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Foreword

Proposed Re-evaluation Decision for Carbofuran

Health Canada’s Pest Management Regulatory Agency (PMRA) has conducted the risk and
value assessments for the insecticide carbofuran and its end-uses on food and feed crops. A
summary of previous regulatory activity is provided below.

In June 1990, Agriculture and Agri-Food Canada announced a special review of carbofuran
insecticide in response to concerns raised by the Canadian Wildlife Service of Environment
Canada regarding the impact of this insecticide on vertebrate wildlife, especially birds. In July
1993, Agriculture and Agri-Food Canada published Discussion Document D93-02; Special
Review of Carbofuran Insecticide: Effects on Avian Fauna and Value to Agriculture. The
purpose of this document was to provide a summary of the data reviewed by Agriculture and
Agri-Food Canada and Environment Canada on the risks and value of carbofuran, and to present
possible regulatory options regarding the future registration status of carbofuran and each of its
registered uses. The results of the discussion document were published in 1995 in the Decision
Document E95-05, Carbofuran, which detailed the regulatory actions to be made as a result of
the review of the data. Granular formulations as well as some uses of foliar applied carbofuran
were discontinued to partly address avian risks.

In 2002, the PMRA announced the re-evaluation of carbofuran in a Re-evaluation Note
REV2002-06, Re-evaluation of Selected Carbamate Pesticides.

An evaluation of available scientific information found that, under the current conditions of use,
carbofuran products pose an unacceptable risk to human health and the environment and
therefore do not meet Health Canada’s current standards for human health and environmental
protection. As a result, all uses of carbofuran are proposed for phase-out. This includes
registered uses on canola, mustard, sunflower, corn (sweet, field and silage), sugar beet, green
pepper, potato, raspberry and strawberry as well as temporary emergency uses on turnip and
rutabaga. The emergency uses on turnip and rutabaga were registered for the period of April 1,
2008 to August 31, 2008 and are no longer registered for use in Canada, but were included at the
time of assesssement.

The proposal affects all end-use products registered in Canada that contain carbofuran. This
Proposed Re-evaluation Decision is a consultation document' that summarizes the science
evaluation for carbofuran and presents the reasons for the proposed re-evaluation decision.

The PMRA will accept written comments on this proposal up to 60 days from the date of
publication of this document. Please forward all comments to Publications.

“Consultation statement” as required by subsection 28(2) of the Pest Control Products Act
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Overview

Proposed Re-evaluation Decision for Carbofuran

After a re-evaluation of the insecticide carbofuran, Health Canada’s Pest Management
Regulatory Agency (PMRA), under the authority of the Pest Control Products Act, is proposing
phase out of carbofuran products in Canada.

An evaluation of available scientific information found that, under the current conditions of use,
carbofuran products pose an unacceptable risk to human health and the environment, and
therefore do not meet Health Canada’s current standards for human health and environmental
protection. As a result, all uses of carbofuran are proposed for phase-out. This includes
registered uses on canola, mustard, sunflower, corn (sweet, field and silage), sugar beet, green
pepper, potato, raspberry and strawberry as well as temporary emergency uses on turnip and
rutabaga. The emergency uses on turnip and rutabaga were registered for the period of April 1,
2008 to August 31, 2008 and are no longer registered for use in Canada, but were included at the
time of this assessment.

The PMRA’s pesticide re-evaluation program considers potential risks as well as the value of
pesticide products to ensure they meet modern standards established to protect human health and
the environment. Regulatory Directive DIR2001-03, PMRA Re-evaluation Program, presents the
details of the re-evaluation activities and program structure. Re-evaluation draws on data from
registrants, published scientific reports, information from other regulatory agencies, and any
other relevant information available.

The proposal affects all end-use products registered in Canada that contain carbofuran. This
Proposed Re-evaluation Decision is a consultation document that summarizes the science
evaluation for carbofuran and presents the reasons for the proposed re-evaluation decision.

The information is presented in two parts. The Overview describes the regulatory process and
key points of the evaluation, while the Science Evaluation provides detailed technical
information on the human health, environmental and value assessment of carbofuran.

Proposed Re-evaluation Decision — PRVD2009-11
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What Does Health Canada Consider When Making a Re-evaluation Decision?

The key objective of the Pest Control Products Act is to prevent unacceptable risks to people and
the environment from the use of pest control products. Health or environmental risk is
considered acceptable” if there is reasonable certainty that no harm to human health, future
generations or the environment will result from use or exposure to the product under its
conditions or proposed conditions of registration. The Act also requires that products have value®
when used according to the label directions. Conditions of registration may include special
precautionary measures on the product label to further reduce risk.

To reach its decisions, the PMRA applies hazard and risk assessment methods as well as policies
that are rigorous and modern. These methods consider the unique characteristics of sensitive
subpopulations in both humans (for example, children) and organisms in the environment (i.e.
those most sensitive to environmental contaminants). These methods and policies also consider
the nature of the effects observed and the uncertainties present when predicting the impact of
pesticides. For more information on how the PMRA regulates pesticides, the assessment process
and risk-reduction programs, please visit the Pesticides and Pest Management portion of Health
Canada’s website at http:/www.healthcanada.gc.ca/pmra.

Carbofuran is one of the carbamate pesticides re-evaluated as outlined in the Re-evaluation Note
REV2002-06, Re-evaluation of Selected Carbamate Pesticides. The PMRA has considered all
currently available information regarding health and environmental risk, including reviews from
the United States Environmental Protection Agency (USEPA), as a source of information for
conducting Canadian re-evaluation assessments.

Before making a final re-evaluation decision on carbofuran, the PMRA will consider all
comments received from the public in response to this consultation document.* The PMRA will
then publish a Re-evaluation Decision” on carbofuran, which will include the decision, the
reasons for it, a summary of comments received on the proposed registration decision and the
PMRA’s response to these comments.

For more details on the information presented in this overview, please refer to the Science
Evaluation section of this consultation document.

“Acceptable risks” as defined by subsection 2(2) of the Pest Control Products Act

“Value” as defined by subsection 2(1) of the Pest Control Products Act: “the product’s actual or potential
contribution to pest management, taking into account its conditions or proposed conditions of registration,
and includes the product’s (a) efficacy; (b) effect on host organisms in connection with which it is intended
to be used; and (c) health, safety and environmental benefits and social and economic impact”.

“Consultation statement” as required by subsection 28(2) of the Pest Control Products Act

“Decision statement” as required by subsection 28(5) of the Pest Control Products Act

Proposed Re-evaluation Decision — PRVD2009-11
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Regulatory Status in Organisation for Economic Cooperation and
Development Countries

The USEPA reviewed the safety and benefits of all uses of carbofuran and concluded that
ecological and human health risks were of concern.

On May 15, 2009, the USEPA issued a final rule® that it is revoking all of the existing carbofuran
tolerences, referred to as maximum residue limits in Canada, on crops effective December 31,
2009, and will also move to cancel all remaining uses of carbofuran in the future.

What Is Carbofuran?

Carbofuran is a systemic, carbamate insecticide (Resistance Management Mode of
Action group 1A), used to control a broad range of insect pests on certain field, vegetable
and fruit crops. It is applied using conventional ground equipment to canola, mustard,
sunflower, corn (sweet, field and silage), sugar beet, green pepper, potato, raspberry,
strawberry, turnip and rutabaga and can also be applied by aerial equipment to corn
(field, silage and sweet), canola and mustard. It may be applied by farmers, farm workers
and professional applicators.

Health Considerations

Can Approved Uses of Carbofuran Affect Human Health?

Risks of concern to human health have been identified for both occupational and
dietary carbofuran exposure.

Potential exposure to carbofuran may occur through diet (food and water) or when
handling and applying the product. When assessing health risks, two key factors are
considered: the levels where no health effects occur in animal testing and the levels to
which people may be exposed. The dose levels used to assess risks are established to
protect the most sensitive human population (for example, children and nursing mothers).
Only uses for which the exposure is well below levels that cause no effects in animal
testing are considered acceptable for registration.

Carbofuran was highly toxic via the oral route of exposure but was of low dermal toxicity
in rats. Acute inhalation studies were not available. Carbofuran was a minimal eye
irritant and was not a dermal sensitizer.

Acute overexposure to carbofuran can inhibit cholinesterase, an enzyme necessary for
normal functioning of the nervous system. This can produce a variety of symptoms in
animals and humans including: ataxia, salivation, lacrimation, tremors and breathing
difficulties. With carbofuran, cholinesterase inhibition can occur rather rapidly with

Federal Register (Volume 74, Number 93) Rules and Regulations
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exposure (within minutes) but rapidly recovers along with the cessation of any of the
aforementioned cholinergic symptoms. To prevent overexposure, label directions must be
followed.

There was no evidence that carbofuran was carcinogenic or teratogenic. An assessment of
mutagenic potential in a variety of in vitro and in vivo genotoxicity studies showed that
carbofuran has weak mutagenic properties in bacterial and mammalian cells. A cancer
risk assessment was not required. The nervous system was the main target of toxicity in
rats, rabbits and dogs. At higher dose levels, the male reproductive system of rats, rabbits
and dogs also appear to be targeted by carbofuran. When carbofuran was given to
pregnant animals, effects on the developing fetus were observed at doses that were
greater than those that were toxic to the mother, indicating that the fetus is not more
sensitive to carbofuran than the adult animal.

Residues in Food and Water

Dietary risks from food are of concern.

Reference doses define levels to which an individual can be exposed over a single day
(acute) or lifetime (chronic) and expect no adverse health effects. Generally, dietary
exposure from food and water is acceptable if it is less than 100% of the acute reference
dose or chronic reference dose (acceptable daily intake). An acceptable daily intake is an
estimate of the level of daily exposure to a pesticide residue that, over a lifetime, is
believed to have no significant harmful effects.

Acute dietary exposure to carbofuran as a percentage of the acute reference dose (ARfD)
ranges from 311% for youth aged 13 to 19 years to 1501% for children aged 1 to 2 years,
and is 579% for the general population. The acute dietary exposure to carbofuran is
higher than the acute reference dose for all population subgroups; therefore, it is of
concern.

Chronic dietary exposure to carbofuran as a percentage of the acceptable daily intake
ranges from 10% for females aged 13 to 49 years to 35% for children aged 1 to 2 years
old, and is 14% for the general population. The chronic dietary exposure to carbofuran is
less than the acceptable daily intake for all population subgroups; therefore, it is not of
concern.

An aggregate risk assessment combining exposure from food and drinking water was not
conducted, as exposure from food alone is of concern.

The Food and Drugs Act prohibits the sale of food containing a pesticide residue that
exceeds the established maximum residue limit (MRL). Pesticide MRLs are established
for food purposes through the evaluation of scientific data under the Pest Control
Products Act. Each MRL value defines the maximum concentration in parts per million
(ppm) of a pesticide allowed in/on certain foods. MRLs for carbofuran are currently

Proposed Re-evaluation Decision — PRVD2009-11
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established for carrots, onions, peppers, potatoes, rutabagas, turnips and strawberries.
Where no specific MRL has been established, a default MRL of 0.1 ppm applies, which
means that pesticide residues in a food commodity must not exceed 0.1 ppm. However,
changes to this general MRL may be implemented in the future, as indicated in
Discussion Document DIS2006-01, Revocation of 0.1 ppm as a General Maximum
Residue Limit for Food Pesticide Residues [Regulation B.15.002(1)].

To protect the Canadian food supply and to mitigate dietary risks of concern, it is
proposed that all MRLs for carbofuran be amended or revoked. Notwithstanding the
general MRL of 0.1 ppm, the intent of this action to amend or revoke these MRLs is to
prevent residues of carbofuran in or on foods. As noted above, changes to regulation
B.15.002(1) may be implemented in future.

Risks in Residential and Other Non-Occupational Environments

Non-occupational risks are not of concern.
There are currently no residential uses of carbofuran. Given that homeowners would not
be applying the product, a risk assessment for this scenario was not conducted.

Occupational Risks from Handling Carbofuran

Certain occupational mixer/loader/applicator risks are of concern.

Based on the precautions and directions for use on the product labels reviewed for this re-
evaluation, risk estimates associated with certain mixing, loading and applying activities
are of concern to the PMRA. All risk estimates for operators applying carbofuran by
groundboom to turnips and rutabagas and by aircraft to corn did not reach the target
margin of exposure (MOE) and/or aggregate risk index (ARI), even with maximum
Personal Protective Equipment (PPE) and engineering controls, and are therefore of
concern.

Certain occupational postapplication risks are of concern.

Postapplication occupational risk assessments consider exposures to workers entering
treated sites in agriculture. Based on the precautions and directions for use on the existing
carbofuran product labels for agricultural scenarios reviewed for this re-evaluation,
postapplication risks to workers performing activities, such as thinning, pruning and
harvesting of most crops, did not meet current standards and are of concern. The
mitigation measures calculated to reduce post-application risk may be agronomically
unfeasible.

Proposed Re-evaluation Decision — PRVD2009-11
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Environmental Considerations
What Happens When Carbofuran Is Introduced into the Environment?

Carbofuran poses a potential risk to terrestrial and aquatic organisms.

When carbofuran is released into the environment some of it can be found in soil and
surface water. Carbofuran is highly mobile in soils and can therefore leach into
groundwater and enter surface water in runoff. Carbofuran breaks down into several
transformation products through hydrolysis, phototransformation and moderate
biotransformation at rates that depend on environmental conditions. Hydrolysis is faster
in water with a pH > 6 (basic conditions), with a half-life ranging from a few hours to 28
days. Carbofuran is stable to hydrolysis in acidic water (pH < 7). Phototransformation is
fast in water, with a half-life of 6 days. Carbofuran is persistent in acidic soils (half life of
321 days) and moderately persistent in soils with a pH > 7 (half-life 149 days).
Carbofuran is not expected to volatilize significantly and has a low potential for
bioaccumulation in biota.

Carbofuran poses a risk to both terrestrial and aquatic organisms. Birds and small wild
mammals are at risk in and around the site of application due to the consumption of
contaminated food items, and the risk cannot be mitigated.

Thirty three environmental incident reports, from the United States and Canada were
considered during the review of carbofuran, and indicated that exposure to carbofuran
under the currently registered use pattern resulted in avian, small wild mammal and bee
mortality.

Value Considerations

What Is the Value of Carbofuran?

For the control of some pests in agriculture, carbofuran is the only insecticide
available, or there are few viable registered alternative products to carbofuran.

Carbofuran is absorbed by the host plant, providing a systemic mode of action in addition

to contact action. It is effective in two ways:

e as a contact insecticide, killing target insects upon direct contact and,

e as an insecticide that works as a stomach poison, killing target insects upon ingestion
of treated plants.
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Being a systemic insecticide, carbofuran is absorbed and transported throughout the
plant, imparting protection to the entire plant. Systemic insecticides are effective against
insects with piercing-sucking mouthparts, such as leathoppers, spittlebugs and tarnished
plant bug, as the systemic insecticide moves within the vascular tissues and into plant
cells where these pests feed.

As a systemic insecticide which acts upon ingestion, carbofuran is effective for the
control of pests that otherwise could not be targeted by contact insecticides, or non-
systemic insecticides that act as a stomach poison, such as chewing insects, once they
enter the host plants. For example, European corn borer larvae bore into the midrib of the
leaf and migrate into the stalk of the plant or husk of the ear (corn), or feed inside the
stems and fruit (pepper).

For canola, mustard, raspberry, strawberry and sugar beet, as well as turnip and rutabaga
(temporary uses) there are no registered (or viable) alternative active ingredients to
carbofuran for the control of certain pests.

Measures to Minimize Risk

All products containing carbofuran are proposed for phase out since, based on available
scientific information, they do not meet Health Canada’s current standards for human health and
environmental protection and pose unacceptable risks to human health and the environment.
Additional mitigation measures are not being proposed at this time.

What Additional Scientific Information Is Requested?

The PMRA is seeking quantitative and/or qualitative information on the economic and social
importance of carbofuran to specific industries and information on the availability and viability
of alternative chemical and non-chemical pest management practices for the site and pest
combinations registered for carbofuran. This information will allow the PMRA to refine
sustainable pest management options for uses of carbofuran.

Next Steps

Before making a re-evaluation decision on carbofuran, Health Canada’s Pest Management
Regulatory Agency will consider all comments received from the public in response to this
consultation document. The PMRA will also consider quantitative and/or qualitative information
on the economic and social importance of carbofuran to specific industries and information on
the availability and viability of alternative chemical and non-chemical pest management
practices for the site and pest combinations registered for carbofuran.

Health Canada’s Pest Management Regulatory Agency will then publish a Re-evaluation
Decision, which will include the decision, the reasons for it, a summary of comments received
on the proposed decision and the PMRA’s response to these comments.
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Once all carbamate pesticides have been re-evaluated, a cumulative risk assessment will be
conducted, which will consider potential exposure to all chemicals with the same mechanism of
toxicity. The results of the cumulative risk assessment may affect any previous re-evaluation
decisions.

Other Information

At the time that the re-evaluation decision is made, the PMRA will publish an Evaluation Report
on carbofuran in the context of this re-evaluation decision (based on the Science Evaluation
section of this consultation document). In addition, the test data on which the decision is based
will also be available for public inspection, upon application, in the PMRA’s Reading Room
(located in Ottawa, Ontario, Canada).
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Science Evaluation

1.0 Introduction

Carbofuran is a broad spectrum systemic carbamate insecticide belonging to the resistance
management Mode of Action (MoA) group 1A, and is an acetylcholinesterase inhibitor. It works

by contact and stomach action.

Following the re-evaluation announcement for carbofuran, FMC Corporation, the registrant of
the technical grade active ingredient (TGAI) and primary data provider in Canada, indicated that
it intended to provide continued support for all uses included on the label of Restricted Class

end-use products.

2.0 The Technical Grade Active Ingredient, Its Properties and Uses

2.1 Identity of the Technical Grade Active Ingredient

Common name

Carbofuran

Function

Insecticide, nematicide

Chemical Family

Carbamate

Chemical name

1 International Union of Pure and
Applied Chemistry (IUPAC)

2,3-dihydro-2,2-dimethylbenzofuran-7-yl
methylcarbamate

2 Chemical Abstracts Service

2,3-dihydro-2,2-dimethyl-7-benzofuranyl

(CAS) methylcarbamate
CAS Registry Number 1563-66-2
Molecular Formula Ci,H5NO;
Structural Formula OCONHCH;
0]
CH,
CHs
Molecular Weight 221.3
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Purity of the Technical Grade Active 95% MU
Ingredient

Registration Number 19169

Identity of relevant impurities of human health or environmental concern:

Due to the presence of a secondary amine functional group in carbofuran and several of its
impurities, these chemicals could be precursors of the corresponding nitrosamine derivatives.
Based on the proposed decision, the potential for nitrosamines will not be further investigated at
this time.

2.2 Physical and Chemical Properties of the Technical Active Ingredient

Property Result
Vapour pressure 0.031 mPa at 20°C
0.072 mPa at 20°C
Ultraviolet (UV)/visible spectrum Not expected to absorb at A >300 nm
Solubility in water 320 mg/L at 20°C
351 mg/L at 25°C
n-Octanol/water partition coefficient (Log K,y) at Log Kyw=1.52
20°C
Dissociation constant None

23 Description of Registered Carbofuran Uses

Appendix I lists all carbofuran products that are registered under the authority of the Pest
Control Products Act. Appendix II lists all the uses for which carbofuran is presently registered.
All uses were supported by the registrant at the time of re-evaluation initiation and were
therefore considered in the health and environmental risk assessments of carbofuran. Also
presented is information on whether the use was added through the PMRA Minor Use Program.

Uses of carbofuran belong to the following use-site categories: industrial oilseed and fibre crops,
terrestrial feed crops and terrestrial food crops.
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3.0 Impact on Human Health and Animal Health

3.1 Toxicological Summary

A detailed review of the toxicological database for carbofuran was conducted. The toxicology
database for carbofuran is primarily based on studies from the registrant. Numerous studies from
Industrial Bio-Test Laboratory with carbofuran were available but few were found to be
validated; invalidated studies or studies with no validation reports were not used for re-
evaluation.

Carbofuran was rapidly absorbed, metabolized and eliminated mainly in the urine after oral
administration to mice and rats. The first step in the metabolic pathway is hydroxylation of
carbofuran to 3-hydroxycarbofuran then oxidation resulting in the formation of 3-
ketocarbofuran. Breakage of the carbamate ester linkage results in liberation of the phenolic
derivatives and their corresponding conjugates, principally glycosides. These degradation
products are then excreted mainly as conjugates of glucuronic acid and sulfate. The most
common carbamate metabolites are 3-hydroxycarbofuran and 3-ketocarbofuran. There were no
sex differences noted in the absorption, distribution, metabolism or excretion of carbofuran.
Most metabolites were found to be significantly less toxic than the parent compound in acute
oral lethality tests. One metabolite 3-hydroxycarbofuran showed similar acute oral toxicity as
carbofuran.

In acute toxicity studies, carbofuran was highly toxic via the oral route of exposure in rats but
showed low dermal toxicity. Acute inhalation studies were not available. Carbofuran was a
minimal eye irritant and was not a dermal sensitizer. The acute effects observed in oral studies
were typical for cholinesterase inhibition: ataxia, salivation, lacrimation, exophthalmos,
hyperpnea, cyanosis and generalized tremors. As with other carbamate compounds, carbofuran’s
cholinesterase-inhibiting effect is short-term and reversible.

In repeat-dose dietary studies in various species (mouse, rat and dog), the dog appeared to be the
most sensitive species with respect to cholinergic symptoms. Cholinesterase inhibition was seen
in all species with the mouse being the least sensitive. Inhibition of cholinesterase activity is also
seen via the dermal route of entry in the rabbit. Repeat-dose inhalation studies were not
available. No gender sensitivities were seen in repeat-dose dietary studies. Additional effects
noted in the repeat-dose dietary studies include: a decrease in weight gain in mice and rats and
testicular effects in dogs. The rodent studies highlight the differences between gavage and
dietary dosing as animals tolerated chronic dietary dose-levels that were equivalent to or even
exceeded the LDsps in acute gavage studies. Repeat-dose dietary studies in the rat and dog did
not indicate that an increase in the duration of dosing resulted in increased toxicity with respect
to cholinesterase activity and/or effects.
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Although no guideline acute neurotoxicity study was available, two published studies provided
consistent results. In Cambon et al. (1979), single gavage doses of 0.05 mg/kg bw or greater to
pregnant rats on gestation day 18 resulted in reduced cholinesterase activity with peak effects at
1 hour post-dosing. In a metabolism study by Ferguson et al. (1984), a gavage dose of 0.05
mg/kg bw also inhibited erythrocyte cholinesterase at 15 minutes post-dosing with recovery by 3
hours. These studies highlight the short-acting effects typically associated with carbamate
inhibitors of cholinesterase.

Subchronic neurotoxicity studies (dietary) showed clinical signs, decreased motor activity and
altered neurological functioning but lacked cholinesterease measurements. Results from the
chronic rat study suggest that cholinesterase inhibition was occurring at the levels causing the
neurological impairment. In a developmental neurotoxicity study (dietary), doses high enough to
cause neonatal death, marked growth retardation and developmental delays did not cause
persistent neurological effects. No evidence of neuropathology was noted in any of the available
studies.

Assessments of mutagenic potential in a variety of bacterial and mammalian in vitro and in vivo
studies were performed for carbofuran. Positive results in studies with bacteria have been
recorded in S. typhimurium (TA 1535 and occasionally TA 98 & TA 1538), while negative
results have been reported in other strains of S. fyphimurium, S. cerevisiae, E. coli and B.
subtillis. In the mouse lymphoma mutagenesis assay, carbofuran displayed weak positive results.
Positive evidence from other tests includes the in vivo chromosomal aberration assay and
micronucleus assay; however, these positive results occurred at levels noted to induce lethality in
the acute LDs studies. Negative results were achieved with the Drosophila sex-linked recessive
lethal mutation, mitotic recombination in yeast, in vitro chromosome aberration, sister chromatid
exchange and unscheduled DNA synthesis assays. There is sufficient evidence to support weak
mutagenic properties for carbofuran in bacteria and mammalian cells.

Studies for chronic toxicity/carcinogenicity were conducted on mice and rats. In all studies
reviewed, there was no evidence of carcinogenicity.

The developmental toxicity studies in mice, rats and rabbits showed no evidence of
teratogenicity and no additional sensitivity of the fetus following in utero exposure to
carbofuran. Developmental effects in the fetuses included mortality, decreased weight and
increased variations alongside maternal observations of mortality, clinical signs and reduced
weight gain.

At higher dose levels, carbofuran caused sperm and reproductive system damage when fed to
either adult male rats or rats exposed in utero or during lactation (Pant et al., 1995, 1997).
Degeneration was seen in the Sertoli cells along with atrophied seminiferous tubules. Disturbed
spermatogenesis (decreased sperm count, abnormal sperm morphology and altered testicular
enzymes) was noted in the rats. Yousef et al. (1995) also found effects on sperm quantity and
quality in carbofuran-treated rabbits. In the one-year dog study, testicular effects were
manifested as decreased weight, degeneration of the seminiferous tubules and aspermia. Despite
these effects, no reproductive effects were noted in the multigeneration reproductive study.
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Parental effects were limited to reduced weight gain and food intake whereas offspring effects
included reduced weight gain and viability. In view of the findings in the rat, rabbit and dog,
carbofuran should be viewed as having some potential for reproductive toxicity.

Reference doses have been established based on NOAELSs for the most relevant endpoints,
namely the cholinesterase inhibiting property of carbofuran. These reference doses incorporate
various uncertainty factors to account for extrapolating between laboratory animals and humans
and for variability within the human populations as well as relevant Pest Control Products Act
(PCPA) factors.

Results of the acute and chronic tests conducted on laboratory animals with carbofuran technical,
along with the toxicology endpoints for use in the human health risk assessment, are summarized
in Tables 1 and 2 of Appendix III.

3.1.1 PCPA Hazard Consideration

For assessing risks from potential residues in food or from products used in or around homes or
schools, the Pest Control Products Act (PCPA) requires the application of an additional 10-fold
factor to threshold effects. This factor should take into account completeness of the data with
respect to the exposure of, and toxicity to, infants and children and potential pre- and post-natal
toxicity. A different factor may be determined to be appropriate on the basis of reliable scientific
data.

With respect to the completeness of the toxicity database as it pertains to the exposure of and
toxicity to infants and children, numerous studies were available for carbofuran, including three
developmental toxicity studies in rats, two developmental toxicity studies in rabbits and a
multigeneration reproduction study in rats. As well, acute and short-term neurotoxicity studies, a
developmental neurotoxicity study along with some supplemental studies were available. Since
the main target of toxicity for carbofuran in all of the species evaluated was the nervous system,
the reference doses were selected based on the clinical signs of neurotoxicity and cholinesterase
inhibition noted throughout the database. Regulating on the most sensitive indicator of toxicity
was considered protective of any other toxicological effects that could be attributed to
carbofuran exposure. Based on the available studies, it was not deemed necessary to retain the
PCPA factor; however, a well-conducted comparative cholinesterase study would enable a more
thorough examination of the potential for sensitivity of the young.

With respect to potential pre-and post-natal toxicity, developmental toxicity studies in rats and
rabbits provided no indication of increased susceptibility of fetuses to in utero exposure. There
was no indication of increased susceptibility in the offspring compared to parental animals in the
three-generation rat reproduction study. Based on the results of these studies, there is a low level
of concern for potential pre- and post-natal toxicity associated with carbofuran.
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3.2 Occupational and Non-Occupational Risk Assessment

Occupational and non-occupational risk is estimated by comparing potential exposures with the
most relevant endpoint from toxicology studies to calculate a margin of exposure (MOE). This is
compared to a target MOE incorporating uncertainty factors protective of the most sensitive
subpopulation. If the calculated MOE is less than the target MOE, it does not necessarily mean
that exposure will result in adverse effects. However, MOEs less than the target MOE require
measures to mitigate (reduce) risk. For some scenarios, combined MOEs could not be calculated
for combined dermal, inhalation and incidental oral exposures since each route of exposure had
different NOAELSs and target MOEs. Therefore, an aggregate risk index (ARI) was calculated.
ARIs greater than or equal to 1 do not require risk mitigation.

3.2.1 Toxicology Endpoint Selection for Occupational Risk Assessment

3.2.1.1 Short- and Intermediate-Term Dermal Risk Assessment

For occupational short-term and intermediate-term dermal risk assessment (1 to 30 days and 1
month to several months, respectively), the dermal NOAEL of 10 mg/kg bw/day from the 21-day
dermal toxicity study in rabbits was selected. The target Margin of Exposure (MOE) selected
when using this study is 100 thus accounting for standard uncertainty factors of 10-fold for
interspecies extrapolation and 10-fold for intraspecies variability.

3.2.1.2 Short- and Intermediate-Term Inhalation Risk Assessment

Since there are no repeat-dose inhalation studies available for inhalation risk exposure, it is
appropriate to assume that absorption via inhalation exposure is equivalent to oral absorption.

For a short- and intermediate- term exposure (up to several months), the acute oral cholinesterase
activity studies in the rat were chosen with a LOAEL of 0.05 mg/kg bw based on inhibition of
cholinesterase. The target MOE selected when using these studies is 300; this accounts for
standard uncertainty factors of 10-fold for interspecies extrapolation, 10-fold for intraspecies
variability and an additional 3-fold uncertainty factor because a NOAEL was not achieved in this
study.

3.2.1.3 Dermal Absorption

A dermal absorption factor is not applicable for the dermal risk assessment since the
toxicological endpoint for dermal exposure was based on a dermal study.

3.2.2 Occupational Exposure and Risk Assessment

Workers can be exposed to carbofuran through mixing, loading or applying the pesticide, and
when entering a treated site to conduct activities such as scouting and/or handling of treated
crops and/or harvesting.
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3.2.2.1 Mixer, Loader and Applicator Exposure and Risk Assessment

There are potential exposures to mixers, loaders, and applicators. The following uses were
assessed:

e Applying liquids by air or by groundboom to canola, mustard and corn (field, silage and
sweet);

e Applying liquids by groundboom to sunflowers, green peppers, potatoes, sugar beets,
strawberries and raspberries, as well as to rutabagas and turnips (temporary uses).

Due to the number of agricultural applications per year (ranging from 1 to 3), exposure is likely
to be short- to intermediate-term (i.e. up to several months) in duration. The PMRA estimated
handler exposure based on different levels of personal protection:

A. Mixing and loading liquids:
An open mixing and loading system with maximum personal protection equipment
(PPE). Maximum PPE: Chemical resistant coveralls over a single layer (long-sleeved
shirt and long pants) with chemical resistant gloves and a suitable respirator.

B. Applying by air:
A single layer (long sleeved shirt and long pants), no gloves.

C. Applying by groundboom:
A closed cab with maximum personal protection equipment (PPE).
Maximum PPE: Chemical resistant coveralls over a single layer (long sleeved shirt and
long pants).

No acceptable chemical-specific handler exposure data were submitted for carbofuran; therefore,
dermal and inhalation exposures were estimated using data from the Pesticide Handlers
Exposure Database (PHED), Version 1.1. The PHED is a compilation of generic mixer/loader
and applicator passive dosimetry data with associated software that facilitates the generation of
scenario-specific exposure estimates based on formulation type, application equipment, mix/load
systems and level of PPE.

In most cases, PHED did not contain appropriate data sets to estimate exposure to workers
wearing chemical-resistant coveralls or a respirator. This was estimated by incorporating a 90%

clothing protection factor for chemical resistant coveralls.

In addition, a 90% protection factor for a respirator was incorporated into the inhalation unit
exposure data. Respirators were not considered in conjunction with closed systems.

Inhalation exposures were based on light inhalation rates (17 Litres per minute (LPM)).
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Occupational risk estimates associated with applying, mixing and loading for certain agricultural
uses do not meet the targets, even when engineering controls and/or PPE are used as summarized
in Section 7. Table 1 of Appendix IV summarizes the calculated MOEs for mixers/loaders and
applicators.

Mixer/loader/applicator exposure estimates are based on the best available data at this time.
3.2.2.2 Postapplication Worker Exposure and Risk Assessment

The postapplication occupational risk assessment considered exposures to workers entering
treated agricultural sites. Based on the carbofuran use pattern, there is potential for short-to
intermediate-term postapplication exposure to carbofuran residues for workers. Postapplication
exposure activities include (but are not limited to): hand harvesting, pinching, pruning, and
thinning agricultural crops.

No chemical-specific dislodgeable foliar residue (DFR) data were submitted to the PMRA for
consideration. As there were no DFR studies submitted to the PMRA, the default peak (day 0)
DFR value of 20% of the application rate and the default dissipation rate of 10% per day were
used in the assessment. Activity specific transfer coefficients (TC) were used to estimate
postapplication exposure resulting from contact with treated foliage at various times after
application. DFR data include the amount of residue that can be dislodged or transferred from a
surface, such as the leaves of a plant. A TC is a factor that relates worker exposure to
dislodgeable residues. TCs are specific to a given crop and activity combination (e.g. hand
harvesting green peppers, scouting late season corn) and reflect standard work clothing worn by
adult workers.

For workers entering a treated site, restricted entry intervals (REIs) are calculated to determine
the minimum length of time required before people can safely enter. An REI is the duration of
time that must elapse before residues decline to a level where performance of a specific activity
results in exposures above the target MOE (i.e. > 100 for short- to intermediate-term exposure
scenarios).

For agricultural scenarios, based on available data, to achieve the target MOEs for
postapplication workers, most current REIs would need to be increased in length. Table 2 of
Appendix IV summarizes calculated REIs for selected agricultural postapplication activities,
based on currently available exposure data, and the target MOE of 100.

Based on the risk assessment, the postapplication risks to workers performing high-exposure
activities, such as hand harvesting treated turnips, rutabaga and seed corn, do not meet the target
MOE (i.e. MOE > 100), until 32 days after treatment. These REIs may not be considered
agronomically feasible for growers.
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3.2.3 Non-Occupational and Residential Exposure and Risk Assessment

Non-occupational risk assessment is concerned with estimating risks to the general population,
including children, during or after pesticide application in and around the home. Given that there
are no domestic products for carbofuran nor are there any residential uses, a non-occupational
assessment was not conducted.

33 Dietary Risk Assessment

In a dietary exposure assessment, the PMRA determines how much of a pesticide residue,
including residues in milk and meat, may be ingested with the daily diet. Exposure to carbofuran
from potentially treated imports is also included in the assessment. These dietary assessments are
age specific and incorporate the different eating habits of the population at various stages of life.
For example, the assessments take into account differences in children’s eating patterns, such as
food preferences and the greater consumption of food relative to their body weight when
compared to adults. Dietary risk is then determined by the combination of the exposure and the
toxicity assessments. High toxicity may not indicate high risk if the exposure is low. Similarly,
there may be risk from a pesticide with low toxicity if the exposure is high.

The PMRA considers limiting use of a pesticide when risk exceeds 100% of the reference dose.
Health Canada’s Science Policy Note SPN2003-03, Assessing Exposure from Pesticides, A
User’s Guide, presents detailed acute and chronic risk assessments procedures.

Acute and chronic dietary exposure and risk assessments were conducted for carbofuran using
the Dietary Exposure Evaluation Model - Food Commodity Intake Database™ (DEEM-FCID™,
Version 2.03), which incorporates consumption data from the United States Department of
Agriculture’s Continuing Surveys of Food Intakes by Individuals (CSFII), 1994-1996 and 1998.

For more information on dietary risk estimates or residue chemistry information used in the
dietary risk assessment, see Appendices V to VIII.

3.3.1 Determination of Acute Reference Dose

To estimate acute dietary risk (1 day), the LOAEL of 0.05 mg/kg body weight was selected from
the two acute oral cholinesterase activity studies in the rat based on cholinesterase inhibition
(Cambon et al., 1979 and Ferguson, et al., 1984). Standard uncertainty factors of 10-fold for
interspecies extrapolation and 10-fold for intraspecies variability were applied along with an
additional 3-fold uncertainty factor because a NOAEL was not achieved in these studies. With
respect to the PCPA factor, all of the required studies relevant to assessing risks to infants and
children were available for this assessment. Accordingly, the PCPA factor was reduced to 1-fold
and the composite assessment factor was 300.

ARD = 0.05 mg/kg bw/day = 0.0002 mg/kg bw
300
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3.3.2 Acute Dietary Exposure and Risk Assessment

Acute dietary risk is calculated considering the highest ingestion of carbofuran that would be
likely on any one day, and using food consumption and food residue values. A statistical analysis
allows all possible combinations of consumption and residue levels to be combined to estimate a
distribution of the amount of carbofuran residue that may be consumed in a day. A value
representing the high end (99.9th percentile) of this distribution is compared to the acute
reference dose, which is the dose at which an individual could be exposed on any given day and
expect no adverse health effects. When the expected intake of residues is less than the acute
reference dose, the expected intake is not considered to be a health concern.

The acute dietary exposure was calculated using a refined probabilistic assessment. Refinements
for commodities on which use of carbofuran is registered in Canada or other countries include
generating residue distribution files that incorporated the following, where appropriate:

e surveillance data from the CFIA and the United States,

e empirical data from magnitude of residue (MOR) studies,

e processing studies,

e estimates of the percentage of a commodity that is treated,

e cstimates of Canadian production of food commodities or percentages imported from
other countries.

The acute dietary assessment was conducted based on current uses of carbofuran in Canada,
including the temporary emergency uses on turnip and rutabaga that are no longer registered.
Acute risk was estimated with and without these uses.

When including the turnip and rutabaga uses, acute dietary exposure to carbofuran as a
percentage of the acute reference dose (ARfD) ranges from 311% for youth aged 13 to19 years
to 1501% for children aged 1 to 2 years, and is 579% for the general population. The acute
dietary exposure to carbofuran is higher than the AR{D for all population subgroups; therefore, it
is of concern.

Without the turnip and rutabaga uses, acute dietary exposure to carbofuran as a percentage of the
ARTD ranges from 108% for adults aged 50+ years to 360% for children aged 1 to 2 years, and is
180% for the general population. The acute dietary exposure to carbofuran is higher than the
ARTD for all population subgroups; therefore, it is of concern.

3.3.3 Determination of Acceptable Daily Intake

To estimate dietary risk from repeat exposure, the two acute oral cholinesterase activity studies
in the rat (as discussed under 3.3.1 Determination of Acute Reference Dose) were selected for
risk assessment. The quick-acting and reversible nature of carbamate inhibition is considered as
justification to default to the acute LOAEL which is lower than the subchronic or chronic
NOAELSs. In the case of carbofuran, long-term daily exposures are considered as multiple daily
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exposures with each causing transient inhibition of cholinesterase with potential resulting
toxicity. Standard uncertainty factors of 10-fold for interspecies extrapolation and 10-fold for
intraspecies variability were applied along with an additional 3-fold uncertainty factor because a
NOAEL was not achieved in these studies. With respect to the PCPA factor, all of the required
studies relevant to assessing risks to infants and children were available for this assessment.
Accordingly, the PCPA factor was reduced to 1-fold and the composite assessment factor was
300.

ADI =0.05 mg/kg bw/day = 0.0002 mg/kg bw/day
300

This ADI provides a margin of safety of >2,500 to the developmental NOAEL (decreased
viability) >500 to the lowest NOAEL for testicular effects and >1,000 to the lowest LOAEL for
maternal toxicity. It is thus considered protective of all populations including men, pregnant
women, infants and children.

3.3.4 Chronic Dietary Exposure and Risk Assessment

Chronic dietary exposure is calculated using the average consumption of different foods and
average residue values on those foods. This expected intake of residues is compared to the
acceptable daily intake, which is the dose at which an individual could be exposed over the
course of a lifetime and expect no adverse health effects. When the expected intake from
residues is less than the acceptable daily intake, this intake is not considered to be of concern.
The chronic dietary exposure was calculated using a refined deterministic assessment. As with
the acute assessment, refinement for the chronic assessment included use of the following, where
appropriate:

e Surveillance data from the Canadian Food Inspection Agency and the United States

e Empirical data from magnitude of residue (MOR) studies,

e Processing studies,

e Estimates of the percentage of a commodity that is treated,

e cstimates of Canadian production of food commodities or percentages imported from
other countries.

Chronic dietary exposure to carbofuran as a percentage of the Acceptable Daily Intake (ADI)
ranges from 10% for females aged 13 to 49 years to 35% for children aged 1 to 2 years, and is
14% for the general population. The chronic dietary exposure to carbofuran is less than the ADI
for all Canadians; therefore, it is not of concern.

3.4  Exposure from Drinking Water

Since acute exposure exceeds the ARfD for food alone, any additional exposure through
drinking water would be of concern.
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3.5 Aggregate Risk Assessment

Aggregate exposure is the total exposure to a single pesticide that may occur from food, drinking
water, residential and other non-occupational sources as well as from all known or plausible
exposure routes (oral, dermal and inhalation).

Aggregate risk assessment looks at the combined potential risk associated with food, drinking
water and residential exposures. Given that carbofuran does not have any residential uses, the
aggregate risk assessment therefore, is from dietary and drinking water exposures only. The
combined exposures from diet and drinking water are compared to the ARfD for the acute
assessment (one-day exposure) and the ADI for the chronic assessment.

An aggregate risk assessment for carbofuran was not conducted since the acute dietary risk from
food alone is of concern.

3.6 Incident Reports Related to Human Health

Starting April 26, 2007, registrants are required by law to report incidents, including adverse
effects to health and the environment, to the PMRA within a set time frame. Specific information
regarding the mandatory reporting system regulations can be found at www.hc-sc.gc.ca/cps-
spc/pest/registrant-titulaire/reporting-declaration/mandatory-obligatoire/index-eng.php

Incidents are classified into six major categories including effects on humans, effects on
domestic animals and packaging failure. Incidents are further classified by severity, in the case
of humans for instance, from minor effects such as skin rash, headache, etc., to major effects
such as reproductive or developmental effects, life-threatening conditions or death.

The PMRA will examine incident reports and, where there are reasonable grounds to suggest
that the health and environmental risks of the pesticide are no longer acceptable, appropriate
measures will be taken, ranging from minor label changes to discontinuation of the product.

There was one incident report related to human health that was submitted to the PMRA for
carbofuran. The report indicates that the protective clothing required by carbofuran labels for the
use was not worn during spraying. The individual was treated and released from hospital. No
other incidents involving human health have been reported to the PMRA as of

29 September 2008.

In the United States, the USEPA states that more than 700 possible carbofuran poisoning
incidents were reported (USEPA, 2007). In most cases, symptoms for carbofuran incidents were
specific to cholinergic poisoning and most resulted from dermal and inhalation exposure, rather
than oral exposure, and the majority of illnesses were of a systemic type. Eye problems were also
widely reported, accounting for approximately one quarter of all recorded incidents. Causes of
these incidents included: failure to wear appropriate personal protective equipment, exposure
during cleaning or repair of spray equipment, spray drift or early entry into treated fields. The
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majority of incidents occurred among handlers who mix, load, and apply carbofuran in
agricultural fields. The USEPA concluded that the number and rate of poisoning cases due to
carbofuran exposure is sufficient to warrant priority attention to risk reduction measures for this
pesticide.

For a review of the pesticide poisoning incident data for carbofuran, the USEPA consulted the
following databases: (1) OPP Incident Data System (IDS); (2) Poison Control Centres (PCC); (3)
California Department of Pesticide Regulation; (4) National Pesticide Telecommunications
Network (NPTN), and (5) National Institute of Occupational Safety and Health’s Sentinel Even
Notification System for Occupational Risks (NIOSH SENSOR).

3.7  Data Gaps Related to Health Risk Assessment

The following data gaps were identified during the re-evaluation, however they will not be
formally pursued with the registrant in light of the proposed phase out.

e Acute inhalation study

e Dermal irritation study

e Comparative cholinesterase inhibition study (dams versus pups)

e A short-term inhalation study.

e Livestock Metabolism/Residue Definition in Livestock Matrices

e Plants Metabolism/Residue Definition in Plants Matrices

e Supervised Residue Trial Analytical Methodology

e Enforcement Analytical Methodology

e Inter-Laboratory Analytical Methodology Validation

e Multi-Residue Analytical Methodology Evaluation

e Use Description Scenario - Mixer/Loader/Applicator and Post-Application Workers
e Mixer/Loader/Applicator - Passive Dosimetry or Biological Monitoring
e Post-application Worker - Passive Dosimetry or Biological Monitoring
e Dislodgeable/Transferable Residue data.

4.0 Impact on the Environment
4.1 Fate and Behaviour in the Environment

Terrestrial Environment

Carbofuran is classified as relatively non-volatile under field conditions. Phototransformation is
not an important route of transformation for carbofuran in soil. Transformation of carbofuran in
aerobic soil appears to have resulted from a combination of hydrolysis and biotransformation. In
an acidic soil (pH 5.7), carbofuran degraded with a half-life of 321 days, but in soil of pH 7.7,
the half-life dropped to 149 days. The major identified transformation product was 3-
ketocarbofuran. The persistence of carbofuran may decrease in soils that have been previously
treated with carbofuran because of microbial adaptations. No information was available
addressing the soil biotransformation of carbofuran under anaerobic conditions. Soil adsorption
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studies indicate that carbofuran has a high to very high mobility in soils. K, values ranged from
10 to 63 in a variety of soils. Carbofuran was shown to be mobile in soil column leaching studies
with 33 to 78% of the radioactivity in the aged soils collected in the leachate. Carbofuran was the
major extractable residue in both the aged soils and the leachate. Carbofuran would be
considered non-persistent to moderately persistent from field soil dissipation studies conducted
in the U.S. according to the classification of Goring et al. (1975).

Aquatic Environment

The reported solubility of carbofuran in water (700 mg/L at 25 °C), would classify it as very
soluble. Carbofuran is stable to hydrolysis at pHs < 6, but becomes increasingly susceptible to
hydrolysis as the pH increases, hydrolyzing rapidly at alkaline pHs (half-lives of less than a day).
Phototransformation is an important route of transformation for carbofuran in shallow clear
water. Biotransformation was an important route of transformation in aquatic habitats under
aerobic conditions. The major transformation product formed in aquatic systems was carbofuran
phenol. Biotransformation was also a route of transformation in aquatic systems under anaerobic
conditions, however degradation may not have been due strictly to anaerobic metabolic
processes, hydrolysis may have also contributed. The major transformation product was
carbofuran phenol and was predominantly associated with the sediment fraction. In alkaline
environments, carbofuran appears to have a low potential to accumulate in fish.

Environmental fate data for carbofuran are summarized in Table 1 of Appendix IX.

4.2 Effects on Non-target Organisms

The environmental risk assessment integrates the environmental exposure and ecotoxicology
information to estimate the potential for adverse effects on non-target species. This integration is
achieved by comparing exposure concentrations with concentrations at which adverse effects
occur. Estimated environmental exposure concentrations (EECs) are concentrations of pesticide
in various environmental media, such as food, water, soil and air. The EECs are estimated using
standard models which take into consideration the application rate(s), chemical properties and
environmental fate properties, including the dissipation of the pesticide between applications.
Ecotoxicology information includes acute and chronic toxicity data for various organisms or
groups of organisms from both terrestrial and aquatic habitats including invertebrates,
vertebrates, and plants. Toxicity endpoints used in risk assessments may be adjusted to account
for potential differences in species sensitivity as well as varying protection goals (i.e. protection
at the community, population, or individual level).

Initially, a screening level risk assessment is performed to identify pesticides and/or specific uses
that do not pose a risk to non-target organisms, and to identify those groups of organisms for
which there may be a potential risk. The screening level risk assessment uses simple methods,
conservative exposure scenarios (e.g. direct application at a maximum cumulative application
rate) and sensitive toxicity endpoints. A risk quotient (RQ) is calculated by dividing the exposure
estimate by an appropriate toxicity value (RQ = exposure/toxicity), and the risk quotient is then
compared to the level of concern (LOC = 1). If the screening level risk quotient is below the
level of concern, the risk is considered negligible and no further risk characterization is
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necessary. If the screening level risk quotient is equal to or greater than the level of concern, then
a refined risk assessment is performed to further characterize the risk. A refined assessment takes
into consideration more realistic exposure scenarios (such as drift to non-target habitats) and
might consider different toxicity endpoints. Refinements may include further characterization of
risk based on exposure modeling, monitoring data, results from field or mesocosm studies, and
probabilistic risk assessment methods. Refinements to the risk assessment may continue until the
risk is adequately characterized or no further refinements are possible.

4.2.1 Effects on Terrestrial Organisms

A risk assessment of carbofuran to terrestrial organisms was based upon an evaluation of toxicity
data for the following (Table 2, Appendix [X):

e Three earthworm species, one bee species (acute exposure)
e Fifteen bird and one mammal species representing vertebrates (acute, dietary,
reproduction exposure)

A summary of terrestrial toxicity data for carbofuran is presented in Table 2 (Appendix IX). For
the assessment of risk, toxicity endpoints chosen from the most sensitive species were used as
surrogates for the wide range of species that can be potentially exposed following treatment with
carbofuran. The risk assessment for birds did not include a screening level risk assessment but
instead used the conclusions of a special review conducted in Canada and the results of a refined
probabilistic risk assessment conducted by the USEPA, since the label rates used for the USEPA
risk assessment were similar to Canadian label rates.

The current label recommends single applications ranging from 72 to 2500 and from 72 to

1056 g a.i./ha for ground and aerial applications, respectively. Multiple applications per year are
also recommended for some crops (Appendix II). For multiple applications the cumulative
application rates were calculated taking into consideration the dissipation half-life of carbofuran
in soil (321 days) and on foliage (3 days).

The screening level risk assessment indicated that the level of concern for earthworms and bees
was exceeded at application rates of 528 g a.i./ha and higher. Table 3 (Appendix IX) summarizes
the screening level risk to earthworms and bees from carbofuran.

Standard exposure scenarios on vegetation and other food sources based on correlations in
Hoerger and Kenaga (1972) and Kenaga (1973) and modified according to Fletcher et al. (1994)
were used to determine the concentration of pesticide in the diet of small wild mammals.
Exposure is dependent on the body weight of the organism and the amount and type of food
consumed. In the screening level assessment a set of generic body weights was used for
mammals (15, 35, 1000 g) to represent a range of small wild mammal species. The screening
level assessment used relevant food categories for each size group consisting of 100% of a
particular dietary item. These items included the most conservative residue values for plants,
grains/seeds, insects, and fruits. The estimated daily dietary exposure (EDE) for small wild
mammals feeding on the site of carbofuran application is presented in Table 4 (Appendix IX).
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The acute oral risk to small wild mammals feeding on the site of carbofuran applications are
presented in Table 5 (Appendix IX). The level of concern from acute exposure is exceeded by
factors ranging from 1- 380 for most generic body weights and feeding guilds of small wild
mammals feeding on the site of carbofuran applications with the exception of 1 kg insectivores,
granivores and frugivores following a single application at 72 g a.i./ha and 1kg insectivores and
granivores following one or two applications at 132 g a.i./ha. Small wild mammals feeding on
the site of carbofuran applications are therefore at risk from acute exposure to contaminated
vegetation.

The chronic risk to small wild mammals feeding on the site of carbofuran applications are
presented in Table 6 (Appendix IX). The level of concern from chronic exposure is exceeded by
factors ranging from 1 to 190 for all the generic weights and feeding guilds following one or two
applications at 528 g a.i./ha and single applications at 1132 g a.i./ha and 2500 g a.i./ha. The
chronic level of concern is exceeded by factors ranging from 1.5 to 190 for all 15 and 35 g
insectivores and 35 g herbivores for all of the application rates. The chronic level of concern is
also exceeded by factors ranging from 3 to 102 for 1000 g herbivores at all the application rates.
Small wild mammals feeding on the site of carbofuran applications are therefore at risk from
chronic exposure to contaminated vegetation.

In addition, the risk associated with the consumption of food items contaminated from spray drift
off the treated field was also assessed taking into consideration the spray drift deposition of
spray quality of ASAE fine for ground boom (11%) and ASAE fine for aerial application (26%)
at 1 m downwind from the site of application.

The acute oral risk to small wild mammals from spray drift (11%) off the site of carbofuran
groundboom applications is presented in Table 8 (Appendix IX). The acute level of concern is
exceeded by factors ranging from 1 to 42 for all the generic weights and feeding guilds following
a single groundboom application at 2500 g a.i./ha and for most of the generic body weights and
feeding guilds following a single groudboom application at 1132 g a.i./ha. The level of concern
is also exceeded by factors ranging from 1 to 42 for all 35 and 1000 g herbivores for all of the
groundboom application rates with the exception of 1000 g herbivores following one application
at 72 g a.i./ha.

The chronic risk to small wild mammals from spray drift (11%) off the site of carbofuran
groundboom applications is presented in Table 10 (Appendix IX). The chronic level of concern
is exceeded by factors ranging from 1 to 30 for all the generic weights and feeding guilds with
the exception of 1000 g insectivores and granivores following one ground boom application at
2500 g a.i./ha. The chronic level of concern is also exceeded by factors ranging from 1 to 30 for
35 g herbivores for all of the ground boom application rates except 72 g a.i./ha.

The acute oral risk to small wild mammals from spray drift (26 %) off the site of carbofuran
aerial applications is presented in Table 9 (Appendix IX). The acute level of concern is exceeded
by factors ranging from 1 to 22 for all the generic weights and feeding guilds following one or
two aerial applications at 528 g a.i./ha with the exception of 1 kg insectivores and granivores.
The acute level of concern is also exceeded by factors ranging from 1 to 45 for all the generic
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weights and feeding guilds following single aerial applications at 1132 g a.i./ha. The acute level
of concern is exceeded by factors ranging from 1.5 to 31 for all 15 and 35 g insectivores except
for single aerial applications at 72 g a.i./ha. The acute level of concern is exceeded by factors
ranging from 1.5 to 45 for all 35 and 1000 g herbivores at all the application rates.

The chronic risk to small wild mammals from spray drift (26 %) off the site of carbofuran aerial
applications is presented in Table 11 (Appendix IX). The chronic level of concern is exceeded by
factors ranging from 1 to 22 for all the generic weights and feeding guilds following single aerial
applications at 1132 g a.i./ha with the exception of 1 kg insectivores and granivores. The chronic
level of concern is also exceeded by factors ranging from 1.4 to 22 for 35 g and 1000 g
herbivores for all of the aerial application rates except 72 g a.i./ha.

Some small wild mammals are, therefore, also at risk from acute and chronic exposure from the
consumption of food items contaminated from spray drift off the site of application following
both ground boom and aerial applications of carbofuran.

A re-evaluation was conducted on carbofuran by the USEPA (USEPA 2005) which used refined
risk assessment methodology for the risk assessment on birds. The USEPA’s Terrestrial
Investigation Models (TIM v.1.0, v. 2.0, and v. 2.1) were used in this refined probabilistic risk
assessment that integrates distributions of carbofuran exposure with distributions of toxicity to
address bird mortality following application of carbofuran. The label rates used in the refined
risk assessment were similar to label rates used in Canada, therefore the results are applicable to
Canada. Some of the analysis was done using label rates for alfalfa for which carbofuran is not
registered in Canada, however, the lower rate of 550 g a.i./ha is close to the rate registered in
Canada for corn (240-528 g a.i./ha), potato (264-528 g a.i./ha), peppers (528 g a.i./ha),
strawberries in British Columbia only (528-1200 g a.i./ha), and strawberries in Eastern Canada
only (528 g a.i./ha). The conclusions of the USEPA review for flowable carbofuran were as
follows:

At the higher maximum application rates modelled for foliar sprays (1120 g a.i/ha on alfalfa or
corn), one-third of all bird species associated with corn and alfalfa fields were estimated to
experience 60% mortality, and half of all bird species were estimated to experience 35%
mortality. For the most vulnerable 10% of avian species feeding in treated fields, approximately
95 % mortality was estimated. For both corn and alfalfa aerial applications, lower application
rates resulted in lower estimated mortality. However, even at the minimum application rate for
corn (280 g a.i./ha), the most vulnerable 10% of avian species were estimated to experience 70%
mortality, with a maximum of 86% and approximately two-thirds of the avian species were
expected to experience, on average, 10% mortality. At the minimum application rate for alfalfa
(140 g a.i./ha), approximately two-thirds of avian species were estimated to experience 10%
mortality, while the most vulnerable 10% of avian species were estimated to experience 40%
mortality, with a maximum of 48%.
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The red-winged blackbird, for which species specific toxicity data is available, is expected to
experience mean mortality levels in corn ranging from 24 to 64% for application rates ranging
from 280 g a.i./ha to 1120 g a.i./ha respectively. For some groups of red-winged blackbirds,
mortality could be as high as 95%.

On average, one-third of all bird species associated with corn and alfalfa fields were estimated to
experience 50% and 30% mortality, respectively, at typical application rates (foliar spray: corn
840 g a.i./ha, alfalfa 560 g a.i./ha). Based on a combination of toxicological sensitivity and
exposure, the most vulnerable 10% of avian species were estimated to experience 85% and 80%
mortality in corn and alfalfa, respectively. Flocks of mallard ducks foraging in an alfalfa field
(single feeding event) treated at the typical application rate were estimated to experience on
average 92% mortality if they foraged on the field any time between applications through at least
three days post-application. Approximately a week after application, a flock landing and
foraging on a single treated field was estimated to experience 84% mortality.

Evidence from field studies and incident reports support modelled estimations, showing that
approved or registered agricultural use of liquid carbofuran sprays results in mortality to birds. In
addition to direct avian mortality, these field studies and bird kill incident reports indicate that
flowable carbofuran has the potential to cause secondary avian mortality in cases where raptors
ingest prey species, such as small birds and mammals that have previously succumbed to
carbofuran intoxication.

A recent Scientific Advisory Panel (SAP) concurred with the USEPA’s risk conclusion that the
results of the probabilistic risk assessment support the conclusion that there is risk of avian
mortality in and around carbofuran treated sites (USEPA, 2008).

A special review of carbofuran which focused on the risk to birds was conducted in Canada in
the early 1990's (Agriculture Canada 1993). The conclusions of the review for flowable
carbofuran were as follows:

Laboratory studies indicate that a substantial fraction of an LD5o0 can be attained by songbirds
feeding on contaminated grasshoppers and other invertebrates at one of the lowest registered
spray rates (132 g a.i./ha). Kills of gulls (Larus sp.) feeding on freshly sprayed grasshoppers
have been recorded. This route of exposure is also the likely explanation for the impact of
carbofuran on the Burrowing Owl (Speotyto cunicularia). Research has shown conclusively that
carbofuran applied at the grasshopper spray rate (132 g a.i./ha) has a significant impact on the
survival and reproductive success of Burrowing Owls. Significant declines in nesting success
and brood size were seen with increasing proximity of carbofuran spraying to the nest burrow.
Information available on likely routes of exposure strongly suggests that the hazard to
Burrowing Owls is in direct proportion to the availability of contaminated prey items, either
invertebrates or rodent species.
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Studies involving the spraying of alfalfa fields at either 550 or 1100 g a.i./ha by ground and air
were carried out by the manufacturer in the United States. (The lower rate of 550 g a.i./ha is
close to the rate registered in Canada for corn, potato, peppers, and strawberries in eastern
Canada. Songbird mortality was recorded at both application rates, whether the insecticide was
applied by air or by ground. Most of the dead birds were associated with field edges.

Further studies involved the aerial application of carbofuran to cornfields at rates of 1100 g
a.i./ha for the control of the European corn borer. This rate of application is similar to the
maximum rate registered in Canada on corn (528 g a.i./ha) and lower than the rates registered in
Canada for sugar beets in western Canada (1123.2 g a.i./ha), and temporary emergency uses on
turnips and rutabagas in British Columbia (2520 g a.i./ha). Application coverage was again very
poor, with average deposits of 22 percent of applied; contamination of field edges was again
documented. Despite the low measured rates of application, the spray again killed a number of
songbirds.

4.2.2 Effects on Aquatic Organisms

A risk assessment of carbofuran to freshwater aquatic organisms was based upon an evaluation
of toxicity data for the following (Table 2, Appendix IX):

e Four freshwater invertebrate species (acute and chronic exposure)

e FEight freshwater fish species (acute and chronic exposure)

e One freshwater algae

e Two freshwater vascular plant species

¢ One amphibian species

¢ Five estuarine/marine invertebrate species (acute and chronic exposure)
e Three estuarine/marine fish species (acute and chronic exposure)

Carbofuran is toxic to aquatic invertebrates and fish on an acute basis. Chronic effects to aquatic
organisms are also expected. A summary of aquatic toxicity data for carbofuran is presented in
Table 2 (Appendix IX). For the assessment of risk, toxicity endpoints chosen from the most
sensitive species were used as surrogates for the wide range of species that can be potentially
exposed following treatment with carbofuran.

Screening Level Assessment

The initial conservative screening level EEC calculations for aquatic systems were based on a
direct application to water depths of 15 and 80 cm. The 15 cm depth was chosen to represent a
temporary body of water that could be inhabited by amphibians. The 80 cm depth was chosen to
represent a typical permanent water body for applications of pest control products in agriculture.
The screening level risk assessment indicated that carbofuran poses both an acute and chronic
risk to freshwater and estuarine/marine invertebrates and fish for most of the application rates.
The level of concern was not exceeded for freshwater algae and vascular plants. The level of
concern was only exceeded for amphibians at the highest application rate of 2500 g a.i./ha.
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Table 7 (Appendix IX) summarize the screening level risk assessment for carbofuran to aquatic
organisms.

A refined risk assessment was conducted for those taxa that exceeded the level of concern in the
screening level risk assessment. Table 12 (Appendix IX) summarizes the refined risk assessment
to aquatic organisms from carbofuran spray drift.

Spray Drift Refinement

The spray drift data of Wolf and Caldwell (2001) was used to determine that the maximum spray
deposit into an aquatic habitat located 1 meter downwind from a field sprayed using ground
boom and aerial equipment and a fine droplet size spray quality will not exceed 11% and 26% of
the application rate, respectively. This information was used to re-calculate the peak
concentrations in model water bodies 15 and 80 cm deep adjacent to a field where carbofuran
was being applied aerially and by ground boom sprayers. The toxicology endpoints used to
calculate risk quotients were the same as those used in the screening level assessment.

The acute and chronic levels of concern for freshwater aquatic invertebrates are exceeded for all
use-patterns following groundboom applications by factors ranging from 1.4 to 26.5 with the
exception of one application at 72 g a.i./ha. The acute and chronic levels of concern are also
exceeded for all use-patterns following aerial applications by factors ranging from 1.8 to 28.3.

The level of concern for benthic invertebrates is exceeded following ground boom applications
for single applications at 1132 and 2500 g a.i./ha by factors ranging from 1.5 to 3.3. The level of
concern is exceeded following aerial applications for one and two applications at 528 and single
applications at 1132 g a.i./ha by factors ranging from 1.6 to 3.5.

The acute level of concern for freshwater fish is exceeded for single groundboom applications at
1132 and 2500 g a.i./ha and for two groundboom applications at 528 g a.i./ha by factors ranging
from 1.8 to 3.9. The acute level of concern is also exceeded for one or two aerial applications at
528 g a.i./ha and single aerial applications at 1132 g a.i./ha by factors ranging from 2.1 to 4.2.

The chronic level of concern for freshwater fish for ground boom applications is only exceeded
for one application at 2500 g a.i./ha by a factor of 1.4. The chronic level of concern for aerial
applications is only exceeded for one application at 1132 g a.i./ha by a factor of 1.5.

The acute level of concern for amphibians is not exceeded for one application at 2500 g a.i./ha
which was the only use-pattern requiring refinement.

The acute level of concern for estuarine/marine invertebrates is exceeded by factors ranging
from 2.2 - 10.4 for single groundboom applications at 528, 1132 and 2500 g a.i./ha and two
groundboom applications at 528 g a.i./ha. The acute level of concern is exceeded by factors
ranging from 1.3 to 11.2 for all aerial applications with the exception of one application at 72 g
a.l./ha.
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The chronic level of concern for estuarine/marine invertebrates is exceeded by factors ranging
from 2.5 to 92.3 for all of the use-patterns of carbofuran for both groundboom and aerial
applications.

The acute level of concern for estuarine/marine fish is exceeded by factors ranging from 2.2 to
10.4 for single groundboom applications at 528, 1132 and 2500 g a.i./ha and two groundboom
applications at 528 g a.i./ha. The acute level of concern is exceeded by factors ranging from 1.3
to 11.2 for all aerial applications with the exception of one application at 72 g a.i./ha.

The chronic level of concern for estuarine/marine fish is exceeded by factors ranging from 2.8 to
13.2 for single groundboom applications at 528, 1132 and 2500 g a.i./ha and two applications at
528 g a.i./ha. The chronic level of concern is exceeded by factors ranging from 1.6 to 14.2 for all
aerial applications with the exception of one application at 72 g a.i./ha.

Runoff Refinement

Estimated environmental concentrations (EECs) of carbofuran from runoff into a receiving water
body were simulated using the PRZM/EXAMS models. The PRZM/EXAMS models simulate
pesticide runoff from a treated field into an adjacent water body and the fate of a pesticide within
that water body. For the Level 1 assessment, the water body consists of a 1 ha wetland with an
average depth of 0.8 m and a drainage area of 10 ha.

Carbofuran is an insecticide used primarily on corn and potatoes. The maximum annual
application rate for use on corn and potatoes is 2 applications of 528 g a.i./ha, with a 14 day
interval. The temporary use on turnips and rutabagas (in British Columbia, 3 applications of
2500 g a.i./ha, with a 20-day interval) was also modelled.

Six standard scenarios were used to represent different regions of Canada. Eight application
dates covering July and August between were modelled (The turnip use was modelled on a
single scenario with application rates from 1 April until 1 June.) Deposition from spray drift was
not included in the simulations, so these EECs are for the portion of the pesticide that enters the
water body via runoff only. The model was run for 50 years for all scenarios. For each year of
the simulation, PRZM/EXAMS calculates peak (or daily maximum) and time-averaged
concentrations. The time-averaged concentrations are calculated by averaging the daily
concentrations over five time periods (96 hours, 21days, 60 days, 90 days, and 1 year). The 90"
percentiles over each averaging period are reported as the EECs for that period. The EECs are
listed in Table 1.
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Table 1:

Body 0.8 m Deep, Excluding Spray Drift.

PRZM/EXAMS Runoff Modelling Results (pg a.i./L) for Carbofuran in a Water

EEC (pg a.i./L)
Region Peak 96-hour 21-day 60-day 90-day Yearly

Use on corn and potatoes, 2 x 528 g a.i./ha

Ontario 31.6 29.7 23.9 16.4 13 3.46
Quebec 28 26.7 21.7 14.6 12 3.19
Manitoba 34.9 32.8 28.4 20.6 16 4.44
New Brunswick 8.2 7.7 6.1 4 3 0.81
Prince Edward Island 31 29.2 24.1 17.2 13 3.61
British Columbia 24.7 23.2 19.4 14.4 11 3.02
Use on turnips and rutabagas, 3 x 2500 g a.i./ha (optional)

British Columbia 117.7 111 90.9 60.6 49 14.7

The toxicology endpoints used in the screening level and refined drift assessments were used to
calculate risk quotients to determine the risk from runoff to aquatic organisms in habitats
adjacent to the site of carbofuran applications. The EECs with the appropriate time periods were
used to calculate the risk quotients, for example 96-hour for acute endpoints and 21-day for
chronic endpoints.

Table 13 (Appendix IX) summarizes the refined risk assessment to aquatic organisms from
carbofuran runoff.

The acute and chronic level of concern for freshwater aquatic invertebrates is exceeded by
factors ranging from 6 to 85 for all of the use-pattern scenarios. The level of concern for benthic
aquatic invertebrates is exceeded by factors ranging from 2 to 11 for all of the use-pattern
scenarios with the exception of the New Brunswick potato scenario.

The acute level of concern for freshwater fish is exceeded by factors ranging from 3 to 13 for all
of the use-pattern scenarios with the exception of the New Brunswick potato scenario. The
chronic level of concern for freshwater fish is exceeded by factors ranging from 1 to 4.7 for all of
the scenarios except the New Brunswick potato scenario. The level of concern is not exceeded
for amphibians for use on rutabagas in B.C.

The acute level of concern for estuarine/marine invertebrates is exceeded by factors ranging
from 6 - 79 for all of the use-pattern scenarios. The chronic level of concern for estuarine/marine
invertebrates is exceeded by factors ranging from 15 to 227 for all of the use-pattern scenarios.

The acute level of concern for estuarine/marine fish is exceeded by factors ranging from 2 to 34
for all of the use-pattern scenarios. The chronic level of concern for estuarine/marine fish is
exceeded by factors ranging from 2 to 35 for all of the use-pattern scenarios.
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Surface Water Monitoring Data Risk Assessment

The lower bound acute and chronic exposure values were estimated from monitoring data using
the 95™ percentiles of the maximum and arithmetic mean concentrations (including non-detects)
measured in each monitoring study/site, respectively. Water monitoring, as conducted in many of
the studies reviewed, involves sampling that is limited in time and space and is unlikely to detect
the true maximum concentration of the analyte in question. The EECs listed in Table 14
(Appendix IX) and the toxicology endpoints used in the screening level and refined assessments
were used to calculate risk quotients to determine the risk to aquatic organisms. The acute and
chronic risk to aquatic organisms from the 95t percentile values for concentrations observed in
surface water from monitoring data are presented in Table 14 (Appendix IX).

The acute level of concern is exceeded for freshwater invertebrates by a factor of 3.2,
estuarine/marine invertebrates by a factor of 2.9 and estuarine/marine fish by a factor of 1.2. The
chronic level of concern is not exceeded for any of the aquatic taxa. This analysis supports the
previous aquatic risk assessment by showing that these actual “low bound” concentrations
observed in Canadian surface waters from monitoring data could present a risk to freshwater and
estuarine/marine invertebrates and estuarine/marine fish.

4.2.3 Incident Reports Related to the Environment

Environmental incident reports are obtained from two main sources, the Canadian pesticide
incident reporting system (including both mandatory reporting from the registrant and voluntary
reporting from the public and other government departments) and the USEPA Ecological
Incident Information System (EIIS).

In Canada, there is at least one incident on record of waterfowl mortality resulting from exposure
to contaminated puddles, following liquid carbofuran treatment of a turnip field in British
Columbia. At least one Canadian field study showed a significant impact on small-mammal
populations. Herbivorous species such as voles (Microtus pennsylvanicus) appeared to be the
most affected, suggesting that exposure was primarily through grazing on contaminated
vegetation.

From 1972 to 2000, 31 bird kill incidents have been reported in the United States following the
use of flowable formulation carbofuran on five of the major crops where it is registered, and
these are almost exclusively bird kills as a result of direct exposure. A majority (27) of the kills
were reported following carbofuran use on corn and alfalfa, the two major crops where
carbofuran is used. Thirty-seven species with a total of 7,300 carcasses were reported as found in
twelve different states, with both primary and secondary poisonings suspected.
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In the late 1990s, the technical registrant made a number of label changes to US products in
order to reduce drinking water and ecological risks of concern. These included reducing
application rates and numbers of applications for alfalfa, cotton, corn, potatoes, soybeans,
sugarcane, and sunflowers. The USEPA therefore evaluated incidents that have occurred since
1998. Since 1998, there have been 47 carbofuran incidents reported in USEPA’s Ecological
Incident Information System (EIIS). Four of these incidents were from registered uses:

1) 1998 in PA, use on corn (flowable), 2 grackles

2) 1998 in PA, use on corn (flowable), 12 grackles

3) 2000 in NM, use on alfalfa (flowable), 800-1200 snow geese and ducks, and
4) 2000 in CA, use on alfalfa (flowable), 4 bee hives.

The remaining incidents were from intentional misuse (28) or the legality of use was
undetermined (14). Of the 47 incidents, 13 were attributed to flowable carbofuran, two were
attributed to granular carbofuran, and for the remaining incidents (32) the formulation was not
reported.

Additionally, three incidents since 2000 (two in 2000 and one in 2004) were reported
aggregately by the registrant, and are not in the EIIS. Details are not available on these incidents.

5.0 Value

5.1 Restricted Class Products

5.1.1 Restricted Class Uses for Which Information on the Value of Carbofuran is Sought

Appendix XII lists those uses of carbofuran that the registrant continues to support but that have
risk concerns as a result of this re-evaluation.

The PMRA welcomes feedback on the availability and extent of use of chemical alternatives to
carbofuran for those uses and information regarding the availability, effectiveness and extent of
use of non-chemical pest management practices for any of the registered uses of carbofuran. This
information will allow the PMRA to refine sustainable pest management options for the listed
site-pest combinations.

5.2 Domestic Class Products
There are no registered Domestic Class carbofuran products.

5.3 Value of Carbofuran

Some uses of carbofuran may require further discussion concerning their value. These concerns
may relate to economics, quarantine pests, and/or the lack of viable alternatives for uses with
risk concerns. Uses for which the loss of carbofuran would be detrimental are discussed below.
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5.3.1 Systemic Mode of Action

Carbofuran is effective in two ways: (a) as a contact insecticide, killing target insects upon direct
contact, and; (b) as an insecticide that works as a stomach poison, killing target insects upon
ingestion of treated plants. Being a systemic insecticide, carbofuran is absorbed and transported
throughout the plant, imparting protection to the entire plant. Systemic insecticides are effective
against insects with piercing-sucking mouthparts, such as leathoppers, spittlebugs and tarnished
plant bug, as the systemic insecticide moves within the vascular tissues and into cells where
these pests feed.

As a systemic insecticide which acts upon ingestion, carbofuran is effective for the control of
pests that otherwise could not be targeted by contact insecticides, or non-systemic insecticides
that act as a stomach poison, such as chewing insects, once they enter the host plants. For
example, European corn borer larvae bore into the midrib of the leaf and migrate into the stalk of
the plant or husk of the ear (corn), or feed inside the stems and fruit (pepper).

Systemic insecticides have greater flexibility of application timing than non-systemic and
contact insecticides for the control of pests that feed internally upon the host. Contact
insecticides and non-systemic insecticides that act by ingestion are limited to controlling pests
when present on, or feeding on the surface of the host prior to their entry into the host. The
application timing must be precise, to target the majority of the pest population prior to entry
into the host. Non-systemic insecticides with a prolonged period of residual activity, or repeated
applications of insecticides with short residual activity, may therefore be required to replace one
application with a systemic insecticide.

5.3.2 Carbofuran Uses Identified With Limited Registered or Viable Alternatives
For the control of some pests in agriculture, carbofuran is the only insecticide available, or there

are few viable registered alternative products to carbofuran. For detailed information regarding
the value of the uses of carbofuran identified by the PMRA, see Table 5.1.
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Table 5.1

Carbofuran Uses for Which no Registered Alternatives Have Been Identified;
or for Which the Availability of Viable Alternatives is Limited or are
Currently Under Re-evaluation.

Crop Pest Registered Comments
Alternatives'
(MoA)’
Canola, Red turnip NONE No registered alternative active ingredients.
Mustard beetle
Raspberry Bud or root 1B: malathion Malathion is currently under re-evaluation.
weevil
Strawberry Root weevil 1B: malathion Malathion is currently under re-evaluation.
Strawberry 3: cypermethrin, Resistance management (Eastern Canada)
weevil lambda-cyhalothrin
(blossom Carbofuran is registered for sale for use in
clipper) Eastern Canada only. Carbofuran is needed for
rotation with synthetic pyrethroids for
resistance management purposes in Eastern
Canada.
Sugar beet Sugar beet 1B: diazinon, No viable registered alternative active
root maggot terbufos ingredients.
Diazinon is applied to sugar beets as a seed
treatment. Diazinon seed treatments are
proposed to be phased out (PRVD2007-16).
Terbufos use on sugar beet is to be phased out
(RRD2004-04). The phase out date for use of
terbufos on sugar beets has been extended due
to lack of alternative management strategies
(PMRA, 2008).
Sunflower Sunflower 2A: endosulfan Resistance management
beetle 3: cypermethrin,

deltamethrin,
lambda-cyhalothrin

Endosulfan is currently under re-evaluation.
The preliminary risk assessment for endosulfan
indicates a level of concern for workers and the
environment (REV2007-13).

Carbofuran (resistance MoA group 1A) is
needed for rotation with the synthetic
pyrethroids (resistance MoA group 3) for
resistance management purposes.
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Crop Pest Registered Comments

Alternatives'
(MoA)*
Turnip, Rutabaga® | Root maggot 1B: diazinon, Carbofuran was registered as an Emergency use
chlorpyrifos for the 2008 growing season in British
(rutabaga only) Columbia and Nova Scotia.

Diazinon is applied as:
1) an in-furrow granular treatment at
planting and two weeks after thinning;
2) a soil drench treatment; and
3) a foliar spray to control adult flies.

Diazinon granular and foliar treatments are
proposed to be phased out (PRVD2007-16).

Chlorpyrifos is registered for use on rutabaga
only (granular in-furrow at planting and soil
drench post planting). (REV2007-1).

This is a list of registered alternatives only (as of August 2008). Health Canada does not endorse any of the alternatives
listed. A number of the listed alternative active ingredients are in the process of being re-evaluated by the PMRA. The
registration status of active ingredients under re-evaluation may change pending the final regulatory decision. For additional
information, consult the Re-evaluation Summary Table (PMRA, 2008).

Insecticide and Acaricide Resistance Management Group Numbers are based on DIR 99-06, with updates from the
Insecticide Resistance Action Committee (IRAC) web site: www.irac-online.org/Crop_Protection/MoA.asp#area223 1B =
acetylcholinesterase inhibitors (organophosphates); 2A = gamma-aminobutyric acid (GABA)-gated chloride channel
antagonists; 3 = sodium channel modulators.

Temporary emergency use until August 2008

5.4  Value of Carbofuran in Context to US Regulatory Activity

The USEPA reviewed the safety and benefits of all uses of carbofuran and concluded that
ecological and human health risks were of concern. The USEPA plans to cancel all carbofuran
registrations.

There are few crops on which carbofuran is registered for use in both the USA and Canada.
These crops include: corn (field and sweet), potato, sugar beet and sunflower. Of these, there are
limited alternatives for pest control on corn (field and sweet) and sunflower in both countries.

Several alternative active ingredients are registered for use in the USA, but not in Canada. It is
possible that some of these active ingredients might be proposed in future as alternatives to
carbofuran in Canada.

6.0 Toxic Substances Management Policy Considerations
6.1 Toxic Substances Management Policy Considerations
The management of toxic substances is guided by the federal government’s Toxic Substances

Management Policy, which puts forward a preventive and precautionary approach to deal with
substances that enter the environment and could harm the environment or human health. The
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policy provides decision makers with direction and sets out a science-based management
framework to ensure that federal programs are consistent with its objectives. One of the key
management objectives is virtual elimination from the environment of toxic substances that
result predominantly from human activity and that are persistent and bioaccumulative. These
substances are referred to in the policy as Track 1 substances.

During the review process, carbofuran was assessed in accordance with the PMRA Regulatory
Directive DIR99-03, The Pest Management Regulatory Agency’s Strategy for Implementing the
Toxic Substances Management Policy. Substances associated with the use of carbofuran were
also considered, including major transformation products formed in the environment, and
contaminants in the technical product. Carbofuran and its transformation products were
evaluated against the following Track 1 criteria: persistence in soil >182 days; persistence in
water >182 days; persistence in sediment >365 days; persistence in air >2 days; bioaccumulation
log Kow >5 and/or BCF >5000 (or BAF >5000). In order for carbofuran or its transformation
products to meet Track 1 criteria, the criteria for both bioaccumulation and persistence (in one
media) must be met. The technical product and end-use products, including formulants, were
assessed against the contaminants identified in the Canada Gazette, Part 11, Volume 139,
Number 24, pages 2641-2643: List of Pest Control Product Formulants and Contaminants of
Health or Environmental Concern, Part 3 Contaminants of Health or Environmental Concern.
The PMRA has reached the following conclusions:

e Carbofuran does not meet all Track 1 criteria. Carbofuran meets the Track 1 criterion for
persistence because the half-life value in soil (321 days) exceeds the Track-1 threshold
(182 days). Carbofuran does not meet the Track 1 criterion for bioaccumulation, as its
octanol-water partition coefficient (log Koy, 1.52) is below the Track 1 threshold (log Koy
5.0). Although the Track 1 criterion is met for persistence, the criterion for bioaccumulation
is not met, therefore, carbofuran does not meet all criteria, and is not considered a Track 1
substance.

e (Carbofuran does not form any transformation products that meet the Track 1 criteria.
e There are no Track 1 contaminants in the technical product.

Therefore, the use of carbofuran is not expected to result in the entry of Track 1 substances into
the environment.
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6.2 Formulants and Contaminants of Health or Environmental Concern

During the review process, contaminants in the technical are compared against the list in the
Canada Gazette. The list is used as described in the PMRA Notice of Intent NOI2005-017 and is
based on existing policies and regulations including: DIR99-03; and DIR2006-02%, and taking
into consideration the Ozone-depleting Substance Regulations, 1998, of the Canadian
Environmental Protection Act (substances designated under the Montreal Protocol). The PMRA
has reached the following conclusions:

Technical grade carbofuran does not contain any contaminants of health or environmental
concern identified in the Canada Gazette.

7.0 Summary
7.1 Human Health and Safety

7.1.1 Occupational Risk

Risk estimates associated with applying, mixing and loading activities for certain proposed
agricultural label uses are of concern even when engineering controls or personal protective
equipment are used. Postapplication risks for workers were of concern for certain scenarios;
mitigation measures that would diminish the risk were considered, however, the mitigation
measures calculated to reduce post-application risk may be agronomically unfeasible.

7.1.2 Dietary Risk from Food

e Acute dietary risk from food-only exposure to carbofuran is of concern for all
subpopulations.

e Chronic dietary risk from food-only exposure to carbofuran is not of concern for all
subpopulations.

7.1.3 Dietary Risk from Drinking Water

Since acute dietary exposure exceeds the ARfD for food alone, there is concern about any
additional exposure through drinking water.

7.1.4 Non-Occupational Risk

Given that there are no residential uses of carbofuran, a risk assessment for this scenario was not
conducted.

! NOI2005-01, List of Pest Control Product Formulants and Contaminants of Health or Environmental

Concern under the New Pest Control Products Act.
8 DIR2006-02, PMRA Formulants Policy.
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7.1.5 Aggregate Risk (Food and Water)

An aggregate risk assessment combining exposure from food and drinking water was not
conducted, as exposure from food alone is of concern.

7.2 Environmental Risk

The risk assessment of carbofuran indicates adverse effects on non-target terrestrial invertebrates and vertebrates
and aquatic organisms some of which cannot be mitigated. There is potential that carbofuran may appear in surface
water through runoff and in groundwater through leaching.

7.3 Value

Carbofuran is absorbed by the host plant, providing a systemic mode of action in addition to
contact action. Carbofuran is effective both as a contact insecticide, killing target insects upon
direct contact, and as an insecticide that works as a stomach poison, killing target insects upon
ingestion of plant material containing carbofuran that has been is absorbed and translocated
throughout the entire plant.

For canola, mustard, raspberry, strawberry and sugar beet, as well as the temporary (emergency
uses) for turnip and rutabaga, there are no registered (or viable) alternative active ingredients to
carbofuran for the control of certain pests.

8.0 Proposed Regulatory Action

After a re-evaluation of the insecticide carbofuran, Health Canada’s Pest Management
Regulatory Agency (PMRA), under the authority of the Pest Control Products Act, is proposing
phase out of all products containing carbofuran in Canada based on the risks associated with
human health and the environment (Section 7.0).

8.1 Residue Definition and Maximum Residue Limits
8.1.1 Residue Definition for Risk Assessment and Enforcement

The nature of the carbofuran residue is defined as the sum of carbofuran and 3-
hydroxycarbofuran, expressed as carbofuran. MRLs for residues in or on food commodities are
currently expressed in terms of carbofuran and 3-hydroxycarbofuran expressed as carbofuran
under the Pest Control Products Act. For the estimation of dietary intake, the residue is defined
as the sum of carbofuran, free 3-hydroxycarbofuran and conjugated 3-hydroxycarbofuran,
expressed as carbofuran.
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8.1.2 Maximum Residue Limits for Carbofuran in Food

In general, when the re-evaluation of a pesticide has been completed, the PMRA intends to
update Canadian maximum residue limits and to remove MRLs that are no longer supported. The
PMRA recognizes, however, that interested parties may want to retain an MRL in the absence of
a Canadian registration to allow legal importation of treated commodities into Canada. The
PMRA requires similar chemistry and toxicology data for such import MRLs as those required to
support Canadian food use registrations. In addition, the Agency requires residue data that are
representative of use conditions in exporting countries, in the same manner that representative
residue data are required to support domestic use of the pesticide. These requirements are
necessary so that the PMRA may determine whether the requested MRLs are needed and to
ensure they would not result in unacceptable health risks.

MRLs for pesticides in or on food are established by Health Canada’s PMRA under authority of
the Pest Control Products Act. After the revocation of an MRL or where no specific MRL for a
pest control product has been established, subsection B.15.002(1) of the Food and Drug
Regulations applies. This requires that residues do not exceed 0.1 ppm and has been considered a
general MRL for enforcement purposes. However, changes to the general MRL may be
implemented in the future, as indicated in the Discussion Document DIS2006-01, Revocation of
0.1 ppm as a General Maximum Residue Limit for Food Pesticide Residues [Regulation
B.15.002(1)].

As indicated in Table 8.2, specific MRLs have been established for carbofuran residues in
carrots, onions, peppers, potatoes, rutabagas, turnips and strawberries. Residues in all other
agricultural commodities, including those approved for treatment in Canada but without a
specific MRL, must not exceed the general MRL of 0.1 ppm.

To protect the Canadian food supply and to mitigate dietary risks of concern, it is proposed that
all MRLs for carbofuran be amended or revoked. Notwithstanding the general MRL of 0.1 ppm,
the intent of this action to amend or revoke theses MRLs is to prevent residues of carbofuran in
or on foods. As noted above, changes to regulation B.15.002(1) may be implemented in the
future.

A complete list of MRLs established in Canada can be found on the PMRA’s MRL web page
(www.hc-sc.gc.ca/cps-spe/pest/protect-proteger/food-nourriture/mrl-lmr-eng.php).
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Table 8.2 Carbofuran MRLs in Canada

Commodity Canadian MRL for Carbofuran, ppm
Carrots 0.5
Onions 0.3
Peppers 0.5
Potatoes 0.5
Rutabagas/Turnips 0.5
Strawberries 0.4

8.2 Additional Scientific Information Requested

The PMRA is seeking quantitative and/or qualitative information on the economic and social
importance of carbofuran to specific industries and information on the availability and viability
of alternative chemical and non-chemical pest management practices for the registered site and
pest combinations for carbofuran. This information will allow the PMRA to refine our
understanding of sustainable pest management options for pests currently managed by
carbofuran.
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List of Abbreviations

List of Abbreviations

a.l.
ASAE
bw

°C

cm

d
DTso

DTy

ECso
EDE
EEC
EP
FIR
F/T/P
g

h

ha
K4
kg
Koc
Kow
LCs
LDsq

LOC

MoA
m/sec

ng
mg

mL

nd

nm
NOEC
NOEL
OECD
oC
oM
pH
PMRA

active ingredient

American Society of Agricultural Engineers
body weight

degree(s) Celsius

centimetre(s)

day(s)

dissipation time to 50% (the time required to observe a 50% decline in
concentration)

dissipation time to 90% (the time required to observe a 90% decline in
concentration)

effective concentration on 25% of the population
effective concentration on 50% of the population
estimated daily exposure

estimated environmental exposure concentration
end-use product

food ingestion rate

Canadian Federal, Provincial, and Territorial Committee
gram(s)

hour(s)

hectare(s)

adsorption coefficient

kilogram(s)

organic carbon partition coefficient
octanol-water partition coefficient

lethal concentration on 50% of the population
lethal dose on 50% of the population

litre(s)

Level of Concern

meter

minor use registration

mode of action

metre(s) per second

microgram(s)

milligram(s)

millimetre(s)

millilitre(s)

no detection

nanometre(s)

no observed effect concentration

no observed adverse effect level

Organisation for Economic Co-operation and Development
organic carbon

organic matter

-log10 hydrogen ion concentration

Pest Management Regulatory Agency
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List of Abbreviations

RQ

SU

TGAI

TP
URMULE
USC
TSMP
USEPA
wk

yr

risk quotient

suspension

technical grade active ingredient

transformation product

User Requested Minor Use Label Expansion
Use Site Category

Toxic Substances Management Policy

United States Environmental Protection Agency
week

yes
year
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Appendix |

Appendix I Registered Carbofuran Products as of August 7, 2008’

Insecticide

Registration Marketing Registrant Product Name Formulation Type Guarantee
Number Class
19169 Technical FMC Corporation Carbofuran Technical Solid 95%
10363 Restricted FMC Corporation Furadan 480 Flowable Suspension 480 g/L
Systemic Insecticide
10828 Restricted Bayer CropScience Inc. |Furadan 480 F Systemic Liquid|Suspension 480 g/L

! Excluding discontinued or suspended products, or products with a submission for discontinuation.
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Appendix Il

Appendix III Toxicology Assessment for Carbofuran

Table 1 Toxicity Profile of Technical Carbofuran

NOTE: Depression of PChE is not considered by PMRA to be a toxicologically adverse effect;
it can be viewed as a marker of exposure. Depression of EChE can be viewed as a surrogate for
adverse changes in the peripheral nervous tissue in acute and some short-term studies. In studies
of longer duration, depression of EChE is not considered by PMRA to be a toxicologically
adverse effect.

NOTE: Effects noted below are known or assumed to occur in both sexes unless otherwise
specified.

Study/Species/ Dose Levels/Purity NOAEL Results/Effects
# of animals per of Test Material |(mg/kg bw/day)
group

Metabolism/Toxicokinetic Studies

Absorption, « "“C-carbofuran by |Absorption:

Distribution, gavage Approx. 50% "*C-carbofuran in first 15 min, 65% by 60 min.
Metabolism and
Excretion - mice Distribution:

Distributed to all organs.

Metabolism:

Hydroxylation, to give 3-hydroxycarbofuran, then oxidation resulting in the
formation of 3-ketocarbofuran. Breakage of the carbamate ester linkage
results in liberation of phenolic derivatives and their corresponding
conjugates principally glycosides.

Excretion:
24% in urine, 6% exhaled breath in 60 minutes; 37-67% eliminated in 24
hours.
Absorption, « C-carbofuran by |[Absorption:
Distribution, gavage Rapidly absorbed from GI tract.
Metabolism and
Excretion - rats Distribution:

Highest level in liver.

Metabolism:

Biliary Metabolites: glucuronide conjugates of 3-

hydroxycarbofuran (~60% of biliary '*C)
carbofuranphenol
3-hydroxycarbofuranphenol
3-keto carbofuranphenol

Urinary Metabolites: 3-hydroxycarbofuran
3-ketocarbofuran
carbofuranphenol
3-hydroxycarbofuran phenol
3-keto carbofuranphenol (~51%)
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Study/Species/ Dose Levels/Purity NOAEL Results/Effects
# of animals per of Test Material |(mg/kg bw/day)
group
Excretion:

In bile-duct cannulated animals: eliminated in bile (28.5%),

urine (65.4%), faeces (0.4%) at 48 hours.

In non-bile-duct cannulated animals: eliminated in urine (92%) and feces
(3%) by 120 hours with '“C-ring label, eliminated in expired air (45%), urine
(38%) and feces (<4%) by 32 hours with '*C-carbonyl label

Acute Toxicity Studies

Acute Oral Toxicity -
rats

* 0 - 25 mg/kg bw

*97-99.6%

LDs, = 4.4 - 21 mg/kg bw

Clinical signs include: | EChE, | PChE, | BChE, ataxia, salivation,
lacrimation, exophthalmos, hyperpnea, cyanosis, convulsions, tremors, |
locomotion, lethargy, chromorhinorrhea, chromodacryorrhea.

In studies with both sexes, @ tended to be more sensitive to lethal effects.

High oral toxicity.

Acute Dermal
Toxicity - rats

« 10-5,000 mg/kg bw

* 99.6%

LDs, > 5,000 mg/kg bw (2); 3,094 mg/kg bw (Q)

Low dermal toxicity.

Acute Eye Irritation -
rabbits

* 5 mg/eye

« technical

Behavioural symptoms: hyperactivity, miosis (both eyes).

Minimally irritating.

Dermal Sensitization
- guinea pigs

* 0.25% intradermal
injection and 50%
topical application

Signs of systemic toxicity (apathy, difficulty breathing, tremors, muscle
cramps and stretching of the hind limbs).

(209/group)
*99.6%
Non-sensitizing.
Subchronic Toxicity Studies
14-day Dietary [+ 0, 18, 32, 56, 100 or 2.5 8.0 mg/kg bw/day: | food consumption, | bw (first week of
Toxicity - Beagle 316 ppm treatment);
dogs (=0,0.45,0.8, 1.4,
2.5 or 8 mg/kg 25.0 mg/kg bw/day: | food consumption, | bw; clinical
(1/sex/group) bw/day) signs (muscle tremors, emesis (nonformed), salivation).
* dogs treated at 18 EChE not inhibited at any dose, BChE not measured.
ppm (0.45 mg/kg
bw/day) had their

dose increased to
1,000 ppm (25 mg/kg
bw/day) from D4-14

*96.1 %

Considered supplemental due to limited group size.
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Study/Species/ Dose Levels/Purity NOAEL Results/Effects
# of animals per of Test Material |(mg/kg bw/day)
group
4-week Dietary *0or5ppm(=0or | LOAEL =0.22 |0.22 mg/kg bw/day: clinical signs (vomiting, mucus in
Toxicity - Beagle | 0.22 mg/kg bw/day) faeces).
dogs
* 99.6%
(43/group)
13-week Dietary LOAEL =0.43 [>0.43 mg/kg bw/day: hyperaemia, 1 salivation, | PChE and
Toxicity - Beagle |+ 0, 10, 70 or 500/250 | EChE (maximal at day 1);
dogs ppm (= 0,0.43, 3.1
or 22.0/10.6 mg/kg 22.0/10.6 mg/kg bw/day: muscle spasms, | motility,
(4/sex/group and bw/day) tachypnea, deep respiration, vomiting, ataxia (pronounced
2/sex/group for 4- at week 1, sporadic thereafter).
week recovery) | « High-dose reduced
on day 6 due to No effect on BChE. Full recovery of PChE and EChE.
toxicity
* 99.6%
7-day Dermal + 0, 100, 300 or 1,000 LOAEL =100 [>100 mg/kg bw/day: | PChE, | BChE (&).
Toxicity - rabbits mg/kg bw/day, 6
hrs/day
(#/sex/group N/S)
*96.9%
21-day Dermal 0, 10, 100, or 1,000 10 >100 mg/kg bw/day: | BChE (&).
Toxicity - NZW mg/kg bw/day, 6
rabbits hrs/day
(#/sex/group N/S) * 96.9%
Neurotoxicity Studies
Acute Oral * 50 pg/kg bw oral | LOAEL =0.05 || EChE (37% at 15 min. with recovery at 3 hrs.).
Cholinesterase carbonyl-"*C-
Activity - Sprague- carbofuran Eight-hour sample collection indicated that ultimate fate
Dawley rats was 41-47% '“CO,, 14-15% urine, <1% faeces and 30-31%
* Purity N/S carcass.
(&/group N/S)
Cholinesterase *0,0.05,0.25 0or 2.5 | LOAEL = 0.05 |Maternal:
Toxicity (oral by mg/kg bw on >0.05 mg/kg bw/day:| blood ChE, | BChE, | Liver ChE;
gavage) - Pregnant gestation D18

Sprague Dawley rats

(8%/group)

* Sacrifice at 1, 5 and

24 hrs

* 99%

2.5 mg/kg bw/day: tremors, salivation, miosis, dyspnea,

piloerection within 5 min., high mortality.

Offspring:
>0.05 mg/kg bw/day: | blood ChE;

>0.25 mg/kg bw/day: | Liver ChE;

2.5 mg/kg bw/day: | BChE.

Most pronounced effects noted at 1 hour post-dosing.
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Study/Species/ Dose Levels/Purity NOAEL Results/Effects
# of animals per of Test Material |(mg/kg bw/day)
group
Study considered supplemental.
28-day dietary 0, 50, 200, 500, 2.5 2.5 mg/kg bw/day: marginal | bw gain (3);
Neurotoxicity range- [ 1,000, 3,000 or 6,000
finding study - ppm (= 0,2.5, 10, > 10 mg/kg bw/day: exophthalmia; | bw gain (3); splayed
Sprague-Dawley CD | 25,50, 150 or 300 hindlimbs, marginal | bw gain (?);
rats mg/kg bw/day)
> 25 mg/kg bw/day: tremors, | locomotion, dehydration,
(5/sex/group) * 98.6% lacrimation, staggered gait, unthriftiness; | bw gain (9);
> 150 mg/kg bw/day: loss of muscle control, ataxia;
300 mg/kg bw/day: mortalities (2 ).
90-Day Subchronic |0, 50, 500 or 1,000 | LOAEL =2.4 [>2.4/3.1 mg/kg bw/day: | bw gain (J);
Neurotoxicity, ppm in diet (= 0,
Sprague-Dawley rats | 2.4/3.1, 27.3/35.3 or >27.3/35.3 mg/kg bw/day: gait impairment (staggered gait,
55.3/64.4 mg/kg splayed hindlimbs, ataxia, exaggerated hindlimb flexion), |
(10/sex/group) bw/day (3/9)) hindlimb grip strength; exophthalmos (%);
« FOB at 4", 8" and 55.3/64.4 mg/kg bw/day: | food consumption, 1 number of
13™ week of urine pools, exophthalmos; | motor activity, | bw gain ().
treatment
*99.5%
Developmental 0,20, 75 0r 300 1.7 Maternal:
Neurotoxicity - |ppm in diet (=0, 1.7, >5 mg/kg bw/day: | food consumption; | bw gain.
Crl:CD BR rats 5 or 20 mg/kg
bw/day), gestation Offspring:
(249 /group) D6 - lactation D10 >5 mg/kg bw/day: | survival (lactation days 0-4), | bw
gain, developmental delays of 3 to 4 days in vaginal
*99.1% patency & preputial separation, brain wt decreased and
auditory startle parameters affected at day 30 but not day
60, marginal delays in pinna detachment, lower incisor
eruption and eye opening;
20 mg/kg bw/day: learning acquisition slowed; | short and
long-term memory performance but no effect on
learning/memory by day 60 (J3).
Chronic Toxicity/Oncogenicity Studies
1-Year Dietary + 0, 10, 20 or 500 0.27/0.2 >0.54/0.4 mg/kg bw/day: | PChE; one & with testicular

Toxicity - Beagle
dogs

(6/sex/group)

ppm (=0, 0.27/0.2,
0.54/0.4 or 13.5/12.0
mg/kg bw/day (3/9))

* High-dose animals
were fed a
supplemented control
diet from the fifth
month

degeneration of seminiferous tubules, giant cell formation,
aspermia, | testes weight;

13.5/12.0 mg/kg bw/day: weight loss, tremors, salivation,

vomiting, loss of body fat, | RBC, | Hct, | Hgb,
inflammatory changes in lung; one mortality, testicular
degeneration of seminiferous tubules, giant cell formation,
aspermia, | testes weight (&); uterine hyperplasia and
hydrometra (%).

Proposed Re-evaluation Decision — PRVD2009-11
Page 52




Appendix Il

Study/Species/ Dose Levels/Purity NOAEL Results/Effects
# of animals per of Test Material |(mg/kg bw/day)
group
*96.1 %
2-year Dietary * 0, 20, 125 or 500 2.8 >18 mg/kg bw/day: | BChE;
Toxicity and ppm (=0, 2.8, 18 or
Carcinogenicity - 70 mg/kg bw/day) 70 mg/kg bw/day: |bw gain, | food consumption.
CD-1 mice
* 95.6%
(100/sex/group
includes 10/sex/group
sacrificed at 6, 12 and
18 months) No evidence of carcinogenicity.
2-year Dietary *0, 10,20 or 100 1.0 5.0 mg/kg bw/day: | BChE, | PChE, | EChE, | bw gain.

Toxicity and
Carcinogenicity - CD
rats

(90/sex/group
includes 10/sex/group
sacrificed at 6, 12 and|

ppm (= 0,0.5, 1.0 or
5.0 mg/kg bw/day)

* 95.6%

18 months) No evidence of carcinogenicity.
Developmental/Reproductive Toxicity Studies
Developmental |+ 0,0.1, 1,5, 10 or 20 Maternal/ Maternal:
Toxicity (oral by |mg/kg bw/day on D6-|Developmental =>10 mg/kg bw/day: mortality.
gavage) - CD-1 mice 16 5.0
Developmental:
(10-12 Q/group) * Purity N/S >10 mg/kg bw/day: 1 fetal mortality, | fetal bw; shift in rib
profile (| incidence of 13 ribs, 1 incidence of 14 ribs).
No evidence of teratogenicity.
Considered supplemental due to limited group size.
Developmental *0,0.05,0.1,0.5, Maternal/ Maternal:
Toxicity (oral by |1.0, 3.0 or 5.0 mg/kg [Developmental =>1.0 mg/kg bw/day: mortality, | number of implantation
gavage) - CD rats bw/day on D7-19 0.5 sites.
(10-12 Q/group) * Purity N/S Developmental:
>1.0 mg/kg bw/day: mortality, | live fetuses.
No evidence of teratogenicity.
Considered supplemental due to limited group size.
Teratogenicity Study| ¢ 0, 0.1,0.3, or 1.0 Maternal
(oral by gavage) - |[mg/kg bw/day on D6-| LOAEL =0.1 |Maternal:
rats 15 >0.1 mg/kg bw/day: transient, dose-dependent clinical signs
Developmental |(chewing motions);
(249/group) *95.6 % NOAEL = 1.0

>0.3 mg/kg bw/day: rough coats, lethargy;

1.0 mg/kg bw/day: lacrimation, salivation, trembling,
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Study/Species/ Dose Levels/Purity NOAEL Results/Effects
# of animals per of Test Material |(mg/kg bw/day)
group
convulsions, chewing motions, tremors, rough coat,
lethargy; 1 mortality (9).
Developmental:
No effects.
No evidence of teratogenicity.
Teratology Study | *0,0.25,0.50r 1.2 1.2 [No effects.
(oral by gavage) - [mg/kg bw/day on D6-
rats 15
(25%/group) *95.6 % No evidence of teratogenicity.
Teratology Pilot | <0, 20, 60, 120, 160 | Maternal = 1.5 [Maternal:
Study (dietary) - rats or 200 ppm >1.5 mg/kg bw/day: hair loss;
(=0,1.5,4,8,11.0 or
(109/group) 13.0 mg/kg bw/day) >4 mg/kg bw/day: soft stools, scabbing, | bw gain, matting
on D6-19 of hair coat, | food consumption;
*95.6 % >8 mg/kg bw/day: dried red matter in the nasal region.
Developmental:
INo effects on limited parameters examined.
Considered supplemental based on limited group size
and limited developmental parameters examined.
Teratology Study 0, 20, 60 or 160 Maternal Maternal:
(dietary) - rats ppm (=0, 1.5,4.4 or| NOAEL = 1.5 [>4.4 mg/kg bw/day: | bw gain, | food consumption,
11.0 mg/kg bw/day) anorexia, clinical signs (matting, soft stools).
(409/group) D 6-19 with study Offspring
continuing through |toxicity NOAEL [Offspring:
lactation =44 11.0 mg/kg bw/day: | bw gain, 1 incidence of 14"
rudimentary ribs.
*95.6%
Teratology Study *0,0.2,0.60r2.0 Maternal
(oral by gavage) - [mg/kg bw/day on D6-| LOAEL =0.2 [Maternal:
NZW rabbits 18 >0.2 mg/kg bw/day: mortality;
Developmental
(17Q/group) * 95.6% NOAEL =2.0 2.0 mg/kg bw/day: signs of toxicity (trembling, loss of
muscle control, salivation, sneezing, chewing motions), |
food consumption, | water intake.
Developmental:
No effects.
No evidence of teratogenicity.
Teratology Study | *0,0.12,0.5 or 2.0 Maternal = |Maternal:
(oral by gavage) - |mg/kg bw/day D6-18 0.5 2.0 mg/kg bw/day: 1 mortality, | bw gain.
NZW rabbits
* 95.6% Developmental =|Developmental:
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Study/Species/ Dose Levels/Purity NOAEL Results/Effects
# of animals per of Test Material |(mg/kg bw/day)
group
(20Q/group) 2.0 No effects.
No evidence of teratogenicity.
Reproduction Study (¢ 0, 20 or 100 ppm (= Parental, Parental:
(dietary) - rats 0,1.2/1.9 or 6.0/9.7 | Offspring = [6.0/9.7 mg/kg bw/day: | bw gain, | food consumption.
3/9 mg/kg bw/day) 1.2/1.9
(108/20%/group F, Reproductive:
Fy; 128/249/group * 95.6% Reproductive = |No effects.
F,) 6.0/9.7
Offspring:
(3-generation) 6.0/9.7 mg/kg bw/day: dehydration (F3,,F3p), | pup survival
by day 4 (Fi,, Fa,, F3a), | bw gain.

Special Study (oral | +0,0.1,0.2,0.4 or 0.1 >0.2 mg/kg bw/day: | bw gain; | wt of seminal vesicles,
by gavage) - 0.8 mg/kg bw/day, 5 epididymides, ventral prostate, coagulating glands, | sperm
Druckrey rats days/week for 60 motility, | sperm counts, T numbers of bent or curved

days sperm necks & tails, testicular enzyme levels altered (|
(108/group) glucose-6-phosphate dehydrogenase & sorbitol
*97.2% dehydrogenase, 1 y-glutamyl transpeptidase & lactate
dehydrogenase), moderate edema & congestion among
seminiferous tubules, moderate vacuolization of Sertoli &
germinal cells;
>0.4 mg/kg bw/day: tubular atrophy, disturbed
spermatogenesis, atrophy of affected cell types;
0.8 mg/kg bw/day: 7/10 mortalities, survivors showed
lethargy and imbalance.
Considered supplemental.
Reproduction Study | * 0 or 0.4 mg/kg 0.2 Offspring:
(oral by gavage) - bw/day (6/group 0.4 mg/kg bw/day (gestation and lactation group pups): |
Druckrey rats dosed throughout sorbitol dehydrogenase, 1 lactate dehydrogenase, 1 y-
pregnancy) glutamyl transpeptidase, | sperm motility, | sperm count, 1
(109/group) sperm abnormalities, atrophied seminiferous tubules,
*0,0.2 or 0.4 mg/kg degenerative changes to Sertoli cells.
bw/day (4/group
dosed during Histopathology after in utero exposure: individual

lactation D0O-D21)

*97.2%

seminiferous tubules lacked spermatogenic activity and
sertoli cells frequently degenerated.

Considered supplemental.

Effects on sperm
quality and amount off
ejaculate - rabbits

(208 /group)

* 1/100 or 1/10 of
LD50 (unspecified
doses)

* Purity N/S

Overall | bw, | amount of sperm, 1 abnormal sperm.

Considered supplemental due to lack of study details.

Proposed Re-evaluation Decision — PRVD2009-11
Page 55




Appendix Il

Study/Species/ Dose Levels/Purity NOAEL Results/Effects
# of animals per of Test Material |(mg/kg bw/day)
group

Genotoxicity Studies

Ames Test - In vitro
Reverse mutation

* Salmonella
typhimurium TA
1535, 1537, 1538, 98,

* up to 10,000

ug/plate (+
activation)

* 80-99%

10 of 13 tests displayed a marginal response in TA1535 without activation. 1

of 13 tests displayed a positive response in TA98 and TA1538 with and
without activation.

100
Weak Positive.
Gene Mutations * up to 5 mg/disc
* E. coli W3110, * Purity N/S
B. subtillis H17, M45
[Negative.
Drosophila Sex- e up to 10 ppm
linked Recessive (feeding solution)
Lethal Mutation
* 97.6-98% [Negative in 3 tests.
Mitotic * up to 50 mg/ml (=
recombination activation)
* S. cerevisiae * Purity N/S [Negative in 2 tests.

Mouse Lymphoma
Mutagenesis Assay

sup to 316 pg/ml

without activation; up

to 1,780 pg/ml with
activation

* technical

Increased mutation frequency in 2 tests only at levels that were cytotoxic.

Positive.

In vitro Chromosome
Aberration Assay,
CHO cells

*up to 1,000 pg/ml

without activation; up

to 2,500 pg/ml with
activation

* 96-98%

(Negative in 2 tests.

In vitro Sister
Chromatid Exchange,
CHO cells

* up to 200 pg/ml

without activation; up

to 2,500 pg/ml with
activation

* 96-98%

[Negative in 2 tests.

Unscheduled DNA
Synthesis, rat

*up to 100 pg/ml

* 97.6%

hepatocytes

[Negative.
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Study/Species/ Dose Levels/Purity NOAEL Results/Effects
# of animals per of Test Material |(mg/kg bw/day)
group
Unscheduled DNA | ¢ up to 1,000 pg/ml
Synthesis, human
fibroblasts, W138 * Purity N/S
[Negative.
In vivo Chromosomal| * 1.9 - 5.7 mg/kg bw
Aberrations - mice | single dose, or 1.9
mg/kg bw/day for 4
days
* 97.20% Positive.
In vivo Micronucleus [* 5.7 mg/kg bw single
Assay - mice dose or 1.9 mg/kg
bw/day for 4 days
Positive.
*97.20%
In vivo Cytogenetics | *up to 10 mg/kg
Assay - Sprague bw/day
Dawley rats
* 96-98% [Negative in 2 tests.

Other Toxicity Studi

es (considered supplemental)

Effects on enzymes
and other
biochemical
parameters - rats

* 5/sex of adult or
juvenile rats
sacrificed for

measurement of

Maximum | EChE: 30 min. after acute poisoning in both

sexes in adults and juveniles.

Maximum | BChE: 60 min. after acute poisoning in both
sexes in adults and juveniles.

BChE and EChE for
(5/sex/group) baseline Recovery was almost complete after 4 hrs, complete
recovery at 24 hrs.
* 8/sex of adult and
juvenile rats treated
to acute dose of
carbofuran
* Purity not stated
Temporal Effect of |+ 0 or 1.3 mg/kg/day 20 days: bw (not statistically significant), duration of

Carbofuran in the
Interruption of
Estrous Cycle and
Follicular Toxicity -
Swiss albino mice

(10 Q/group)

by gavage (in olive
oil) for 5, 10, 20 and
30 days, respectively

* 98%

proestrus, estrus & metestrus with an in the diestrus phase
(all not statistically significant), in the number of healthy
follicles & an in the atretic follicles when compared to
controls;

30 days: significantly | bw, significantly | relative ovarian
wt, significant | in the number of estrous cycle & duration
of proestrus, estrus & metestrus, significant | in the number
of healthy follicles, significant 1 in the atretic follicles when
compared to controls, the presence of few developing
follicles, few small corpora lutea & many atretic follicles.

Reproductive *0,04,0.7,10r1.3 1.0 mg/kg/day: bwg (not statistically significant), relative
Toxicity of mg/kg/day by gavage ovarian wt (not statistically significant), a significant in the
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Study/Species/
# of animals per

group

Dose Levels/Purity
of Test Material

NOAEL
(mg/kg bw/day)

Results/Effects

Carbofuran: Effects
on Estrous Cycle and
Follicles - Swiss
albino mice

(10 Q/group)

(in olive oil) for 30
days, respectively

* Purity N/S

number of estrous cycles & duration of proestrus, estrus &
metestrus, significant in the duration of diestrus phase, an in
the diestrus index, a significant in the number of healthy
follicles with a significant in the number of atretic follicles,
fewer developing follicles, less number of corpora lutea &
many atretic follicles and the size of the ovaries was also
reduced when compared to controls.

1.3 mg/kg/day: significantly | bwg, significantly | relative
ovarian wt, 1 relative thyroid weight (not statistically
significant).

*The intoxicated mice were depressed and showed less
running activity immediately after administration of

Hazardous effects of
Carbofuran on
pregnancy outcome -
Wistar rats

(6 Q/group)

*0,0.2,0.4 0r 0.8
mg/kg/day by gavage
(in corn oil) on
gestation days 1-5

* Purity not stated

0.2 mg/kg/day: significantly water intake, significant RBC
& WBC, overt signs of cholinergic toxicity (salivation,
lachrymation, constriction of pupils, convulsions,
production of loose stools & frequent urination) lasting 7-8
hrs, mild to moderate piloerection (lasting 6-8 hrs),
lethargy, impairment in general locomotor activity (5 days
following administration), significant number of head dips,
significant incidence of bradycardia (day 5), significantly
number of rears, significantly cranial length of pups (5 days
after birth);

>0.4 mg/kg/day: significantly | bwg (days 5 & 14 of
pregnancy), significantly | fc (day 5), | number of head
dips (not statistically significant), significantly | number of
uterine implants, implantation index, live birth index, fetal
survival ratio, time taken for the appearance of fur in pups,
time taken for opening of eyes in pups, significantly
increased pre-implantation losses, gestation length, body
length of pups, gain in body weight of pups;

0.8 mg/kg/day: significantly T MCH, 100% inhibition in
several reproductive parameters (quantal pregnancy,
number of uterine implants, implantation index, gestation
index and pre-implantation index) therefore the other
investigated reproductive parameters could not be
examined.

Effects of mid-term
exposure to
carbofuran on
pregnancy outcome -
Wistar rats

(6 @/group)

*0,0.2,0.4 0r 0.8
mg/kg/day by gavage
(in corn oil) on
gestation days 8-12

* Purity not stated

0.2 mg/kg/day: overt signs of marked cholinergic toxicity
(excess salivation, lachrymation, pupil constriction,
production of soft feces, almost colourless urine) and mild
to moderate adrenergic toxicity (piloerection without
expothalmia) lasting 6-8 hrs, inhibited general locomotor
ability, significantly number of implants, diameter of
embryos, cranio-cervical diameter of embryos & weight of

pups;

>0.4 mg/kg/day: significantly inhibited number of rears,

locomotor activity & number of head dips, significant 1 in
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Study/Species/ Dose Levels/Purity NOAEL Results/Effects
# of animals per of Test Material |(mg/kg bw/day)
group
post-implantation loss, gestation period & the time taken
for fur to appear in pups, | number of implants (not
statistically significant), significant | in the cranio-cervical
diameter of embryos, number of viable implants, litter
index, fetal survival ratio, cranial length & cervico-sacral
length;
0.8 mg/kg/day: significantly | WBC counts, inhibited
number of rears & locomotor activity (both not statistically
significant), 1 in post-implantation loss (not statistically
significant), significantly | number of head dips, | fetal
survival ratio, cranio-cervical diameter of embryos, litter
index & number of viable implants (all not statistically
significant), significantly 1 time taken by pups to open their
eyes.
Metabolite Toxicity Studies
Acute Oral Toxicity -| * 98% (7-phenol) LDs, = 2,450/1,743 (3/9) mg/kg bw
rats
Slight toxicity.
Acute Oral Toxicity - * 98% (3- LDs, = 108/93.1 (3/2) mg/kg bw
rats ketocarbofuran)
High toxicity.
Acute Oral Toxicity -|* 98% (3-hydroxy-7- LDso = 1,916/1,654 (3/9) mg/kg bw
rats phenol)
Slight toxicity.
Acute Oral Toxicity -| < 98% (3-keto-7- LDs, > 800 mg/kg bw
rats phenol)
Acute Oral Toxicity - * 98% (3- LDs,=21.9/8.3 (4/9) mg/kg bw
rats hydroxycarbofuran)
High toxicity.
90-Day Dietary + 0, 1,000 or 3,000 125 mg/kg bw/day: | BUN; | urine volume, 1 specific
Toxicity Study - | ppm (0, 40.5 or 125 40.5 gravity (&); | absolute kidney wt, | RBC ().

Charles River CD
rats

(25/sex/group)

mg/kg bw/day)

* Purity N/S
3-hydroxy-7-phenol
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Table 2 Toxicology Endpoints for Use in Health Risk Assessment for Carbofuran
EXPOSURE ENDPOINT STUDY DOSE (mg/kg CAF or MOE?
SCENARIO bw/day)

Acute Dietary Cholinesterase 2 Acute oral rat 0.05 300
inhibition cholinesterase
activity studies
ARD = 0.0002 mg/kg bw
Chronic Dietary Cholinesterase 2 Acute oral rat 0.05 300
inhibition cholinesterase
activity studies
ADI = 0.0002 mg/kg bw/day
Short- and Cholinesterase 21-day dermal 10 100
Intermediate-term” | inhibition rabbit toxicity
Dermal
Short- and Cholinesterase 2 Acute oral rat 0.05 300
Intermediate-term” | inhibition cholinesterase
Inhalation® activity studies

* CAF (composite assessment factor) refers to total of uncertainty and PCPA factors for dietary assessments, MOE
refers to the target margin of exposure for occupational or residential assessments
® Relevant for all durations of exposure
¢ Since an oral NOAEL was selected, an inhalation absorption factor of 100% (default value) should be used in
route-to-route extrapolation

Proposed Re-evaluation Decision — PRVD2009-11

Page 60



19 abed

1 1-6002AAYd — UoISaQ uolen|ers-ay pasodold

"SIOPRO/IOXIIN AQ pasn s1oje1rdsar 10y 1039.] Uon010Id 2,06 & sopn[oul imq 33 ()£/(91el X pajean; eale X aInsodxa jiun) = Aep/3y/3H aisodxa uoneeyul oIy 5

"Mq Sy 0L/(d1el X pajean eare x amsodxa yun)= Aep/33/8ri omsodxa [euriop a1YM
"S[Tejop 10 /'€ UON0eg 208 Indur 1opjoyayels pue suondumsse ynejop uo paseq

“(ey/ T 5) 218300 Jod JUSIPAITUT OATIOR JO SWIBIS U SJE [9qe] PAISI] WNWIXEIA |,
‘uonesr[dde wooqpunoid rowiey = (§) woogpunois ‘uonedrdde woogpunois woysno = (9) WooqPUNOIS ‘UOHER[NULIO, = WO 10jed[ddy =V {IOpeo/IdXIA = T/ ‘uoisuadsng = NS ,
's9A0[3 ou ‘(syued Fuo] pue 1Iys PaA[s Suo]) 19Ae] 9[3uls  :103ed1]ddy [eLdY ‘(S9A0[S ou) 12AL] 9[3UIS B IOAO S[[BIOAOD JUBISISAI [ROTWUAYD [IIM
qeo paso[od y :10jedrjddy wooqpunoir) “10je1dsal 9[qeIns B PUB SOAO[S JUB)ISISAI [BOTWAYD )M IOAR] O[SUIS B IOAO S[[BIOAOD JUBISISAI [BOTWAYD M WA)SAS Suipeo] pue Surxiu uado Uy :I9peoT/I9XIA,

8T0 S0l 8¢1 8¥°0 8¢TL 09 05T wooqpunois ns dium ‘eSeqeint

LT Ty 08S 110 €TLI 0¢ () woogpunoid

0 991 81T 0€0 96'St 08 0021 (o) wooqpunor3 ns Auagmens

LT'T 424 08S 110 €TLI 0¢ () wooqpunoI3

770 991 81¢ 0€0 965t 08 00CI (0) wooqpunoid ns Anoqdser

9T'1 Ly 079 110 €191 0¢ () woogpunoid

8€'0 Wl 981 SE0 LL'€ES 001 €Tll (o) wooqpunor3 ns 100q IeSns

00'T LLE S €10 TT0T 08 8TS wooqpunoIs ns ojejod

L9T 001 61¢€1 S0°0 8S°L 0¢ () woogqpunoi3

001 LLE S6¥ €10 70T 08 8¢S (0) woogpunois ns Toddod uoais

0T’€ S0zl €861 ¥0°0 €9 001 () woogpunoi3

L0’ 0% 8TS Tro 9681 00€ (0) woogpunois

LST LY6 TLET S0°0 6TL V - [eLoE

901 vy 95t 7o v6'1C 00t (43 T/ - [eLoe ns pIe)snu

001 LLE S6v €10 70T 08 () woogpunoi3

LSO SIT €8T €20 6€°S¢ orl (0) wooqpunos3

¥9°0 LET € 120 SI'6T V - [eLoE

970 01 vl 870 LL'L8 00t 8¢ T/ - [eLIoe ns (100ms “oFeIs
‘pIey) u10o

0T'€ S0T1 €851 700 €9 001 () wooqpunoI3

LO'T 0¥ 8¢ Tro 96'81 00€ el (o) woogpunoid ns Tomopyuns

0T’€ 0Tl €81 700 €9 001 () woogpunoid

LO'T 0¥ 8T Tro 96'81 00€ (0) woogpunoss

LST L¥6 TLET S0°0 6T'L V - [euoe

90'1 vy 9% Tro Y61 00% 43 T/ - [eioe ns (paosader) ejoueo

, uonereyuy o leunq 5 uoneeyuy , e
¢ S92IpUL (Kep/B3/811) (ey) , Lep (ey/1e 5) ,Judwdinby
STy 9383133y dansodx7 Jo Surd.aIey aansodxy Areq 13d pajeany eaay » S9ey uonednddy uonedddy o W0 doa)
. judwdmby u01I3)01J [BUOSIdJ WNWIXBIA YIM SHOJA PUt s9jewinsd dansodxd v/ /A 1 9IqeL

JUWISSISSY sy uonedddy-)sod pue 10)edddy/13peo /IXIA [BIMNILISY A XIpudddy

Al Xipuaddy




29 abed

1 1-6002AAYd — UoISaQ uolen|ers-ay pasodold

‘uoneordde [euly oy SuLMO[[0F 30 d1e STHY [IV "S[2qe] JudLmd Jod se sKep g Jo [y wnuiuiu ay3 10 00 [< HOIN Ue Ul S}[nsax dInsodxa [euiidp ) yarym je Ae(

"001 JO O 10818}

Q1) 109W 0} PA[Iey 1By} STOJA PAIBINO[D 9SOY) dJLIIPUI S[[0d PIPEYS "00[ JO HOIN 19518} [euiop & pue Kep/Sy/Suw (0 JO THVON [PULIOP ULIS) 9JBIPAULIDIUT PUE 1IOYS AU} U0 paseg "Aep [ POPUSLIIOI oY) U0 FOIA Sunnsar oy ;

"SI 0L /1 § X DL X YAd = 2msodxa [eunsa(y

‘TAY pasodoxd ot 10 PAUTUIINAP ST OO T< FOIN Ue Uaym Aep o1 ST X 019yM ‘uonedrdde 1oyye sKep x je (G"¢ uonooag 29s) ejep YIJ Uo paseq s1 YAd ,

*(seSeqeina oenyeAd 03 pasn da1om s) I diuny pue s1oddod uoai3 ajenjead o) pasn azom s Joddad [[oq prejsnw 9)en[eAd 0) Pasn dIom SD ], BOUBD :SMO[[0]
s pasn a19m DL, d1e301ng “(Bp00T ‘VIINd) JO19y) sjuswpuawe Aue pue (00T ‘L ISNSNY - PISIATY) JUSWNOOP JUSIDYJI0)) JoJsueL ], [eInnoLISy 2Insodxd 10} [10UN0)) AI0SIAPY 90USIOS Y} WO AIE SJUSIOLF0D JYSURI] ,

*01e)09Y/ 18 swelS ur passardxo sajel [9qe| Pa)SI] WNWIXEA] ,

"payg1oads jou sea [eAsdul U d1oyM suonedrdde S0y} J0§ JUIWSSISSE YSLI Y Ul pauunsse sem suonedrjdde usamiaq sAep UIAIS JO [EAIJUL WNUIUIW Y o

1894 10d suoneordde jo oqunu pajsi| s[oqe| AL ,

S 86 ¥0°201 86'C 00€ Suruuryy ‘Surpsom puey ‘Sunnoos ‘uonegrLur
94 L6 8¢€°€01 9€°0 00sT SunsoArey puey | 07$T (114 € e3eqeint
S 86 $0°201 86'C 00¢€ Suruury) ‘Surpaom puey] ‘Sunnooss ‘uoneI L
94 L6 8€°¢€01 9¢€°0 00ST Sunsoarey puey | 076T e/u ! drum
€ STl 86°6L SL'T 00 Suryornw ‘Surpoom puey ‘Sunnods ‘uonesLuL
4! 901 [AR7) 9] 00ST Zururen ‘Surunud ‘Furgourd | 001 e/u I Kogmens
€ 001 8666 SL'1 00S uone3LUI ‘Furpoam puey ‘Furnods
4! 901 TI'v6 S50 00S1 Suruury) ‘Suiky ‘Sururen ‘Surunud puey ‘Sunsoarey puey | 0071 '/u I Kiraqdser
4 181 08°0C 40! 001 Suruury) ‘Surpeom puey
€l 201 68°L6 LSO 00ST Sunno ‘vonedu | €71[ ’/u I 109q 1e3ns
C 1€C Seey 9T'1 00¢ Surpoom puey
ol LOT 1€°¢6 $5°0 00S1 Sunnoos ‘uonesuIr | 8zs al 4 oyerod
[4 0l Pre8 'l 00S Surpaom puey ‘Suruuryy
¥ 901 916 81'1 00L Sunnoos ‘uonedLul
L 101 ¥$°86 98°0 0001 Su1ky ‘Suryeys ‘Sunsaarey puey | 87¢ L ¢ 1oddad uooi3
[4 €LT 99°9¢ 170 00ST 3unnoos ‘uoneduar | 7¢| e/u I paejsnu
9 So1 1876 €8°0 0001 Surpsem puey ‘Sunnoos ‘uonesLLL (199ms “a3e[is ‘PoY)
[43 96 €1'v01 S0°0 000L1 Suijossejop puey ‘Funsoarey puey | 8¢ ql C 0o
C LLT €1'9¢ €0 0001 Sunnoos | z¢l al Z Iamo[yuns
(4 €LT 99°9¢ 170 00ST Sunnoods ‘uonedum | e[ '/u I (e[oueo) passader
(sAep) Jquiny
(skep) (Kep/mq B>/3) jick: B 1 (ag/ o) p— [EAIUL v
LTI 3 A0 ; damsodxy (o /3rl) » JUIDLFI0) fuanoy . doxp
[eurpq » dd4d Jojsuely J1ed X 19d suonedddy
ST pPue SHOIN ‘sarewnsy dinsodxy uonedddy-jsoq 79Iq.L

] 30 108163 Y 190U J0U OP Jeuy} STYV PaFR[NO[LD jroIpul S[[90 PaPeyS “((HOJA Uonereyur 19812 L /AOIN uone[eyul)/1)+((FOW [puua( 395121 /HOI [2w_Q)/1)) / T = Xopu] sty 2jesa188y
"00€ JO HOIN Uuone[eyuI 30318} B pue ABp/mq S¥/Sw §0°0 JO THVO'T [BI0 UB UO Paseq
001 JO FO [ewuiap 1951} & pue Kep/mq Sy/8W 0 o TAVON [BULISP © U paseg

Al Xipuaddy




Appendix V

Appendix V Dietary Exposure and Risk Estimates for Carbofuran

Table 1 Dietary Exposure and Risk Estimates for Carbofuran
Acute Dietary Exposure Risk Chronic Dietary Exposure Risk
Population Subgroup Exposure , Exposure’ o
(mg/kg bw) "0 ARfD %o ADI
99.9" Percentile (mg/kg bw/day)
With Emergency Uses (rutabaga & turnip)
General Population 0.001158 579 0.000027 14
All Infants (< 1 year old) 0.000695 347 0.000022 11
Children 1-2 years old 0.003002 1501 0.000070 35
Children 3-5 years old 0.002409 1204 0.000060 30
Children 6-12 years old 0.001096 548 0.000038 19
Youth 13-19 years old 0.000622 311 0.000025 12
Adults 20-49 years old 0.000974 487 0.000021 11
Adults 50+ years old 0.001387 694 0.000022 11
Females 13-49 years old 0.000861 431 0.000020 10
Without Emergency Uses (rutabaga & turnip)
General Population 0.000359 180 0.000023 12
All Infants (< 1 year old) 0.000269 134 0.000022 11
Children 1-2 years old 0.000721 360 0.000064 32
Children 3-5 years old 0.000631 316 0.000056 28
Children 6-12 years old 0.000423 211 0.000037 18
Youth 13-19 years old 0.000291 146 0.000024 12
Adults 20-49 years old 0.000260 130 0.000019 9
Adults 50+ years old 0.000215 108 0.000015 g
Females 13-49 years old 0.000250 125 0.000018 9

'Acute Reference Dose (ARfD) of 0.0002 mg/ kg bw for all populations
*Acceptable Daily Intake (ADI) of 0.0002 mg/ kg bw/day for all populations
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Appendix VI Food Residue Chemistry Summary

The PMRA based their review of the food residue chemistry on the Joint FAO/WHO Meetings
on Pesticide Residues (JMPR) and USEPA evaluations as presented in the following documents:

e Joint FAO/WHO Meetings on Pesticide Residues (JMPR). Pesticide residues in food — 1997.

e Joint FAO/WHO Meetings on Pesticide Residues (JMPR). Pesticide residues in food — 2002.

e Joint FAO/WHO Meetings on Pesticide Residues (JMPR). Data Sheet on Pesticides No. 56.

e USEPA Revised Carbofuran Acute Probabilistic and Chronic Dietary Exposure Assessments
for the Reregistration Eligibility Decision 2005.

The nature of the carbofuran residue in livestock and plant commodities is adequately
understood based on submitted metabolism studies in rats, laying hens, lactating goats, potatoes,
soya beans and corn (field corn). The nature of the carbofuran residue is defined as the sum of
carbofuran and 3-hydroxycarbofuran, expressed as carbofuran.

The commonly used high pressure liquid chromatography (HPLC) method for monitoring and
supervised trials involves solvent extraction of the homogenized sample, purification on a solid-
phase extraction column, and determination on a reverse-phase column. A post-column reactor
converts the eluted methylcarbamates to an indole, which is measured fluorimetrically. The
method has a demonstrated limit of quantification (LOQ) of 0.05 mg/kg for carbofuran and
3-hydroxycarbofuran. The LOQ in milk is 0.025 mg/kg. A variation of the method involves
initial hydrolysis of the homogenized sample with 0.25 N HCIl to release any conjugates.

Several gas liquid chromatography (GLC) methods exist for the determination of the carbamate
metabolites. A macerated sample is refluxed with 0.25 N HCI, partitioned into methylene
chloride, and purified on a Florisil column. A methyl silicone capillary column with a nitrogen-
phosphorus or mass spectrometric detector are used. The method may be modified by ethylating
the 3-hydroxycarbofuran. Limits of determination of 0.05 to 0.10 mg/kg were demonstrated.

A Multiresidue Method is published in the US Food and Drug Administration (FDA) Pesticide
Analytical Manual (PAM) for determining total residues of carbofuran in food for enforcement
purposes. The 10/00 FDA PESTDATA database (PAM Volume 1, Appendix I) indicates that
carbofuran and 3-hydroxy carbofuran are completely recovered (>80%) by Multiresidue
Methods Section 302 (Luke Method; Protocol D) and Section 401, respectively.

The Multi-Residue Method used by the Canadian Food Inspection Agency for monitoring
purposes (PMR-0010-V1.3) defines an LOQ for carbofuran and 3-hydroxycarbofuran in fruits
and vegetables. At a spiking level of 0.010 ppm in apples, for carbofuran, the recovery is 94%,
with an LOD of 0.0021 ppm and an LOQ of 0.0072 ppm. For 3-hydroxycarbofuran, the recovery
is 89%, with an LOD of 0.0106 ppm and an LOQ of 0.0352 ppm.

Processing Studies Reviewed by USEPA:

A sugarcane processing study (USEPA: MRID 43907801, 1992) indicated that total residues of
carbofuran do not concentrate, but are reduced, in sugar or molasses processed from sugarcane
bearing detectable residues of carbofuran and/or its 3-hydroxy metabolite. A processing factor of

Proposed Re-evaluation Decision — PRVD2009-11
Page 65



Appendix VI

0.2X for sugar and molasses was used in the DEEM-FCID™ analyses. Also, coffee processing
data (USEPA: D233094, 1997) indicated that individual residues of carbofuran metabolites of
concern do not concentrate, but are reduced, in ground roast and instant coffee processed from
green coffee beans. Accordingly, a processing factor of 0.1X was used for coffee in the DEEM-
FCID™ analysis.

According to USEPA, it is unlikely that either carbofuran or its metabolites will concentrate in
refined oil, since concentration did not occur in refined oil from any other oilseed crops
including corn grain (USEPA: D195075, 1993). The half-life of carbofuran is 10 minutes at pH
9.9 and 45°C. During the processing of crude oils to refined oils, the product is subjected to
sodium hydroxide treatment and 67°C temperatures (USEPA: FMC Study A97-4766, 1997). The
carbamates (parent carbofuran and metabolite) are hydrolyzed to phenols during the oil refining
conditions.

Field Trial Data Reviewed by USEPA:

Coffee beans: For both the chronic and acute dietary exposure analyses, anticipated residues
were calculated based on field trials (USEPA: MRID 44186801 - 44186803) in which detectable
residues were found in 14 of 18 samples. The anticipated residue (0.0016 ppm) was calculated
based on the average field trial residue (incorporating 2 the combined LOD for parent and
metabolite (0.01) for samples with non-detectable residues) adjusted for percent crop treated.

Sugarcane: For both the chronic and acute dietary exposure analyses, anticipated residues were
calculated based on field trials (USEPA: MRID 43907601) in which detectable residues were
found in 2 of 21 samples. The acute anticipated residue (0.0013 ppm) was calculated based on
the average field trial residue (incorporating 2 the combined LOD for parent and metabolite for
samples with non-detectable residues) adjusted for the maximum percent crop treated. The
chronic anticipated residue (0.00026 ppm) was calculated based on the average field trial residue
(incorporating ' the combined LOD for parent and metabolite for samples with non-detectable
residues) adjusted for the average percent crop treated.

Sunflower: For both the chronic and acute dietary exposure analyses, anticipated residues were
calculated based on field trials (USEPA: PP#2F2683). The acute anticipated residue (0.0038
ppm) was calculated based on the average field trial residue adjusted for the maximum percent
crop treated. The chronic anticipated residue (0.0015 ppm) was calculated based on the average
field trial residue adjusted for the average percent crop treated.

Ruminant Feeding Studies Reviewed by USEPA:

Based on available dairy cattle feeding data, USEPA (Federal Register, Volume 69. NO 28,
2004) determined that there is no reasonable expectation of finite residues of carbofuran and its
metabolites in fat, meat, and meat by-products of cattle, goat, hog, horse, and sheep. These
tolerances were no longer needed under 40 CFR 180.6(a)(3).
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Appendix VII Supplemental Maximum Residue Limit Information—
International Situation and Trade Implications

An MRL is the maximum concentration of a pesticide that may remain in or on a food at the
farm gate when the pesticide is used according to registered label directions. MRLs apply to
residues on both food produced in Canada and food imported into Canada from other countries.
These MRLs are established under the authority of the Pest Control Products Act, only if Health
Canada’s Pest Management Regulatory Agency has determined that the consumption of the
pesticide residues that could remain on the food as it is eaten will not pose an unacceptable
health risk. Actual residues in food as it is eaten are usually much lower than the MRL.

The United States uses the term tolerance to describe pesticide residue limits, while Canada uses
the term MRL. Health Canada has worked closely with the USEPA for a number of years, and
the two agencies have similar policies and standards that guide the establishment of tolerances
and MRLs.

Current Canadian MRLs for carbofuran residues are listed in the table below. The residue
definition is the parent compound and metabolite 3-hydroxycarbofuran. In this round of
reevaluation, the PMRA did not assess the basis for the current MRLs of carbofuran. However,
in order to protect the Canadian food supply and to mitigate dietary risks of concern, it is
proposed that all MRLs for carbofuran be amended or revoked. Notwithstanding the general
MRL of 0.1 ppm, the intent of this action to amend or revoke theses MRLs is to prevent residues
of carbofuran in or on foods. As noted above, changes to regulation B.15.002(1) may be
implemented in the future.

The USEPA has established tolerances for carbofuran in registered commodities. The residue
definition is the parent compound and carbamate metabolites, including 3-hydroxycarbofuran.
However, the USEPA are proposing the revocation of carbofuran tolerances (USEPA, 40 CFR
Part 180, 07/31/2008)

The Codex maximum limit for pesticide residues (Codex MRL) is the maximum concentration
of a pesticide residue (expressed as mg/kg), recommended by the Codex Alimentarius
Commission to be permitted in or on food commodities and animal feeds. The Codex
Alimentarius Commission was established by the Food and Agriculture Organization of the
United Nations in 1961. Codex standards are considered reference standards for foods in
international trade. There are currently MRLs for carbofuran in Codex. The residue definition is
the parent compound and metabolite 3-hydroxycarbofuran. However, most of these MRLs have
been assessed at or above the analytical method’s limit of quantification (LOQ).

MRLs may vary from one country to another for a number of reasons, including differences in
pesticide use patterns and the locations of the field crop trials used to generate residue chemistry
data.
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Table 1 Canadian MRLs, United States Tolerances and Codex MRLs for Carbofuran
RAC or Processed Commodity CND MRL (ppm) | US Tolerance (ppm) | Codex MRL (ppm)
Artichoke, globe 0.1° 0.4 (0.2) -
Banana 0.1* 0.1 0.1°
Barley, grain 0.1° 0.2 (0.1) -
Beet, sugar 0.1° 0.1 0.2
Beet, sugar, tops 0.1% 2(1) -
Cane, Sugarcane 0.1* 0.1 0.1°
Canola, Rapeseed 0.1* 1(0.2) 0.05°
Carrots 0.5 - -
Citrus pulp, dry 0.1% - 2 (Based on
Coffee, bean 0.1* 0.1 1
Corn, fresh (including sweet corn) 0.1° 1(0.2) 0.05°
Corn, grain (including popcorn) 0.1° 0.2 (0.1) -
Cotton, seed 0.1* - 0.1
Cotton, undelinted seed 0.1* 1(0.2) -
Cranberry 0.1° 0.5(0.3) -
Cucumber 0.1° 0.4 (0.2) -
Grape 0.1° 0.4 (0.2) -
Grape, raisin 0.1° 2(1)

Melon 0.1° 0.4 (0.2) -
Milk 0.1° 0.1(0.02) 0.05°
Mustard 0.1° - -
Oat, grain 0.1° 0.2 (0.1) -
Onion 0.3 - -
Plantain 0.1° - -
Pepper, green 0.5 1(0.2) -
Potato 0.5 2(1) 0.1°
Pumpkin 0.1° 0.8 (0.6) -
Raspberry, field 0.1° - -
Rice, grain 0.1° 0.2 -
Rice, husked 0.1* - 0.1
Rutabaga 0.5 - -
Sorghum 0.1° 0.1 0.1°
Soybean 0.1° 1(0.2) -
Squash 0.1° 0.8 (0.6) -
Strawberry 0.4 0.5(0.2) -
Sunflower, seed 0.1° 1(0.5) 0.1°
Turnip 0.5 - -
Wheat, grain 0.1° 0.2 (0.1) -

= ?Canadian MRL is 0.1 ppm by default under the general Regulation B.15.002(1) of the Food and Drugs Act
and Regulations.

= " Atorabout LOQ.

= Bold italicized commodities in column one, are registered uses cited on Canadian labels.

= Number in parentheses reflects the ppm level that residues of carbamates may not exceed.
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Appendix VIII Monitoring Data

Canadian Food Inspection Agency Monitoring Data

The National Chemical Residues Monitoring Program of the CFIA monitors the pesticide
residues in domestic and imported foods. The data is compiled, evaluated and summarized in
annual reports. This information is also used to determine the priorities of the ongoing
monitoring program. The data allows for assessment of gradual changes in the compliance rate,
the effectiveness of introduced control measures, and the estimation of consumer exposure to
potentially harmful contaminants. On a daily basis, the results reported are compared to
Canadian standards (e.g. MRLs). If it is found in violation, the CFIA undertakes actions deemed
appropriate to the risk, up to and including product recall.

Carbofuran and 3-hydroxycarbofuran residues in food monitored by the CFIA during the period
from 2000 to 2004 are summarized in the table below.

Table 1 Summary of the 2000-2004 CFIA Monitoring Program for Domestic and
Imported Commodities
o o Range of
Commodity Source of Data Sall\lm Olfes N gil?letlzzted Detected
P P Residues (ppm)
Artichoke, globe Import 178 0 NA
Banana Import 1168 0 NA
Domestic 81 0 NA
Beet, sugar
Import 211 0 NA
Blackberry Import 153 1 0.05
) Domestic 118 2 0.014-0.033
Broccoli
Import 802 1 0.132
Domestic 417 1 0.19
Carrot
Import 965 0 NA
Domestic 119 0 NA
Corn, sweet
Import 351 0 NA
Cranberry Import 82 0 NA
Cucumber Import 1021 0 NA
Grape Import 2178 0 NA
Melon Import 1385 1 0.04
Kiwifruit Import 998 1 0.51
Lettuce Import 1176 1 0.046
Onion Import 382 0 NA
Orange Import 2847 2 0.03-0.09
Parsnip Domestic 152 1 0.1
Pepper Import 1397 1 0.52
Domestic 719 0 NA
Potato
Import 812 0 NA
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o o Range of
Commodity Source of Data Sfm olfes N gglll)letlzzted Detected
P P Residues (ppm)
Radish Domestic 92 1 0.862
Import 256 0 NA
Raspberry Import 298 0 NA
Squash Import 576 0 NA
Domestic 133 0 NA
Strawberry
Import 433 0 NA
Domestic 369 1 0.21
Tomato
Import 1851 1 0.01
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Appendix X Carbofuran Aquatic Ecoscenario Assessment
1.0  Introduction

The following sections provide review the estimated environmental concentrations (EECs) of
carbofuran resulting from water modelling and the available water monitoring data with respect
to environmental exposure.

Monitoring data and modelling estimates provide different types of information, therefore are not
directly comparable. Pesticide concentrations in water are highly variable in time and location,
and Canadian monitoring data usually are sparse, so comparing monitoring results to modelling
is not straightforward. Despite this, these two types of data are complementary and should be
considered in conjunction with each other when considering the potential exposure of aquatic
organisms or to humans through drinking water.

2.0  Modelling Estimates
2.1 Aquatic Ecoscenario Assessment: Level 1 Modelling

For Level 1 aquatic ecoscenario assessment, estimated environmental concentrations (EECs) of
carbofuran from runoff into a receiving water body were simulated using the PRZM/EXAMS
models. The PRZM/EXAMS models simulate pesticide runoff from a treated field into an
adjacent water body and the fate of a pesticide within that water body. For the Level 1
assessment, the water body consists of a 1 ha wetland with an average depth of 0.8 m and a
drainage area of 10 ha.

Carbofuran is an insecticide used primarily on corn and potatoes. The maximum annual
application rate for use on corn and potatoes is 2 applications of 528 g a.i./ha, with a 14 day
interval. The temporary use on turnips and rutabagas in British Columbia (3 applications of
2500 g a.i./ha, with a 20 day interval) was also modelled. Application information and the main
environmental fate characteristics used in the models are summarized in Table 1.

Six standard scenarios were used to represent different regions of Canada. Eight application
dates covering July and August between were modelled (The turnip use was modelled on a
single scenario with application rates from 1 April until 1 June.) The application date producing
the largest EEC for each regional scenario is reported in Table 2. Deposition from spray drift
was not included in the simulations, so these EECs are for the portion of the pesticide that enters
the water body via runoff only. The model was run for 50 years for all scenarios.
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Table 1 Major Model Inputs for Level 1 Assessment of Carbofuran

Type of Input Parameter Value
Application Crop(s) to be treated Corn, potatoes, turnips,
Information rutabagas

Maximum allowable application rate per year (g a.i./ha)  |1056 (corn, potatoes)
7500 (turnips, rutabagas)

Maximum rate each application (g a.i./ha) 528(corn, potatoes)
2500 (turnips, rutabagas)
Maximum number of applications per year 2 (corn, potatoes)
3 (turnips, rutabagas)
Minimum interval between applications (days) 14 (corn, potatoes)
20 (turnips, rutabagas)
Method of application ground spray
Environmental Fate  [Hydrolysis half-life at pH 7 (days) 28
Characteristics Photolysis half-life in water (days) 6
IAdsorption Koc (mL/g) 30 (rounded up from 20™
percentile of 12 Kqc, to be the
same as used by USEPA)
|Aerobic soil biotransformation half-life (days) 321 (USEPA Reregistration
Science Eligibility Chapter)
|Aerobic aquatic biotransformation half-life (days) 642 (no data, assumed 2 times

acrobic soil half-life)

lAnaerobic aquatic biotransformation half-life (days) IAssumed stable (no data)

The EECs (Table 2) are calculated from the model output from each run as follows: For each
year of the simulation, PRZM/EXAMS calculates peak (or daily maximum) and time-averaged
concentrations. The time-averaged concentrations are calculated by averaging the daily
concentrations over five time periods (96-hour, 21-day, 60-day, 90-day, and 1 year). The 90"
percentiles over each averaging period are reported as the EECs for that period.
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Table 2 Level 1 Aquatic Ecoscenario Modelling Results (pg a.i./L) for Carbofuran in
a Water Body 0.8 m Deep, Excluding Spray Drift.
EEC (pg a.i./L)
Region
Peak 96-hour 21-day 60-day 90-day Yearly
Use on corn and potatoes, 2 x 528 g a.i./ha
Ontario 31.6 29.7 23.9 16.4 13 3.46
Quebec 28 26.7 21.7 14.6 12 3.19
Manitoba 34.9 32.8 28.4 20.6 16 4.44
New Brunswick 8.2 7.7 6.1 4 3 0.81
Prince Edward Island 1! 29.2 24.1 17.2 13 3.61
British Columbia 24.7 23.2 19.4 14.4 11 3.02
Use on turnips and rutabagas, 3 x 2500 g a.i./ha (optional)
British Columbia 117.7 111 90.9 60.6 49 14.7

3.0 Water
3.1 Sources of Data

A search for water monitoring data on carbofuran in Canada resulted in a number of samples
with detections being reported. A request was sent to the Federal Provincial and Territorial
representatives from all of the provinces and territories in Canada, requesting water monitoring
data for the carbamates that are currently under re-evaluation. In addition, requests were
submitted to Environment Canada, the Department of Fisheries and Oceans and the Federal
Provincial and Territorial Committee on drinking water through Health Canada. A response was
received by all provinces and territories indicating that either monitoring data were not available
or the available data were submitted.

US databases were searched for detections of carbofuran. Data on residues present in water
samples taken in the US are important to consider in the Canadian water assessment given the
extensive monitoring programs that exist in the US. Runoff events, local use patterns,
circumstantial hydrogeology as well as testing and reporting methods are probably more
important influences on residue data rather than Northern versus Southern climate. As for the
climate, if temperatures are cooler, residues may break down more slowly, on the other hand if
temperatures are warmer, growing seasons may be longer and inputs may be more numerous and
frequent.

Data were available from the US Geological Survey National Water Quality Assessment
program (NAWQA) for both ground water and surface water, and from the Six Year Review of
National Drinking Water Regulations, as part of the US National Contaminant Occurrence
Database (NCOD).
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3.2 Approach for Evaluation

Data from Canadian and US water monitoring studies in which carbofuran was quantified are
summarized in Table 3.

Even though a drinking water assessment was not required, data from municipal water sources
and groundwater, which are not considered relevant for an ecoscenario assessment but would
have been included in a drinking water assessment, are included in a separate section of Table 3,
for information purposes.

An important limitation of the monitoring data set is that, in many cases, the data were not
accompanied with use data for carbofuran. For instance, the application rate applied, when the
application occurred and weather conditions prior to sampling were not known or reported.
Without this information, it is difficult to conclude if non-detects were a result of non-transport
or more simply a result of inappropriate timing of sampling. In addition, because the data are
sparse and concentrations vary in time and space, the maximum concentration reported is
unlikely to be the absolute maximum concentration that would be observed in Canada. Factors
that may result in higher concentrations being detected include application at higher rates,
precipitation and some areas/soils are simply more prone to leaching and/or run off. Sampling at
intervals immediately following application would increase the likelihood that the maximum
concentration would be detected.

Thus, it is likely carbofuran was not used in some of the areas monitored, and that higher
concentrations of carbofuran may occur in other areas not monitored. The carbofuran monitoring
data likely underestimate the peak exposure because of the following limitations:

e In general, the data are sparse in both time and location. In some of the studies available,
carbofuran was analyzed in samples that were taken from non-carbofuran use areas.
Carbofuran use information from the areas surrounding where the samples were collected is
often not available.

e Sampling in some of the studies was conducted during periods when carbofuran is not
applied in Canada (i.e., October through March).

e The concentrations of carbamate pesticides in surface water are directly related to the
frequency and timing of monitoring in relation to pesticide application and runoff events.
Therefore, timing and frequency of sampling is likely to be the most important factor
influencing the concentration detected and the frequency of detections. Samples are often
taken at arbitrary time intervals (i.e., once a month, once a week) and are unlikely to capture
the absolute maximum concentration of carbofuran.
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The following statistics are used to interpret the information available in each dataset and are
summarized in Table 3.

The detection frequency provides an indication of how often positive detections occur within
the given data set. Detection frequency is primarily determined by the limits of detection and
is influenced by pesticide use patterns and application rates. Consequently, a wide range of
detection frequencies is likely to be expected.

The 95" percentile concentration is calculated and reported. Maximum values should also be
considered, especially when the 95™ percentile is not available which occurs when there are
insufficient detections to calculate a 95™ percentile.

. . . . . h .
The maximum concentration is reported and is used to determine the 95" percentile
concentration to estimate an acute exposure value.

The arithmetic mean with non-detects considered at /2 LOD is used to determine the
95™ percentile concentration to estimate a chronic exposure value.
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Appendix X

33 Ecoscenario Exposure Estimates from Monitoring Data

The acute and chronic exposure estimates for carbofuran in Canadian surface water are presented
in Table 4. The acute exposure value was estimated from monitoring data by determining the
95" percentile of the maximum concentration detected in each monitoring study/site. The
chronic exposure value was estimated by determining the 95™ percentile of the arithmetic means
of all samples at each site (detects and non-detects) from the monitoring studies. The samples
with values less than the LOD were given a value of LOD. Groundwater data and data from
water distribution systems were not included in the ecoscenario assessment.

Table 4 Concentrations of Carbofuran in Surface Water Estimated from Available
Monitoring Data
Acute Concentration ( g/L)* Chronic Concentration
( g/Ly*=*
4.1 0.14

* 95" percentile of the maximum detected concentrations from surface water monitoring studies
#%95™ percentile of the mean concentration for each study site including LOD for non-detects

4.0  Discussion and Conclusions
4.1 Discussion of Exposure Estimates for Ecoscenario

The concentrations of carbofuran in wetlands are reported as a range consisting as upper bound
and lower bound concentrations rather than a discrete exposure value. The upper bound values
are represented as the Level 1 EECs in wetlands, estimated by PRZM-EXAMS for the one-in-ten
year exposure (or 90" percentile) (Table 2). These upper bound concentrations represent the
highest concentrations of carbofuran expected in surface water in Canada for the peak, 96-hour,
21-day, 60-day, 90-day, and 1 year time periods. Upper bound concentrations were reported for
wetlands 80 cm deep.

The lower end of the range was derived from the available monitoring data on carbofuran and
represents the lower bound estimates of an acute and chronic concentration of carbofuran in
surface water in Canada (Table 4). No time frames other than acute and chronic could be
calculated using the monitoring data. No region-specific EECs are provided. The lower bound
acute and chronic exposure values were estimated from monitoring data using the 95™
percentiles of the maximum and arithmetic mean concentrations (including non-detects)
measured in each monitoring study/site, respectively.

The concentrations of carbofuran detected in water were obtained from studies conducted in
various regions across the country. Many of the samples were analyzed in the 1990's and early
2000's. The acute and chronic concentrations predicted by PRZM-EXAMS are higher than those
determined by the monitoring data. This is because water monitoring, as conducted in many of
the studies reviewed, involves sampling that is limited in time and space and is unlikely to detect
the true maximum concentration of the analyte in question. On the other hand, the models predict
the concentration expected on a daily basis which allows for the determination of a peak (acute)
concentration.
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Appendix XI Environment Study Summaries

PMRA 1307570 - Berryman and Giroux (1994) - Sampling stations were set up in rivers that
flowed through intensive corn growing regions (Yamaska, Noire, Blanche, Saint-Zéphirin, Saint-
Germain, Salvail, Chibouet, des Hurons, | Acadie, de la Tortue, a la Barbue, Saint-Régis and des
Féves Rivers). During August 1992, six sites were sampled, one time per week and six were
sampled one time every two weeks. During September and October of 1992 the sampling
frequency decreased to one time every two weeks and one time per month, respectively. During
the remainder of the year samples were only collected once a month. During 1993 between May
and August all of the sites were sampled three times per week. Only two sites were sampled
during the rest of the year (des Hurons and Chibouet). The sampling frequency of these two sites
was once per week in May and August and once per month during the remainder of the year.
Few carbamate pesticides were included in the analyte list of this study. Carbofuran was detected
in 15 out of 575 samples. Detections occurred in the Salvail, a la Barbue and des Hurons Rivers.
The maximum detection was 1.5g/L. The limit of detection was 0.2 g/L.

PMRA 1640595 - Boldon and Harty (2003) - Municipal drinking water sources in New
Brunswick were monitored for pesticides in the spring, summer and fall of 2003. The water
sources included groundwater and surface water supplies in Fredericton, Riviere Verte, Saint-
André, Grand-Sault, Drummond, Tracadie-Sheila, Charlo and St. Stephen. No pesticides were
detected in any sample. The limit of detection for carbofuran was 0.01 g/L in the spring, 0.4 g/L
in the fall and 1 g/L in the winter. A total of seven samples were collected in the spring,

2 samples were collected in the summer and 6 samples were collected in the fall. The detection
limits for the summer and fall were high, relative to the levels detected in other studies. Using
half the detection limit for the non-detects would result in an average higher than levels of
carbofuran detected in other studies. Use information for carbofuran was not reported in the
areas sampled.

PMRA 1307573 - Currie and Williamson (1995) - This report summarizes monitoring data for
pesticides in surface waters of Manitoba, from 1972 to 1994. The data summarized are from
Manitoba Environment as well as EC databases. The number of samples for carbofuran was
565 (548 from Manitoba Environment and 17 from Environment Canada). There were no
detections of carbofuran. The detection limit was 2.0 g/L for the Manitoba Environment and
1.0 g/L for the EC data. The data were not used in the calculation of the exposure estimates, as
the detection limits were high and half of the LOD would result in a concentration higher than
most detections of carbofuran in other studies

PMRA 1307565 - Giroux (1995) - The level of contamination of groundwater by pesticides and
nitrates in the potato growing region of Quebec was investigated in this study. Sampling was
conducted in private wells near potato fields. The wells belonged to potato producers, or their
neighbours. Most of the wells sampled are shallow, less than 10 metres. These wells are
generally located less than 50 metres from potato fields. In 1991, the wells chosen for sampling
had previously been heavily contaminated with aldicarb in the past. In 1992 and 1993, wells
where detections of nitrates or pesticides were reported were re-sampled. Wells which had no
detections of nitrates or pesticides were not resampled the following year, and sampling was
conducted at other wells. Most of the wells were sampled only once or twice per year, during the
summer and the fall. However, two wells located in Saint-Ubalde and in Lavaltrie were sampled
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monthly from June to November, 1993. Carbofuran was detected in 16 out of 114 samples, at a
maximum concentration of 1.4 g/L. Note that the report states the maximum detection was

1.8 g/L, but that the tables summarizing the data show a maximum concentration of 1.4 g/L. The
latter value was used in this assessment. The limit of detection was 0.02 g/L.

PMRA 1307567 - Blundell & Harman (2000) - A Survey of the Quality of Municipal supplies of
Drinking Water from Groundwater Sources in Prince Edward Island by the Sierra Club of
Canada, Eastern Canada Chapter, University of Waterloo, Department of Earth Sciences. The
report indicated that 12 samples from 20 wells were analyzed for pesticides. The time of year the
samples were collected was not noted in the report. No detections of carbofuran were reported.
The reporting limit was 0.5g/L. It can not be concluded that groundwater will not be impacted
since very few samples were analyzed, the location of the sampling related to the application
field and the timing of the sampling in relation to the application of carbofuran are not known.
The results of this study were not used in the calculation of the exposure estimates, due to the
absence of detections and the high detection limit.

PMRA 1307580 - Frank and Logan (1988) - Water samples were collected close to the outlet of
the Grand, Saugeen and Thames River, Ontario, between January 1981 and December 1985.
Water samples were collected during storm runoff and base flow conditions. A total of

454 unfiltered samples were collected and analyzed for 20 herbicides, 25 insecticides and

3 fungicides. Carbofuran was not detected in any sample. This study was not included in the
overall average calculation as the limit of detection is not specified other than ‘<1 pg/L’.

PMRA 1307569 - Giroux et al. (1997) - As a continuation of the 1994 and 1993 sampling
project to monitor pesticides in the corn growing regions of Quebec (Berryman and Giroux,
1994; PMRA 1307570) the goals of this study were to continue to examine the contamination of
water bodies previously sampled for pesticides, to compare concentrations in small and large
water bodies, to expand the monitoring to other high intensity corn growing regions and to verify
the contamination of groundwater (triazine pesticides only). Surface water samples were
collected three times per week, from mid-May to mid-August in 1994, and from early June to
mid-August in 1995. A total of 210 and 155 samples were collected in 1994, and 1995,
respectively. Carbofuran was detected in a total of 51 samples, in the Chibouet, des Hurons,
Saint-Régis, des Anges, Yamaska Rivers. The maximum concentration was 1.3 g/L, in the des
Huron River in 1995. The limit of detection was 0.02 g/L.

PMRA 1307568 - Giroux (1999) - In continuation of the sampling conducted in 1994 and 1995
(Giroux, 1997; PMRA 1307569) four rivers (Chibouet, des Hurons, Saint-Zéphirin and Saint-
Régis) were sampled and analyzed for pesticide detections three times a week from the end of
May to the end of August of 1996, 1997 and 1998. This study was conducted to assess the
potential impact of pesticides used on corn and soya on water resources. Carbofuran was
detected in des Hurons and Saint-Régis in 1996 with a maximum detection frequency of 41.5%.
In 1997 carbofuran was detected in des Hurons and Saint-Régis with a maximum detected
frequency of 23.1%. The number of rivers with detections of carbofuran increased in 1998 and
included Chibouet, des Hurons, Saint-Régis and Yamaska with a maximum detection of 42.2%.
The maximum levels of carbofuran detected were in 1996 in the des Hurons and Saint-Régis
Rivers, with concentrations of 1.9 and 1.5 g/L, respectively. The limit of detection was 0.04 g/L.
PMRA 1307578 - Giroux (1998a) - Drinking water samples were collected from 42 wells
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located less than 50 m from apple orchards. The majority of the wells were only tested once
between 1994 and 1996 whereas 14 were tested two or three times. The majority of wells were
shallow, but 8 of them were deep wells. Carbofuran was not detected in the well water samples.
Ambient water samples were collected approximately once a week over the summer (end of May
to end of August) from three streams draining watersheds containing a number of apple orchards.
A total of 111 ambient water samples were analysed. Carbofuran was detected in two of the
surface water samples taken from the Déversant du Lac in 1994. The maximum concentration
detected was 0.15 g/L. The detection limit was 0.02, 0.02, and 0.04 g/L, for 1994, 1995 and
1996, respectively.

PMRA 1307581 - Giroux (1998b) - This document summarizes the impact of the utilization of
pesticides on water quality in the watersheds drained by the Yamaska, L Assomption, Chaudicre
and Boyer Rivers. A number of rivers and streams within each watershed were sampled in 1996
and 1997. Sampling occurred three times per week from the end of May to mid-July in 1996, and
from the end of May until the end of July for rivers targeted for cereal crops, and until the end of
August for rivers targeted to vegetable crops. Carbofuran was detected in tributaries of two of
the water bodies sampled (Corbin stream, a tributary to the Yamaska River, and L Achigan
River, a tributary to the L Assomption River). The limit of detection was 0.04 g/L. The
maximum concentration detected was in the Corbin stream, at 8.9 g/L in 1997.

PMRA 1307571 - Giroux (2002) -In continuation of the sampling conducted in 1996, 1997 and
1998 (Giroux, 1999) four rivers (Chibouet, des Hurons, Saint-Z¢éphirin and Saint-Régis) were
sampled and analyzed for pesticide detections three times a week from the end of May to the end
of August. Data are also shown for the Yamaska River, sampled in 1999 and 2001. This study
was conducted to assess the potential impact of pesticides used on corn and soya on water
resources. Carbofuran was detected in 2.2 - 15.9% of the samples analyzed, with a maximum
detection of 2.7g/L in the des Huron River in 1999. The limit of detection was 0.05, 0.06, and
0.07 g/L, in 1999, 2000 and 2001, respectively.

PMRA 1311119, 1311120 - Giroux (2003) - The level of contamination of groundwater by
pesticides and nitrates in the potato growing region of Quebec was investigated in this study in
order to provide an update on the level of contamination observed since the monitoring
conducted in the early 1990s (Giroux, 1995). Sampling was conducted in 1999, 2000 and 2001,
in a total of 79 private wells near potato fields in Quebec. The wells belonged to potato
producers, or their neighbours. The wells provide drinking water to approximately 225 people.
Most of the wells sampled are shallow, with a median depth of 5.7 metres (range in depth from
1.5 to 76 metres). These wells are generally located less than 30 metres from potato fields (range
from 0 to 1 km, with two wells directly on the potato field. Wells were sampled in the fall.
Generally, unless permission was refused by the owners, wells in which pesticides were detected
were sampled again the following year. Wells which had no detections of nitrates or pesticides
were not re-sampled the following year, and sampling was conducted at other wells. Most of the
wells were sampled only once or twice per year, during the summer and the fall. Carbofuran was
detected in 8 out of 121 samples, with a maximum concentration of 0.06 g/L. The limit of
detection was 0.04, 0.03, and 0.02 g/L, in 1999, 2000 and 2001, respectively.
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PMRA 1311123 - Giroux and Therrien (2005) - The objective of the study was to determine the
presence of lawn pesticides in water and air next to treated urban areas, in order to better
evaluate their impact on the natural environment. Effluent from seven municipal waste water
treatment plants, as well as water in storm sewers were sampled in 2001 and 2002. Samples
consisted of 24 hour composites, and were collected three times a week from mid-May to mid-
July in 2001 and 2002. A maximum of 30 samples per station were collected. Water from six
storm sewers and three receiving water bodies (upstream and downstream of urban areas) were
sampled following a precipitation event on May 28, 2001, which corresponds to a high pesticide
use period. The limit of detection for carbofuran was 0.0 g/L. Carbofuran was not detected in
any of the 193 samples from effluent from the municipal waste water treatment plants, or in any
of the 24 samples from storm sewers and receiving water bodies.

PMRA 1311130 (2002) - Unpublished data were supplied by Manitoba Conservation on
pesticides in Manitoba from 1990 to 2001. A total of 1447 samples were collected between 1990
and 2001. Data from 1990 to 1994, inclusively, seem to have been incorporated in Currie and
Williamson (1995; PMRA 1307573) and therefore were not included in the analyses. A total of
922 samples were collected between 1995 and 2001. Carbofuran was not detected in any sample.
The limit of detection ranged widely, from 0.2 to 10 g/L. The samples for which the limit of
detection was above 0.2 pg/L were not included in the estimation of the chronic average, as these
limits of detection were high and half of the LOD would result in a concentration higher than
most detections of carbofuran in other studies.

PMRA 1311131 (2004) - Unpublished water monitoring data on pesticides were supplied from
Manitoba Water Stewardship from 2001 to 2003. A total of 283 carbofuran samples were
collected (100, 121 and 62 samples in 2001, 2002 and 2003, respectively). Carbofuran was not
detected in any sample. The limit of detection was 0.2 g/L.

PMRA 1345897 - Cantox Environmental (2003) - This report reviews pesticide use, research and
monitoring activities in the Maritime Region (Nova Scotia, New Brunswick and Prince Edward
Island). Monitoring data for pesticides in PEI groundwater from 1996 to 1998 were summarized.
Samples were collected from 30 wells in areas of intense agriculture on six occasions and from
30 wells from across PEI on three separate occasions. Carbofuran was not detected in any of the
272 samples analyzed. The limit of detection was not reported. Thus, the results of the study
could not used in the assessment.

PMRA 1307555- Hoffman et al. (2000) - Seventy-five pesticides (23 insecticides, 52 herbicides)
and seven transformation products were monitored in eight urban streams in the United States in
1993 and 1994. Paired agricultural streams were used for six of the urban streams.
Approximately four to eight samples per month were collected between May and September, and
one to two samples per month were collected the rest of the year. The total number of samples
collected was 215. The reporting limit was 0.01 g/L for carbofuran. Carbofuran was detected in
0.9% of samples, and the maximum concentration was 0.027 g/L.
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PMRA 1460579, 1460603 - NAWQA (2006) - The National Water Quality Assessment Program
(NAWQA) USGS data of residue detections from 31 integrator sites on large rivers and streams
in addition to ground water sources from agricultural and urban wells. The well samples do not
represent drinking water directly, and some of the wells are shallow monitoring wells. All
samples analyzed in this program are filtered prior to analysis. Data were available from the
years 1991 to 2006. Carbofuran was detected in 102 out of 15061 groundwater samples, and in
1414 out of 27302 surface water samples. The maximum detection in groundwater and surface
water was 2.16 and 32.2 g/L, respectively. The limit of detection was 0.002 to 3.4 g/L. Surface
water data were downloaded August 27, 2007 and groundwater data were downloaded

August 22, 2007.

PMRA 1469753 - The National Contaminant Occurrence Database (NCOD) - This database
includes Public Water Supply (PWS) contaminant occurrence data. Water quality testing is
performed at many points along public drinking water supplies, including the intake and at
various points in the treatment and distribution systems, as well as at the point where the
drinking water can be labeled "finished." The PWS database includes information for both
groundwater and surface water sources. Positive pesticide residue detection does not necessarily
indicate a positive detect at the end of tap - but it might - especially given the great variation in
water treatment systems and their efficiency. The sample data in the Six Year Review of
National Drinking Water Regulations were collected between 1984 and 1999, although most of
the samples were collected between 1993 and 1997. The USEPA conducted detailed contaminant
occurrence analyses for 61 regulated contaminants, using data provided by a national cross-
section of 16 states. Carbofuran was detected in 9 out of 13,926 samples. The limit of detection
was not reported. This study was not used in the ecoscenario assessment.

PMRA 1311126 - Somers et al. (1999) - The report gives an overview of the conditions of water
quality in PEI watersheds. Along with pesticides, major ions, metals, nutrients and faecal
bacteria were examined, when available. The data used in this report are from the Canada-PEI
Water Annex to the Federal Provincial Framework Agreement For Environmental Cooperation
in Atlantic Canada, as well as from EC’s Envirodat database. Some of the results of the
Envirodat database were presented for pesticides. Carbofuran was not detected in any of the
groundwater, freshwater or estuarine water samples collected. The limit of detection was 0.001
g/L. The report states that the sampling covers a significant period of time and can not easily be
used to assess current conditions.

PMRA 1401896 - Unpublished water monitoring data as part of the Urban Pesticide Monitoring
Program - 2001. A total of 119 water samples were analyzed for pesticides in eight Canadian
tributaries of Lake Ontario. Carbofuran was not detected in any sample collected. The limit of
detection was 0.1 g/L.

PMRA 1401897 - Urban Pesticide Monitoring Program - 2000. A total of 75 water samples were
analyzed for pesticides in eight Canadian tributaries of Lake Ontario. Carbofuran was not
detected in any sample collected. The limit of detection was 0.1 g/L.
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PMRA 1401898 - Unpublished water monitoring data on pesticide concentrations in eight
Canadian tributaries of Lake Erie. A total of 89 samples of N-methyl carbamates were collected
between 1998 and 1999. The limit of detection was not reported. This study was not used in the
calculation of the water concentration estimates.

PMRA 1307560 - This study investigated the potential for surface water contamination in the
Don and Humber River watersheds, resulting from the use of lawn care pesticides. Samples were
analyzed for up to 152 pesticide active ingredients and eight transformation products. These
included phenoxy acid herbicides, triazine herbicides, organophosphorus insecticides, and other
pesticides associated with lawn care use. Sampling was conducted from 1998 to 2002. A total of
262 samples were collected: 123 wet events (shortly after the start of precipitation or during the
peak flow period) and and 139 dry events. Sampling frequency differed from year to year, and
ranged from February to December. The method detection limits were reported to be 0.05 g/L for
most of the organophosphorus insecticides and for the triazine herbicides, 0.1g/L for
organonitrogen, organochlorine and carbamate pesticides, 1.0 g/L for imidacloprid and 0.02g/L
for diazinon and atrazine. Carbofuran was detected in 22 samples, but only two of these were
quantifiable (above the method detection limit of 0.1 g/L). The maximum detection was 3 g/L. In
the calculations, a value equal to the method detection limit was given to samples which were
detected but not quantifiable. Samples below the detection limit were assigned half the method
detection limit in the calculation of the overall average.

PMRA 1307575 - Waite et al. (1992) - The occurrence and concentration of pesticides in
groundwater, surface (pond) water and runoff from spring snowmelt was investigated in a small
agricultural watershed in south-central Saskatchewan between 1985 and 1987. Analyses of the
herbicides 2,4-D, dicamba, bromoxynil, diclofop-methyl and triallate were conducted. Water
samples were also tested for the insecticides carbofuran, carbaryl, chlorpyrifos, dimethoate and
detalmethrin because of insecticide treatment in the study area to control grasshopper
infestations in 1985 and 1986. A total of 105 groundwater and 64 pond water samples were
collected. Groundwater samples at 3 to 4 metres from the ground surface were collected weekly
in 1985 and 1986, and on four occasions in 1987. Surface water samples were collected weekly
in 1985 and 1986 and twice in 1987 from one site in two reservoirs. Spring runoff samples were
collected on nine sequential days during active flow in 1985 for herbicide analysis and in 1987
for herbicide and insecticide analysis. Thirty-seven samples were collected from six sites in
1985. In 1987, twenty-two samples were collected from seven sites. Detection levels for
carbofuran were 2.5 g/L in 1985 and 1986, and were lowered to 0.2 g/L in 1987. No insecticides
were detected in any groundwater or surface water samples. Carbofuran was measured in three
spring runoff samples from one site in 1987. Levels detected were 0.86 to 1.09 g/L. Runoff
samples were not analysed for insecticides in 1985. Data from groundwater and pond water
samples collected in 1985 and 1986 were not used, as the detection level was high. It was
assumed that the detections were 0.86, 0.86 and 1.09 g/L in the calculation of the chronic
exposure estimate for spring runoff in 1987.

PMRA 1345964 - Blomquist et al. (2001) - A monitoring program of pesticides in drinking
water was undertaken by the U.S. Geological Survey and the U.S. Environmental Protection
Agency. Sampling was conducted in twelve water supply reservoirs in the years 1999 and 2000
in California, Indiana, Ohio, Oklahoma, Louisiana, Missouri, South Carolina, South Dakota,
New York, North Carolina, Pennsylvania and Texas. Samples were collected four times per year,
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as well as weekly and bi-weekly intervals following the high use periods. Water samples were
collected from the raw-water intake, the finished drinking water tap prior to entering the
distribution system, as well as at the reservoir outflow, in some locations. A total of

178 pesticides and transformation products were analysed, using three analytical methods. A
total of 323 raw water and 228 finished water samples were analyzed for carbofuran. The
statistically derived method reporting level was 0.003 g/L for carbofuran. Only results of raw
water are reported here. Carbofuran was detected in two raw water samples (0.6% detection).
The maximum detection was 0.05 g/L.

PMRA 1398451, 1398452, 1398453 - Giroux et al. (2006) - The objective of this pesticide
monitoring study was to determine the impact of pesticides used on corn and soy crops in four
rivers that have been monitored since 1992 (Chibouet River in Yamaska River watershed, des
Hurons River in Richelieu River watershed, Saint-Régis River, flowing directly in Saint-
Lawrence River, and Saint-Zéphirin River, in Nicolet River watershed). The rivers were sampled
for pesticides three times per week from mid-May to mid August of 2002, 2003 and 2004. In
addition, pesticides were measured four times a year in 213 drinking water distribution systems
from 2001 to 2004. The limit of detection for carbofuran in surface water was 0.06 g/L.
Carbofuran was detected in 11 samples collected in the des Hurons River and in one sample
collected in the Saint-Régis River. The maximum detected concentration was 0.67 g/L.
Carbofuran was analyzed in samples collected from 213 water distribution systems. Carbofuran
was detected in the La Sarre system (0.2 g/L) in 2003. The limit of detection was not specified,
and thus a chronic average can not be calculated. The limit of detection was reported as ranging
from 0.01 to 0.6 g/L in water distribution systems. The total number of samples collected was
not reported.

PMRA 1345586 - Jones et al. (1998) - A water quality survey of rural surface water supplies in
southwestern Manitoba was conducted in 1995. A total of 113 farm dugouts and 14 recreational
water bodies were sampled for pesticides, nutrients, biological components, trace metals, and
general physical and chemical characteristics. Pesticides were only measured in raw water.
Carbofuran was not detected. The limit of detection was 2.0 g/L. This study will not be used in
the estimation of the chronic average, as the detection limit is high and half of the LOD would
result in a concentration higher than most detections of carbofuran in other studies.

PMRA 1303803 (2002) - Unpublished water monitoring data from Saskatchewan (1979 - 2001)
supplied by the Environmental Protection Branch, Saskatchewan Environment and Resource
Management. Samples are from private wells, dugouts, distribution systems, etc. Carbofuran
samples were collected between 1985 and 2002. The detection limits ranged from 0.02 to 1 g/L.
The samples with detection limits greater than 0.05 g/L were not included in this assessment, as
the detection limit was high compared that of the other studies. A total of 105 samples were
reported, 54 of which had limits of detection of 0.05g/L or less. No detections were indicated in
any sample.
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PMRA 1345591 — (2001) Unpublished groundwater monitoring data of pesticides in the Fraser
Valley, BC. A total of 74 samples were analyzed for carbofuran from 1992 to 1993 in
community and private wells of the Fraser Valley. No detection of carbofuran were reported.
The detection limit was 1 g/L. As this is higher than some other studies and there were no
detections, results of this study were not included in the calculation of the chronic average, as it
may falsely increase the average significantly.

PMRA 1403269 (2006) (also encompasses 1311110, 1311111 and 1311112) - As part of the
Pesticide Science Fund, monitoring for carbofuran in water occurred in the Quebec Region and
in the Atlantic Region. In the Quebec Region, 5 stations (mouth of the Yamaska, Saint-Frangois
and Nicolet Rivers, in Lac Saint-Pierre (Port Saint-Francgois) and in the Saint-Lawrence River
near Québec) were sampled. In the three tributaries, samples were collected weekly from the end
of May and the end of August in the three tributaries from 2003 to 2005. Bimonthly samples
were collected at the mouth of the Saint-Lawrence from the beginning of May until the end of
August 2003, monthly between September 2003 and February 2004 and then weekly from the
beginning of June 2004 and the end of August 2004. In Port Saint-Frangois, sampling occurred
weekly from the end of May to the beginning of September in 2004 and 2005. The limit of
detection was 0.06 g/L in the Rivers and 0.003g/L in the Saint-Lawrence. Carbofuran was not
detected in any sample from the Quebec Region. In the Atlantic Region, surface water and
groundwater sampling occurred in Nova Scotia, New Brunswick and Prince Edward Island. The
limit of detection was 0.04 g/L. A total of 41 samples were analyzed for carbofuran in New
Brunswick surface water from 2003 to 2005. Carbofuran was not detected. In Nova Scotia,
sampling occurred between June and October in 2004 and 2005. Carbofuran was not detected in
any of the 19 samples analyzed. In Prince Edward Island, a total of 82 surface water samples
were collected between July and October from 2003 to 2005. Carbofuran was detected in 2
samples (0.03 and 0.59 g/L in the Mill and Founds River, respectively). For groundwater,
samples from Prince Edward Island were collected in late fall and early winter, to coincide with
fall groundwater recharge period. A total of 355 samples were collected (108, 122 and 125
samples in 2003, 2004, 2005, respectively). Results from the 2005 sampling were not available.
In Nova Scotia, six groundwater samples were collected in two farm wells located in the lower
portion of the Thomas Brook watershed in 2004. Carbofuran was not detected.
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Re-evaluation Decision for Carbofuran

After a re-evaluation of the insecticide carbofuran, Health Canada’s Pest Management
Regulatory Agency (PMRA), under the authority of the Pest Control Products Act, is requiring
phase-out of carbofuran products in Canada.

An evaluation of available scientific information found that, under the current conditions of use,
carbofuran products pose an unacceptable risk to human health and the environment, and
therefore do not meet Health Canada’s current standards for human health and environmental
protection. As a result, all uses of carbofuran will be phased out. This includes registered uses on
canola, mustard, sunflower, corn (sweet, field and silage), sugar beet, green pepper, potato,
raspberry and strawberry. The PMRA did not receive indications from stakeholders suggesting
the need for a transition strategy as part of the phase-out time lines. Therefore the time lines will
be determined as per normal practice.

The PMRA’s pesticide re-evaluation program considers potential risks as well as the value of
pesticide products to ensure they meet modern standards established to protect human health and
the environment. Regulatory Directive DIR2001-03, PMRA Re-evaluation Program, presents the
details of the re-evaluation activities and program structure. Re-evaluation draws on data from
registrants, published scientific reports, information from other regulatory agencies, and any
other relevant information available.

The regulatory approach regarding the re-evaluation of carbofuran was first proposed in the
consultation document' Proposed Re-evaluation Decision PRVD2009-11, Carbofuran. This
Re-evaluation Decision” describes this stage of the PMRA’s regulatory process concerning the
re-evaluation of carbofuran and summarizes the Agency’s decision and the reasons for it.
Appendix I summarizes comments and information received during the consultation process and
the PMRA’s response to these comments. This decision is consistent with the proposed re-
evaluation decision stated in Proposed Re-evaluation Decision PRVD2009-11, Carbofuran. To
comply with this decision, registrants of products containing carbofuran will be informed of the
specific requirements affecting their product registration(s) and of the regulatory options
available to them.

For more details on the information presented in this Re-evaluation Decision, please refer to the
Science Evaluation in the related Proposed Re-evaluation Decision PRVD2009-11, Carbofuran.

“Consultation statement” as required by subsection 28(2) of the Pest Control Products Act.
“Decision statement” as required by subsection 28(5) of the Pest Control Products Act.
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What Does Health Canada Consider When M aking a Re-evaluation Decision?

The key objective of the Pest Control Products Act is to prevent unacceptable risks to people and
the environment from the use of pest control products. Health or environmental risk is
considered acceptable if there is reasonable certainty that no harm to human health, future
generations or the environment will result from use or exposure to the product under its
conditions or proposed conditions of registration.” The Act also requires that products have
value* when used according to the label directions. Conditions of registration may include
special precautionary measures on the product label to further reduce risk.

To reach its decisions, the PMRA applies hazard and risk assessment methods as well as policies
that are rigorous and modern. These methods consider the unique characteristics of sensitive
subpopulations in both humans (for example, children) and organisms in the environment (for
example, those most sensitive to environmental contaminants). These methods and policies also
consider the nature of the effects observed and the uncertainties present when predicting the
impact of pesticides. For more information on how the PMRA regulates pesticides, the
assessment process and risk-reduction programs, please visit the Pesticides and Pest
Management portion of Health Canada’s website at www.healthcanada.gc.ca/pmra.

Carbofuran is one of the carbamate pesticides re-evaluated as outlined in the Re-evaluation Note
REV2002-06, Re-evaluation of Selected Carbamate Pesticides. The PMRA has considered all
currently available information regarding health and environmental risk, including reviews from
the United States Environmental Protection Agency (USEPA), as a source of information for
conducting Canadian re-evaluation assessments.

Regulatory Statusin Organisation for Economic Cooper ation and
Development Countries

Based on the available information, carbofuran is not authorised for use in the European Union.
The commission made a decision on June 13, 2007 concerning the non-inclusion of carbofuran
in Annex I to Council Directive 91/414/EEC and the withdrawal of authorisations for plant
protection products containing carbofuran.

The United States Environmental Protection Agency (USEPA) reviewed the safety and benefits
of all uses of carbofuran and concluded that ecological and human health risks were of concern.

3 “Acceptable risks” as defined by subsection 2(2) of the Pest Control Products Act.

“Value” as defined by subsection 2(1) of the Pest Control Products Act: “the product’s actual or potential
contribution to pest management, taking into account its conditions or proposed conditions of registration,
and includes the product’s (@) efficacy; (b) effect on host organisms in connection with which it is intended
to be used; and (C) health, safety and environmental benefits and social and economic impact”.
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On May 15, 2009, the USEPA issued a final rule’ and has since revoked all of the existing
carbofuran tolerances, referred to as maximum residue limits in Canada, on crops effective
December 31, 2009. The notice also indicated that USEPA will move to cancel all remaining
uses of carbofuran in the future.

What is Carbofuran?

Carbofuran is a systemic, carbamate insecticide (Resistance Management Mode of Action group
1A), used to control a broad range of insect pests on certain field, vegetable and fruit crops. It is
applied using conventional ground equipment to canola, mustard, sunflower, corn (sweet, field
and silage), sugar beet, green pepper, potato, raspberry, strawberry and can also be applied by
aerial equipment to corn (field, silage and sweet), canola and mustard. It may be applied by
farmers, farm workers and professional applicators.

Health Considerations

Can Approved Uses of Carbofuran Affect Human Health?

Risks of concern to human health have been identified for both occupational and dietary
carbofuran exposure.

Potential exposure to carbofuran may occur through diet (food and water) or when handling and
applying the product. When assessing health risks, two key factors are considered: the levels at
which no health effects occur in animal testing and the levels to which people may be exposed.
The dose levels used to assess risks are established to protect the most sensitive human
population (for example, children and nursing mothers). Only uses for which the exposure is
well below levels that cause no effects in animal testing are considered acceptable for
registration.

Carbofuran was found to be highly toxic via the oral route of exposure but was of low dermal
toxicity in rats. Acute inhalation studies were not available. Carbofuran was a minimal eye
irritant and was not a dermal sensitizer.

Acute overexposure to carbofuran can inhibit cholinesterase, an enzyme necessary for normal
functioning of the nervous system. This can produce a variety of symptoms in animals and
humans including ataxia, salivation, lacrimation, tremors and breathing difficulties. With
carbofuran, cholinesterase inhibition can occur rather rapidly with exposure (within minutes) but
rapidly recovers along with the cessation of any of the aforementioned cholinergic symptoms.

There was no evidence that carbofuran was carcinogenic or teratogenic. An assessment of
mutagenic potential in a variety of in vitro and in vivo genotoxicity studies showed that
carbofuran has weak mutagenic properties in bacterial and mammalian cells. A cancer risk
assessment was not required. The nervous system was the main target of toxicity in rats, rabbits

> Federal Register (Volume 74, Number 93) Rules and Regulations.
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and dogs. At higher dose levels, the male reproductive system of rats, rabbits and dogs also
appear to be targeted by carbofuran. When carbofuran was given to pregnant animals, effects on
the developing fetus were observed at doses that were greater than those that were toxic to the
mother, indicating that the fetus is not more sensitive to carbofuran than the adult animal.

Residuesin Food and Water

Dietary risks from food ar e of concern.

Reference doses define levels to which an individual can be exposed over a single day (acute) or
lifetime (chronic) and expect no adverse health effects. Generally, dietary exposure from food
and water is acceptable if it is less than 100% of the acute reference dose or chronic reference
dose (acceptable daily intake). An acceptable daily intake is an estimate of the level of daily
exposure to a pesticide residue that, over a lifetime, is believed to have no significant harmful
effects.

Acute dietary exposure to carbofuran as a percentage of the acute reference dose ranges from
141% for adults aged 50+ years old to 733% for children aged 1 to 2 years old, and is 339% for
the general population. The acute dietary exposure to carbofuran is higher than the acute
reference dose for all population subgroups; therefore, it is of concern.

Chronic dietary exposure to carbofuran as a percentage of the acceptable daily intake ranges
from 19% for adults aged 50+ years old to 76% for children aged 1 to 2 years old, and is 30% for
the general population. The chronic dietary exposure to carbofuran is less than the acceptable
daily intake for all population subgroups; therefore, it is not of concern.

An aggregate risk assessment combining exposure from food and drinking water was conducted
using either estimated environmental concentrations (EECs) from the modelling assessment or
EECs from monitoring data. The dietary risks from food and drinking water are of concern
whether EECs from modelling or monitoring data are used.

The Food and Drugs Act prohibits the sale of food containing a pesticide residue that exceeds
the established maximum residue limit (MRL). Pesticide MRLs are established for food purposes
through the evaluation of scientific data under the Pest Control Products Act. Each MRL value
defines the maximum concentration in parts per million (ppm) of a pesticide allowed in/on
certain foods. MRLs for carbofuran are currently established for carrots, onions, peppers,
potatoes, rutabagas, turnips and strawberries. Where no specific MRL has been established, a
default MRL of 0.1 ppm applies, which means that pesticide residues in a food commodity must
not exceed 0.1 ppm. However, changes to this general MRL may be implemented in the future,
as indicated in Information Note: Progress on Minimizing Reliance on the 0.1 Parts per Million
as a General Maximum Residue Limit for Food Pesticide Residue, December 2009.

To protect the Canadian food supply and to mitigate dietary risks of concern, all MRLs for
carbofuran must be amended or revoked. Notwithstanding the general MRL of 0.1 ppm, the
intent of this action to amend or revoke these MRLs is to prevent residues of carbofuran in or on
foods. As noted above, changes to regulation B.15.002(1) may be implemented in the future.
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Risksin Residential and Other Non-Occupational Environments

Non-occupational risks are not of concern.

There are currently no residential uses of carbofuran. Given that homeowners would not be
applying the product, a risk assessment for this scenario was not conducted.

Occupational Risksfrom Handling Carbofuran

Both mixer/loader/applicator and post-application risks are of concern.

Risk estimates associated with certain mixing, loading and applying activities are of concern to
the PMRA. Based on the precautions and directions for use on the existing carbofuran product
labels, postapplication risks to workers performing activities, such as thinning, pruning and
harvesting of most crops, did not meet current standards and are also of concern.

Environmental Considerations
What Happens When Carbofuran IsIntroduced into the Environment?

Carbofuran poses a potential risk toterrestrial and aquatic organisms.

When carbofuran is released into the environment some of it can be found in soil and surface
water. Carbofuran is highly mobile in soils and can therefore leach into groundwater and enter
surface water in runoff. Carbofuran breaks down into several transformation products through
hydrolysis, phototransformation and moderate biotransformation at rates that depend on
environmental conditions. Hydrolysis is faster in water with a pH > 6 (basic conditions), with a
half-life ranging from a few hours to 28 days. Carbofuran is stable to hydrolysis in acidic water
(pH < 7). Phototransformation is fast in water, with a half-life of 6 days. Carbofuran is persistent
in acidic soils (half life of 321 days) and moderately persistent in soils with a pH > 7 (half-life
149 days). Carbofuran is not expected to volatilize significantly and has a low potential for
bioaccumulation in biota.

Carbofuran poses a risk to terrestrial and aquatic organisms. Birds and small wild mammals are
at risk in and around the site of application due to the consumption of contaminated food items.
These risks were determined to be of concern and cannot be mitigated.

Thirty three environmental incident reports from the United States and Canada were considered
during the review of carbofuran, and indicated that exposure to carbofuran under the currently
registered use pattern resulted in avian, small wild mammal and bee mortality.
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Value Consider ations

What | sthe Value of Carbofuran?

For the control of some pestsin agriculture, carbofuran isthe only insecticide available, or
there arefew viableregistered alter native productsto carbofuran.

Carbofuran is absorbed by the host plant, providing a systemic mode of action in addition to
contact action. It is effective in two ways:
e as a contact insecticide, killing target insects upon direct contact; and
e as an insecticide that works as a stomach poison, killing target insects upon ingestion of
treated plants.

Being a systemic insecticide, carbofuran is absorbed and transported throughout the plant,
imparting protection to the entire plant. Systemic insecticides are effective against insects with
piercing-sucking mouthparts, such as leafthoppers, spittlebugs and tarnished plant bug, as the

systemic insecticide moves within the vascular tissues and into plant cells where these pests
feed.

As a systemic insecticide that acts upon ingestion, carbofuran is effective for the control of pests
that otherwise could not be targeted by contact insecticides or non-systemic insecticides that act
as a stomach poison, such as chewing insects, once they enter the host plants. For example,
European corn borer larvae bore into the midrib of the leaf and migrate into the stalk of the plant
or husk of the ear (corn), or feed inside the stems and fruit (pepper).

For canola, mustard, raspberry, strawberry and sugar beet, there are no registered (or viable)
alternative active ingredients to carbofuran for the control of certain pests.

M easuresto Minimize Risk

Based on the evaluation of available scientific information, the risks associated with carbofuran
do not meet Health Canada’s current standards for human health and environmental protection.
Therefore, all products containing carbofuran will be phased out.

Next Steps

The PMRA has determined that carbofuran will be phased out. The PMRA did not receive
indications from stakeholders suggesting the need for a transition strategy as part of the
phase-out time lines. Therefore the time lines will be determined as per normal practice.
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Other Information

The summaries of assessments found in the PRVD2009-11 serve as evaluation reports. Lists of
references considered by the Agency in support of the registration decision are found in this
Re-evaluation Decision. The relevant test data on which the decision is based are available for
public inspection, upon application, in the PMRA’s Reading Room (located in Ottawa). For
more information, please contact the PMRA’s Pest Management Information Service.

Any person may file a notice of objection regarding this decision on carbofuran within 60 days
of the date of publication of this Re-evaluation Decision. For more information regarding the
basis for objection (which must be based on scientific grounds), please refer to the Pesticides and
Pest Management portion of Health Canada’s website (Request a Reconsideration of Decision)
or contact the PMRA’s Pest Management Information Service.
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Appendix I  Comments and Responses

One general comment was received from the public in support of the PMRA’s proposal to phase
out carbofuran. In addition, provincial representatives noted some important uses for carbofuran,
for which alternatives are being developed.

The PMRA received written comments from FMC Corporation on May 21 and October 7, 2009,
relating to the Proposed Re-evaluation Decision PRVD2009-11, Carbofuran.

Comments Pertaining to the Health Assessments

The health assessment-related comments from FMC have been summarized, and the
corresponding responses are presented below.

1.

Comment Relating to the Reference List, PRVD2009-11 Page 6:

It is unclear from the references and Appendix III which information was used in the
human health risk assessment. Please provide a complete list with appropriate references
for all registrant-submitted studies and all other information considered.

PMRA Response:

The reference list from the PRVD2009-11 only includes toxicology studies which were
determined to be of sufficient quality and relevance to the risk assessment of carbofuran.
Additional toxicology studies which were reviewed but were not considered adequate or
relevant to the hazard characterization or dose-response analysis of carbofuran were not
included in the reference list. The PMRA has updated the previous reference list with the
recently reviewed registrant-submitted and published studies.

Comment Relating to the Use of Data Evaluation Reports (DERS), PRVD2009-11
Page 6:

It is unclear whether the US EPA summary decision documents or the study-specific
DERs were used. Please clarify which documents were used.

PMRA Response:

The only study-specific DERs that were available to the PMRA were for studies found to
be unacceptable. Therefore, these study-specific DERs were not included in the reference
list presented in the PRVD2009-11.

Since the publication of the PRVD2009-11, two additional US EPA DERs became
available and were considered in the updated risk assessment of carbofuran. One of these
documents, PMRA #1848775, was a USEPA review of the Acute Range-Finding Study
in PNDI11 rats (MRID 47143703), the Time-Course Study in Adult and PND11 Rats
(MRID 47143704) and the Cholinesterase Depression Study in PND11 and Adult Rats
(MRID 47143705). As well, PMRA #1848744 was a US EPA review of the 21-day
Dermal Toxicity Study in Rats (MRID 47143702) and the 7-day Dermal Toxicity Study
in Rats (MRID 47143701). Full references for these studies have been included in the
updated reference list.
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Comment Relating to New Interim and New Completed Toxicology Studies,
PRVDZ2009-11 Page 6:
The following FMC-generated toxicology studies were submitted to PMRA but are not
referenced in the PRVD2009-11:
Acute Oral ChE Inhibition study in Day 11 & Adult Rats (Interim Report)
Acute Oral Time Course of ChE Depression in Day 11 & Adult Rats (Interim
Report)
- 21-Day Dermal Toxicity in SD Rats (Interim Report)
- 7-Day Dermal Toxicity in SD Rats (US EPA MRID 47143701)
The interim reports are now complete, and have been submitted to the US EPA. The
following studies will be submitted to PMRA:
- Acute Oral Dose Range Finding (USEPA MRID 47143703) and ChE
Inhibition Studies (USEPA MRID 47143705) in Day 11 & Adult Rats
- Acute Oral Time Course of ChE Depression in Day 11 & Adult Rats (USEPA
MRID 47143704)
- 21-Day Dermal Toxicity in SD Rats (USEPA MRID 47143702)

PMRA Response:

These acute oral comparative cholinesterase inhibition and short-term dermal toxicity
studies (and the corresponding interim reports) conducted with rats were recently
reviewed by the PMRA and as noted in the response to question 1, have been included in
the updated reference list. Both sets of studies were considered acceptable for risk
assessment purposes by the PMRA. Results and conclusions from these studies are
presented below.

Although results were presented for the level of erythrocyte cholinesterase inhibition in
the set of oral studies, these data were not used for risk assessment purposes for either
PNDI11 pups or adult rats. The PMRA had little confidence in the results for erythrocyte
cholinesterase activity across all dose groups in pups and adults since several
measurements failed to meet the acceptance criteria for reproducibility established by the
study laboratory, and the results were highly variable. Due to the inability to accurately
measure and reproduce the erythrocyte cholinesterase data in these studies, the PMRA
did not determine a NOAEL for erythrocyte cholinesterase inhibition in both genders of
the PND11 pups and adult rats.

In contrast to the erythrocyte cholinesterase results, the measurements for brain
cholinesterase activity were considered acceptable by the PMRA. Dose-dependent and
biologically significant reductions in brain cholinesterase activity were noted in both
PND11 pups and adult male rats at all doses. Female adult rats also experienced
biologically significant decreases in brain cholinesterase activity in comparison to
controls but only at the two highest dose levels.

Based on brain cholinesterase inhibition, a LOAEL of 0.03 mg/kg bw was set for PND11
pups and male adults. A corresponding NOAEL was not established. The NOAEL in
female adult rats was 0.03 mg/kg bw based on brain cholinesterase inhibition noted at the
LOAEL of 0.1 mg/kg bw. These effect levels were in agreement with those set by the
USEPA. In an effort to further refine the endpoints relating to brain cholinesterase
activity, a benchmark dose (BMD) analysis was performed. The results from the BMD
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analysis determined that the effect on brain cholinesterase activity in pups was more
pronounced than in adult males. The BMDL,, for adult males was 0.015 mg/kg bw
whereas the BMDL for pups (both genders combined) was 0.011 mg/kg bw. The
BMDL,( value of 0.011 mg/kg bw was used for risk assessment purposes as it was based
on the more sensitive subpopulation.

In the dermal toxicity studies, brain cholinesterase activity decreased in a dose-dependent
and biologically significant manner in both male and female rats starting from the second
highest dose level of 50 mg/kg bw/day. Erythrocyte cholinesterase activity was not
significantly affected at any dose level in either gender. In these dermal toxicity studies,
the NOAEL was determined to be 25 mg/kg bw/day based on reductions in brain
cholinesterase activity level at the LOAEL of 50 mg/kg bw/day in both genders of rats.

Comment Relating to the Critical Study for Derivation of the Acute Reference Dose
(ARfD), PRVD2009-11 Page 21:
Please provide the full reference for the critical study for derivation of the ARD.

PMRA Response:

The previously set Acute Reference Dose (ARfD) of 0.0002 mg/kg bw (LOAEL = 0.05
mg/kg bw, UF = 300) was based on two published acute oral cholinesterase activity
studies in the rat. The full references for these studies were presented on page 124 of the
PRVD2009-11 as follows:

- Ferguson, P.W., et al. (1984). Carbofuran metabolism and toxicity in the rat.
Fundamental and Applied Toxicology, 4:14-21. (PMRA # 1421578).

- Cambon, C., et al. (1979). Effect of the insecticidal carbamate derivatives
(carbofuran, pirimicarb, aldicarb) on the activity of acetylcholinesterase in
tissues from pregnant rats and fetuses. Toxicology and Applied Phar macol ogy,
49: 203-208. (PMRA# 1421577).

The previously set ARfD has been revisited in light of the recently reviewed acute oral
cholinesterase inhibition studies. From the new cholinesterase inhibition studies, a
BMDL of 0.011 mg/kg bw was established based on 10% brain cholinesterase
inhibition in PND11 pups. Standard uncertainty factors of 10-fold for intraspecies
variability and 10-fold for interspecies extrapolation were applied. With respect to the
Pest Control Products Act (PCPA) factor, all of the required studies relevant to assessing
risks to infants and children were available. This included reproductive toxicity,
developmental toxicity, developmental neurotoxicity and acute comparative
cholinesterase studies. There was uncertainty about whether erythrocyte cholinesterase
inhibition was a more sensitive endpoint than brain cholinesterase inhibition; however,
there was no clear difference between these endpoints noted throughout the carbofuran
database. These acute comparative cholinesterase studies examined the most sensitive
population and the most sensitive indicator of toxicity (cholinesterase inhibition).
Accordingly, the PCPA factor was reduced to 1-fold resulting in a composite assessment
factor of 100. Applying the composite assessment factor of 100 to the BMDL value of
0.011 mg/kg bw resulted in an updated ARfD of 0.00011 mg/kg bw. This reference dose
is slightly lower than the previous ARfD established by the PMRA. However, it should
be noted that a recently published acute comparative cholinesterase study (Moser €t al.,
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2010)° identified a LOAEL of 0.1 mg/kg bw based on brain cholinesterase inhibition in
PND11 pups. If this endpoint was used for the ARfD, a 3-fold uncertainty factor would
be applied for use of a LOAEL as well as the standard 100-fold uncertainty factors and a
PCPA factor of 1-fold. The resultant ARfD of 0.0003 mg/kg bw would be similar to the
updated ARD of 0.0001 mg/kg bw. The BMDL, reported for brain cholinesterase
inhibition in the Moser paper was 0.00098 mg/kg bw, a value lower than the current
point of departure. The lack of individual animal data however, precluded verification of
the BMDL . In addition, the confidence limits for the BMDL, values spanned several
orders of magnitude, reflecting considerable uncertainty in that estimate. Consequently,
the FMC comparative cholinesterase studies were used for risk assessment. It is possible
that the updated reference dose could be further altered (albeit in a more conservative
manner) upon full review of the Moser study.

As previously stated in the PRVD2009-11 for the Acceptable Daily Intake (ADI) of
carbofuran, the quick-acting and reversible nature of carbamate inhibition was considered
as justification to default to the acute effect level which was lower than the subchronic
and chronic effect levels. In the case of carbofuran, long-term exposures were considered
as multiple daily exposures with each causing transient inhibition of cholinesterase with
potential resulting toxicity. As such, the BMDL ;o of 0.011 mg/kg bw was selected for the
ADI derivation based on inhibition of brain cholinesterase activity in pups from the acute
comparative cholinesterase studies. Similar to the ARfD, standard uncertainty factors of
10-fold for intraspecies variability and 10-fold for interspecies extrapolation along with a
PCPA factor of 1-fold were applied to the BMDL value of 0.011 mg/kg bw for
determining the ADI. The resulting updated ADI of 0.00011 mg/kg bw/day, was slightly
lower than the previously established ADI.

Since there were no repeat-dose inhalation studies available for the inhalation risk
assessment of carbofuran, it was assumed that absorption via inhalation exposure was
equivalent to oral absorption. As such, for short- and intermediate-term exposures, the
acute comparative cholinesterase inhibition studies in rats were used for the inhalation
risk assessment. The BMDL( of 0.011 mg/kg bw was chosen, based on inhibition of
brain cholinesterase activity in pups, along with a target margin of exposure (MOE) of
100. This MOE accounted for standard uncertainty factors of 10-fold for intraspecies
variability and 10-fold for interspecies extrapolation.

In light of the recently reviewed dermal toxicity studies, the short- and intermediate-term
dermal risk assessment of carbofuran was also revisited. Previously, a 21-day dermal
toxicity study conducted with rabbits was used for the dermal risk assessment. The
dermal NOAEL of 10 mg/kg bw/day was selected with a target MOE of 100, accounting
for standard uncertainty factors (10-fold for intraspecies variability and 10-fold for
interspecies extrapolation). The recently reviewed dermal toxicity studies were of the
same duration as the previous dermal toxicity study; however, the species examined in
the newer studies was rats instead of rabbits. The dermal study in rats was selected over
the rabbit study because there was more extensive reporting in comparison to the rabbit
study and hence, higher confidence in the rat study. Results of these recently reviewed

Moser et al. (2010). Time-Course, Dose-Response and Age Comparative Sensitivity of N-Methyl
Carbamates in Rats. Toxicological Sciences, 114(1): 113-123.
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studies identified a NOAEL of 25 mg/kg bw/day based on reductions in brain
cholinesterase activity at the next dosage level of 50 mg/kg bw/day in both genders of
rats. Standard uncertainty factors (10-fold for intraspecies variability and 10-fold for
interspecies extrapolation) were applied. In addition, an uncertainty factor of 3-fold was
applied since the dermal study was conducted in adult animals and not in the young,
where a sensitivity issue has been established via the oral route of exposure (as observed
in the acute comparative cholinesterase inhibition study). The resulting target MOE was
300. This MOE is considered protective of all populations including nursing infants and
the unborn children of exposed female workers. Similar to the other reference doses, this
reference dose is also slightly lower than the dermal risk assessment values previously set
by the PMRA.

Comment Relating to Incident Reports, PRVD2009-11 Page 25:

The number of possible carbofuran poisoning incidents reported by the USEPA

(i.e. >700) is incorrect and misleading. Occupational incidents are few in number and
have demonstrated a downward trend. There are only 11 incidents between 1972 and
2006 that clearly result from carbofuran use in accordance with the label.

PMRA Response:

Between 2007 and 2009, there was one PMRA incident report relating to human health
that was included in the PRVD2009-11. As of February 16, 2010, no additional incident
reports relating to human health were submitted to the PMRA. The number of possible
carbofuran poisoning incidents reported in the United States was obtained from a
published document. This information reported by the USEPA was considered in a
weight-of-evidence approach for our current risk assessment. As such, the information
presented for incident reports in the PRVD2009-11 will be retained as is.

Comment Relating to Toxicology-Related Data Gaps (i.e. Comparative
Cholinesterase Study), PRVD2009-11 Page 25:

The FMC-generated interim and completed toxicology studies were submitted to the
PMRA to address the data gap (see list in #3).

PMRA Response:

The acute oral cholinesterase inhibition studies were recently reviewed and were
considered acceptable for risk assessment purposes by the PMRA. Based on the inclusion
of these cholinesterase studies in the current risk assessment of carbofuran, the PMRA
reference list has been updated to reflect these changes.

The following data gaps presented in the PRVD2009-11 are still outstanding and include
an acute inhalation study, a dermal irritation study and a short-term inhalation study. The
requirement for an acceptable comparative cholinesterase inhibition study has been
satisfied.
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Comment Relating to Dietary Risk (Exposur e from Food):

The PMRA has stated the dietary risks from food are of concern, however the assessment
used as the basis for the preliminary conclusion is not adequately refined to use as the
basis for a final regulatory decision. Additional refinements, including percent crop
treated, percentages of crop imported and the incorporation of cholinesterase
reversibility, are appropriate and will significantly reduce the food exposure estimates.
Also, no consideration was given to mitigation measures that may result in acceptable
risk even using the overly conservative approach contained in the PRVD2009-11. Those
mitigation measures may include the cancellation of certain crop uses, reducing the use
rates, or geographically restricting certain uses. As the methodology used by PMRA is
similar to the EPA’s approach, there are several documents that have been provided to
EPA that will provide PMRA with valuable insights to appropriate refinements proposed
by the registrant, and in many cases, accepted by the EPA.

PMRA Response:
The dietary risk assessment in the PRVD2009-11 included the following refinements:

= Use of monitoring data from Canadian Food Inspection Agency (CFIA) and
United States Department of Agriculture Pesticide Data Program;

= (Canadian percent crop treated;

= U.S. percent crop treated;

= Domestic and imported crop data;

= Processing factors.

Mitigation measures involving changes in use pattern (e.g. cancellation of certain crop
uses) were not considered, as FMC had indicated to PMRA that they were continuing to
support all uses. Regarding cholinesterase reversibility, the USEPA’ did consider this and
concluded that the risk to carbofuran is not substantively overestimated using the current
exposure models and the 24-hour approach. This is due to the fact that exposure to
carbofuran occurs predominantly through single eating events and not from multiple
events that occur throughout the day.

The dietary risk assessment has been updated as follows:

= Use of updated toxicological reference doses;

= Use of the most recent available monitoring data (2004-2008) from CFIA;

= Exclusion of the emergency uses on turnips and rutabagas;

= Incorporation of drinking water residue estimates from modeling and monitoring
data;

= Consideration of the U.S. revocation of all tolerances that took effect after
December 31, 2009.

U.S. EPA, Carbofuran Acute Aggregate Dietary (Food and Drinking Water) Exposure and Risk
Assessments for the Reregistration Eligibility Decision, April 29, 2009 [EPA-HQ-OPP-2005-0162-0574]
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The updated dietary risk assessment is considered to be as refined as possible with the
data available to PMRA. Results of the updated dietary risk assessment are as follows:

= Chronic exposure to carbofuran through food-only is 76% of the ADI for the most
exposed subpopulation of children 1-2 years of age and is 30% of the ADI for the
general population; therefore, it is not of concern. However, acute exposure to
carbofuran through food-only is 733% of the ARfD for the most exposed
subpopulation of children 1-2 years of age and is 339% of the ARfD for the
general population; therefore, it is of concern. The primary acute risk drivers are
orange” (juice, ~ 22-58%) and field corn (syrup, ~ 12-41%). Regarding residues
on citrus crops, carbofuran is not registered for this use. However, carbosulfan,
which is registered for this use in many countries, degrades to carbofuran. It is
believed that this is the basis of carbofuran residues in/on citrus commodities
reported in the CFIA residue monitoring program.

= Based on modelling estimates for drinking water, aggregate (i.c. food and
drinking water) chronic exposure to carbofuran is 195% of the ADI for the most
exposed subpopulation of all infants (less than 1 year of age); therefore, it is of
concern. The primary risk driver is water (~ 61-88%). Aggregate acute exposure
to carbofuran is >10000% of the ARfD for the most exposed subpopulation of all
infants (less than 1 year of age) and is 5229% of the AR{D for the general
population; therefore, it is of concern. The primary acute dietary risk driver is
water (~ 84-92%).

= Based on monitoring data for drinking water, aggregate (i.e. food and drinking
water) chronic exposure to carbofuran is 79% of the ADI for the most exposed
subpopulation of children of 1-2 years of age and is 32% of the ADI for the
general population. Note that monitoring data are not typically used to assess
acute exposure because the data does not capture the peak residues, and that the
following aggregate acute exposure results are presented for information purposes
only. The aggregate acute exposure to carbofuran is 1842% of the ARfD for the
most exposed subpopulation of all infants (less than 1 year of age) and is 775% of
the ARD for the general population. The primary acute dietary risk driver is
water (~ 51-76%).

The dietary risks from food and drinking water are of concern whether estimated
environmental concentrations (EECs) from modelling or monitoring data are used.

Carbosulfan is a pesticide registered for use in some countries (Australia, Cambodia, India, Philippines,
Viet Nam, Denmark, Germany, Hungary, United Kingdom, and many African countries). Carbosulfan is
used on citrus fruit. The parent compound carbosulfan degrades to carbofuran as a major metabolite.
Codex establishes an MRL of 2 ppm in/on citrus for Carbofuran based on the use of Carbosulfan.
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8. Comment Relating to Dietary Risk (Exposur e from Water):
PMRA did not consider potential exposure from drinking water sources in the
PRVD2009-11, as the Agency’s current dietary assessment exceeded the level of concern
using potential exposures from food only. FMC believes an appropriately refined dietary
risk assessment for food exposure will result in acceptable exposures and thus an
aggregate assessment considering contributions from food and drinking water will be
required.

FMC has submitted numerous drinking water assessments and supporting materials to
quantify the potential for carbofuran reaching ground and surface water sources used as
drinking water.

PMRA Response:

The dietary risk assessment in the PRVD2009-11 did not include drinking water since
exposure to carbofuran through food-only was of concern. Since then, the dietary risk
assessment has been updated and includes drinking water residue values from modelling
estimates and monitoring data as noted in the response to comment # 7.

The EECs of carbofuran in drinking water derived from water modelling and the
available water monitoring data are summarized in the table below.

An aggregate (i.e. food and drinking water) risk assessment was conducted using either
EECs from the modelling assessment or EECs from monitoring data. See response to
comment #7 for a summary of results.

Concentrations for Carbofuran in Drinking Water Sources Estimated from Models and
Monitoring Data*

Groundwater Surface Water Surface Water
Concentration Acute Concentration Chronic Concentration (ug/L)
(ng/L) (ng/L)
Acute Chronic | Reservoir * | Dugout* | Reservoir ° Dugout °
Modelling |, co1 0.572 29 42 25 58
Assessment
Monitoring 1, ;s 0.067" 4.0° 0.127
Assessment

" Bold numbers were used in the dietary exposure and risk assessment

190" percentile of daily averages from LEACHM

290" percentile of yearly average from LEACHM

395" percentile of the maximum detected concentration from groundwater monitoring studies

490" percentile of the annual peak concentrations predicted by PRZM-EXAMS

595" percentile of the maximum detected concentrations from surface water monitoring studies

690" percentile of the annual average concentrations predicted by PRZM-EXAMS

795" percentile of the arithmetic means of all the relevant (groundwater or surface water) monitoring studies (includes detects
and non-detects)
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Comment Relating to Occupational Risk:

PMRA has stated that certain mixing, loading and applying activities, as well as
some post-application activities, are of concern. FMC believes the engineering
controls for the carbofuran products affords mixers, loaders and applicators
acceptable protection from potential exposure and the risk assessment inputs and
assumptions are overly conservative. Although the overall approach used by the
EPA in establishing an assessment of risk from dermal and inhalation exposure
differs somewhat from the PMRA’s approach, there are several documents that
have been provided to EPA that will provide PMRA with valuable insights to
appropriate refinements proposed by the registrant with regard to occupational
risk.

PMRA Response:

The PMRA’s occupational risk assessment presented in the PRVD2009-11 indicated that
certain current label uses for carbofuran present risks of concern. The risk assessment
was in keeping with current label directions, and the assumptions applied were not overly
conservative. It should be noted that no comments were received from Canadian
stakeholders to suggest alternative assumptions. The methods and refinements applied in
the occupational risk assessment were consistent with the current practices of the PMRA.
The calculated Aggregate Risk Indices (ARI) and Restricted-entry Intervals (REIs) were
presented in the PRVD2009-11.

Following the comment period for the PRVD2009-11, closed mixing and loading systems
along with revised toxicological endpoints were considered in the occupational risk
assessment. The recent toxicological re-evaluation of carbofuran indicates an inhalation
risk that can be mitigated only when respirators and additional engineering controls
(closed mixing and loading) are considered.

According to the revised occupational risk assessment, both mixer/loader/applicator and
post-application exposure are of concern for most crops. The mixer/loader/applicator risk
assessments yielded Aggregate Risk Indices (ARIs) that were below target (see Table 1.0
for details). In addition, target MOEs were not met for the majority of post-application
scenarios when applying the label Restricted-entry Interval (REI) of 2 days. Increased
REIs were calculated in order to mitigate post-application exposure. Although most of
the revised REIs are considered to be agronomically feasible, some are not.

The risk to mixer/loader/applicators without closed/mixing and loading systems is of
particular concern, given that relatively low ARIs were determined (see Table 2.0 for
details). No further mitigation measures are available for inhalation risk beyond limiting
the amount of active ingredient handled per day. The feasibility of requiring closed
systems and reducing the application rates of current end use products is unknown.

Mitigation measures that were considered include closed mixing and loading systems,
closed cabs for groundboom equipment, increased personal protective equipment, as well
as increased application intervals and restricted entry intervals.
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10.

Comment relating to “Measuresto Minimize Risk”:

In the PRVD2009-11, PMRA states that additional mitigation measures are not being
proposed at this time. FMC believes that all refinements to the various risk assessments
should be incorporated. If following the completion of an appropriately refined risk
assessment, risks of concern remain then risk mitigation measures should be considered.

PMRA Response:

The updated dietary risk assessment is considered to be as refined as possible with the
data available to PMRA. The dietary risks from food and drinking water are of concern
(see response to comment #7).
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Table 1.0M/L/A exposure estimates and MOEs with Maximum PPE and Closed Mixing and L oading?

Daily Exposure

Crop Form EApL;jniI |ch<'11(ta|notnC ApRpLI\tci‘: on o e:tregaper (we/kday) Margins of Exposur§ RAS?(g;r eggt;
quip (kg ai/ha) day® (ha) Dermal’ Inhalation® Dermal" |Inhalation' ISCINCIC

canola (rapeseed) SU  |aerial - M/L 0.132 400 5.84 0.01 4282 1326 6.87
aerial - A 7.29 0.05 3431 208 1.76

groundboom (¢) 300 6.88 0.04 3634 274 2.23
groundboom (f) 100 2.29 0.01 10903 822 6.70

sunflower SU groundboom (¢) 0.132 300 6.88 0.04 3634 274 2.23
groundboom (f) 100 2.29 0.01 10903 822 6.70

corn (field, silage,

sweet) SU  |aerial - M/L 0.528 400 23.35 0.03 1071 331 1.72
aerial - A 29.15 0.21 858 52 0.44
groundboom (c) 140 12.84 0.07 1947 147 1.20
groundboom (f) 80 7.34 0.04 3407 257 2.09
mustard SU  |aerial - M/L 0.132 400 5.84 0.01 4282 1326 6.87
aerial - A 7.29 0.05 3431 208 1.76

groundboom (¢) 300 6.88 0.04 3634 274 2.23
groundboom (f) 100 2.29 0.01 10903 822 6.70
green pepper SU groundboom (c) 0.528 80 7.34 0.04 3407 257 2.09
groundboom (f) 30 2.75 0.02 9086 685 5.58
potato SU | groundboom 0.528 80 7.34 0.04 3407 257 2.09
sugar beet SU [ groundboom (c) 1.123 100 19.51 0.11 1281 97 0.79
groundboom (f) 30 5.85 0.03 4271 322 2.63
raspberry SU | groundboom (c) 1.2 80 16.68 0.10 1499 113 0.92
groundboom (f) 30 6.25 0.04 3998 301 2.46
strawberry SU | groundboom (c) 1.2 80 16.68 0.10 1499 113 0.92
groundboom (f) 30 6.25 0.04 3998 301 2.46

*Mixer/Loader: A closed mixing and loading system with chemical resistant coveralls over a single layer with chemical resistant gloves and a suitable respirator. Groundboom Applicator: A closed cab
with chemical resistant coveralls over a single layer (no gloves). Aerial Applicator: A single layer (long sleeved shirt and long pants), no gloves.

b-¢ SU = Suspension; M/L = Mixer/Loader; A = Applicator; Form = Formulation; groundboom (c) = custom groundboom application; groundboom (f) = farmer groundboom application.

¢ Maximum listed label rate in kilograms of active ingredient per hectare (kg ai/ha).
¢ Based on default assumptions and stakeholder input.
"Where dermal exposure pg/kg/day = (unit exposure x area treated x rate)/70 kg bw.
¢ Where inhalation exposure pg/kg/day = (unit exposure x area treated x rate)/70 kg bw; includes a 90% protection factor for respirators used by Mixer/Loaders.
" Based on a dermal NOAEL of 25 mg/kg bw/day and a target dermal MOE of 300.
'Based on a BMDL,, 0of 0.011 mg/kg bw/day and a target inhalation MOE of 100.

J Aggregate Risk Index = 1 / ((1/(Dermal MOE/Target Dermal MOE))+(1/(Inhalation MOE/Target inhalation MOE))). Shaded cells indicate calculated ARIs that do not meet the target of 1.
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Table 2.0M/L/A exposure estimates and MOEswith Maximum PPE and Open Mixing and L oading®

el e Application DS DA IETBEEITE Margins of Exposure | Aggregate
Crop Form® pp_llcatlorl Rates’ treatede (ugkg/day) Risk
S ez (kg ai/ha) pel(rhg;'sly Dermal’ Inhalation® | Dermal” |Inhalation’ I ndiced
canola (rapeseed) SU aerial - M/L 0.132 400 21.94 0.12 1139 91 0.74
aerial - A 7.29 0.05 3431 208 1.76
groundboom (¢) 300 18.96 0.12 1319 88 0.74
groundboom (f) 100 6.32 0.04 3956 265 2.21
sunflower SU groundboom (c) 0.132 300 18.96 0.12 1319 88 0.74
groundboom (f) 100 6.32 0.04 3956 265 2.21
corn (field, silage,

sweet) SU aerial - M/L 0.528 400 87.77 0.48 285 23 0.18
aerial - A 29.15 0.21 858 52 0.44
groundboom (¢) 140 35.39 0.23 706 47 0.39
groundboom (f) 80 20.22 0.13 1236 83 0.69
mustard SU aerial - M/L 0.132 400 21.94 0.12 1139 91 0.74
aerial - A 7.29 0.05 3431 208 1.76
groundboom (c) 300 18.96 0.12 1319 88 0.74
groundboom (f) 100 6.32 0.04 3956 265 2.21
green pepper SU groundboom (¢) 0.528 80 20.22 0.13 1236 83 0.69
groundboom (f) 30 7.58 0.05 3297 221 1.84
potato SU groundboom 0.528 80 20.22 0.13 1236 83 0.69
sugar beet SU groundboom (¢) 1.123 100 53.77 0.35 465 31 0.26
groundboom (f) 30 16.13 0.1 1550 104 0.86
raspberry SU groundboom (¢) 1.2 80 45.96 0.30 544 36 0.30
groundboom (f) 30 17.23 0.11 1451 97 0.81
strawberry SU groundboom (¢) 1.2 80 45.96 0.30 544 36 0.30
groundboom (f) 30 17.23 0.11 1451 97 0.81

*Mixer/Loader: An open mixing and loading system with chemical resistant coveralls over a single layer with chemical resistant gloves and a suitable respirator. Groundboom Applicator: A closed cab
with chemical resistant coveralls over a single layer (no gloves). Aerial Applicator: A single layer (long sleeved shirt and long pants), no gloves.

b¢ SU = Suspension; M/L = Mixer/Loader; A = Applicator; Form = Formulation; groundboom (c) = custom groundboom application; groundboom (f) = farmer groundboom application.

¢ Maximum listed label rate in kilograms of active ingredient per hectare (kg ai/ha).
¢ Based on default assumptions and stakeholder input.
"Where dermal exposure pg/kg/day = (unit exposure x area treated x rate)/70 kg bw.
¢ Where inhalation exposure pg/kg/day = (unit exposure x area treated x rate)/70 kg bw; includes a 90% protection factor for respirators used by Mixer/Loaders.
" Based on a dermal NOAEL of 25 mg/kg bw/day and a target dermal MOE of 300.
Based on a BMDL, of 0.011 mg/kg bw/day and a target inhalation MOE of 100.

i Aggregate Risk Index = 1 / ((1/(Dermal MOE/Target Dermal MOE))+(1/(Inhalation MOE/Target inhalation MOE))). Shaded cells indicate calculated ARTs that do not meet the target of 1.
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Comments Pertaining to the Environmental Assessment

1. Comment:

The complete set of ecological toxicity studies provided to the EPA and PMRA should be
considered by PMRA.

PMRA Response:

The following FMC-generated ecotoxicology studies were submitted to PMRA for consideration
in the ecological risk assessments.

e Determination of the time course of brain cholinesterase (ChE) activity depression and
recovery in Northern Bobwhite (Colinus virginianus) following scheduled oral dosing
with Furadan 4F (USEPA MRID 47107601)

e Assessment of mallard duck (Anas platyrynchos) avoidance to feed containing Furadan
4F (USEPA MRID 47128701)

o Assessment of the differential toxicity of carbofuran to mallard ducks when dosed as a
single bolus versus the same dose mixed in feed (USEPA MRID 47143706)

e Assessment of the differential toxicity of carbofuran to northern bobwhite quail when
dosed as a single bolus versus the same dose mixed in feed (USEPA MRID 47152901)

The USEPA Scientific Advisory Panel (SAP) reviewed these four studies from FMC. The SAP
agreed that the results would not alter the risk conclusions of the EPA regarding birds. PMRA
attended the SAP and concluded that the results of these studies would not alter the risk
conclusions regarding birds.

2. Comment:

As the overall approaches used by the EPA and PMRA are similar in assessing non-target
organism risk, there are numerous relevant studies, assessments, presentations and summaries
that have been provided to the EPA and will provide PMRA with valuable insights to developing
an appropriately refined and adequately conservative non-target organism risk assessment.

PMRA Response:

FMC did not provide any comments to the PMRA that were specific to the Canadian
environmental risk assessment. The vast majority of the documents submitted to the EPA in
reference to the assessment of risk to non-target organisms are specific to the EPA risk
assessment and the Science Advisory Panel (SAP) meeting on carbofuran.

The Canadian risk assessment for aquatic organisms and mammals made use of Canadian
specific scenarios and assumptions that differ from those used in the USEPA assessment. As
such, PMRA cannot provide responses to comments that do not directly relate to the Canadian
risk assessment.

Re-Evaluation Decision - RVD2010-16
Page 21



Appendix |

The Canadian assessment of risk to birds did make use of the USEPA avian risk assessment as
one line of evidence of the potential risk that carbofuran poses to avian species. However, other
lines of evidence were also used in addition to the USEPA risk assessment, including a special
review of carbofuran by Environment Canada and Canadian incident reports demonstrating
adverse effects in bird species. FMC did not provide any comments specific to the Canadian risk
assessment and the multiple lines of evidence used to determine potential risk to birds.

Re-Evaluation Decision - RVD2010-16
Page 22



References

References
Studies Considered in Chemistry Assessment
A. Studies/Information Provided by the Applicant/Registrant

PMRA Document Number: 1625973

Reference: Technical Chemistry File CAF-FMC-16. Carbofuran Processes, Impurities, Extended
Scan HPLC Chromatograph Of Bayer Processed Carbofuran, Carbofuran Impurities, Data
Numbering Code: 2.99

PMRA Document Number: 1626039

Reference: Technical Chemistry File CAF-FMC-16. Furadan (Carbofuran) Change In
Manufacturing Process, Raw Material Specifications, Analytical Test Methods., Data
Numbering Code: 2.99

Studies Considered in Health Assessment
A. Studied/I nfor mation Provided by the Applicant/Registrant

PMRA Document Number: 1347457
Reference: 2005, A Study On The Potential Toxicity Of Carbofuran To The Male Reproductive
System, Data Numbering Code: 4.3.8

PMRA Document Number: 1369077

Reference: 2005, Amended final report and Acute dose- response study of carbofuran technical
administered by gavage to adult and postnatal day 11 male and female CD (Sprague Dawley)
rats, DACO: 4.8.

PMRA Document Number: 1317568

Reference: 2005, Acute Range-finding Study Of Carbofuran Technical (CAS No. 1563-66-2A)
Dministered By Gavage To Postnatal Day 11 Male And Female CD (Sprague-Dawley) Rat Pups,
Data Numbering Code: 4.2.1 Confidential Business Information

PMRA Document Number: 1347455

Reference: 2005, Acute Time-course Study Of Carbofuran Technical Administered By Gavage
To Adult And Postnatal Day 11 Male And Female CD (Sprague-Dawley) Rats, Data Numbering
Code: 4.2.9

PMRA Document Number: 1317567

Reference: 2005, Acute Time-course Study Of Carbofuran Technical Administered By Gavage
To Adult And Postnatal Day 11 Male And Female CDO (Sprague-Dawley) Rats, Data
Numbering Code: 4.2.1 Confidential Business Information

Re-Evaluation Decision - RVD2010-16
Page 23



References

PMRA Document Number: 1347456

Reference: 2006, Acute Range-finding Study Of Carbofuran Technical Administered By Gavage
To Postnatal Day 11 Male And Female CD (Sprague-Dawley) Rat Pups, Data Numbering Code:
4.2.9

PMRA Document Number: 1445914
Reference: 2007, 21-Day dermal toxicity study of Carbofuran technical in Crl:CD(SD) rats,
DACO: 4.3.3.

PMRA Document Number: 1573320
Reference: 2007, 7-Day dermal toxicity study of Carbofuran technical in Crl:CD(SD) rats,
DACO: 4.3.8.

PMRA Document Number: 1573317
Reference: 2007, Acute oral (gavage) dose range-finding study of cholinesterase depression from
Carbofuran technical in Juvenile (day 11) rats, DACO: 4.5.12.

PMRA Document Number: 1445912
Reference: 2007, Acute oral (gavage) time course study of cholinesterase depression from
Carbofuran technical in Adult and Juvenile (day 11 postpartum) rats, DACO: 4.5.12.

PMRA Document Number: 1445913
Reference: 2007, Cholinesterase depression in Juvenile (day 11) and Adult rats following acute
oral (gavage) dose of Carbofuran technical, DACO: 4.5.12.

B. Additional Information Considered
Published

PMRA Document Number: 1421568
Reference: 1999, Guidelines For Drinking-water Quality, Second Edition, Addendum To
Volume 2. Health Criteria And Other Supporting Information, Data Numbering Code: 12.5.4

PMRA Document Number: 1421567
Reference: W.H. Hickox, 2000, Public Health Goal For Carbofuran In Drinking Water,
California Environmental Protection Agency, Data Numbering Code: 12.5.4

PMRA Document Number: 1421569

Reference: ML.I. Yousef et. al., 1995, Toxic Effects Of Carbofuran And Glyphosate On Semen
Characteristics In Rabbits. Journal of Environmental Science and Health. B30 (4) pp. 513-534,
Data Numbering Code: 4.8

PMRA Document Number: 1421570
Reference: Y.D.S. Seneviratne et. al., 1992, Effect Of Carbofuran (a Carbomate Insecticide) On

Human Sperm Motility In Vitro. Medical Science Research. Volume 20: pp. 361-362, Data
Numbering Code: 4.8

Re-Evaluation Decision - RVD2010-16
Page 24



References

PMRA Document Number: 1421571

Reference: H.W. Dorough, 1968, Metabolism Of Furadan (NIA-10242) In Rats And Houseflies.
Journal Of Agricultural And Food Chemistry. Volume 16(2): Pg. 319-325, Data Numbering
Code: 4.8

PMRA Document Number: 1421574

Reference: Y.N.A. Jayatunga et. al., 1998, Effects Of Mid-term Exposure To Carbofuran On
Pregnancy Outcome Of Rats. Medical Science Research. Volume 26: pp. 679-683, Data
Numbering Code: 4.8

PMRA Document Number: 1421576
Reference: Y.N.A. Jayatunga et. al., 1998, Hazardous Effects Of Carbofuran On Pregnancy
Outcome Of Rats. Medical Science Research. Volume 26, pp. 33-37, Data Numbering Code: 4.8

PMRA Document Number: 1421577

Reference: C. Cambon et. al., 1979, Effect Of The Insecticidal Carbamate Derivatives
(Carbofuran, Pirimicarb, Aldicarb) On The Activity Of Acetylcholinesterase In Tissues From
Pregnant Rats And Fetuses. Toxicology And Applied Pharmacology. Volume 49: pp. 203-208,
Data Numbering Code 4.8

PMRA Document Number: 1421578
Reference: P.W. Ferguson et. al., 1984, Carbofuran Metabolism And Toxicity In The Rat.
Fundamental And Applied Toxicology. Volume 4: pp. 14-21, Data Numbering Code: 4.8

PMRA Document Number: 1421579
Reference: C. Thomas et. al., 1979, C. Thomas et. al., Biliary Excretion Of Carbamate

Insecticides In The Rat. Pesticide Biochemistry And Physiology. Volume 11: pp. 56-63, Data
Numbering Code: 4.8

PMRA Document Number: 1421583
Reference: P.N. Baligar And B.b. Kaliwal, 2003, Temporal Effects Of Carbofuran, A Carbamate
Insecticide In The Interruption Of Estrous Cycle And Follicular Toxicity In Female Swiss

Albino Mice. Bulletin of Environmental Contamination and Toxicology. Volume 71. pp. 422-
428, Data Numbering Code 4.8

PMRA Document Number: 1421584
Reference: L.K.S. Chauhan et. al., 2000, Induction Of Chromosome Aberrations, Micronucleus

Formation And Sperm Abnormalities In Mouse Following Carbofuran Exposure. Mutation
Research. Volume 465: pp. 123-129, Data Numbering Code: 4.8

PMRA Document Number: 1421585

Reference: P.N. Baligar And B.B. Kaliwal, 2002, Reproductive Toxicity Of Carbofuran To The
Female Mice: Effects On Estrous Cycle And Follicles. Industrial Health. Volume 40: pp. 345-
352, Data Numbering Code: 4.8

Re-Evaluation Decision - RVD2010-16
Page 25



References

PMRA Document Number: 1421586

Reference: N. Pant et. al., 1997, In Utero And Lactational Exposure Of Carbofuran To Rats:
Effect On Testes And Sperm. Human And Experimental Toxicology. Volume 16: pp. 267-272,
Data Numbering Code: 4.8

PMRA Document Number: 1421587

Reference: N. Pant et. al., 1995, Effect Of Oral Administration Of Carbofuran On Male
Reproductive System Of Rat. Human And Experimental Toxicology. Vol 14. pp. 889-894, Data
Numbering Code: 4.8

PMRA Document Number: 1421763
Reference: D. de Saint-Georges-Gridelet et al., Cytogenetic Effects Of Carbofuran In Mammals,
1982, Mutation Research, Volume 97, pp.244-245, Data Numbering Code: 4.8.

PMRA Document Number: 1660268
Reference: California Environmental Protection Agency, Department Of Pesticide Regulation,

Medical Toxicology Branch, 2003, Summary Of Toxicology Data: Carbofuran, Data Numbering
Code: 12.5.4

PMRA Document Number: 1660269
Reference: Joint Meeting On Pesticide Residues, 1996, Pesticide Residues In Food: Carbofuran,
Data Numbering Code: 12.5.4

PMRA Document Number: 1720597

Reference: The Commission Of The European Communities, 2009, The Official Journal Of The
European Union, June 16th, 2007, Brussels, Belgium. Docket # C, 2467, Data Numbering Code:
12.5

PMRA Document Number: 1720598
Reference: USEPA, 2008, Carbofuran Cancellation Process, Data Numbering Code: 12.5

PMRA Document Number: 1720599
Reference: World Health Organization, 2002, Data Sheet On Pesticide No. 56, Carbofuran, Data
Numbering Code: 12.5

PMRA Document Number: 1720600
Reference: USEPA, 2005, Carbofuran: HEDS Occupational And Residential Exposure Chapter
Of The Reregistration Eligibility Decision Document (phase 2), Data Numbering Code: 12.5.5

PMRA Document Number: 1720601
Reference: USEPA, 2007, Reregistration Eligibility Decisions Document For Carbofuran, Data
Numbering Code: 12.5

PMRA Document Number: 1720603

Reference: USEPA, 2008, Transmittal Of Meeting Minutes Of The FIFRA Scientific Advisory
Panel Meeting Held February 5-8, 2008 On The Agency's Proposed Action Under FIFRA 6(b)
Notice Of Intent To Cancel Carbofuran, Data Numbering Code: 12.5

Re-Evaluation Decision - RVD2010-16
Page 26



References

PMRA Document Number: 1935095

Reference: USEPA, Carbofuran Acute Aggregate Dietary (Food and Drinking Water) Exposure
and Risk Assessments for the Reregistration Eligibility Decision, April 29, 2009, Data
Numbering Code: 12.5.7

PMRA Document Number: 1720604

Reference: California Environmental Protection Agency, 1999, Health And Safety Report:
Exposure And Illness Following Early Re-entry Into A Carbofuran-treated Field, Data
Numbering Code: 12.5.5

PMRA Document Number: 1734581
Reference: Joint FAO/WHO Meetings On Pesticide Residues (JMPR), 1997, Pesticide Residues
In Food - Report 1997, Data Numbering Code: 12.5.7

PMRA Document Number: 1734582
Reference: Joint FAO/WHO Meetings On Pesticide Residues (JMPR), 1997, Pesticide Residues
In Food - Evaluation 1997 - Carbofuran (096), Data Numbering Code: 12.5.7

PMRA Document Number: 1734583
Reference: Joint FAO/WHO Meetings On Pesticide Residues (JMPR), 2002, Pesticide Residues
In Food - Report 2002, Data Numbering Code: 12.5.7

PMRA Document Number: 1734584
Reference: Joint FAO/WHO Meetings On Pesticide Residues (JMPR), 2002, Pesticide Residues
In Food - Evaluation 2002 - Carbofuran (096), Data Numbering Code: 12.5.7

PMRA Document Number: 1734585
Reference: USEPA, 2005, Revised Carbofuran Acute Probabilistic And Chronic Dietary

Exposure Assessments For The Reregistration Eligibility Decision. 2005, Data Numbering Code:
12.5.7

PMRA Document Number: 1734586
Reference: USEPA, 2008, 40 CFR Part 180 Carbofuran; Proposed Tolerance Revocations;
Proposed Rule. Federal Register, Volume 73, No. 148, 2008, Data Numbering Code: 12.5.7

PMRA Document Number: 1734587

Reference: USEPA, 2004, Aldicarb, Atrazine, Cacodylic Acid, Carbofuran, et. al.; Tolerance
Actions. Rules And Regulations. Federal Register, Volume 69. NO 28, 2004, Data Numbering
Code: 12.5.7

PMRA Document Number: 1735826
Reference: USEPA, 2006, Carbofuran L.R.E.D. Facts, Data Numbering Code: 12.5

Re-Evaluation Decision - RVD2010-16
Page 27



References

PMRA Document Number: 1735907

Reference: USEPA, 2001, Carbofuran: Revised Updated HED Occupational And Residential
Exposure Chapter Of The Reregistration Eligibility Decision Document, Data Numbering Code:
12.5

PMRA Document Number: 1735908
Reference: USEPA, 2004, Carbofuran Use Closure Memo, Data Numbering Code: 12.5

PMRA Document Number: 1780945

Reference: Food and Agriculture Organization and the World Health Organization, 1979, Joint
Meeting of the FAO Panel of Experts on Pesticide Residues in Food and the Environment and
the WHO Expert Group on Pesticide Residues, Geneva, 3-12 December, 1979, Data Numbering
Code: 12.5

PMRA Document Number: 1780953

Reference: Food and Agriculture Organization and the World Health Organization, 1980, Joint
Meeting of the FAO Panel of Experts on Pesticide Residues in Food and the Environment and
the WHO Expert Group on Pesticide Residues, Rome, 6-15 October, 1980, Data Numbering
Code: 12.5.7

PMRA Document Number: 1721369
Reference: 2007, Time course of cholinesterase inhibition in adult rats treated acutely with

carbaryl, carbofuran, formetanate, methomyl, methiocarb, oxamyl or propoxur, Toxicology and
Applied Pharmacology, 219:202-209, DACO: 4.5.12.

PMRA Document Number: 1721370
Reference: 2007, Comparison of acute neurobehavioral and cholinesterase inhibitory effects of
N-methylcarbamates in rat, Toxicological Sciences, 98(2):552-560, DACO: 4.5.12.

PMRA Document Number: 1854793
Reference: 2010, Time-course, dose-response, and age comparative sensitivity of N-methyl
carbamates in rats, Toxicological Sciences, 114(1):113-123, DACO: 4.5.12.

Unpublished

PMRA Document Number: 1723354
Reference: 1968, PMRA Review, Acute Toxicity, Data Numbering Code: 4.2.1

PMRA Document Number: 1723208
Reference: 1979, PMRA Review, Teratogenicity Studies, Data Numbering Code: 4.8

PMRA Document Number: 1723188
Reference: 1983, PMRA Review, Acute Oral Toxicity Study In Rats Treated With Furadan 10
Granules. Data Numbering Code: 4.2.1

Re-Evaluation Decision - RVD2010-16
Page 28



References

PMRA Document Number: 1723145
Reference: 1984, PMRA Review, Acute Oral Toxicity Of FMC 10242 In Rats. Study No. A83-
1101, Data Numbering Code: 4.2.1

PMRA Document Number: 1723071
Reference: 1985, PMRA Review, Acute Oral Of FMC In Rats. Study No. A83-1136 FMC, Data
Numbering Code: 4.2.1

PMRA Document Number: 1723052
Reference: 1987, PMRA Review, Ninety Day Dietary Toxicology Study In Rats, Data
Numbering Code: 4.3.1

PMRA Document Number: 1421565
Reference: 1997, TNO - Occupational Toxicology Advisory Centre, Carbofuran: Summary of
the Toxicity Studies, revised version, DACO: 12.5.4

PMRA Document Number: 1300257

Reference: 2005, United States Environmental Protection Agency, Data Evaluation Record,
Special Studies, Cholinesterase Inhibition, MRIDs 46688912, 46688913 and 46688914, Not
published, DACO: 4.5.12.

PMRA Document Number: 1848775

Reference: 2007, United States Environmental Protection Agency, Data Evaluation Record,
Special Studies, Cholinesterase Inhibition, MRIDs 47143703, 47143704 and 47143705, Not
published, DACO: 4.5.12.

PMRA Document Number: 1848744
Reference: 2007, United States Environmental Protection Agency, Data Evaluation Record,
Dermal Toxicity Studies, MRIDs 47143701 and 47143702, Not published, DACO: 4.3.3.
PMRA Document Number: 1853765
Reference: 2010, Pest Management Regulatory Agency, Health Canada, Statistics Group,
Cholinesterase BMDs for Carbofuran from PMRA #1445913, Not published, DACO: 4.8.
Studies Considered in the Environmental Assessment
A. Additional Information Considered

Published
PMRA Document Number: 1345586

Reference: 1998, Water Quality In Farm And Recreational Surface Water Supplies Of
Southwestern Manitoba. Sampling Results., Data Numbering Code: 8.6

Re-Evaluation Decision - RVD2010-16
Page 29



References

PMRA Document Number: 1311123

Reference: 2005, Direction Du Suivi De L'etat De L'environnement; Developpement Durable,
Environnement Et Parcs Quebec, Les Pesticides Utilises Dans Les Espaces Verts Urbains;
Presence Dans L'eau Des Rejets Urbains Et Dans L'air Ambiant, Data Numbering Code: 8.6

PMRA Document Number: 1705935
Reference: Agriculture Canada, 1993, Special Review Of Carbofuran Insecticide: Effects On
Avian Fauna And Value To Agriculture, Data Numbering Code: 9.9

PMRA Document Number: 1307570

Reference: Berryman, D. And Giroux, 1., 1994, Ministere De L'environnement Et Faune Quebec,
La Contamination Des Cours D'eau Par Les Pesticides Dans Les Regions De Culture Intensive
De Mais Au Quebec, Envirodoq EN940594, Rapport # PES-4, Data Numbering Code: 8.6

PMRA Document Number: 1345964

Reference: Blomquist, J.D., Denis, J.M., Cowles, J.L., Hetrick, J.A., Jones, R.D., And Birchfield,
N.B., Pesticides In Selected Water-supply Reservoirs And Finished Drinking Water, 1999-2000:
Summary Of Results From A Pilot Monitoring Program. Data numbering Code: 8.6

PMRA Document Number: 1307567

Reference: Blundell, Gary, 2000, The Sierra Club Of Canada Eastern Canada Chapter And The
University Of Waterloo, A Survey Of The Quality Of Municipal Supplies Of Drinking Water
From Groundwater Sources In Prince Edward Island, Data Numbering Code: 8.6

PMRA Document Number: 1640595
Reference: Boldon, M., Harty, C., 2003 Pesticide Sampling Program For Selected Municipal
Drinking Water Supplies In New Brunswick, Data Numbering Code: 8.6

PMRA Document Number: 1345897

Reference: Cantox Environmental, 2003, Review On Pesticide Use, Research And Monitoring
Activities In The Maritime Region. (Nova Scotia, New Brunswick And Prince Edward Island).
Final Report. Prepared For: Department Of Fisheries And Oceans., Data Numbering Code: 8.6

PMRA Document Number: 1307573

Reference: Currie, R.s. And D.a. Williamson, 1995, Manitoba Environment ; Canada -manitoba
Agreement On Agricultural Sustainability, An Assessment Of Pesticide Residues In Surface
Waters Of Manitoba, Canada, Data Numbering Code: 8.6

PMRA Document Number: 1307580
Reference: Frank Richard, And Lloyd Logan, 1988, Pesticide And Industrial Chemical Residues
At The Mouth Of The Grand, Saugeen And Thames River, Ontraio, Canada, Architectural

Environment Contamination and Toxicology, Volume 17, p.7410754. Data Numbering Code:
8.6

Re-Evaluation Decision - RVD2010-16
Page 30



References

PMRA Document Number: 1311120

Reference: Giroux Isabelle, 2003, Ministere De L'environnement Gouvernement Du Quebec,
Annexes: Contamination De L'eau Souterraine Par Les Pesticides Et Les Nitrates Dans Les
Regions En Culture De Pommes De Terre; Campagne D'echantilonnage De 1999-2000-2001,
Data Numbering Code: 8.6

PMRA Document Number: 1311119

Reference: Giroux Isabelle, 2003, Ministere De L'environnement Gouvernement Du Quebec,
Contamination De L'eau Souterraine Par Les Pesticides Et Les Nitrates Dans Les Regions En
Culture De Pommes De Terre; Campagne D'echantilonnage De 1999-2000-2001, Data
Numbering Code: 8.6

PMRA Document Number: 1307569

Reference: Giroux, L. et al, 1997, Ministere De L'environnement Et Faune Quebec,
Contamination De L'eau Par Les Pesticides Dans Les Regions De Culture Intensive De Mais Au
Quebec, Campagnes D'echantillonnage De 1994 Et 1995, Envirodoq EN970527, PES-8, Data
Numbering Code: 8.6

PMRA Document Number: 1398451

Reference: Giroux, L. et al, 2006, Part 1: La Présence De Pesticides Dans L'eau Au Québec,
Bilan Dans Les Cours D'eau De Zones En Culture De Mais Et De Soya En 2002, 2003 Et 2004
Et Dans Les Réseaux De Distribution D'eau Potable. Ministére Du Développement Durable,
Data Numbering Code: 8.6

PMRA Document Number: 1398452

Reference: Giroux, L. et al, 2006, Part 2: La Présence De Pesticides Dans L'eau Au Québec,
Bilan Dans Les Cours D'eau De Zones En Culture De Mais Et De Soya En 2002, 2003 Et 2004
Et Dans Les Réseaux De Distribution D'eau Potable. Ministére Du Développement Durable,
Data Numbering Code: 8.6

PMRA Document Number: 1398453

Reference: Giroux, L. et al, 2006, Part 3: La Présence De Pesticides Dans L'eau Au Québec,
Bilan Dans Les Cours D'eau De Zones En Culture De Mais Et De Soya En 2002, 2003 Et 2004
Et Dans Les Réseaux De Distribution D'eau Potable. Ministére Du Développement Durable,
Data Numbering Code: 8.6

PMRA Document Number: 1307565

Reference: Giroux, L., 1995, Ministere De L'environnement Et De La Faune, Direction Des
Ecosystemes Aquatiques, Contamination De L'eau Souterraine Par Les Pesticides Et Les Nitrates
Dans Les Regions De Cultures De Pommes De Terre, Envirodoq EN950125, QE-96, Data
Numbering Code: 8.6

PMRA Document Number: 1307578

Reference: Giroux, 1., 1998, Ministere De L'environnement De De La Faune Quebec, Suivi
Environnemental Des Pesticides Dans Des Regions De Vergers De Pommiers; Rapport
D'echantillonnage De Petits Cours D'eau Et De L'eau Souterraine Au Quebec En 1994, 1995 Et
1996, Data Numbering Code: 8.6
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PMRA Document Number: 1311126

Reference: Somers George, et al, 1999, Environment Canada; Prepared For Canada - Prince
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109 carbofuran Insecticide, nematicide

carbamate
OCONHCH,
O cH,
CH,
NOMENCLATURE

Commeon name carbofuran (BSi, E-ISO, (m) F-15O, ANSI, ESA)

IUPAC name 2,3-dihydro-2,2-dimethylbenzofuran-7-yl methylcarbamate
Chemical Abstracts name 2,3-dihydre-2,2-dimethyl-7-benzofuranyl
methylcarbamate

CAS RN [1563-66-2]; (carbofuran phenol [1563-38-8]; 3-ketocarbofuran
phenol [17781-16-7]) EEC no, 216-353-0 Development codes FMC 10 242;
BAY 70 143; D 1221 Official codes OMS 8564, ENT 27 164

PHYSICAL CHEMISTRY

Mol. wt. 221.3 M. C;,HsNO; Form Colourless crystals.  M.p. 153-154 °C
(pure); 150-152 °C (tech.) V.p. 0.031 mPa {20 °C); 0.072 mPa (25 °C).

Kow logP = 1.52 (20 °C) S.g./density 1.18 (20 °C) Solubility In water 320
(20 °C), 351 (25 °C) (both in mg/1}. In dichioromethane >200, isopropanal
20-50, taluene 10-20 (all in g/1, 20 °C). Stabliity Unstable in alkaline media.
Stable in acidic and neutral media. Decomposes >150 °C. DTy, (22 °C) >>1y
(pH 4,121 d (pH 7), 31 h (pH 9).

COMMERCIALISATION

History Insecticide reported by F. L. McEwen & A. C. Davis (J. Econ. Entomol.,
1965, 58, 369) and E. |. Armburst & G. C. Gyrisco (ibid., p. 940). Introduced by
FMC Corp. and by Bayer AG. Patent US 3474170; US 3474171 both to FMC;
DE 1493646 to Bayer Manufacturers Bayer; Chunhu; FMC; Jin Hung; Kuo Ching;
Makhteshim-Agan; Mitsubishi Chemical; Pilarquim; Sanachem; Shenzhen Jiangsham;
Sinon; Sundat; Taiwan Tainan-Giant

APPLICATIONS

Biochemistry Cholinesterase inhibitor. Mode of action Systemic, with
predominantly contact and stomach action. Uses Control of soil-dwelling and
foliar-feeding insects (including wireworms, white grubs, miilipedes, symphylids, frit
flies, bean seed flies, root flies, flea beetles, weevils, sciarid flies, aphids, thrips,
etc.) and nematodes in vegetables, ornamentals, beet, maize, sorghum, sunflowers,
oilseed rape, potatoes, alfalfa, peanuts, soya beans, sugar cane, rice, cotton,
coffee, cucurbits, tobacco, lavender, citrus, vines, strawberries, bananas,
mushrooms, and other crops. Formulation types SC; GR; WP; FS.

Mixtures (carbofuran +) fenamiphos; isofenphos. Compatibility Incompatible with
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alkaline materials. Selected tradenames ‘Curaterr’ (Bayer). 'Furadan’ (FMC};
‘Agrofuran’ (Sanonda); ‘Carbodan’ {Makhtes‘nim—Agan); ‘Carbosip’ (Sipcam);
‘Cekufuran’ (Cequisa); ‘Chinufur’ (Chinoin); ‘Furacarb’ (Aimco}; *Terrafuran’
(Sanachem) .
ANALYSIS

Product analysis by hplc (CIPAC Handbook, 1988, D, 20; AOAC Methods, 1990,
986.10) or by i.r. spectrometry. Residues determined by gl (ACAC Methods,
1995, $75.40; Pestic. Anal. Man., 1979, 1l; Man. Pestic. Residue Anal., 1987, i, 6
Anal. Methods Residue Pestic., 1988, Part |, M13; R. F. Cooke, Anal. Methods Pestic.
Plant Growth Regul., 1973, 7, 187; A. Ambrus et al., J. Assoc. Off. Anal. Chem.,
1981, 64, 733) or by rpic (AOAC Methods, 1995, 985.23). Methods for
determination of residues available from Bayer. For methods in drinking water, see
AOAC Methods, 1995, 991.06, {includes its 3-hydroxy metabolite); for carbofuran
phenol and 3-ketocarbofuran phenol, see also AOAC Methods, 1995, 992.14.

MAMMALIAN TOXICOLOGY

Reviews Pesticide residues in food = 1982, FAQ Plant Production and Protection
Paper 46, 1983. EHC 64 (WHO, 19861 2 review of carbamate insecticides in
general). Oral Acute oral LDgg for male and female rats c. 8, dogs 15, mice

14.4 mg/kg. Skin and eye Acute percutaneous LDy, for male and female rats
-3000 mg/kg (24 h); mildly irritating to skin and eyes (rabbits). inhalation LCqg
(4 ) for male and fernale rats . 0.075 mg/1 air (aerosol). NOEL (2 y) for rats
and mice 20 mg/kg diet; (1 y) for dogs 10 mg/kg diet. ADI (JMPR) 0.002 mg/kg
b.w. [1996]. Toxicity class WHO (a.i.) Ib; EPA (formulation) | (‘Furadan 4F),

Il (Furadan G} ECrisk T+ (R26/28)

ECOTOXICOLOGY

Birds Acute oral LDsg for Japanese quail 2.5-5 mg/kg. LCq for Japanese quail
60-240 mg (as GR5)/kg. Tech.: L Ce, 0.7-8 mg/kg, depending on species.

Fish LCqq (96 h) for rainbow trout 22-29 mg {as GRS5)/1, bluegill sunfish 1.75 mg
(as GR3)/1, golden otfe 107245 mg (as GR5)/L. Tech.: 7.3-362.5 Hg/\. depending
on species. Bees Toxic to bees (except for granular formulation). Daphnia LCq
(48 h) 38.6 ug/l.

ENVIRONMENTAL FATE

Animals Carbofuran is metabolised by hydrolytic and oxidative mechanisms in the
rat, At 24 hours after treatment, 72% of the dose was eliminated in the urine, 2%
in the faeces, and about 43% of the administered dose was hydro\ysed. Over 95%
of the material excreted in the urine was in the form of conjugated metabolites.
The major metabolite was conjugated 3-ketocarbofuran phenol, while conjugated
3-hydroxycarbofuran was the predominant carbamate metabolite. Both
metabolites were also present in the free form. Metabolism of carbamate
insecticides is reviewed (M. Cool & C. K. Jankowski in "Insecticides").
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Plants Carbofuran is quickly metabolised into 3-hydroxycarbofuran and
ketocarbofuran. Seil/Environment DTy in soil c. 30-60 d. Most important
metabolite is CO, formed by microbiological degradation of the phenol
compounds, K= 22,

e

carbosulfan Insecticide
carbamate
H,
OCON - S = N[(CH,),CH,],
Q CH,
CH,
NOMENCLATURE

Common name carbosulfan (BSI, ANSI, draft E-ISO, (m) draft F-ISO)
IUPAC name 2,3-dihydro-2,2-dimethylbenzofuran-7-yl (dibutylaminothio)=
methylcarbamate

Chemical Abstracts name 2,3-dihydro-2,2-dimethyl-7-benzofuranyl
[(dibutylamino}thio}methylcarbamate

CAS RN [55285-14-8] Davelopment codes FMC 35 001

Official codes OMS 3022

PHYSICAL CHEMISTRY

Mol, wt. 380.5. M.f. Cy4H;,N,058 Form Orange to brown clear viscous liguid.
B.p. 124-128 °C V.p. 0.041 mPa (25 °C) S.g./density 1.056 (20 °C)

Solublfity In water 0.3 ppm (25 °C). Miscible with most organic solvents,

e.g. xylene, hexane, chloroform, dichloromethane, methanol, ethanol, acetone,
etc. Stability Hydrolysed in aqueous media; DT, (25 °C) in pure water <1 h’
(pH 4), 22 h (pH 6), 7.6 d {(pH 7), 14.2d (pH 8), >58.3d (pH 9). F.p. 95 °C
(closed cup)

COMMERCIALISATION
History Insecticide reported by E. C. Maitlen & N. A. Sladen (Proc. Br. Crop Prot.
Conf., 1979, 2, 557). Introduced by FMC Corp. Manufacturers FMC; Kuo Ching

APPLICATIONS

Biochemistry Cholinesterase inhibitor; activity is due to in vivo cleavage of the
N-5 bond, resulting in conversion to carbofuran. Mode of action Systemic
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