.6
20 -4.3 -7.2 -13.1 -19.4 -6.8
40 5.3 -7.6 -17.2 -39.5 -46.7
80 -4.8 -15.8 -29.7 -75.4 -86.5
160 -3.4 -20.0 -21.3 -93.6 -114.1

Note: Negative value indicates increased nectar/honey stores in comparison to control.

Figure 27. Number of honey cells at colony condition assessments (CCA) 3 thru 7 for each treatment group.

As no significant effects were observed and there were no evidence of adverse effects on
honey storage, the overall NOAEC and LOAEC for honey stores is determined to be 160 and
>160 pg/L, respectively.

3.9.7.3 Total Food Storage

There were no significant decreases (p>0.1) for total food storage at any CCA for any treatment
dose (Table 31 and Figure 28). However, similar to the honey storage above, there was a general
trend of more food cells in higher treatments compared to the controls and lower treatment groups.
It is noted that food storage in the 10 and 20 pg/L treatment groups did not differ appreciably from
contols (<20% difference at all CCAs except for a 21.4% decrease at CCA7 in the 10 pg/L
treatment), while in the two highest treatments there was substantially more food stored (>50%)
by CCAs 6 and 7. Given the lack of statistical significance for food storage, a second graph
focusing on the control and three lowest treatment groups was not generated for this endpoint. It
is noted that the feeding solutions (sugar solutions) provided during the exposure period might
have affected natural food storage patterns; however, effects on food cells are still able to be
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considered as all treatments were compared to control hives (which also received feeding
solutions).

Table 24. Estimated percent reduction from control for food (pollen + nectar) storage

Test Reduction relative to the control mean
concentration
(ug/L) CCA3 CCA4 CCA5 CCAb6 CCA7
10 14.0 4.4 5.2 6.0 21.4
20 -2.7 -2.9 -6.8 -15.5 0.9
40 6.0 -0.7 -6.7 -26.7 -35.1
80 -4.5 -4.0 -13.2 -51.5 -58.2
160 -2.7 2.1 -5.6 -59.7 -75.6

Figure 28. Number of food cells (honey+pollen) at colony condition assessments (CCA) 3 thru 7 for each
treatment group.

As no significant effects were observed and there were no evidence of adverse effects on total
food storage, the overall NOAEC and LOAEC for this endpoint is determined to be 160 and
>160 ug/L, respectively.

3.9.8 Hive Weight

As supers were added and removed based on the study author’s considerations to best support
growth or reductions in the size of the bee colony and the weights of individual (empty) hive bodies
were not reported in the study report, no statistical analysis was conducted by either EPA or PMRA
on the hive weight parameters. Daily hive weight data can be found in Appendix E of the study
report on pages 211—319. The figure below is taken directly from the author’s study report. Hive
weights generally oscillated similarly.
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Figure 29. Proportion of hive weight following exposure of honey bees to varying concentrations of
clothianidin in the diet for six weeks.

3.9.9 Hive mortality

Hive survival following overwintering is described below in Tables 32-33 and Figure 29. The
study author reported that 81 out of 84 colonies for biological observations were maintained over
the 6-week exposure period and survived until the last CCA before overwintering (CCA7). Three
colonies were removed due to technical issues between treatment initiation and CCA7. One hive
in the control (I7) was removed due to potential contamination of the feeder following a technical
error during feeding on 10 Jul 2014 and two hives in the 40 ppb treatment were removed after
being knocked over (F3 on 07 Jul 2014 and C2 on 25 Aug 2014). All colonies in the 160 ppb
treatment group had greatly reduced adult bee strength that was determined to be insufficient to
survive overwintering and were subsequently destroyed following CCA7 in December 2014.

As 65% of control hives did not survive overwintering, the study lacks the capability to reliably
determine differences in treatments compared to controls regarding colony survival.
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Table 25. Proportion of hive weight following exposure of honey bees to varying concentrations of

clothianidin in the diet for six weeks.

Treatment Apiary
group A B c | D E F G | H I J K | L
UTC - - Cl - - - - - I6 - KS -
UTC - - - DS | E4 | - G8 | H6 | - 78 - -
10 ppb - B8 - - - F6 - H2 - - - -
20 ppb Al - C4 - E7 | - G3 -l |5 K3 | L2
40 ppb A4 B1 | --! D7 - -1 - - I8 J6 - -
80 ppb A2 | B6 | €8 | D5 | E6 |FI G4 | H4 | - 13 K1 -
160 ppb - - - - - - - - - - - -
- =hive dead
--! = hive was removed from study due to technical error or vandalism prior to overwintering.
Table 26. Hive mortality statistics after overwintering measure at CCAS8
Treatment (ug/L) Control 10 20 40 80 160’
Dumber of deccased colonies fiotal | 1553 o2 |412 |s510 212|111
Colony mortality (%) 65% 75% 33% 50% 17% 100%
Colony survival (%) 35% 25% 67% 50% 83% 0%
Treatment (ug/L) Control 10 20 40 80 160!

U All colonies in the 160 ppb treatment group were destroyed after CCA7 (Dec 2014)

Figure 30. Overall hive survival after overwintering (reproduced from study report, p. 34).

324

68




Appendix 8. Data Evaluations for the Colony Feeding Studies that were
Included in this Risk Determination Document

4.0 Reviewer comments

What follows is brief discussion of some of the elements taken into consideration when evaluating
the results of this study.

4.1 General Considerations for Biological Interpretation

While the hive mortality is considered as the most relevant measurement of survival at the colony
level, sublethal effects at the colony level were estimated by measuring multiple parameters during
the course of study. Each measured parameter is expected to reflect only part of the colony
conditions, and all measurements have to be integrated for a better understanding of the hive status
at the colony level. A honey bee colony is a super-organism in which live individuals and food
supply are the two major components in maintaining the proper function of the colony. There are
interactions between the two components and even within each component.

Individual bees are present in the colony as eggs, larvae, pupa and adults and they develop from
one stage to another and interact with each other to perform a variety of tasks to maintain the
integrity of the colony. The measurement of each stage of the bees is expected to provide
information on the potential treatment effect on a specific life stage of bees during their
development.

Hive food supplies including hive pollen and nectar are collected and processed by adults and are
expected to have a large impact on the development of all stages of bees in hives. However, the
amount of hive food storage is dependent on not only the number of foragers available for food
collection, but also the number of individuals that consume the food. In addition, the seasonal
availability of outside pollen and nectar sources also affects the amount of storage, thus impacting
hive development. As well, sucrose feeding solutions were provided to the hives as a means of
treatment and as a supplement for hive overwintering, which may have affected foraging and food
storage during those time periods.

Hive weight was measured during the study. However, it is largely affected by the honey storage
and number of bees that consume the food. A strong colony with a high number of bees likely
consumes a high amount of stored honey and may result in a reduced hive weight. Weighing hives
at different time periods of the day may result in an increased variation of the measurement due to
the fact that foragers may not be present in the hive when the weight is measured. Hive weights
may be artificially lower in hives which contain a high number of forager bees that may be out
collecting food during a different time of the day.

Considerations regarding the measurement time points:

e (CCA3 represents the background hive conditions as the first colony assessment after the
hives were placed in the test fields prior to the exposure.

e CCA4 and CCAS represent the hive conditions during the exposure phase. It was noted
that the CCAS was conducted a week after the end of the 6-week exposure period, but is
expected to represent effects during the exposure period.
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e CCAG6 was measured at 4 weeks after the end of exposure. It allows all bee individuals,
including eggs, larvae and pupa that were exposed to treatment to finish their
development cycle and become adults.

e CCAT7 represent the hive conditions immediately prior to overwintering. It is considered
that hives were physiologically preparing for overwintering by reducing the production of
immature bee individuals. Treatment effects may be masked by the natural decline of
hive individuals.

e (CCAS and CCAO9 represents hive conditions of surviving hives after overwintering. High
mortality in the control hives excluded these assessments from analysis.

4.2 Control Performance

Control mortality and sublethal effects on life stages and food stores

The control performance in this study offers some challenges relating to the interpretation of the
results. The level of colony loss after overwintering in controls (65%), adds a great deal of
uncertainty when considering the results of individual measurements. The fact that many of the
hives in the lower treatment groups performed/trended similarly to the control hives for these
measurements could be indicative of either a lack of treatment effects or potentially that the control
hives were suboptimal to begin the study. Because so few hives survived overwintering and
trended relatively closely to the lower level treatment hives during exposure, the overwintering
component would be extra important to determine if the lack of significant reductions compared
to the control in most treatment groups is biologically significant. Almost every parameter for life
stages decreased after exposure ended (endpoints generally reached their apex at CCAS) which
could have been a factor of either the time of year or of treatment. The fact this also happened in
the control groups suggest a performance issue is possible, or at the very least an uncertainty with
respect to if the exposure measurements were taken too late in the year to be able to reliably discern
treatment effects.

The similarity in the dynamics of all parameters for the individual living organisms at various stage
across the control and lower (10-20 pg/L treatments may indicate that control hives were stressed
prior to overwintering. For most parameters in the lower treatment groups the means converged
to those of the control at CCA 6 through CCA 7 (and through CCAS, for those hives that survived
overwintering). The time of year likely influenced control hive performance as colonies are
normally producing far fewer bees at this time of year, but it is still considered uncertain if the
hives were developing normally. There was no apparent spike of honey collection or pollen stores
from the control hives indicating they may not have been developing and storing enough food to
survive the winter. Pollen stores were decreasing at the same time other biological parameters were
indicating consumption of resources but not replenishment for the hive.

4.3 Consideration of Study Strengths, Limitations and Interpretation

It is important to recognize the inherent strengths and limitations of this study as results are
interpreted and potentially considered in risk assessment.

In the context of available field studies involving honey bees and clothianidin, this study contains
a number of strengths including:
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Use of a high degree of replication (n=12) to achieve a reasonable level of statistical power
Demonstration of a generalized concentration-response relationship with respect to the
concentration of clothianidin in sucrose solution and the magnitude and duration of adverse
effects

Quantification of exposure to clothianidin in diet and in hive matrices (uncapped nectar,
pollen, capped honey, bee bread)

Use of a 6-week exposure duration to represent a “high end” exposure scenario

Inclusion of multiple colony-level endpoints reflecting hive strength, brood development
and food stores

Detailed QA/QC results regarding quantification of clothianidin residues in various
matrices

Availability of raw data for conducting statistical analysis.

A number of limitations are also noted with this study, including:

Exposure of bees to clothianidin occurred through nectar (sucrose) alone, whereas bees in
the field are likely exposed through both pollen and nectar routes. Therefore, the design
of this study may not reflect a “worst case” exposure scenario in which bees are
experiencing prolonged exposure to both contaminated nectar and pollen. While exclusion
of the pollen route is expected to reduce overall exposure, the impact of this exclusion on
the study results is uncertain and will likely depend on the life stage/caste of bee.

Residues in hive matrices were only analyzed for parent clothianidin. Metabolites of
clothianidin were not considered. Clothianidin degradates (e.g. TZNG) have been
demonstrated in laboratory studies to have much less acute toxicity to adult honey bees,
though data is not available for their chronic effects to adult bees or potential effects to
other honey bee life stages.

Clothianidin was found in both hive nectar and hive pollen (beebread), at concentrations
lower than the feeding solutions. Dilution compared to the treatment feeding solution is
expected since bees could also forage on outside nectar and pollen sources. As well, hive
pollen contains only some hive nectar, thus would not be expected to have a concentration
equivalent to nectar alone, and it is mixed with pollen which will come from outside
sources. Therefore exposure through both hive pollen and nectar occurred via exposure to
the sucrose feeding solution, but how this compares to exposure through contaminated
pollen directly is not known. It is also noted that nectar is considered the dominant exposure
route for forager bees; other hive bees and larvae consume both nectar and pollen. A recent
paper by Sandrock (2014)* indicated that consuming contaminated pollen containing low
levels of both clothianidin and thiamethoxam had effects on many hive parameters. In
addition, since bees were forced to forage for pollen in this study, the potential impact of
clothianidin exposure on reducing pollen foraging efficiency of bees could be incorporated

4 Sandrock C, Tanadini M, Tanadini LG, Fauser-Misslin A, Potts SG, et al. (2014) Impact of Chronic Neonicotinoid
Exposure on Honeybee Colony Performance and Queen Supersedure. PLoS ONE 9(8): €103592.
doi:10.1371/journal.pone.0103592
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into the overall expression of adverse effects, as suggested by published literature. Had
contaminated pollen been provided to bees, it is not known if the potential impact on pollen
foraging efficiency would have been masked.

The quantity of nectar provided to hives (4 L per week per hive) likely did not fulfill the
complete carbohydrate needs of the colony, as indicated by colony bioenergetics and the
lack of remaining sucrose solution upon their renewal at some of the test concentrations.
This suggests that bees could be exposed to a greater dose of clothianidin in nectar had a
greater volume of spiked sucrose been provided. Although one can infer that the dosing
regimen may have underestimated exposure through sucrose relative to 100%
contaminated diet, it is also noted that bees had to supplement their spiked sucrose by
foraging on their own for other sources of nectar. As with the previous discussion of pollen
it is noted that had 100% of the carbohydrate needs of the colony been provided via feeders,
the potential impact of purported reductions in nectar foraging efficiency may have been
masked to some degree.

Overwintering success of controls was severly impacted (65% hive mortality). This
prevents the ability to detect adverse effects related to hive loss following overwintering.
The lack of control hive overwintering may reflect the study design that prevented earlier
supplemental feeding in the fall (in order to ensure that treatment hives were consuming
their exposed food stores), while typical beekeeping practice would have permitted
additional feeding earlier in the fall.

Pesticides from food sources other than the artificial feeding were also detected during
the exposure period and post-exposure periods through collection of pollen from pollen
traps from monitoring hives. This contributes to exposure uncertainty and can add
confounding effects when interpreting results. However, it is noted that detections
occurred in <10% of samples from monitoring hives and that the only pesticides detected
(propiconazole, chlorothalonil and carbaryl) had relatively low toxicity compared to
parent clothianidin (ranging from practically non-toxic for chlorothalonil to moderately
toxic for cararyl).

Residues of clothianidin in uncapped nectar and bee bread within the hives at CCAs 4, 5,
7 and 9 represent a single sample per hive on a single frame rather than a composite sample
from multiple portions of the comb within a hive. This means that residue results may
reflect a “hit or miss” scenario with respect to detecting residues in nectar laid down from
contaminated (fed) vs. outside sources.

The exposure, based on residues measured in the hive (hive nectar and hive pollen)
indicated that, overall, higher measured hive residues correlated with higher nominal
residues in feeding solutions. However, individual hive residue values varied, and there

was some overlap in measured values, particularly among the three lowest doses.

Exposure dilution during the study was evident. Remarkably lower residue concentrations
detected in bee bread and hive nectar in some test hives compared to the feeding
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concentrations indicate foraging on other food sources. This uncertainty is inherent in any
semi-field or full-field study design.

5.0 Overall Study Conclusions

The study is considered to be informative and will be used as a line of evidence in the pollinator
risk assessment. While there were uncertainties that were generally related to inherent aspects of
any semi-field or full field study design (such as dilution of the test chemical through alternative
sources of forage, detection of other chemicals in the monitoring hives), this study still provides
information on a number of colony health parameters about the long term (however excluding
overwintering) exposure to clothianidin at the colony level.

An evaluation of the observed effects was conducted considering statistical reductions relative to
the control, trends within each treatment and in comparison to the control, recognition of the
natural trends honey bee colonies follow during the course of the year, and finally, the fact that
successful overwintering in the controls was not observed. With regard to the top two test
treatments (160 and 80 ug/L), statistical reductions relative to the control (p<0.05) were observed
across several different endpoints and at many CCAs within an endpoint. Statistically significant
decreases in the number of adults (30-96% reductions in EPA’s analysis, 14—98% reduction in
PMRA'’s analysis) and brood (eggs (38-95% in EPA’s analysis, 31-94% in PMRA’s analysis),
larvae (49-100% in EPA’s analyis, 12-99% in PMRA’s analysis), and pupae (26-100% in EPA’s
analysis and 31-100% in PMRA’s analysis) were observed compared to the control, starting at
CCAA4 with effects being sustained through CCA7, particularly for number of adults and eggs. At
these top two test concentrations, decreases in pollen storage compared to the control was observed
with significant decreases at CCA4 thru 7. At 40 ug/L, significant decreases in pollen compared
to the control were observed at CCA 4 (0.05<p<0.1 in EPA’s analysis, p<0.05 in PMRA’s analysis)
and CCAS (p<0.05, both analyses). Also at this concentration, significant decreases (p<0.05, both
analyses) in the number of adults was observed at CCAS and 6, and in the number of pupae at
CCAA4 thru 6, though these responses were at levels similar to the control for CCA7. In addition,
PMRA determined significant reductions at this concentration in the total number of individuals
at CCA4 thru 6 (p<0.05), number of eggs at CCA4 and 5 (p<0.05) and the number of larvae at
CCA4 (p<0.05).

With regards to the lower two test treatments (10 and 20 ug/L), most endpoint responses were
not significantly different from the control (p>0.1). For the EPA analysis there were two
endpoints for which a statistical reduction for one or both of these treatments was observed.
First, the number of adults was statistically reduced (p<0.05) at CCAG6 at the lowest treatment
(10 ug/L), but was not significant at 20 ug/L (mean number of adults was slightly greater at 20
ug/L compared to 10 ug/L, both at this CCA and consistently following feeding exposure) and
was not significant at any other CCA. Second, significant decreases (p<0.05) in pollen were
observed at all test concentrations at CCAS. However, at other CCAs for pollen, only the 160
and 80 ug/L treatment groups were significantly decreased, except for an observed (non-dose
responsive) decrease at the lowest test concentration (10 ug/L) at CCA7.
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The PMRA results were slightly different from the EPAs for the lower two test treatments but
resulted in the same conclusion. While most endpoint responses were not significantly different
from the control at various timepoints throughout the study (p<0.1), significant reductions were
observed at both test concentrations in the number of adults (CCA®6), eggs (CCA4 and 5), larvae
(CCA4), pupae (CCAS), total number of individuals (CCAS at 10 ug/L and CCA4 and 5 at 20
ug/L) and pollen stores (CCAS). These effects were considered to be potentially transient with
numbers returning to control levels in subsequent CCAs.

Hive mortality is considered the most relevant measurement of survival at the colony level. The
level of colony loss after overwintering experienced by controls in this study (65%), precludes the
use of this endpoint in evaluating chronic exposures of colonies to clothianidin. The lack of control
overwintering success also has significant implications in evaluating effects on other measured
parameters in the study. The potential for observed effects (in the > 40 ug/L treatments) to be
ameliorated following exposure and subsequent recovery cannot be assessed. Furthermore, there
is potential that additional chronic effects, not observed prior to overwintering, may subsequently
manifest themselves at the lower doses (e.g. 10 and 20 pg/L) which could not be adequately
captured from this study.

Therefore, the overall quantitative NOAEC and LOAEC for this study is 20 and 40 pg/L,
respectively, based on impacts on pollen storage, number of adults, number of pupae and
total brood and total live bees in the >40 pg/L treatment groups that were sustained across
multiple CCAs prior to overwintering (effects on larvae, though not significant at 40 pg/L
may also have been suggestive of an impact from this dose, as they consistently did not
track well with the control and lower treatment doses). These effect levels include the
understanding that evaluation of overwintering was not possible which limits the ability to
fully evaluate potential long-term effects in the two lower treatments groups, and therefore,
remains a major source of uncertainty.
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Appendix A: Details of PMRA Statistical Analysis

During the review of the study, a separate statistical analysis was conducted with the program R
(version 3.1.2)° using the raw data submitted by the study author.

Statistical analysis

Analysis Strateqy

Hive condition data:

To analyze colony condition data which contains many components over many assessments at
different times, a primary analysis was set out to effectively prevent multiplicities from interfering
with the interpretation of p_values and confidence intervals. These multiplicities arise from having
multiple dose levels, multiple outcomes and multiple time points, and are dealt with as follows:

The multiplicities from having multiple dose levels was dealt with by using step down
testing, the highest dose group’s data was compared directly to the control group’s data, if
statistically significant at a chosen alpha level the next lowest dose group’s data was
compared to the control group’s data and this was continued down to the dose where
statistical significance was no longer achieved. A technical reference for this step down
testing would be Multiple Comparison Procedures in Dose Response Studies. Tamhane,
Ajit C. and Logan, Brent R., in Dose Finding in Drug Development edited by Ting, Naitee.
Springer New York 2006. This step down procedure (referred to as the SD2PC procedure
in the technical reference) was chosen as it provides good power for detecting the minimum
effective dose (lowest does where effect is present) when monotonic dose effects are
expected while providing stringent control of type one error, regardless of the true pattern
of dose effects. That is, with minimal assumptions, the procedure strongly controls family
wise type one error rate while maintaining good power for effect patterns that are expected.

This step down procedure is implemented by PMR A using only data from the control group
and the dose group being tested in that step which alleviates any concern about
heterogeneity of variance across dose groups. Especially with outcome data that involves
estimates of underlying counts, it is expected that effects at a given dose necessarily
involves both the mean and variance. When this is the case - the use of data from a higher
dose with a putative effect in the comparison of a lower dose would thus be inappropriate
and would invalidate the control of type one error.

The applicant’s choice of multiplicity adjustment procedure, which was William’s trend
test (Williams 1972), was presumably chosen to be in accord with OECD, 2003. Draft
guidance document for the statistical analysis of ecotoxicity data. They are both step down
procedures but ours differs from William’s in that it uses only within dose group data based
estimates of means rather than maximum likelihood estimates of dose group means using

>R Core Team (2014). R: A language and environment for statistical computing. R Foundation for Statistical
Computing, Vienna, Austria. URL http://www.R-project.org/.
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all group’s data simultaneously - under monotonicity assumption (i.e. order restricted or
isotonic means) additionally assuming homogeneous variances. Although these additional
assumptions may not be problematic and are within the OECD guidelines, we simply chose
not to rely on them (and by doing so, exceed the OECD guidelines.)

e The multiplicities from having multiple outcomes, was dealt with by choosing to focus on
the assessment of total life in the hive — simply the number of viable life forms at any stage
in the hive. It is considered that the total number of individuals includes all live individuals
in hives (eggs larvae, pupae and adults) and is expected to be a better indicator of the hive
status at the colony level than any single stage of bees alone. This outcome would provide
good power when background knowledge is lacking on the stage most likely to be affected
(i.e. it cannot be well anticipated) and it is not expected that there will be simultaneous
trade-offs effects between the stages. That is, when it is not expected that a toxic effect on
one stage would have a beneficial effect for another stage at the same point in time.

e The multiplicities from having multiple time points was dealt with by choosing to focus on
the time when the effects were believed to be most pronounced both in terms of having an
impact on total life and having a high powered assessment of that. In this case CCA6 was
selected for the following reasons.

e (CCA4 and CCAS were not selected as they represent the hive conditions during the
6-week exposure phase. It is noted that CCAS was conducted a week after the end
of the 6-week exposure period, but it is expected to represent effects during the
exposure period.

e CCAG6 (4 weeks after the end of feeding exposure) was selected as it maximises
the time period for detecting a potential latent effect from exposure and occurs
before the start of hive decline prior to overwintering at most apiaries.

e CCAT7 (9 weeks after the end of feeding exposure) was not selected simply due to
the natural decline of hive size in the late fall that may mask the effect of treatments.

e CCAS8 and CCA9 (after over-wintering period) were not selected because of the
high hive mortality observed in the controls.

While the total individuals at CCA6 is considered as a primary parameter to control multiplicity
for statistical analysis, all parameters including eggs, open brood and capped brood, adults, pollen
and nectar store, that were observed during the entire study including CCA4, CCAS, CCA6 and
CCA7 were also considered in the review. Hive weight was also measured throughout the study
however, given the inherent variability of this parameter it was not further considered in the
statistical review. Given that the primary analysis has prevented multiplicities from interfering
with the interpretation of p values and confidence intervals, if statistical significance has been
achieved (at given dose levels), further analysis with all other outcomes is undertaken “with
prejudice” for the assessment of similar effects as being significant. More formally, re-allowance
for multiplicities is not required and less stringent alpha levels are allowed. Essentially the price
has been paid for searching for the pattern in the primary analysis (measures taken to prevent
multiplicities) and it need not be re-paid evaluating the same pattern elsewhere. On the other hand,
if statistical significance has not been achieved (at given dose levels), further analysis with all
other outcomes is undertaken “with prejudice” for assessment of other effects as likely being just
noise. Here though dramatic effects should not be ignored but carefully considered and noted.
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Analysis methods for hive conditions

For all hive conditions total life, eggs, open brood and capped brood, adults, pollen and nectar
store at CCA4, CCAS, CCA6 and CCA7 a conventional analysis of block randomised experiments
with a baseline measurements was undertaken. In line with the statistical strategy discussed above,
the focus was on total life at CCA6 (with step down adjustment for multiplicities applied) but
identical analysis was carried out on all other hive conditions assessed at the given assessment
points. This analysis comprised of linear modeling (or ANOVA) stratified on Apiary (block) and
adjusted for baseline measurements at CCA3 with one-side testing for harm using only the control
group data and the data from a single dose group at a time, starting with the highest and then
through lowest dose groups. It is a series of robust “t.test like” analyses that conservatively
implement the step down testing procedure. Under the assumption of no effect in the single dose
group being tested (relevant to type one error control), the means and variances and covariate
effects should be identical in both the control group and the single dose group being tested. (In an
analysis that includes all dose group data together e.g. William’s procedure, an impact of a
treatment effect on the variance and covariate effects at a higher dose, in addition to an effect on
the mean, would invalidate the assumptions needed to control type one error rate in the lower
doses.) The results of all analyses are presented in tables of unadjusted p_values (adjusted p_values
can be simply read off as the maximum of all p_values in any higher dose), effect estimates and
upper and lower confidence intervals (in file Clot_summariesF) as well as plots of the confidence
intervals (pdf file Bees8.pdf).

The code snippet to implement these analyses in R was:

glm(outcome~Apiary + baseline + exposed, data= x[x$exposed == " control " | x$exposed ==
dose,])

Sensitivity analysis was undertaken by extensive graphical analyses sometimes using the square
root transformation as well as calculating non-parametric randomisation (permutation) tests on the
differences between high dose group and control group average within Apiary. These are given in
the column named PermP_value in Clot summariesF.

Transcript/program of analyses carried out

The file ClothianidinBees2.R contains the transcript of the final run of the R program used to carry
out the analysis and generate the tables and plots.

Supporting graphs

The following graphs were produced as part of the analysis.

Beesla.pdf — Plots of individual hive condition assessments over-CCAs by Apiary.

Bees1b.pdf — Plots of individual hive condition assessments over-CCAs up to CCA7 by Apiary.
Bees2.pdf — Plots of control versus exposed condition assessments over-time group by Apiary.

Bees3.pdf — Plots of overall mean and Apiary mean control condition assessments over time.
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Bees3S.pdf — Plots of overall mean and Apiary mean of the square root of control condition
assessments over time.

Bees7.pdf — Plots of individual exposed hive versus control condition assessments for “everything”.

Bees7S.pdf — Plots of individual exposed hive versus square root of control condition assessments
for “everything”.

Bees7d.pdf — Plots of individual exposed hive versus control condition assessments for
“everything” by dose group.

Bees7dS.pdf — Plots of individual exposed hive versus square root of control condition assessments
for “everything” by dose group.

Bees8.pdf — Plots of effect estimates and confidence intervals for “everything”
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Table A-1. Summary of the differences between treatment and controls on the basis of observations and model estimations, and p values.

. Test I?ll;:;rVed SIS Al AR Standard error | P _Valug e | 2070 2% festﬁllzlteilt)ef Estimgted Observed T-test

Parameter Time . | conc. | difference error n mean of estimated comparison SIS G o T from LG means in confidence
(CCA) Q) | i observed difference o | it with th4e upper lgwpr control from congrol control limit
control? mean from control* control limit* limit* (%)*3 (number)

Adults 3 160 -644 1014 12 0 0 0 0 0 0 0 15014 -1.717
Adults 3 80 -1500 683 12 |0 0 0 0 0 0 0 15014 -1.717
Adults 3 40 -307 1331 12 |0 0 0 0 0 0 0 15014 -1.717
Adults 3 20 -96 1422 12 0 0 0 0 0 0 0 15014 -1.717
Adults 3 10 664 1746 12 |0 0 0 0 0 0 0 15014 -1.717
Adults 4 160 5386 1216 12 5604.866 1164.551 0 0.439 0.208 0.323 7609 17340 -1.721
Adults 4 80 1641 1294 12 | 2413.834 1201.969 0.029 0.258 0.02 0.139 4482 17340 -1.721
Adults 4 40 -63 961 11 -229.053 1262.953 0.571 0.112 -0.139 -0.013 1949 17340 -1.725
Adults 4 20 262 1248 12 108.853 1240.316 0.465 0.129 -0.117 0.006 2243 17340 -1.721
Adults 4 10 10 1124 12 | -346.826 1325.985 0.602 0.112 -0.152 -0.02 1935 17340 -1.721
Adults 5 160 13331 1112 12 13491.43 1567.828 0 0.838 0.559 0.699 16189 19310 -1.721
Adults 5 80 7215 1451 12 | 7947.582 1683.568 0 0.562 0.262 0.412 10845 19310 -1.721
Adults 5 40 4577 1383 11 4463.445 1799.951 0.011 0.392 0.07 0.231 7568 19310 -1.725
Adults 5 20 360 1250 12 | 315.422 1643.241 0.425 0.163 -0.13 0.016 3143 19310 -1.721
Adults 5 10 1830 1967 12 | 1480.459 1949.511 0.228 0.25 -0.097 0.077 4835 19310 -1.721
Adults 6 160 16182 825 12 16521.8 1312.766 0 1.019 0.774 0.897 18781 18427 -1.721
Adults 6 80 10505 1396 12 | 11810.21 1449.897 0 0.776 0.506 0.641 14305 18427 -1.721
Adults 6 40 5786 2450 10 5501.19 2254.948 0.012 0.51 0.087 0.299 9400 18427 -1.729
Adults 6 20 3210 1561 12 | 3133.999 1664.1 0.037 0.325 0.015 0.17 5997 18427 -1.721
Adults 6 10 4198 1360 12 3611.868 1537.387 0.014 0.34 0.052 0.196 6257 18427 -1.721
Adults 7 160 12279 656 12 12552.58 1663.736 0 1.208 0.76 0.984 15415 12757 -1.721
Adults 7 80 6158 1215 12 | 7107.94 1837.448 0 0.805 0.309 0.557 10270 12757 -1.721
Adults 7 40 1984 2082 10 1684.602 2381.384 0.244 0.455 -0.191 0.132 5802 12757 -1.729
Adults 7 20 934 1167 12 | 932.356 1855.67 0.31 0.323 -0.177 0.073 4125 12757 -1.721
Adults 7 10 2544 1531 12 1893.609 1756.561 0.147 0.385 -0.088 0.148 4916 12757 -1.721
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Observed

Estimated

. Test mean iz lt9] Gaiteriis Standard error p_Valug i | S0 7% reduction Estimgted Observed T-test

Parameter Time 1 | conc. | difference error n mean of estimated comparison CUNIEENES || ComHLTes from reduction means in confidence
(CCA) (i) | fiesm observed difference o | izt with th4e u.pp.ef lgwei control from conzrol control limit
control2 mean from control* control limit limit (%) (number)

Adults 8 160 NA NA 0 NA NA NA NA NA NA NA NA NA
Adults 8 80 -2252 3112 7 -2474.47 3577.028 0.74 0.817 -1.672 -0.427 4733 5791 -2.015
Adults 8 40 -4047 3416 3 -3178.64 5618.408 0.664 5.577 -6.675 -0.549 32295 5791 -6.314
Adults 8 20 -4077 1453 6 -4081.79 1628.141 0.967 -0.105 -1.304 -0.705 -611 5791 -2.132
Adults 8 10 3020 NA 1 NA NA NA NA NA NA NA NA NA
Adults 9 160 NA NA 0 NA NA NA NA NA NA NA NA NA
Adults 9 80 -915 4716 7 -1218.75 5424.588 0.584 0.661 -0.827 -0.083 9712 14685 -2.015
Adults 9 40 -1107 6047 3 2664.342 7809.261 0.395 3.539 -3.176 0.181 51970 14685 -6.314
Adults 9 20 -4510 3073 6 -4280.88 3056.584 0.883 0.152 -0.735 -0.292 2235 14685 -2.132
Adults 9 10 23798 NA 1 NA NA NA NA NA NA NA NA NA
Honey 3 160 -1530 6052 12 |0 0 0 0 0 0 0 45266 -1.717
Honey 3 80 -2175 6139 12 |0 0 0 0 0 0 0 45266 -1.717
Honey 3 40 2407 7070 12 |0 0 0 0 0 0 0 45266 -1.717
Honey 3 20 -1927 8031 12 |0 0 0 0 0 0 0 45266 -1.717
Honey 3 10 7088 6550 12 |0 0 0 0 0 0 0 45266 -1.717
Honey 4 160 -9511 3598 12 | -9672.55 2608.755 0.999 -0.095 -0.26 -0.178 -5184 54439 -1.721
Honey 4 80 7262 4172 12 | -7006.23 2471.091 0.995 -0.051 -0.207 -0.129 -2754 54439 -1.721
Honey 4 40 -2851 5334 11 | -5838.4 3036.367 0.966 -0.011 -0.203 -0.107 -602 54439 -1.725
Honey 4 20 -2696 5969 12 | -2623.74 2657.341 0.833 0.036 -0.132 -0.048 1949 54439 -1.721
Honey 4 10 3275 6129 12 | -3203.22 2969.458 0.854 0.035 -0.153 -0.059 1906 54439 -1.721
Honey 5 160 -11025 5173 12 | -11140.3 2971.193 0.999 -0.103 -0.279 -0.191 -6028 58334 -1.721
Honey 5 80 -15822 4384 12 | -15678.4 2659.207 1 -0.19 -0.347 -0.269 -11103 58334 -1.721
Honey 5 40 -9068 6034 11 | -12035.1 3210.807 0.999 -0.111 -0.301 -0.206 -6497 58334 -1.725
Honey 5 20 -6344 5649 12 | -6197.9 2677.684 0.985 -0.027 -0.185 -0.106 -1590 58334 -1.721
Honey 5 10 1795 5304 12 | -3832.55 2535.103 0.927 0.009 -0.14 -0.066 530 58334 -1.721
Honey 6 160 -29353 4792 12 | -29434.8 3572.762 1 -0.685 -1.046 -0.865 -23287 34018 -1.721
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Observed Standard Model estimate p_value for | 90% 90% Estlmgted Estimated
. Test mean Standard error . reduction . Observed T-test
Time . error mean . comparison | confidence | confidence reduction .
Parameter 1 | conc. | difference n . of estimated . from means in confidence
(CCA) observed difference 4 with the upper lower from control .
(ng/l) | from 34 | mean 4 S . control 4 control limit
2 mean from control* control limit limit Ay (number)
control ()"

Honey 6 80 -23382 5113 12 | -23289.3 3606.386 1 -0.502 -0.867 -0.685 -17084 34018 -1.721
Honey 6 40 -12615 6754 10 | -15217.6 4513.887 0.998 -0.218 -0.677 -0.447 -7413 34018 -1.729
Honey 6 20 -5070 6073 12 | -5105.39 3524.015 0.919 0.028 -0.328 -0.15 959 34018 -1.721
Honey 6 10 1861 7227 12 | -3921.35 4673.865 0.795 0.121 -0.352 -0.115 4121 34018 -1.721
Honey 7 160 -26814 4512 12 | -26591.2 3857.038 1 -0.796 -1.325 -1.06 -19954 25077 -1.721
Honey 7 80 -20115 4172 12 | -20117.7 3402.106 1 -0.569 -1.036 -0.802 -14264 25077 -1.721
Honey 7 40 -11136 4562 10 | -12889.2 3628.178 0.999 -0.264 -0.764 -0.514 -6616 25077 -1.729
Honey 7 20 -794 4928 12 | -703.192 3778.982 0.573 0.231 -0.287 -0.028 5799 25077 -1.721
Honey 7 10 3887 6456 12 | -691.527 4370.679 0.562 0.272 -0.327 -0.028 6829 25077 -1.721

Honey 8 160 NA NA 0 NA NA NA NA NA NA NA NA NA
Honey 8 80 -4537 9702 7 -496.727 8503.231 0.522 0.757 -0.802 -0.023 16638 21984 -2.015
Honey 8 40 5029 18842 3 -2400.74 5396.559 0.633 1.441 -1.659 -0.109 31672 21984 -6.314
Honey 8 20 -16773 4392 6 -14240 5284.67 0.973 -0.135 -1.16 -0.648 -2974 21984 -2.132

Honey 8 10 18064 NA 1 NA NA NA NA NA NA NA NA NA

Honey 9 160 NA NA 0 NA NA NA NA NA NA NA NA NA
Honey 9 80 -2184 6379 7 1156.033 4362.47 0.401 0.37 -0.284 0.043 9947 26847 -2.015
Honey 9 40 2580 8835 3 -861.119 3209.364 0.583 0.723 -0.787 -0.032 19402 26847 -6.314
Honey 9 20 -25772 9308 6 -16502.4 8654.203 0.935 0.073 -1.302 -0.615 1947 26847 -2.132

Honey 9 10 -397 NA 1 NA NA NA NA NA NA NA NA NA
Pollen 3 160 165 737 12 [0 0 0 0 0 0 0 5690 -1.717
Pollen 3 80 -132 816 12 |0 0 0 0 0 0 0 5690 -1.717
Pollen 3 40 645 654 12 [0 0 0 0 0 0 0 5690 -1.717
Pollen 3 20 529 533 12 |0 0 0 0 0 0 0 5690 -1.717
Pollen 3 10 66 754 12 [0 0 0 0 0 0 0 5690 -1.717
Pollen 4 160 12423 992 12 | 12105.42 1546.157 0 1.15 0.736 0.943 14766 12836 -1.721
Pollen 4 80 6170 959 12 | 6098.508 1421.854 0 0.666 0.284 0.475 8545 12836 -1.721
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. Test I?Eesnelrved iz lt9] Gaiteriis Standard error p_Valug i | S0 7% fescﬁlnclgz)e: Estimgted Observed T-test

Parameter Time 1 | conc. | difference error n mean of estimated comparison CUNIEENES || ComHLTes from reduction means in confidence
(CCA) (i) | fiesm observed difference o | izt with th4e u.pp.ef lgwei control from conzrol control limit
control2 mean from control* control limit limit (%) (number)

Pollen 4 40 3844 1207 11 | 2816.395 1541.659 0.041 0.427 0.012 0.219 5475 12836 -1.725
Pollen 4 20 2332 1500 12 | 1396.809 1612.023 0.198 0.325 -0.107 0.109 4171 12836 -1.721
Pollen 4 10 1174 1708 12| 921.97 1781.651 0.305 0.311 -0.167 0.072 3988 12836 -1.721
Pollen 5 160 8263 986 12 | 8269.915 1171.897 0 1.245 0.757 1.001 10286 8263 -1.721
Pollen 5 80 8097 945 12 | 8216.444 997.742 0 1.202 0.787 0.994 9933 8263 -1.721
Pollen 5 40 5341 1846 11 | 4572.426 1468.524 0.003 0.86 0.247 0.553 7105 8263 -1.725
Pollen 5 20 2853 1011 12 | 2290.263 1038.79 0.019 0.494 0.061 0.277 4078 8263 -1.721
Pollen 5 10 2556 1173 12 | 2494.555 1271.055 0.032 0.567 0.037 0.302 4682 8263 -1.721
Pollen 6 160 7014 1359 12 | 6744.362 1805.483 0.001 1.401 0.517 0.959 9851 7030 -1.721
Pollen 6 80 4268 1394 12| 4238.004 1667.556 0.009 1.011 0.195 0.603 7107 7030 -1.721
Pollen 6 40 1449 1340 10 | 537.407 1814.263 0.385 0.523 -0.37 0.076 3675 7030 -1.729
Pollen 6 20 281 1176 12 | -784.589 1635.662 0.682 0.289 -0.512 -0.112 2030 7030 -1.721
Pollen 6 10 1869 1882 12 | 1623.023 1908.998 0.202 0.698 -0.236 0.231 4908 7030 -1.721
Pollen 7 160 5450 1225 12 | 5214.728 1290.707 0 1.364 0.549 0.957 7436 5450 -1.721
Pollen 7 80 3896 1252 12 | 3983.153 1176.532 0.001 1.102 0.359 0.731 6008 5450 -1.721
Pollen 7 40 1310 1855 10 | 590.312 1621.575 0.36 0.623 -0.406 0.108 3394 5450 -1.729
Pollen 7 20 2043 1187 12 | 1277.085 1228.752 0.155 0.622 -0.154 0.234 3391 5450 -1.721
Pollen 7 10 3432 1528 12 | 3257.764 1434.03 0.017 1.05 0.145 0.598 5725 5450 -1.721
Pollen 8 160 NA NA 0 NA NA NA NA NA NA NA NA NA
Pollen 8 80 -3233 2437 7 -5068.17 2502.893 0.951 -0.003 -1.327 -0.665 -25 7617 -2.015
Pollen 8 40 -5360 5566 3 -2304.84 3426.556 0.688 2.538 -3.143 -0.303 19330 7617 -6.314
Pollen 8 20 -6352 2592 6 -5298.69 3324.068 0.907 0.235 -1.626 -0.696 1788 7617 -2.132
Pollen 8 10 -18858 NA 1 NA NA NA NA NA NA NA NA NA
Pollen 9 160 NA NA 0 NA NA NA NA NA NA NA NA NA
Pollen 9 80 -4339 3524 7 -6755.88 3762.322 0.934 0.076 -1.328 -0.626 825 10793 -2.015
Pollen 9 40 -2978 2066 3 -2037.76 2064.719 0.748 1.019 -1.397 -0.189 10998 10793 -6.314
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. Test I?Eesnelrved iz lt9] Gaiteriis Standard error p_Valug i | S0 7% fescﬁlnclgz)e: Estimgted Observed T-test

Parameter Time 1 | conc. | difference error n mean of estimated comparison CUNIEENES || ComHLTes from reduction means in confidence
(CCA) (i) | fiesm observed difference o | izt with th4e u.pp.ef lgwei control from conzrol control limit
control2 mean from control* control limit limit (%) (number)

Pollen 9 20 -3011 2453 6 77.583 1658.125 0.482 0.335 -0.32 0.007 3612 10793 -2.132
Pollen 9 10 -11910 NA 1 NA NA NA NA NA NA NA NA NA
Capped 3 160 -157 730 12 |0 0 0 0 0 0 0 17294 -1.717
Capped 3 80 -1332 868 12 |0 0 0 0 0 0 0 17294 -1.717
Capped 3 40 190 874 12 |0 0 0 0 0 0 0 17294 -1.717
Capped 3 20 -1348 904 12 |0 0 0 0 0 0 0 17294 -1.717
Capped 3 10 -1431 978 12 |0 0 0 0 0 0 0 17294 -1.717
Capped 4 160 9007 1797 12| 9089.959 1665.078 0 0.617 0.321 0.469 11955 19362 -1.721
Capped 4 80 5120 1770 12 | 5980.513 1592.068 0.001 0.45 0.167 0.309 8720 19362 -1.721
Capped 4 40 3266 1263 11 | 3161.897 1410.491 0.018 0.289 0.038 0.163 5595 19362 -1.725
Capped 4 20 852 547 12 | 1215.668 1112.801 0.144 0.162 -0.036 0.063 3131 19362 -1.721
Capped 4 10 174 849 12| 390.583 1260.73 0.38 0.132 -0.092 0.02 2560 19362 -1.721
Capped 5 160 19726 886 12 | 19653.92 1278.542 0 1.108 0.885 0.996 21854 19726 -1.721
Capped 5 80 16484 1496 12 | 17301.22 1564.406 0 1.014 0.741 0.877 19993 19726 -1.721
Capped 5 40 9429 2607 11 | 9269.012 2196.511 0 0.662 0.278 0.47 13057 19726 -1.725
Capped 5 20 2076 994 12 | 2591.968 1395.063 0.039 0.253 0.01 0.131 4993 19726 -1.721
Capped 5 10 3532 2541 12 | 3930.858 2280.717 0.05 0.398 0 0.199 7855 19726 -1.721
Capped 6 160 19478 1271 12 | 19351.6 1908.239 0 1.141 0.81 0.975 22635 19842 -1.721
Capped 6 80 11885 1902 12 | 13436.24 2020.548 0 0.852 0.502 0.677 16913 19842 -1.721
Capped 6 40 6908 3851 10 | 6126.323 3155.141 0.034 0.584 0.034 0.309 11582 19842 -1.729
Capped 6 20 1017 1574 12 | 2215.388 2014.878 0.142 0.286 -0.063 0.112 5682 19842 -1.721
Capped 6 10 2308 1916 12 | 3332.882 2306.77 0.082 0.368 -0.032 0.168 7302 19842 -1.721
Capped 7 160 4061 1211 12 | 4102.683 1106.04 0.001 1.438 0.527 0.982 6006 4177 -1.721
Capped 7 80 273 1481 12 | 845.123 1306.775 0.262 0.741 -0.336 0.202 3094 4177 -1.721
Capped 7 40 1092 1641 10 | 913.244 1230.771 0.234 0.728 -0.291 0.219 3041 4177 -1.729
Capped 7 20 141 1264 12 | 448.692 1206.418 0.357 0.604 -0.39 0.107 2525 4177 -1.721
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Appendix 8. Data Evaluations for the Colony Feeding Studies that were
Included in this Risk Determination Document

Observed

Estimated

. Test mean iz lt9] Gaiteriis Standard error p_Valug i | S0 7% reduction Estimgted Observed T-test

Parameter Time 1 | conc. | difference error n mean of estimated comparison CUNIEENES || ComHLTes from reduction means in confidence
(CCA) (i) | fiesm observed difference o | izt with th4e u.pp.ef lgwei control from conzrol control limit
control2 mean from control* control limit limit (%) (number)

Capped 7 10 1083 840 12 | 1554.033 920.202 0.053 0.751 -0.007 0.372 3137 4177 -1.721
Ca