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Overview

General Introduction

In Canada, pesticides are regulated under the Pest Control Products Act, administered by Health
Canada’s Pest Management Regulatory Agency (PMRA). All pesticides are registered (i.e.
approved) if a rigorous scientific assessment indicates that the health and environmental risks are
acceptable and the products have value. The Pest Control Products Act also contains provisions
for post-market reviews of registered pesticides namely, re-evaluation and special reviews, to
assess Whether pesticides continue to meet Health Canada’s health and environmental standards,
and whether they can continue to be used in Canada.

As part of the decision making process, before making a final decision, the PMRA consults with
the members of the public and other interested stakeholders on all proposed major decisions such
as new registrations, re-evaluations and special reviews. The PMRA encourages the public and
stakeholders to participate in the consultation process. The proposed decisions are made based on
the information available at the time, and the PMRA will consider the comments and information
received during consultation using a science-based approach before making a final decision. The
final decision will be published on the Pesticides and Pest Management portion of Health
Canada’s website and it will include a summary of the comments received during the
consultation and PMRA'’s responses to the comments.

The registration status of products and conditions of use of pesticide products on the market are
not impacted by proposed re-evaluation or special review decisions. This may be the case only
when final decisions are made. However, at any point during the re-evaluation or special review
of a pesticide, the Pest Control Products Act allows the PMRA to cancel or amend the
registration of registered pest control products, if there are reasonable grounds to believe this is
necessary to deal with a situation that endangers human health or safety or the environment.

Proposed Re-evaluation Decision for Cypermethrin

After a re-evaluation of the insecticide cypermethrin, Health Canada’s Pest Management
Regulatory Agency (PMRA), under the authority of the Pest Control Products Act and
Regulations, is proposing continued registration of products containing cypermethrin for sale and
use in Canada.

An evaluation of available scientific information found that products containing cypermethrin do
not present unacceptable risks to human health or the environment when used according to the
proposed label directions. As a requirement of the continued registration of cypermethrin, new
risk reduction measures are proposed for the end-use products registered in Canada.

This proposal affects the end-use products containing cypermethrin registered in Canada. Once
the final re-evaluation decision is made, the registrants will be instructed how to address any new
requirements.
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This Proposed Re-evaluation Decision is a consultation document? that summarizes the science
evaluation for cypermethrin and presents the reasons for the proposed re-evaluation decision. It
also proposes new risk reduction measures to further protect human health and the environment.

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 assessment of cypermethrin.

The PMRA will accept written comments on this proposal up to 90 days from the date of
publication of this document. Please forward all comments to Publications (please see contact
information indicated on the cover page of this document).

What Does Health Canada Consider When Making a Re-evaluation Decision?

The PMRA'’s pesticide re-evaluation program considers potential risks, as well as value, of
pesticide products to ensure they meet modern standards established to protect human health and
the environment. Regulatory Directive DIR2012-02, Re-evaluation Program Cyclical Re-
evaluation, presents the details of the current re-evaluation approach.

What is Cypermethrin?

Cypermethrin is a synthetic pyrethroid insecticide used to control a broad range of pests on a
wide variety of sites including forestry, greenhouse food crops, industrial oilseed crops, livestock
for food, terrestrial feed crops, terrestrial food crops, outdoor ornamentals and for non-
agricultural industrial pest management. It is applied by farmers, farm workers and professional
applicators using conventional aerial equipment (rotary and fixed wing aircraft) and conventional
ground equipment such as boom sprayers, airblast sprayers, mist blowers and hand held sprayers.

Health Considerations

Can Approved Uses of Cypermethrin Affect Human Health?

Products containing cypermethrin are unlikely to affect your health when used according
to the proposed label directions.

Potential exposure to cypermethrin may occur through the diet (food and drinking water), when
handling and applying products containing cypermethrin or during contact with treated surfaces.
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 (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.

“Consultation statement” as required by subsection 28(2) of the Pest Control Products Act
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Toxicology studies in laboratory animals describe potential health effects from varying levels of
exposure to a chemical and identify the dose at which no effects are observed. The health effects
noted in animals occur at doses which are much higher than levels to which humans are normally
exposed when pesticide products are used according to label directions. Due to the similarity of
structure, mode of action and toxicological findings as well as the inability to analytically
distinguish between stereoisomers, the human health risk assessment for cypermethrin was based
on data for cypermethrin and zeta-cypermethrin.

In laboratory animals, the acute oral toxicity of cypermethrin ranges from low to high.
Cypermethrin is of low acute inhalation and dermal toxicity. Cypermethrin is a slight eye and
skin irritant. Exposure to cypermethrin is not expected to cause an allergic skin reaction;
however, itching, tingling or burning sensations of the skin may occur.

Registrant-supplied short- and long-term (lifetime) animal toxicity tests, as well as information
from the published scientific literature were assessed for the potential of cypermethrin to cause
neurotoxicity, immunotoxicity, chronic toxicity, cancer, reproductive and developmental
toxicity, and various other effects. The most sensitive endpoints for risk assessment included
effects on the nervous system and on body weight. Some potential concern for increased
sensitivity of the young exposed to cypermethrin was noted. Longer-term dosing with
cypermethrin resulted in lung tumors in female mice and a slight increase in testicular tumors in
male rats.

The risk assessment protects against the above noted effects by ensuring that the level of human
exposure is well below the lowest dose at which these effects occur in animal tests.

Residues in Food and Water
Dietary risks from food and water are not 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 (ARfD) or chronic
reference dose (acceptable daily intake or ADI). An ADI 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.

Cypermethrin belongs to a family of pyrethroids which is comprised of cypermethrin, alpha-
cypermethrin and zeta-cypermethrin. These three chemicals are mixtures of the same isomers
and, consequently, their uses result in human exposure to the same isomers. Analytical methods
for current residue monitoring do not differentiate the cypermethrins. Therefore, the dietary risk
assessments were conducted by combining the uses of the three chemicals; that is, the exposure
estimates represent exposures to all three cypermethrins, from crops or commaodities treated with
any one of them (including imports), and from drinking water. Acute (probabilistic) and chronic
dietary exposures were conducted for different population subgroups including children and
women of reproductive age. A cancer risk assessment was conducted for the general population.
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The acute dietary exposure (from food and drinking water) estimate for the general population, at
the 99.9" percentile, represented 24% of the ARfD. Acute exposure estimates for population
subgroups ranged from 17% of the ARfD (females 13-49 years of age) to 70% of the ARfD (all
infants less than 1 year of age). The chronic exposure estimate for the general population was
less than 1% of the ADI. Chronic exposure estimates for population subgroups ranged from less
than 1% to 3% of the ADI; the most exposed population subgroup was children 1-2 years of age.
The dietary cancer risk for the general population was approximately 1 x 10°°. Thus, acute,
chronic and cancer dietary risks from exposure to all cypermethrins are not of concern.

The Food and Drugs Act prohibits the sale of adulterated food; that is, food containing a
pesticide residue that exceeds the specified maximum residue limit (MRL). Pesticide MRLSs are
specified for Food and Drugs Act purposes through the evaluation of scientific data under the
Pest Control Products Act. An MRL represents the maximum amount of residues that may
remain on food when a pesticide is used according to label directions, and serves as a food safety
standard. The Canadian Food Inspection Agency is responsible for monitoring the Canadian food
supply for pesticide residues and the determination of compliance with MRLs specified by
Health Canada.

Canadian MRLs for cypermethrin are currently specified for a wide range of commodities. The
complete list of specified MRLs can be found on the PMRA’s MRL Database, an online query
application that allows users to search for specified MRLs, regulated under the Pest Control
Products Act, for pesticides or food commodities (http://pr-rp.hc-sc.gc.ca/mrl-Irm/index-
eng.php). For all other agricultural commodities, including those registered for use in Canada but
without a specific MRL, residues must not exceed the default MRL of 0.1 ppm as per subsection
B.15.002(1) of the Food and Drug Regulations.

Risks in Residential and Other Non-Occupational Environments

Non-occupational risks are not of concern when products containing cypermethrin are
used according to the proposed label directions.

Residential applicator exposure is not expected, as domestic-class products containing
cypermethrin are not registered in Canada.

Residential postapplication exposure may occur while performing activities on trees in
residential areas treated with cypermethrin by a commercial applicator. Residential
postapplication risk is not of concern.

Non-occupational scenarios were aggregated with dietary exposure (food and drinking water).
The resulting aggregate risks are not of concern.

Occupational Risks

Occupational risks to handlers are not of concern when products containing cypermethrin
are used according to the proposed label directions.

Risk estimates associated with mixing, loading and applying activities are not of concern when
mitigation (additional personal protective equipment) is considered.
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Postapplication risks are not of concern when products containing cypermethrin are used
according to the proposed label directions.

Postapplication occupational risk assessments consider exposures to workers entering treated
sites in agriculture and performing activities, such as scouting and hand harvesting.
Postapplication risks to workers are not of concern, provided that the current restricted-entry
intervals (REIs) are adhered to, and that some specific REIs are lengthened.

Environmental Considerations
What Happens When Cypermethrin Is Introduced Into the Environment?

Products containing cypermethrin are not expected to pose risks of concern to the
environment when used according to proposed label directions.

When cypermethrin is released into the environment, it can enter soil and surface water.
Cypermethrin is not expected to persist in soils because it is broken down fairly rapidly by
microbes. Laboratory studies, field studies, computer modelling and groundwater monitoring all
indicate that cypermethrin is unlikely to move downward through the soil and enter groundwater.
When cypermethrin enters aquatic environments, it rapidly moves from water into sediments
where it is broken down by microbes and is not expected to persist. Cypermethrin is detected
very infrequently at levels that would result in risk to aquatic organisms in available Canadian
surface monitoring data.

Cypermethrin can vaporize and enter the atmosphere, but is unlikely to persist or move in air to
remote locations such as the Arctic. Cypermethrin is not expected to accumulate in the tissues of
organisms.

Cypermethrin may pose risks to pollinators, beneficial insects, and aquatic organisms when they
are exposed to high enough conncentrations. For pollinators, potential risks are mitigated by
restricting application to periods when bees are not actively foraging. The potential risks to
aquatic organisms are mitigated with spray buffer zones and recommendations to reduce run-off
from fields. Toxicity statements are proposed on product labels for pollinators, beneficial insects
and aquatic organisms.

Value Considerations
What is the Value of Cypermethrin?
Cypermethrin is of value for pest management in Canadian agriculture.

As a synthetic pyrethroid insecticide, cypermethrin is an Insecticide Resistance Action
Committee (IRAC) Mode of Action (MoA) group 3 insecticide. It is of value as a very effective
insecticide for a variety of uses and for rotation with the carbamates and organophosphates
(MoA group 1A and 1B insecticides respectively) to delay the development of insecticide
resistance.
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For some of the registered uses of cypermethrin, there are few alternative active ingredients. The
majority of the alternative active ingredients to cypermethrin are carbamates, organophosphates,
or other synthetic pyrethroid insecticides. Several uses of cypermethrin have particular value for
pest management due to the limited availability of alternative active ingredients, or for resistance
management. Cypermethrin has been identified as a priority for pest management by growers
and many of its uses were registered through the Minor Use program which is based on grower
priorities.

Proposed Measures to Minimize Risk

Registered pesticide product labels include specific instructions for use. Directions include risk-
reduction measures to protect human and environmental health. Following these directions is
required by law. As a result of the re-evaluation of cypermethrin, the PMRA is proposing further
risk-reduction measures in addition to those already identified on cypermethrin product labels.
The additional risk-reduction measures are presented below.

Human Health

To protect mixer/loader/applicators, the following statements are proposed to be added to all
agricultural product labels:

e Wear long-sleeved shirt, long pants and chemical-resistant gloves during mixing, loading,
application, clean up and repair. In addition, wear goggles or face shield during mixing
and loading.

e For mechanically pressurized handgun (MPHG) application to strawberry: Wear
coveralls (over single layer of clothes) and chemical-resistant gloves during mixing,
loading and application.

To protect workers entering treated sites, modified restricted-entry intervals (REI) are proposed
to be added to all agricultural labels.

To protect bystanders, the following statement is proposed to be added to all commercial class
product labels:

e Apply only when the potential for drift to areas of human habitation or areas of human
activity such as houses, cottages, schools and recreational areas is minimal. Take into
consideration wind speed, wind direction, temperature inversions, application equipment
and sprayer settings.

Tthe following statement is proposed to be added to all agricultural product labels:

e Crop Rotation: Rotational crops may not be planted within 30 days after the last
application, except crops on which cypermethrin is registered (listed on this label).

Proposed Re-evaluation Decision - PRVD2016-18
Page 6



Environment

Environmental hazard statements for bees, beneficial insects, and aquatic organisms are
proposed.

Spray buffer zones for non-target aquatic habitat will be required. The PMRA is in the
process of revising its approach to buffer zones for all chemicals. The current buffer
zones may be modified when the new approach has been finalized. Updated buffer zones
will be identified in the regulatory decision document.

A label statement advising that the application of cypermethrin should be restricted to
periods when pollinators are not actively foraging is proposed.

To reduce the potential for run off of cypermethrin to adjacent aquatic habitats,
precautionary statements for sites with characteristics that may be conducive to run-off
and when heavy rain is forecasted are proposed. In addition, a vegetative strip between
the treatment area and the edge of a water body is proposed to reduce run-off of
cypermethrin to aquatic areas.

Next Steps

Before making a final re-evaluation decision on cypermethrin, the PMRA will consider all
comments received from the public in response to this consultation document. A science-based
approach will be applied in making a final decision on cypermethrin. The PMRA will then
publish a Re-evaluation Decision? that 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.

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

1.0 Introduction

Cypermethrin is a non-systemic broad spectrum, Insecticide Resistance Action Committee
(IRAC) 3 insecticide, which disrupts the function of neurons by interaction with the sodium
channel prolonging sodium permeability. Sodium channels are involved in the propagation of
action potentials along nerve axons. Cypermethrin has good residual activity on treated plants. It
works by contact, stomach and anti-feeding action.

Following the re-evaluation announcement for cypermethrin, BASF Canada Inc. and United
Phosphorous Inc., the technical registrants and primary data providers in Canada, indicated
continued support for all uses included on the label of commercial class end-use products.

2.0  The Active Substance, its Properties and Uses
2.1  The Technical Grade Active Ingredient, Its Properties and Uses

2.2 Identity of the Technical Grade Active Ingredient

Common name Cypermethrin
Function Insecticide
Chemical Family Pyrethroid

Chemical name

1 International Union of Pure (¥)-cyano(3-phenoxyphenyl)methyl (1E,3E)-

and Applied Chemistry 3-(2,2-dichloroethenyl)-2,2-
(IUPAC) dimethylcyclopropane-1-carboxylate
2  Chemical Abstracts Service cyano(3-phenoxyphenyl)methyl 3-(2,2-
(CAS) dichloroethenyl)-2,2-
dimethylcyclopropanecarboxylate
CAS Registry Number 52315-07-8
Molecular Formula C22H19CI,NO3
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Structural Formula

CI—C\ O\
He e o, A
\Y/ He ( 5
Hio  CH, OO
Molecular Weight 416.3
Registration Number Purity of the Technical Grade Active
Ingredient (%)
19186 95.0
28092 97.78
32074 97.2

Based on the manufacturing process used, impurities of human health or environmental concern
as identified in the Canada Gazette, Part I, VVol. 142, No. 13, SI/2008-67 (2008-06-25),
including TSMP Track 1 substances, are not expected to be present in the product.

2.3 Physical and Chemical Properties of the Technical Grade Active Ingredient

Property Result
Vapour pressure at 25°C 2.0 x 10” mPa
Ultraviolet (UV) / visible spectrum PH  Amax (nm)
7 216
091 219
11.31 224
Solubility in water at 20°C 0.004 mg/L (pH 7)
n-Octanol/water partition coefficient Log Kow = 6.6
Dissociation constant Not applicable, no dissociation expected

2.4  Description of Registered Cypermethrin Uses

Appendix | lists all cypermethrin products that are registered under the authority of the Pest
Control Products Act. 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
cypermethrin.

Uses of cypermethrin belong to the following use-site categories: forestry, greenhouse food
crops, industrial oilseed crops, livestock for food, terrestrial feed crops, terrestrial food crops,
non-agricultural, industrial and residential pest management for non-food sites and ornamental
outdoors. Products containing cypermethrin are applied by farmers, farm workers and
professional applicators using conventional aerial equipment (rotary and fixed wing aircraft) and
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conventional ground equipment such as boom sprayers, airblast sprayers, mist blowers and hand
held sprayers.

3.0 Impact on Human and Animal Health

Toxicology studies in laboratory animals describe potential health effects resulting from various
levels of exposure to a chemical and identify dose levels where no effects are observed. Unless
there is evidence to the contrary, it is assumed that effects observed in animals are relevant to
humans and that humans are more sensitive to effects of a chemical than the most sensitive
animal species.

3.1  Toxicology Summary

A summary of the toxicity profile and endpoints for the health risk assessment of cypermethrin is
found in Appendix II.

Cypermethrin is a synthetic pyrethroid insecticide, and is referred to as a Type Il pyrethroid due
to the presence of an a-cyano group. It is a racemic mixture of 8 stereoisomers (four
diasterioisomeric pairs) resulting from differing conformations at 3 chiral centers. Zeta-
cypermethrin is composed of the same 8 stereoisomers, but is enriched with isomers containing
the S-conformation at the cyano-bearing chiral carbon (~90% in zeta-cypermethrin; 50% in
cypermethrin). Due to the similarity of structure, mode of action and qualitative toxicological
findings, the human health risk assessment for cypermethrin has been based on data for
cypermethrin and zeta-cypermethrin. This approach is further justified by the fact that analytical
methods for current residue monitoring cannot distinguish between cypermethrin stereocisomers.
An extensive toxicology database is available for the assessment of human health risks of
cypermethrin and zeta-cypermethrin, including numerous papers in the scientific literature. The
scientific quality of the available data is considered to be high. It is recognized that alpha-
cypermethrin is used in regulatory jurisdictions outside of Canada. As no petition for registration
or import MRL has been received by the PMRA at this time for alpha-cypermethrin, no
toxicology data have been received for assessment of this moiety. In the event that a submission
for registration or import MRL is received, reference values for the cypermethrin family may
have to be re-visited.

Synthetic pyrethroids induce neurotoxic effects primarily by binding to voltage-dependant
sodium channels in neurons thereby delaying the closing of sodium channels and causing the
depolarization of neurons. This affects action potentials and results in either repetitive activity
(Type | pyrethroids) or blockage of nerve conduction (Type Il pyrethroids). Type Il pyrethroids
such as cypermethrin typically induce the “CS syndrome” which is characterized by
choreoathetosis (involuntary excessive movements progressing to sinuous writhing), sedation,
salivation, dyspnoea, clonic seizures and tremors. Impairment of motor activity and acoustic
startle response are also characteristic of Type Il pyrethroids.

Available toxicokinetic data for cypermethrin are based on radiolabel studies in which rats were
administered either 1) cypermethrin (a racemic mixture of cis- and trans-cypermethrin isomers),
2) cis-cypermethrin isomers only or 3) trans-cypermethrin isomers only. In rats treated orally
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with a single low dose of cypermethrin, absorption from the gastrointestinal tract was rapid and
extensive, with blood concentrations reaching peak levels within three hours in both sexes.

Administration of a single low oral dose of either cis- or trans-cypermethrin also resulted in rapid
elimination in both sexes, with 90% of the administered dose eliminated within 48 hours.
Elimination occurred primarily in urine and to a lesser extent via feces, with significant biliary
contribution. Elimination in exhaled air was negligible.

Twenty-four hours following administration of a single low oral dose of cypermethrin in rats, the
highest tissue residues were detected in fat, followed by skin, intestine, liver and kidney; levels
in brain were low. Levels of radioactivity in most tissues decreased rapidly, with half-lives
ranging from approximately five to nine hours, though extended half-lives were noted in fat
(>24 hours) and skin (13 hours). Residue levels in fat were up to 3.7-fold higher in females,
compared to males, three days following administration of a single low oral dose. Eight days
following administration, levels in fat did not decrease substantially; low levels persisted in
organs associated with the metabolism and elimination of cypermethrin (kidney and liver) likely
due to the slow release of cypermethrin from fat.

Absorption was slower and less extensive following administration of a single high-dose,
compared to a single low oral dose. Peak plasma levels were achieved between 8-hours (in
females) and 23-hours (in males), with a greater proportion of the administered dose eliminated
in feces. Seven days post-dosing, the highest levels were detected in fat, skin, intestine, liver and
kidney with low levels of radioactivity detected in brain tissue. Levels of radioactivity in fat one
week after dosing were proportionately greater in rats receiving a single high oral dose of
cypermethrin, compared to animals receiving a single low oral dose.

Following repeated exposure in rats to a low oral dose of cypermethrin for up to 70 days, peak
levels of radioactivity were noted in most tissues by treatment day 56. Levels of radioactivity
decreased rapidly in most tissues following cessation of exposure, reaching background levels
within 15 days. However, low levels of cypermethrin remained in fat and skin 50 days following
the last exposure. At termination, the relative proportions of cis- and trans-isomers in fat were
approximately 88% and 12%, respectively. The elimination of cypermethrin from adipose tissue
was biphasic due to the initial rapid elimination of trans-cypermethrin, followed by the slower
elimination of cis-isomer; reported elimination half-lives in fat were 18 days for cis-isomer and
3-days for trans-isomer.

Based on the results of a rat developmental neurotoxicity study conducted with zeta-
cypermethrin, cypermethrin is assumed to distribute to the developing fetus via placental
transfer, and to the neonate via maternal milk. While concentrations in maternal milk were
proportional to maternal intake, levels in fetal plasma were slightly lower than maternal plasma
and did not correlate with maternal dietary levels, suggesting limited placental transfer.

Cypermethrin is metabolized in the liver of rats, with similar metabolic profiles noted in males
and females. Metabolism occurs principally by ester cleavage yielding the
cyclopropanecarboxylic acid and 3-phenoxybenzyl moiety. The 3-phenoxybenzyl moiety is
eliminated in urine as the sulphate conjugate of 3-(4'-hydroxyphenoxy) benzoic acid) and 3-
phenoxybenzoic acid, and the cyclopropanecarboxylic acid is transformed primarily to the ester
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glucuronide prior to elimination. Unchanged cypermethrin was the major compound recovered in
feces. Other minor fecal metabolites identified in rats were 3-phenoxybenzoic acid, 3-(4-
hydroxyphenoxy)benzoic acid, 4-hydroxy-cis-cypermethrin and trans-hydroxy-cis-cypermethrin.

Acute oral toxicity studies in rodents conducted with cypermethrin or zeta-cypermethrin
indicated a range of low to high acute toxicity depending on the vehicle used. Clinical signs of
toxicity following oral exposure were characteristic of disruption of the autonomic nervous
system and indicative of the “CS syndrome” including salivation, excessive grooming, motor
incoordination, tremors, choreoathetosis, pawing and burrowing. No significant sex-related
differences in toxicity were noted. Age-related sensitivity was apparent in two oral comparative
lethality studies conducted in rats with cypermethrin, with greater sensitivity noted in pups and
weanlings, compared to adults, based on LDsg values. In acute dermal studies, cypermethrin was
of low acute toxicity in rats and rabbits, but induced clinical signs of neurotoxicity in both
species at high doses. Cypermethrin caused low acute inhalation toxicity in rats and slight ocular
and dermal irritation in rabbits. Cypermethrin was not a dermal sensitizer in guinea-pigs in a
supplemental assay conducted by the Buehler method.

Based on repeat-dose guideline studies conducted by the oral route, the most sensitive indicators
of toxicity were signs of neurotoxicity (tremors, irregular gait, incoordination, hypersensitivity to
noise, disorientation in dogs) and body weight effects, with mortality and more severe neurotoxic
signs (ataxia, clonic convulsions, splayed hindlimbs, walking on toes, extreme irregularities in
gait, heavy breathing and chewing of extremities) noted in rodents and dogs at higher oral doses.
In these studies, the dog was most sensitive species, followed by the rat, mouse and rabbit. There
was a slight durational effect with regard to toxicity in dogs, but not rodents, based on the
observation of tremors and mortality at lower doses in dogs in longer-term oral studies. Other
notable effects at higher oral doses in repeat-dose studies included liver effects in rats and mice,
haematological and renal effects in rats and testicular effects in all species tested. No sex-related
differences in sensitivity were noted, despite the greater deposition of cypermethrin in the
adipose tissue of female rats in toxicokinetic studies, compared to males.

Consistent with oral studies, signs of neurotoxicity were also noted in rats following short-term
nose-only inhalation exposure to cypermethrin. Reduced body weight and excessive salivation
were the critical effects at the lowest concentrations, with haematological effects, decreased
activity, reduced stability, tip toe gait, head/paw flicking and tail erection noted at higher
inhalation concentrations.

There was no indication of systemic toxicity in rats following short-term dermal exposure to
zeta-cypermethrin at the limit dose, though dermal irritation was evident at the lowest dose
tested. No systemic or dermal irritative effects were observed in non-abraded rabbits treated with
cypermethrin in polyethylene glycol, though similar treatment of abraded skin of rabbits resulted
in systemic and dermal toxicity. Toxicokinetic data suggest that highly lipophilic cypermethrin
may be sequestered in the skin and slowly released into the systemic circulation.

In neurotoxicity studies and standard repeat-dose toxicity studies, exposure to cypermethrin or
zeta-cypermethrin induced toxicological effects in all species (rodents, dogs, hens) which were
consistent with Type 1l pyrethroids, including mortality, decreased body weight, salivation,
tremors, decreased motor activity, splayed/dragging hindlimbs, severely impaired gait,
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hypersensitivity, chewing, tremors and convulsions. Throughout the database, cypermethrin
induced signs of local paraesthesia (chewing of extremities, burrowing, pawing, excessive
grooming) as an acute effect distinct from irritation.

In acute neurotoxicity studies, the time of peak effect varied from 1.5-hours post-dosing in Long-
Evans rats, to 4-hours in Sprague-Dawley rats. Microscopic neuropathology in the sciatic nerve
(including axonal breaks, myelin degeneration, swelling and vacuolation) was seen in several rat
studies conducted with cypermethrin, but only at high dose levels.

There was evidence of more severe neurological effects in the young, compared to adults, in a
developmental neurotoxicity (DNT) study in rats treated with zeta-cypermethrin and range-
finding DNT studies in rats conducted with cypermethrin and zeta-cypermethrin. In the DNT
study conducted with zeta-cypermethrin, offspring had reduced body weights, impaired learning
and memory, alterations in brain morphometrics and effects on functional observational battery
(FOB) parameters, in the presence of reduced maternal body weight only. In the range-finding
DNT studies, changes in brain morphometrics (cypermethrin) and decreased motor activity (zeta-
cypermethrin) were noted in offspring, in the absence of maternal effects. Severe offspring
toxicity in the form of decreased pup viability, decreased body weight, delayed physical
development and altered FOB parameters in the presence of reduced maternal body weight was
recorded in a non-guideline DNT study conducted in mice treated orally with cypermethrin prior
to mating only.

In general, pyrethroid neurotoxicity is correlated with peak concentrations of the parent
compound in blood, with bolus dosing resulting in larger internal doses and greater toxicity,
compared to dietary administration. As the design of the DNT study does not consider the time
of peak effect and may miss the window of peak toxicity for the pyrethroids, neurobehavioural
assessments of the young in the DNT study may not be particularly informative. It is known that
the metabolic clearance of pyrethroids in rats increases during maturation, primarily due to
increased hepatic enzyme activity. Incomplete maturation of enzyme systems in the liver which
detoxify pyrethroids may result in increased pyrethroid concentrations in target tissues (brain)
and increased susceptibility of the young to toxicity, compared to adults receiving the same oral
dose. Given the limitations of the DNT study in this regard, an adequate comparison of the
sensitivity of the young animal is currently not available. A comparative oral gavage
neurotoxicity study conducted in pups, weanling and adults, which considers the time of peak
effect, could address this uncertainty. In the interim, this uncertainty has been reflected in the
form of a database uncertainty factor.

Zeta-cypermethrin was not genotoxic in a battery of in vitro and in vivo tests; however, studies
with cypermethrin produced mixed results. In guideline in vitro studies, cypermethrin was
negative in gene mutation assays and chromosome aberration and sister chromatid exchange
assays in human lymphocytes and Chinese hamster bone marrow cells. Equivocal results were
noted in a micronucleus assay with human lymphocytes. Cypermethrin was negative in a
dominant lethal assay and an unscheduled DNA synthesis assay conducted in vivo. Positive
results were obtained in Comet assays performed in vitro and in vivo. Additional positive results
were obtained in non-guideline assays (DNA adducts) and in five supplemental studies assessing
chromosome aberrations, sister chromatid exchange and micronuclei in Swiss mouse cell lines.
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There was evidence of tumorigenicity with cypermethrin in mice and rats in long-term dietary
assays. Cypermethrin increased the incidence of benign Leydig cell tumors in male rats. These
tumors were considered to be treatment-related in view of consistent evidence of testicular
toxicity and anti-androgenic activity of cypermethrin throughout the database. However, these
tumours were only marginally increased and of low toxicological significance with respect to
human health. Cypermethrin administration also increased the incidence of benign lung
adenomas in high-dose female mice; there was no treatment-related increase in malignant lung
tumours. Treatment-related lung adenomas have been noted in several studies conducted in
female mice with permethrin, a structurally similar compound. Based on the weight of evidence,
it was determined that cypermethrin potentially poses a tumorigenic hazard; as such, a
guantitative cancer risk assessment was undertaken.

There was no evidence of adverse effects on mating performance or fertility in multi-generation
oral reproductive toxicity studies in rats conducted with cypermethrin or zeta-cypermethrin
although studies were lacking estrus cycle and sperm measurements. Effects in parental animals
were similar to those in repeat-dose oral toxicity studies (mortality, clinical signs of
neurotoxicity and decreased body weight) and were evident at levels which were similar to those
noted in non-pregnant females. Parental males treated with cypermethrin, but not zeta-
cypermethrin, exhibited testicular atrophy. Reproductive effects were restricted to total litter loss
in high-dose dams treated with zeta-cypermethrin resulting in the absence of a sufficient number
of animals for mating in the second generation. There was no evidence of sensitivity of the
young in either assay, with critical effects in offspring (decreased body weight) observed in
conjunction with maternal toxicity. At higher oral doses of zeta-cypermethrin, mortality,
neurotoxic signs, gastrointestinal/urinary tract bleeding and small testes were also evident in
offspring. Offspring mortality in this investigation commenced during early lactation and was
most pronounced during late lactation, likely due to increased consumption of test diet.
Reproductive toxicity was also reported in mice (reduced number of pregnant mice, reduced
number of pups/litter and increased number of dead pups/litter) treated by gavage during mating,
in a non-guideline DNT study.

Based on the Tier | weight-of-evidence evaluation of existing data by the United States
Environmental Protection Agency (USEPA) Endocrine Disruptor Screening Program (USEPA,
2010a), cypermethrin has the potential to interact with the androgen hormone system. In
literature studies, cypermethrin displayed anti-androgenic activity in in vitro androgen receptor
binding assays using yeast reporter genes, an in vitro androgen receptor transcriptional activation
assays and an in vivo Hershberger assay in rats. Cypermethrin was equivocal/weakly positive in
an in vitro estrogen receptor competitive binding assay and positive using the pS2 gene
expression assay. Treatment-related functional and morphological changes in the testes were
consistently noted throughout the cypermethrin database. Reduced relative testes weights were
reported following repeated oral exposure in rats, mice and dogs, and short-term dermal
exposure to abraded skin of rabbits. There was testicular toxicity in parental rats and offspring
receiving zeta-cypermethrin or cypermethrin in multi-generation reproductive toxicity studies. In
specialized repeat-dose oral studies to assess male reproductive effects, histopathological
changes in the testes, abnormal sperm morphology, decreased testicular and epidydimal sperm
counts, increased serum FSH and LH, decreased serum and testicular testosterone levels and
decreased expression of androgen receptors and steroidogenic regulatory proteins were observed
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in mice and rats treated with cypermethrin. Supplementary data in mice suggest that these
testicular effects can be induced with in utero and lactational exposure into adulthood.

As full assessments of female reproductive function and male testicular health were not
conducted in existing reproductive toxicity studies, and the current literature identifies anti-
androgenic activity and functional and morphological changes in the testes, there exists some
uncertainty regarding the point of departure for male and female reproductive effects. This
uncertainty is addressed through the application of a database uncertainty factor until further data
are submitted to clarify the point of departure.

In developmental toxicity studies, cypermethrin and zeta-cypermethrin did not result in
developmental effects in rats or rabbits following gavage administration (in oil) of maternally-
toxic doses. The most notable signs of toxicity in dams were mortality, clinical signs of
neurotoxicity (ataxia, hypersensitivity, spasms, convulsions, splayed hind-limbs) and anorexia.

3.1.1 Pest Control Products Act Hazard Considerations

For assessing risks from potential residues in food or from products used in or around homes or
schools, the Pest Control Products Act requires the application of an additional 10-fold factor to
take into account the completeness of the data with respect to the exposure of, and toxicity to,
infants and children as well as 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 toxicology database for the assessment of risk to infants
and children, most of the required studies for risk assessment were available including oral
developmental toxicity studies in rats and rabbits, multi-generation reproductive toxicity studies
in rats and DNT studies in mice and rats. However, male (and possibly female) reproductive
effects have not been adequately assessed based on evidence of anti-androgenic activity and
testicular toxicity in experimental species at doses which are within the range of those selected
for risk assessment purposes. This concern is addressed through the application of a database
uncertainty factor.

With respect to concerns relevant to the assessment of risk to infants and children, there is no
evidence of increased susceptibility in rats or rabbits to in-utero exposure in oral developmental
toxicity studies, or increased susceptibility of the young in multi-generation reproductive toxicity
studies in rats. However, there is residual uncertainty regarding the susceptibility of the young.
Young animals have incomplete maturation of enzyme systems which detoxify pyrethroids and
thus may be more susceptible due to higher and prolonged brain concentrations, compared to
adults (Kim et al., 2010). In two acute oral comparative lethality studies conducted in rats, there
was evidence of sensitivity of the young to the lethal effects of cypermethrin, compared to
adults. Moreover, serious neurological effects were noted in offspring in a guideline DNT study
conducted in rats with zeta-cypermethrin as characterized by impaired learning and memory,
altered FOB parameters and morphometric changes in the brain at a dose which produced
reduced maternal body weights only. Morphometric changes in the brain and decreased motor
activity in offspring (in the absence of maternal toxicity) have also been reported in a
supplemental DNT study conducted with cypermethrin in rats. Due to the lack of a comparative
oral neurotoxicity study, an adequate assessment of sensitivity of the young is currently not
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available and residual uncertainty remains concerning susceptibility of the young to potential
neurotoxic effects. This concern was reflected through the use of a database uncertainty factor.

A 3-fold database uncertainty factor (UFpg) was applied due to concerns of potential male
reproductive effects, and/or for concerns regarding sensitivity of the young to neurotoxic effects
for risk assessment purposes. Since these concerns were addressed with a database uncertainty
factor, the Pest Control Products Act factor was reduced to 1-fold.

3.2  Dietary Exposure and 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
cypermethrins from potentially treated imported foods 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 (infants, children, adolescents, adults and seniors). 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 exposure exceeds 100% of the reference
dose or the lifetime cancer risk estimate exceeds 1 x 107 (in other words, one-in-a-million).
PMRA'’s Science Policy Note SPN2003-03, Assessing Exposure from Pesticides, A User’s
Guide, presents detailed acute, chronic and cancer risk assessment procedures.

Residue estimates used in the dietary risk assessment may be based conservatively (in other
words, using upper bound estimates) on the maximum residue limits (MRLS) or the field trial
data representing the residues that may remain on food after treatment at the maximum label rate.
Surveillance data representative of the national food supply may also be used to derive a more
accurate estimate of residues that may remain on food when it is purchased. These include the
Canadian Food Inspection Agency (CFIA) National Chemical Residue Monitoring Program and
the United States Department of Agriculture Pesticide Data Program (USDA PDP). Specific and
empirical processing factors as well as specific information regarding percent of crops treated
may also be incorporated to the greatest extent possible.

Acute, chronic and cancer exposure and risk assessments for cypermethrins were conducted
using the Dietary Exposure Evaluation Model - Food Commodity Intake Database™ (DEEM-
FCID™; Version 4.02) program which incorporates food consumption data from the National
Health and Nutrition Examination Survey/“What We Eat in America” (NHANES/WWEIA)
dietary survey for the years 2005-2010 available through CDC’s National Center for Health
Statistics (NCHS). Cypermethrin belongs to a family of pyrethroids which is comprised of
cypermethrin, alpha-cypermethrin and zeta-cypermethrin. These three chemicals are mixtures of
the same isomers and, consequently, their uses result in human exposure to the same isomers.
Analytical methods for current residue monitoring do not differentiate the cypermethrins.
Therefore, the dietary risk assessments were conducted by combining the uses of the three
chemicals; that is, the exposure estimates represent exposures to all three cypermethrins, from
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crops or commodities treated with any one of them (including imports), and from drinking water.
Only cypermethrin is currently registered in Canada; import MRLs have been established for
zeta-cypermethrin. Alpha-cypermethrin is not registered in Canada and import MRLs have not
been established; however, it is used in the US and other countries on commaodities that can be
imported into Canada.

The acute and chronic/cancer exposure estimates are considered to be highly refined (more
precise) as monitoring residues, percent crop treated, experimental processing factors and
domestic/import data were used to the extent possible. However, the assessments retained a
certain level on conservatism due to the use of MRLs/tolerances or anticipated residues, (field
trial residues) for a few commodities. None of these commodities was a major contributor to the
total exposure to cypermethrins. For more information on dietary risk estimates or residue
chemistry information used in the dietary exposure assessment, see Appendices Il and IV.

3.2.1 Determination of Acute Reference Dose (ARfD)
General Population (including pregnant women, infants and children)

To estimate acute dietary risk, the BMDL,o (benchmark dose 95% lower confidence limit at the
20% effect level) of 5.2 mg/kg bw from an acute oral neurotoxicity study conducted with
cypermethrin was selected, based on reduced motor activity in adult rats (PMRA#2007554).
Reduced motor activity was considered the critical endpoint since it is a sensitive
neurobehavioral endpoint which is relevant to pyrethroid toxicity and is derived by a relevant
route and duration of exposure. The BMDL o was specifically selected based on the reported
variability of motor activity in control rats in the literature (Crofton et al., 1991). Since there is
concern that the critical endpoint in adults may not be ideal for assessment of the young, a 3-fold
database uncertainty factor (UFpg) was applied for risk assessment purposes. Consequently, the
Pest Control Products Act factor was reduced to 1-fold as discussed in the Pest Control Products
Act Hazard Considerations section. Standard uncertainty factors of 10-fold for interspecies
extrapolation and 10-fold for intraspecies variability were also applied, resulting in a composite
assessment factor (CAF) of 300.

ARTD = BMDL = 5.2 mg/kg bw = 0.02 mg/kg bw
CAF 300

3.2.2 Acute Dietary Exposure and Risk Assessment

The acute dietary risk (from food and drinking water) was calculated considering the highest
ingestion of cypermethrin that would be likely on any one day, and using food and water
consumption, and food and water residue values. The expected intake of residues is compared to
the ARFD, 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 ARfD, the
acute dietary exposure is not of concern.

The acute probabilistic risk assessment was conducted using available CFIA and PDP
monitoring data. The USEPA Standard Operating Procedure (SOP) 99.3 was used for crop
translations when necessary. MRLs/tolerances were used for a few commodities for which no
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monitoring data were available. In addition, the following inputs were used: available percentage
of crops treated (PCT) information in Canada and in the US; 100% crop treated for commodities
for which no PCT information was available; available information on domestic production and
import supply; and available experimental processing factors. Dietary exposure evaluation model
(DEEM) default processing factors were used when experimental processing factors were not
available. Drinking water contribution to the exposure was accounted for by direct incorporation
of the estimated environmental concentration (EEC), obtained from water modelling (see Section
3.3), into the DEEM.

The acute dietary exposure estimate for the general population, at the 99.9™ percentile, represents
24% of the ARTD. Exposure estimates for population subgroups range from 17% of the ARfD
(females 13-49 years of age) to 70% of the ARfD (all infants less than 1 year of age). Drinking
water contribution to the acute exposure is very low, accounting for less than 4% of total
exposure for the most exposed population subgroup. Acute dietary exposure is, therefore, not of
concern.

3.2.3 Determination of Acceptable Daily Intake (ADI)
General Population (including pregnant women, infants and children)

To estimate dietary risk from repeated exposure, a no observed adverse effects level (NOAEL)
of 5.0 mg/kg bw/day was selected based on the results of the following co-critical toxicity
studies: the oral NOAEL values of 5.0/5.7 mg/kg bw/day in dogs treated with cypermethrin for
12 months, the NOAEL of 5 mg/kg bw/day in the dietary subchronic neurotoxicity study in rats
with zeta-cypermethrin, the NOAEL of 5.0 mg/kg bw/day in the oral DNT study in mice
conducted with cypermethrin, the NOAEL of 7.3 mg/kg bw/day in the 2-year dietary rat study
conducted with cypermethrin and the NOAEL of 9.0 mg/kg bw/day in the rat DNT study
conducted with zeta-cypermethrin. Standard uncertainty factors of 10-fold for interspecies
extrapolation and 10-fold for intraspecies variability were applied. Residual uncertainty
regarding potential susceptibility of the young and inadequate assessment of testicular toxicity
was addressed with a 3-fold UFpg . Consequently, the Pest Control Products Act factor was
reduced to 1-fold as discussed in the Pest Control Products Act Hazard Considerations section.
Therefore, the composite assessment factor (CAF) is 300.

ADI = NOAEL = 5.0 mg/kg bw/day = 0.02 mg/kg bw/day
CAF 300

The ADI provides a margin of 1250 to the lowest observed adverse effect level (LOAEL)(25
mg/kg bw/day) for testicular effects in acceptable repeat-dose oral toxicity studies, whereas the
effect levels in supplemental repeat-dose oral toxicity studies were within the range of the
NOAEL used for risk assessment purposes.

3.2.4 Chronic Dietary Exposure and Risk Assessment

The chronic dietary risk (from food and drinking water) was calculated using the average
consumption of different foods and water, and the average residue values on those foods and
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water. This estimated exposure to cypermethrins was then compared to the ADI. When the
estimated exposure is less than the ADI, the chronic dietary exposure is not of concern.

The chronic assessment was conducted using average residues from the same CFIA and PDP
monitoring data used in the acute assessment, adjusted with percent crop treated data and
domestic/import statistics; anticipated residues (from field trials) for imported commodities for
which no monitoring data were available; MRLs/tolerances for commodities for which no
monitoring data or anticipated residues were available; experimental processing factors when
available (otherwise DEEM default processing factors were used); and the chronic drinking
water EEC point estimate obtained from modelling (see Section 3.3).

The chronic exposure estimate for the general population is less than 1% of the ADI. Chronic
exposure estimates for population subgroups range from less than 1% to 3% of the ADI; the most
exposed population subgroup is children 1-2 years of age. Chronic dietary exposure is, therefore,
not of concern.

3.2.5 Cancer Assessment

Cypermethrin poses a potential tumorigenic hazard in humans based on assessment of the weight
of evidence of carcinogenicity. There is evidence of tumorigenicity in mice and rats in-vivo and
some evidence of genotoxicity. A cancer potency factor of 8.09 x 10 mg/kg bw/day™* was
derived based on lung adenomas in female mice treated with cypermethrin. Benign Leydig cell
tumors in rats treated with cypermethrin were considered to be treatment-related but of low
toxicological concern to human health.

3.2.6 Cancer Dietary Exposure and Risk Assessment

A dietary (food + drinking water) cancer risk assessment was conducted for the general
population by using the same chronic residues as described in Section 3.2.4 and the drinking
water EEC point estimate of 0.000059 ppm from Section 3.3.1. The estimated chronic exposure
was then compared to the cancer potency factor (q;*). A lifetime cancer risk that is equal or
below 1x10°° (one-in-a million) usually does not indicate a risk of concern for the general
population when exposure occurs through pesticide residues in or on food, or to otherwise
unintentionally exposed persons. Based on the q,* approach, the lifetime cancer risk estimate
from dietary exposure is approximately 1x107 and is, therefore, not of concern.

3.3  Exposure from Drinking Water
Residues of cypermethrins in potential drinking water sources were estimated from modelling.
3.3.1 Concentrations in Drinking Water

Estimated environmental concentrations (EECs) of cypermethrin in potential drinking water
sources (groundwater and surface water) were generated using computer simulation models: the
PRZMGW maodel for groundwater and the PRZM/EXAMS model for surface water (see Section
4.0 of this document for details). Cypermethrin concentrations in surface water were estimated in
one type of vulnerable drinking water source, a small reservoir. Only EECs in surface water were
considered, as concentrations in groundwater were practically zero. The Level 2 (refined) surface
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water modelling was conducted for three different use rates reflecting those specified for the
treatment of apples, strawberries and potatoes.

The highest yearly peak concentration of 0.0011 ppm from the potato scenario was used in the
acute exposure assessment. The highest yearly average concentration of 0.000059 ppm was used
in chronic (non-cancer) and cancer exposure assessments.

3.3.2 Drinking Water Exposure and Risk Assessment

Drinking water exposure estimates were combined with food exposure estimates, with EEC point
estimates incorporated directly in the dietary (food + drinking water) assessments. Please refer to
Sections 3.2.2 and 3.2.4.

3.4  Occupational and Non-Occupational Exposure and 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, but mitigation measures to reduce risk would be
required.

3.4.1 Toxicology Endpoint Selection for Occupational and Non-Occupational Risk
Assessment
Dermal Exposure

For short-, intermediate- and long-term dermal risk assessment in all populations, a NOAEL of
5.0 mg/kg bw/day was selected based on the offspring and parental NOAEL of 5.0 mg/kg
bw/day cypermethrin in the DNT study in mice, and the offspring and parental NOAEL of 9.0
mg/kg bw/day zeta-cypermethrin in the rat DNT study. Decreased number of pups and litters,
decreased number of live pups, increased number of dead pups, decreased body weight, delayed
development and altered FOB parameters were noted in mouse pups receiving cypermethrin at
the LOAEL, in the presence of maternal toxicity during treatment (pre-mating) and mating.
Decreased body weight, altered FOB parameters, impaired learning and memory and changes in
brain morphometrics were noted in rat pups receiving zeta-cypermethrin at the LOAEL, in the
presence of maternal toxicity. The 21-day dermal toxicity study conducted with cypermethrin
was not considered relevant for risk assessment purposes since it did not address the endpoints of
concern. A target Margin of Exposure (MOE) of 300 was derived for the critical endpoint. This
includes uncertainty factors of 10-fold for interspecies extrapolation, 10-fold for intraspecies
variability and a 3-fold UFpg for concerns related to sensitivity of the young and potential
testicular effects. For residential scenarios, the Pest Control Products Act factor was reduced to
1-fold as discussed in the Pest Control Products Act Hazard Considerations Section.

Inhalation Exposure

The most appropriate study for short-, intermediate- and long-term inhalation risk assessment in
all populations is the short-term (nose-only) inhalation toxicity study in rats in which a NOAEL
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of 2.7 mg/kg bw/day (0.01 mg/L) for cypermethrin was derived based on reduced body weight
and excessive salivation at the LOAEL. This NOAEL was selected as it is based on an
appropriate route of exposure and is protective of other systemic and neurological effects. A
target MOE of 300 was selected, which includes 10-fold for interspecies extrapolation, 10-fold
for intraspecies variability and a 3-fold UFpg for concerns related to sensitivity of the young and
potential testicular effects. For residential scenarios, the Pest Control Products Act factor was
reduced to 1-fold as discussed in the Pest Control Products Act Hazard Considerations Section.

Non-Dietary Incidental Oral Ingestion

For assessment of short- and intermediate-term non-dietary (incidental) oral exposure, a NOAEL
of 5.0 mg/kg bw/day was selected based on the offspring and parental NOAEL of 5 mg/kg
bw/day cypermethrin in the DNT study in mice, and the offspring and parental NOAEL of 9.0
mg/kg bw/day zeta-cypermethrin in the rat DNT study. This NOAEL was considered most
relevant since it is based on sensitive endpoints in an appropriate population exposed by a
relevant route and duration of exposure. Decreased number of pups and litters, decreased number
of live pups, increased number of dead pups, decreased body weight, delayed development and
altered FOB parameters were noted in mouse pups receiving cypermethrin at the LOAEL, in the
presence of maternal toxicity during treatment (pre-mating) and mating. Decreased body weight,
altered FOB parameters, impaired learning and memory and changes in brain morphometrics
were noted in rat pups receiving zeta-cypermethrin at the LOAEL, in the presence of maternal
toxicity. A target MOE of 300 was selected which includes 10-fold for interspecies
extrapolation, 10-fold for intraspecies variability and a 3-fold UFpg for concerns related to
sensitivity of the young and potential testicular effects. The Pest Control Products Act factor was
reduced to 1-fold as discussed in the Pest Control Products Act Hazard Considerations Section.

Cancer Assessment

A cancer potency factor of 8.09 x 10 mg/kg bw/day™ was derived based on lung adenomas in
female mice treated with cypermethrin. See section 3.2.5.

Dermal Absorption

A dermal absorption value of 7% was used for cypermethrin based on a weight-of-evidence
approach which included consideration of a human in vivo study (Woolen et al., 1992), other
published studies (Capt et al., 2007; Scott and Ramsey, 1987), physical-chemical properties and
the dermal absorption of a structurally similar compound, permethrin.

3.4.2 Occupational Exposure and Risk Assessment

Workers can be exposed to cypermethrin through mixing, loading, or applying the pesticide, and
when entering a treated site to conduct activities, such as scouting and hand harvesting.

Mixer, Loader, and Applicator Exposure and Risk Assessment

There are potential exposures to mixers, loaders, and applicators (M/L/A). The following
scenarios were assessed:
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e Mixing/loading of liquids;

e Applying liquids by open cab airblast to orchards (apple, nectarine, peach, pear, and
plum) and grapes;

e Applying liquids by open cab groundboom to all crops, except orchards, grapes and
greenhouse tobacco seedlings;

e Aerial application of liquids to canola, potatoes, sunflowers and corn (sweet and field).

e Applying liquids with a right-of-way sprayer to roadsides;

e Mixing/loading and applying with mechanically pressurized handgun (MPHG) to conifer
seedlings (nursery), stevia and strawberries;

e Mixing/loading and applying with manually pressurized handwand (MPHW) to conifer
seedlings (nursery), stevia and strawberries;

e Mixing/loading and applying with backpack equipment to stevia and strawberries; and

e Applying ear tags to beef and dairy cattle.

Based on the number of applications and the timing of application, workers applying
cypermethrin would generally have a short-term exposure. Custom applicators may have a short-
to intermediate-term exposure. Short- to intermediate-term exposure was assumed for application
to greenhouse tobacco seedlings since this crop is seasonal in greenhouses.

Mixer/loader and applicator (M/L/A) exposure was estimated based on the following personal
protective equipment (PPE):

e Baseline PPE: long pants, long-sleeved shirts and chemical-resistant gloves (unless
otherwise specified). For groundboom application, this scenario does not include gloves,
as the data quality was better for non-gloved scenarios than gloved scenarios.

e Mid-Level PPE: cotton coveralls over long pants, long-sleeved shirts and chemical-
resistant gloves.

No appropriate chemical-specific handler exposure data were available for cypermethrin.
Therefore, dermal and inhalation exposures were estimated using data from the Pesticide
Handlers Exposure Database (PHED), Version 1.1 and the Agricultural Handler Exposure Task
Force (AHETF).

The PHED is a compilation of generic M/L/A passive dosimetry data with associated software
which 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 coveralls. This was
estimated by incorporating a 75% clothing protection factor for coveralls, where applicable.
Inhalation exposures were based on light inhalation rates (17 L/min) except for backpack
applicator scenarios, which were based on moderate inhalation rates (27 L/min).

The unit exposures for the open cab airblast scenario were derived from the appropriate AHETF
study. Inhalation unit exposures are based on light inhalation rates (17 L/min) unless otherwise
stated.

Mixer, loader and applicator exposure estimates are based on the best available data at this time.

Proposed Re-evaluation Decision - PRVD2016-18
Page 23



For commercial application of ear tags to cattle, measured exposure data are not available and
existing database models are not appropriate to estimate worker exposure during handling
(application and removal) of ear tags. Herd treatment is anticipated; however, considering the
low frequency of application, design of the product as a slow release of cypermethrin over time
and the current label requirement to wear chemical-resistant gloves during application or when
otherwise handling the tag, potential worker exposure is not expected to be of concern.

Calculated dermal and inhalation MOEs for mixer/loaders and applicators of cypermethrin
exceeded target MOEs for all uses, and therefore are not of concern, provided that mid-level PPE
IS worn when treating strawberries with mechanically-pressurized handgun equipment.

Cancer risk estimates for mixer/loaders and applicators of cypermethrin were less than 1 x 107,
and therefore are not of concern.

The mixer/loader and applicator assessment is outlined in Appendix V, Tables 1-2.
Postapplication Worker Exposure and Risk Assessment

The postapplication occupational risk assessment considered exposures to workers who enter
treated sites to conduct agronomic activities involving foliar contact, such as scouting and hand
harvesting.

Based on the cypermethrin use pattern, there is potential for short- to intermediate-term
postapplication exposure to cypermethrin residues for workers.

Activity specific transfer coefficients (TC) from the Agricultural Re-entry Task Force (ARTF)
were used to estimate postapplication exposure resulting from contact with treated foliage at
various times after application. Dislodgeable foliar residue (DFR) refers to the amount of residue
that can be dislodged or transferred from a surface, such as the 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 (for example, hand harvesting apples, scouting late season corn) and reflect
standard clothing worn by adult workers. Postapplication exposure activities include (but are not
limited to): scouting, weeding, hand-harvesting and transplanting. For more information about
estimating worker postapplication exposure, refer to PMRA’s Regulatory Proposal PRO2014-02,
Updated Agricultural Transfer Coefficients for Assessing Occupational Postapplication
Exposure to Pesticides.

There were no chemical-specific DFR studies submitted to the PMRA for the re-evaluation of
cypermethrin. Therefore, the following defaults were used:

e A default peak DFR value of 25% of the application rate was used for all crops; and
e A dissipation rate of 10% per day was assumed for all crops, except greenhouse tobacco
seedlings.

PMRA’s Science Policy Note SPN2014-02, Estimating Dislodgeable Foliar Residues and Turf
Transferable Residues in Occupational and Residential Postapplication Assessments, presents
further details on the derivation and use of these defaults for pesticide assessments.
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For workers entering a treated site, restricted entry intervals (REIs) are calculated to determine
the minimum length of time required before they can safely enter after application. An REI is the
period of time that must elapse before residues decline to a level where performance of a specific
activity results in acceptable exposures (greater than the target MOE).

Although there is potential dermal exposure to workers handling treated livestock following ear-
tag application, these exposures are expected to be low.

The PMRA is primarily concerned with the potential for dermal exposure for workers
performing postapplication activities in crops treated with a foliar spray. Based on the vapour
pressure of cypermethrin, inhalation exposure is not likely to be of concern, including in
greenhouses, provided that the minimum 12-hour REI is followed.

For most scenarios, calculated dermal MOEs for worker postapplication exposure to
cypermethrin in agricultural crops exceeded the target MOE at the minimum 12-hour REI, and
therefore are not of concern.

Calculated dermal MOEs for workers harvesting corn and girdling and turning grapes reached
the target MOE at an REI of five days and seven days, respectively (see Appendix V, Table 3).
These REIs are considered agronomically feasible.

For the REIs required for the non-cancer assessment, the cancer risk estimates are less than 1 x
107 for all postapplication activities, and therefore are not of concern.

3.4.3 Non-Occupational Exposure and Risk Assessment

Non-occupational risk assessment involves estimating risks to the general population, including
youth and children, during or after pesticide application.

The USEPA has generated standard default assumptions for developing residential exposure
assessments for both applicator and postapplication exposures when chemical- and/or site-
specific field data are limited. The assumptions and algorithms may be used in the absence of, or
as a supplement to, chemical- and/or site-specific data and generally result in high-end estimates
of exposure. The assumptions and algorithms relevant to the cypermethrin re-evaluation are
outlined in the Standard Operating Procedures (SOPs) for Residential Pesticide Exposure
Assessments 2012 under “Section 4: Gardens and Trees”.

Residential Handler Exposure and Risk Assessment

A residential applicator refers to an adult who uses or applies a domestic-class product in or
around the home. Domestic-class products containing cypermethrin are not registered in Canada.
Therefore, a residential applicator assessment is not required.
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Residential Postapplication Exposure and Risk Assessment

Residential postapplication exposure refers to an exposure scenario in which an individual is
exposed through dermal, inhalation, and/or incidental oral (non-dietary ingestion) routes as a
result of activities occurring in a residential environment that has been previously treated with a
pesticide. For cypermethrin, the area could have been treated by a commercial applicator hired to
treat trees in a residential area.

There is potential for short-term exposure to adults, youths (11 to <16 years old), and children (6
to <11 years old) through contact with transferable residues following applications of
cypermethrin to trees. It is assumed that younger children (< 6 years old) will not engage in the
types of activities associated with these areas (for example, pruning and harvesting fruits) to the
same extent as older children or adults. Apple trees were chosen as the representative crop
(maximum application rate, maximum number of applications per year). For the residential
postapplication assessment, transfer coefficients were derived from the US Residential SOPs
2012 for activities conducted on trees, such as pruning.

Postapplication inhalation exposure was considered to be negligible due to low vapour pressure
and expected dilution in outdoor air.

Calculated MOEs for dermal residential postapplication exposure to cypermethrin exceeded the
target MOE and are not of concern. The cancer risk estimates were less than 1 x 10, and
therefore are not of concern.

The residential postapplication risk assessment is outlined in Appendix V, Tables 4-5.
3.5  Aggregate Exposure and 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, and from all known or plausible exposure
routes (oral, dermal and inhalation).

3.5.1 Toxicology Endpoint Selection for Aggregate Risk Assessment

For aggregate risk assessment of the general population (including pregnant women, infants and
children) for any duration, the selected toxicological endpoints are clinical signs and decreased
body weight. For oral exposure, the NOAEL values and assessment factors are the same as those
identified for the ADI (see section 3.2.3). For inhalation aggregate risk assessment, the NOAEL
values and assessment factors are the same as those identified for the inhalation risk assessment
(see section 3.4.1). With regards to the dermal route, there were no adverse systemic effects
noted following repeated dermal dosing. However, it was considered appropriate to give
consideration to the endpoints that were selected for the route-specific dermal assessment,
namely, the developmental effects (including pup body weight reductions) observed in the oral
DNT studies. These developmental effects were elicited at a dose level (10 or 21 mg/kg bw/day
orally) that also produced clinical signs and/or body weight changes in maternal adult animals.
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No clinical signs and/or body weight changes were observed in adult animals in the dermal
studies up to the limit dose of 1000 mg/kg bw/day. For these reasons, it was considered overly
conservative to aggregate the endpoints from the oral DNT studies in the risk assessment and it
was not appropriate to include the dermal route in the aggregate risk assessment.

An aggregate risk assessment is required for the cancer endpoint since it is assumed that this
endpoint is relevant to all routes of exposure (that is, oral, dermal and inhalation).

3.5.2 Residential, Non-Occupational, and Dietary Aggregate Exposure and Risk
Assessment

In an aggregate risk assessment, the combined potential risk associated with food, drinking water
and various residential exposure pathways is assessed. A major consideration is the likelihood of
co-occurrence of exposures.

For the aggregate non-cancer risk assessment, inhalation exposures are not expected and dermal
exposures were not included as explained in section 3.5.1. Therefore, the aggregate non-cancer
assessment would be limited to dietary exposures only (see section 3.2.6)

For the cancer aggregate assessment for cypermethrin, the following scenario has the potential of
co-occurrence:

e Lifetime postapplication cancer dermal exposure from residential trees + chronic dietary
(food + drinking water).

The aggregate lifetime cancer risk estimates were 1 x 10 or less (1 x 10) and therefore are not
of concern (Appendix V, Table 6). Dietary exposure was the major contributor to exposure, with
very low contribution from residential exposure.

3.5.3 Human Biological Monitoring Data

Human biomonitoring (HBM) data from the Canadian Health Measures Survey (CHMS; cycles 1
& 2; 2007-2011) and the Maternal-Infant Research on Environmental Chemicals-Child
Development Plus (MIREC-CD Plus; 2013-2014%) were considered in the cypermethrin re-
evaluation. Pyrethroid metabolites were included in the suite of compounds measured. The
exposure estimates for cypermethrin were determined based on the levels of cis-3-(2,2-
dichlorovinyl)-2,2-dimethylcyclopropane carboxylic acid (cis-DCCA) and trans-3-(2,2-
dichlorovinyl)-2,2-dimethylcyclopropane carboxylic acid (trans-DCCA). This is a conservative
(upper bound) assumption since it assumes all these metabolites come from cypermethrin,
although the metabolites are common to other registered pyrethroids (cyfluthrin and permethrin).

In addition to the biomonitoring data, five human pharmacokinetic studies were available for
cypermethrin (Eadsforth and Baldwin, 1983; Eadsforth et al., 1988; Woollen et al., 1992; Ratelle
et al., 2015; Cote et al., 2014) and were used to determine the amount of cis and trans-DCCA
metabolites excreted following administration of the parent compound, cypermethrin.

3 Unpublished data from the Population Studies Division, Healthy Environments and Consumer Safety

Branch, Health Canada (received December 2014).
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Equations for estimating daily urinary creatinine excretion were used to calculate daily exposure
estimates. As such, urinary excretion fraction values of 46% and 74% were selected for cis- and
trans-DCCA, respectively. For the non-cancer risk assessment, it was assumed that all DCCA
metabolites would have the same urinary excretion fraction as cis-DCCA (conservative
assumption). For the cancer risk assessment, urinary excretion fraction of 66% was used. This
was determined by multiplying the urinary excretion fraction of each isomer with its relative
urinary concentration as measured in the CHMS and MIREC-CD Plus biomonitoring studies.
The CHMS and MIREC-CD Plus metabolite data were normalized by each individual’s body
weight and extrapolated to a full day value using daily creatinine excretion values (determined
for each individual based on their height and weight) based on the equations from Mage et al.
(2008).

Based on the human biological monitoring data, the non-cancer risk estimates exceeded the
target MOE (Appendix V, Table 7) and the cancer risk estimates were 1 x 10° (Appendix V,
Table 8), and therefore are not of concern. These results support the aggregate risk assessment
conducted for cypermethrin using the PMRA’s standard methodology for assessing risks from
pesticides.

3.6 Cumulative Assessment

The Pest Control Products Act requires the Agency to consider the cumulative effects of pest
control products that have a common mechanism of toxicity. Cypermethrin belongs to a group of
insecticides commonly known as the pyrethroids. Pyrethroids and pyrethrins have a common
mechanism of toxicity wherein they all possess the ability to interact with voltage-gated sodium
channels ultimately leading to neurotoxicity. Upon completion of the re-evaluation of the
individual chemicals in the pyrethroid group, it will be determined whether a cumulative effects
assessment is necessary and if so, this will be performed with all relevant chemicals of the
common mechanism group.

Currently, work is underway by a consortium of pyrethroid registrants to develop data to help
address issues of comparative sensitivity of young and adult animals to synthetic pyrethroid
neurotoxicity. The PMRA will review this information when it becomes available.

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

Cypermethrin enters the terrestrial environment when it is used as an insecticide on a variety of
grain, cereal, fruit and vegetable crops as well as well as on conifer, tobacco and corn seedlings
and on roadside summer fallow. Cypermethrin is expected to be slightly to moderately persistent
in aerobic soil (time taken to decline to 50% of the original concentration (DT50)= 20-61 days).
The major transformation products are CO, and a mixture of cis- and trans-dichlorovinyl acid
(DCVA). Minor transformation products include 3-phenoxybenzoic acid (3-PBA). Under
anaerobic soil conditions, cypermethrin is expected to be moderately persistent (DT50 53-63
days). The major transformation products are a mixture of cis- and trans-DCVA, 3-PBA and
CO..
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Cypermethrin is considered to be non-volatile under field conditions from the reported vapour
pressure (2.5 x 10 mm Hg). The Henry's Law constant (3.4 x 10-7 atm.m>.mol™), and 1/H
value of 2.8 x 10°, indicate that cypermethrin is, however, slightly volatile from water and moist
soil surfaces.

Cypermethrin is practically immobile in soil due to its strong adsorption onto soil particles and
its insolubility in water. The cypermethrin transformation products 3-PBA and trans-DCVA,
however, have a high potential for mobility in soil as they are weakly sorbed. When taking into
consideration the criteria of Cohen et al. (1984) and the groundwater ubiquity score (GUS), it
was determined that cypermethrin is unlikely to leach to groundwater. This conclusion is also
supported from soil column leaching experiments and computer modelling and field studies
which all indicate that cypermethrin residues are not expected to leach into groundwater.

Cypermethrin can enter the aquatic environment through spray drift and run-off from the
application site. Hydrolysis is an important route of transformation under alkaline conditions but
cypermethrin is increasingly stable towards neutral and acidic conditions. Phototransformation is
not expected to contribute to the dissipation of cypermethrin from the water layer in the photic
zone.

In aquatic environments, cypermethrin is expected to be non-persistent to moderately persistent
(aerobic whole system DT50 = 7 days; anaerobic whole system DT50 = 6.7-181 days) and
partition into sediment. Three major transformation products were identified under aerobic
conditions as 3-phenoxybenzoic acid (3-PBA), trans-dichlorovinyl acid (trans-DCVA) and cis-
dichlorovinyl acid (cis-DCVA), with one minor transformation product identified as
dichlorovinyl acid-dicarboxylic acid (DCVA-di-COOH). Two major transformation products
were identified under anaerobic conditions as 3-phenoxybenzoic acid (3-PBA) and trans-
dichlorovinyl acid (trans-DCVA). Sediments are shown to be an important sink for cypermethrin
residues. As a result, exposure to cypermethrin of organisms living in the water column is
expected to be short lived.

The octanol/water partition coefficient (log Kow) was reported to be 6.54, which indicates that
cypermethrin has a high potential for bioaccumulation in biota. Steady-state bioconcentration
factors (BCFs) for whole fish range from 3.5 — 1200 wet weight. Bioconcentration factors for
chironomid larvae exposed to cypermethrin in water and sediment range from 34 - 385 (whole
body). The depuration half-life for cypermethrin in chironomids (23 hours) and fish (eight days)
indicates that residues of cypermethrin in biota are rapidly cleared. Bioaccumulation in biota, is
therefore not expected to be a concern.

Environmental fate data for cypermethrin and its transformation products, in the terrestrial and
aquatic environment, are summarized in Table 1 and 2 of Appendix VI, respectively.

4.2 Environmental Risk Characterization

The environmental risk assessment determines the potential for adverse ecological effects in each
environmental compartment by comparing the ratio of the estimated environmental exposure to
the ecotoxicological effect. The estimated environmental concentration (EEC) is the initial or
cumulative concentration of pesticide in the various sources of food, water and soil to which the
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organism is exposed. EECs are calculated by different methods for each media (food, water or
soil). If multiple applications of pesticide are used, cumulative EECs are determined by using the
DT50 using the minimum time interval between applications for each environmental media.

The risk assessment is initially conducted using a screening-level scenario which assumes
maximum exposure (EEC) and the most sensitive toxicological endpoint for the organism of
interest. This assumes direct application or over spray to the environmental media (food, water,
soil) to which the organism is exposed. This is the most conservative scenario and generally does
not reflect the exposure to which an organism would be subject to when the pesticide is applied
according to the label instructions. Risk to the environment is calculated as a risk quotient (RQ)
which is the ratio between the environmental exposure and the toxicological endpoint for the
organism (RQ = EEC/toxicological endpoint). For characterizing acute risk, acute toxicity values
(for example, LC50, LD50, and EC50) are divided by an uncertainty factor. The uncertainty
factor is used to account for differences in inter- and intra-species sensitivity as well as varying
protection goals (for example, community, population, individual). Thus, the magnitude of the
uncertainty factor depends on the group of organisms that are being evaluated (for example, 10
for fish, 2 for aquatic invertebrates). The difference in value of the uncertainty factors reflects, in
part, the ability of certain organisms at a certain trophic level (feeding position in a food chain)
to withstand, or recover from, a stressor at the level of the population. When assessing chronic
risk, the no observed effect concentration (NOEC) or NOEL is used and an uncertainty factor is
not applied.

RQ values greater than or equal to 1 (> 2 for beneficial arthropods, > 0.4 for honeybees) are
considered to equal or exceed the level of concern (LOC) which may result in potentially
harmful effects to the organism. RQ values less than 1 (< 2 for beneficial arthropods, < 0.4 for
honeybees) are not considered to be a concern to the organism because they are below the LOC.
In the latter case, no further assessment is carried out. If the RQ is greater than or equal to 1, (> 2
for beneficial arthropods, > 0.4 for honeybees) then a refinement of the risk assessment is done
to assess the LOC using scenarios which are a better approximation of exposure or toxicological
effects and less conservative. Refinements can include exposure from the fraction of pesticide
which drifts onto non-target habitats, instead of assuming 100% over spray, and exposure from
the amount of pesticide predicted in run-off, instead of assuming direct application to water
(100% exposure). The refinements may also consider different toxicity endpoints or a percentile
of a species sensitivity distribution rather than the most sensitive endpoint. They may also
consider the results of a mesocosm study using several species rather than the toxicity from a
single species. Further refinements to the risk assessment may consider the use of monitoring
data collected in the field rather than EECs generated by a model.

4.2.1 Risks to Terrestrial Organisms

A summary of terrestrial toxicity data for cypermethrin is presented in Appendix VI, Table 3.
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 cypermethrin. The terrestrial assessment took into account the range of agricultural
application rates that are registered for cypermethrin, taking into consideration that there may be
multiple applications of cypermethrin in a use season.
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Terrestrial Invertebrates
Earthworms

Earthworms could be exposed to cypermethrin when this compound reaches the soil upon
application. The EEC is therefore calculated based on a direct application to bare soil at the
maximum cumulative application rate. The maximum cumulative application rate takes into
account the maximum labelled application rate, the application interval and the dissipation of the
compound between applications.

A summary of the screening level risk assessment for earthworms is shown in Table 4 (Appendix
VI). The RQs for earthworms resulting from acute exposure to cypermethrin were less than one
and did not exceed the LOC at the screening level based on the EEC in soil from the highest
cumulative application rate for agricultural uses (apples — three airblast applications of 101.8 g
a.i./ha with a 7 day interval). Cypermethrin is therefore not expected to pose an acute risk to
earthworms.

Honey bees (Apis mellifera)

Foraging bees could be exposed directly to cypermethrin spray droplets during application or to
cypermethrin residues found on the surface of leaves (contact exposure). Foraging bees could
also be exposed to cypermethrin through the ingestion of pollen and nectar contaminated from
direct spray. In addition, brood may be exposed to cypermethrin and its metabolites as foraging
bees bring contaminated pollen and nectar back to the hive.

A tiered approach was used to assess the risk from these routes of exposure. For the screening
level (Tier I) assessment, risk quotients were calculated for the contact and oral routes of
exposure using toxicity data from laboratory studies. For the Tier Il assessment, risk at the
colony level was evaluated based on results from semi-field studies.

Tier | assessment

The single lowest application rate (28.5 g a.i./ha on sunflowers) was used as the contact exposure
estimate from foliar applications. In order to compare the application rate to the acute contact
toxicity endpoint derived in laboratory studies (g a.i./bee), a conversion from kg a.i./ha to pg
a.i./bee is required. The proposed upper-bound residue value for estimating exposures to honey
bees is based on the maximum residue value reported by Koch and Weisser 1997 (2.4 ug a.i./bee
per 1 kg a.i./ha). The estimated residues per bee following a single application of 28.5 g a.i./ha
on sunflowers is 0.068 g a.i./bee. A risk quotient was calculated by dividing this value by the
48-h contact LD50 value of 0.023 g a.i./bee.

The oral exposure estimate for adult bees is calculated by multiplying the lowest single
application rate (28.5 g a.i./ha on sunflowers) by 29 ug a.i./bee per kg/ha. This conversion is
based on nectar consumption rates for forager bees primarily derived from Rortais et al. (2005)
and Crailsheim et al. (1992 and 1993). Following the conversion, the estimated oral exposure is
0.827 ug a.i./bee based on the single application rates for sunflowers. A RQ was calculated by
dividing this value by the 48-h oral LD50 value of 0.172 g a.i./bee.
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The LOC for the Tier 1 acute exposure is 0.4. This value is based on a median slope of 3.2 for
the dose response curve from acute contact and oral toxicity studies and a limit of 10% mortality
(amount of mortality test guidelines allowed in control groups). The risk quotients for acute
contact and oral toxicity to honeybees exceed the level of concern at the lowest single
application rate Table 4 (Appendix VI). Cypermethrin, therefore, is expected to pose a risk to
honey bees at all application rates.

Tier 1l assessment

Because a potential for concern was identified during the screening level (Tier I) assessment, the
risk was further characterized using results from studies carried out under more realistic use
conditions. For the Tier 11 assessment, risk at the colony level was evaluated based on results
from field studies.

Cypermethrin was applied to flowering oilseed rape (the first to winter-sown rape, the second to
spring-sown rape) by helicopter, at a time when the crops were being actively foraged by bees
from nearby colonies, thus representing a worst case exposure for the bees. The rate of
application in both trials was 25 g a.i./ha. In the first trial on winter-sown rape, a large increase in
bee mortality was noted following treatment with cypermethrin which decreased to levels in the
control after three to four days. Cypermethrin did not have any lasting effects on hive
populations of adult bees or brood areas. In the second trial on spring-sown rape, a large increase
in bee mortality was found at the time of treatment which decreased to control levels after one to
two days. Cypermethrin had a repellent effect (reduced foraging activity) on honey bees for up to
24 h after application. Following this period, foraging activity and pollen collection returned to
levels observed in the control. Cypermethrin did not have any lasting effects on hive populations
of adult bees or on brood areas.

Another field test was carried out on a 38-ha field of oilseed rape. The insecticide was sprayed
on a central area of 13 ha during the morning at a rate of 50 g a.i./ha. High levels of mortality
were recorded on the three days following treatment. The results also showed that the bees
avoided visiting the flowers as soon as the treatment was made, especially during the first two
days. From the third day after the treatment, the visits to the rape flowers increased, reaching
control levels on the fifth day.

Honey bee brood and whole colonies were exposed to alpha-cypermethrin (an insecticidally
active isomer of cypermethrin) by foliar application of the test material to full bloom lacy
phacelia (Phacelia tanacetifolia) at a nominal rate of 30 g a.i./ha in 400 L water /ha. Results of
the study indicate that alpha-cypermethrin applied at a rate of 30 g a.i./ha may result in
significant effects on adult mortality and early bee brood development. Most of the adverse
effects on honey bees observed were transient (mortality significantly elevated for one day
following application but tailing off; and reduced foraging for two days after application but
rebounding). However, the percentage of brood terminated before a successful hatch (65%)
indicates that alpha-cypermethrin has the potential to be of chronic concern to colony health.

In another field study, honey bee brood and whole colonies were exposed to alpha-cypermethrin
by foliar application of the test material to full bloom lacy phacelia at a nominal rate of 30 g
a.i./ha in 400 L water/ha. Sample locations included a treatment plot (2000 m2) and a control
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plot (2400 m?). The exposure phase was concluded 28 days after application. Assessments of
mortality, foraging activity (flight density), behaviour of the bees, pollen collection, colony
assessments (food stores, brood status, and hive populations), hive weight, and strength of the
colonies were conducted throughout pre- and postapplication. Results of the field study indicated
that alpha-cypermethrin does not have a lasting effect on mortality or brood development;
however, statistical analyses were not conducted and colony replicate data was not available for
analysis.

It should be noted that the application rates used in all the field studies conducted on honey bees
are lower than many of the registered application rates for products containing cypermethrin in
Canada, therefore colony level effects for these products may be underestimated in these studies.

Based on the results of the risk assessment, use restrictions were included on the label to
minimize the exposure to cypermethrin. To mitigate risks to adult bees, all applications must be
made early in the morning or late in the evening when bees are not active. This restriction
reduces the probability of having bees present on the field during application and allows time for
foliar residues to reach less hazardous levels before the bees resume foraging activities.
Furthermore, it is recommended to avoid application of cypermethrin products during the crop
blooming period or when blooming weeds are present in the treatment area. Without applications
during the crop blooming period or when blooming weeds are present, cypermethrin would not
be directly sprayed on pollen and nectar, thus limiting exposure to adult bees as well as brood.

Beneficial arthropods

The risk to non-target arthropods was assessed using maximum cumulative in-field and off-field
EECs on plant surfaces, calculated from a direct spray on a field. The in-field EECs on plant
surfaces for the lowest registered application (one aerial application on sunflowers at 28.5 g
a.i./ha) was used for this assessment. Off-field exposure would be due to spray drift. Based on
the crops and type of equipment used, spray drift factors are applied to the in-field exposure
values to obtain off-field exposure values. The maximum spray drift deposition at one meter
downwind from the point of application is 26% of the application rate for aerial application with
fine spray quality. The maximum deposition on non-target plants located one metre downwind
from the point of application would therefore be 7.4 g a.i./ha for aerial application on sunflowers.
The screening RQs for in-field and off-field exposure resulting from the proposed use of
cypermethrin on sunflowers is presented in Table 4 (Appendix V1). The in-field and off-field
RQs exceeded the LOC of 2 for Aphidius rhopalosiphi (aphid parasitoid) and Typhlodromus pyri
(predatory mite).

The risk to non-target arthropods was refined to reflect more realistic exposure by applying foliar
interception. The screening level exposure estimates are assuming deposition to a 2-dimensional
structure. Therefore, the values can be corrected to take into account the 3-dimensional structure
where a certain fraction is intercepted by the crop (for in-field exposure) or the off-field
vegetation (for off-field exposure). For the in-field EEC, crop-specific foliar interception factors
(Fint) proposed by Linders et al. (2000) are applied to the application rate. A factor of 0.9 was
used for flowering/ripening sunflowers. For the off-field EEC, a vegetation distribution factor of
0.1 is applied to the application drift rate. This default value was estimated to be appropriate
based on data presented at the ESCORT workshop (Candolfi et al., 2001).
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The calculated refined RQs for non-target arthropods are shown in Table 5 (Appendix V1). The
refined in-field RQs still exceed the LOC of 1 for A. rhopalosiphi and T. pyri. The refined off
field RQs still exceed the LOC for T. pyri but not for A. rhopalosiphi based on the proposed
lowest application on sunflowers. Cypermethrin, therefore, is expected to pose a risk at all
application rates, therefore, precautionary label statements are proposed for beneficial
arthropods.

Terrestrial Plants

No data is available to assess the risk to terrestrial vascular plants at this time. Given that the
mode of action (effect on the nervous system bydisruption of action potential in neurons) does
not apply to plants, adverse effects to terrestrial vascular plants are not anticipated. Cypermethrin
has been registered for many years for pest control on a variety of plant species at a wide range
of application rates; no incidents have been reported in the US or Canada indicating that
cypermethrin use causes adverse effects to terrestrial vascular plants. Based on the weight of
evidence, cypermethrin is not expected to pose a risk to terrestrial plants.

Birds and mammals

To assess the risk to birds and mammals, the concentration of cypermethrin on various food
items is used to estimate the amount of pesticide in the diet, or estimated daily exposure (EDE).
Exposure is dependent on the body weight (BW) of the organism and the amount and type of
food consumed. In the screening level assessment, a set of generic body weights is used for birds
(20, 100, 1000g) and small wild mammals (15, 35, 1000 g) to represent a range of bird and small
wild mammal species. For each body weight, the food ingestion rate (FIR; equivalent to food
consumption) is based on equations from Nagy (1987).

The screening level risk assessment is based on simple methods, conservative exposure
scenarios, and sensitive toxicity endpoints. For this assessment, EDEs are based on EECs that
were calculated with maximum residue concentrations from the nomogram. At the screening
level, only one feeding guild for each category of bird and mammal weights is selected. The
selected feeding guilds are relevant to each specific size of bird or mammal and based on the
most conservative residue values (maximum residues determined in the Hoerger and Kenaga
nomogram). A diet consisting of 100% plant material is not considered realistic for small and
medium sized birds (20 and 100g) and small mammals (15 g) and, therefore, was not included in
the determination of EDE. The most conservative exposure estimate for these categories of bird
and mammal weights is associated with a diet comprised of 100% small insects.

For the birds and mammals screening level assessment, the most sensitive endpoints from acute
and reproductive/developmental toxicity studies were chosen. The NOEC for the Bobwhite quail
(Colinus virginianus) of > 50 mg a.i./kg diet was converted to a daily dose by multiplying the
LD50 value by the (FIR/BW). The default value used for FIR was 18.9 g dry weight food/day
and the default value for BW was 178 g. The daily dose was therefore > 5.3 mg a.i./kg bw/day
which was used to calculate the risk quotients to determine the chronic risk to wild birds feeding
on contaminated vegetation at the site of cypermethrin application. This value is conservative
because it is a greater than (>) value and the true NOEC is unknown.
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Screening level EDEs based on the highest seasonal application rate on apples (101.8 g a.i./ha x
3 at 7-day interval applied by airblast) and RQ calculations for the active ingredient
cypermethrin for birds and mammals showed the LOC is not exceeded for birds for the acute
endpoints but is exceeded for reproductive effects (RQs <1.5 — <1.9) ; cypermethrin, therefore, is
not expected to pose an acute risk to birds but could possibly result in reproductive effects. For
mammals, the LOC for acute and reproductive effects is not exceeded for small wild mammals
but is exceeded for 35 and 1000g mammals (RQs 1.1-3.1). Cypermethrin, therefore, could pose
both an acute and reproductive risk to medium (35 g) and large sized (1000 g) mammals.

Given the conservative assumption made in the screening level, an additional assessment was
conducted to further characterize the reproductive risk to birds and the acute and reproductive
risk to medium- and large-sized mammals. The additional risk assessment used the mean residue
values for calculating EECs and EDEs instead of the upper bound residue values used in the
screening level risk assessment. The reproduction EDEs were calculated for each bird size and
feeding preference item and the acute and reproduction EDEs were calculated for medium- and
large-sized mammals for each feeding preference at the highest cumulative crop application rate
(apples 101.8 g a.i./ha x 3 at 7-day intervals). The cumulative application rate was based on a
default half-life of 10 days for foliar dissipation. This value is based on the foliar dissipation of a
variety of active ingredients reported by Willis and McDowell (1987); with 93% of the foliar
dissipation half-life less than 10 days, this value is considered to be a reasonable conservative
estimate of typical foliar half-lives. The risk associated with the consumption of food items
contaminated from spray drift off the treated field was assessed taking into consideration the
spray drift spray quality of ASAE fine for airblast early season applications (74%) at 1 m
downwind from the site of application.

The results of the expanded screening level risk assessment for birds is presented in Table 6
(Appendix VI). The off-field reproduction LOC for small and medium sized insectivores using
maximum residues from small insects was exceeded by factors of 1.4 and 1.1 respectively. The
off-field reproduction LOC for large sized herbivores using maximum residues from short grass
and forage crops was exceeded by factors of 1.1 and 1.2 respectively. The only on-field
reproduction LOC that was exceeded (by a factor of 1.1) using mean residues was for small
insectivores.

The on-field assessment assumes that birds are being exposed to residues on food items at levels
equivalent to those present immediately after application, that these levels remain constant over
time and that birds would feed exclusively on a single food item (for example, small insects)
within the treated area. In cases where risk quotients exceed the LOC, an additional analysis was
conducted to determine the amount of contaminated food, expressed as a percentage of the daily
diet that must be consumed in order to reach the LOC (calculated as 1/RQ x 100).

Given the conservative nature of this assessment, an acute and/or reproductive risk to birds both
on-field and off-field is considered unlikely because the LOCs were only slightly exceeded for a
few feeding guilds and birds would need to consume an unrealistically large proportion of a
single contaminated food item over an extended time period (> 52% of their diet on-field and >
70% of their diet off-field using maximum residues and > 93% of their diet on-field using mean
residues) to reach the LOC. In addition, the NOEC used in the assessment was a greater than (>)
value (the true NOEC is unknown) which is conservative.
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The results of the expanded screening level risk assessment for wild mammals are presented in
Table 7 (Appendix VI). The off-field acute LOC for medium sized herbivores using maximum
residues from short grass and forage crops was exceeded by factors of 1.6 and 1.4 respectively.
The off-field reproduction LOC for medium sized herbivores using maximum residues from
short grass, long grass and forage crops was exceeded by factors of 2.3, 1.4 and 2.1 respectively.
The off-field reproduction LOC for large sized herbivores using maximum residues from short
grass, and forage crops was exceeded by factors of 1.2 and 1.1 respectively. The only on-field
LOC that was exceeded using mean residues was reproduction (by a factor of 1.1) for medium
sized herbivores feeding on short grass.

Similar to the bird risk assessment, given the conservative nature of this assessment, an acute or
reproductive risk to medium and large sized wild mammals both on-field and off-field is
considered unlikely because the LOCs were either not exceeded or only slightly exceeded for
many of the feeding guilds. Additionally, they would need to consume an unrealistically large
proportion of a single contaminated food item over an extended time period (> 32% of their diet
on-field and > 44% of their diet off-field using maximum residues and > 90% of their diet on-
field using mean residues) to reach the LOC.

There are also uncertainties regarding the reproductive risk to medium- and large-sized
herbivores. The chronic reproductive toxicity endpoint is a no effect concentration (two
generation NOEL of 5.9 mg a.i./kg bw/day for the rat Rattus norvegicus). The lowest observed
effect level (LOEL) was 43.4 mg a.i./kg bw/day where increased pup deaths were observed . The
LOEL (at which effects actually occurred) is seven times greater than the NOEL value which
was used for the risk assessment. The NOEL is therefore a very conservative value and
reproductive effects from the use of cypermethrin may in fact, be of minimal concern. If the
LOEL is used instead of the NOEL, the on-field reproduction RQs for medium-sized herbivores
using maximum residues from short grass, long grass and forage crops were reduced from 3.1,
1.9 and 2.9 respectively to 0.4, 0.3, and 0.4 respectively. The on-field reproduction RQs for
large-sized herbivores using maximum residues from short grass, long grass and forage crops
was reduced from 1.7, 1.0 and 1.5 respectively to 0.2, 0.1 and 0.2 respectively. The LOC is,
therefore, not exceeded using on-field maximum nomogram residues when the LOEL is used in
the risk assessment.

4.2.2 Risks to Aquatic Organisms
A summary of aquatic toxicity data for cypermethrin is presented in Table 3 (Appendix VI).
Screening Level Assessment

The initial aquatic assessment conducted is a deterministic screening level risk assessment. This
approach is conservative, and primarily designed to identify the taxonomic groups which are not
at risk and/or the use scenarios which do not pose risks of concern. The initial conservative
screening level EEC calculations for aquatic systems were based on a direct application to water
depths of 15 and 80 cm following a single application at 28.5 g a.i./ha on sunflowers which is the
lowest registered application rate in Canada. 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.
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Multiple acute toxicity endpoints were available for freshwater invertebrates, freshwater fish and
estuarine/marine invertebrates Table 3 (Appendix V1). The program ETX 2.0 was used to
generate species sensitivity distributions (SSDs) for freshwater invertebrates and fish and
estuarine/marine invertebrates based on normally distributed toxicity data. The hazardous
concentration to 5% of the species (HC5) was then calculated for freshwater invertebrates,
freshwater fish and estuarine/marine invertebrates from their respective SSD’s. The HC5 values
reported in Table 3 (Appendix V1) were used to calculate the risk quotients for these groups of
taxa instead of the most sensitive species tested. This provides a more scientific endpoint that
incorporates all of the data.

The LOC is exceeded for all freshwater and estuarine/marine taxa (RQs <6-10,000) with the
exception of freshwater and estuarine/marine algae following a single application of 28.5 g
a.i./ha on sunflowers. Since this is the lowest application rate registered in Canada, the LOCs
resulting from all the remaining registered uses will be higher. The LOCs for freshwater and
estuarine/marine algae following an application of 101.8 g a.i./ha x 3 on apples (the highest rate
registered in Canada) were 0.44 and 1.3, respectively. The LOC of 1 was exceeded for
estuarine/marine algae. A refined aquatic risk assessment, therefore, will be conducted on all
taxa with the exception of freshwater algae.

Spray drift refinement

Similar to the terrestrial risk assessment, the risk to aquatic organisms from spray drift from the
treated site was also assessed by taking into consideration drift deposition of spray quality of
ASAE fine for ground boom (11%), airblast early season (74%) and aerial (26%) at 1 m
downwind from the site of application. Table 8 (Appendix V1) summarizes the refined drift risk
assessment of cypermethrin to aquatic organisms.

The LOC is exceeded for all of the freshwater and estuarine/marine taxa for all of the use-
patterns and application methods with the exception of estuarine/marine algae. Spray buffer
zones will, therefore, be proposed to mitigate the risk to aquatic organisms.

Runoff Refinement

For Level 1 aquatic ecoscenario assessment, EECs of cypermethrin from run-off into a receiving
water body were simulated using the PRZM/EXAMS models. The PRZM/EXAMS models
simulate pesticide run-off 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. A seasonal water body was
also used to assess the risk to amphibians, as a risk was identified at the screening level. This
water body is essentially a scaled down version of the permanent water body noted above, but
having a water depth of 0.15 m.

The results of the assessment are summarized in Table 9 (Appendix VI1). The maximum peak and
21-day EECs reported in Tables 11 and 12 (Appendix V1) were used for the acute and chronic
risk assessments, respectively, for the application scenarios to apples, potatoes and sunflowers
across the country. The acute LOCs are exceeded for freshwater invertebrates, fish and aquatic
plants on potatoes and for amphibians on potatoes and sunflowers using the highest peak EECs
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for many of the application scenarios. The chronic LOCs are exceeded for freshwater
invertebrates and amphibians on potatoes. The acute and chronic LOCs for estuarine/marine taxa
are exceeded, with the exception of algae, for all of the application scenarios. Aquatic organisms,
therefore, may be at risk from cypermethrin residues in run-off following applications for the
different use-patterns across the country. Standard label statements to mitigate run-off into
aquatic habitats are therefore proposed on the label for all cypermethrin end-use products for
agricultural uses.

Risk to aquatic organisms from concentrations of cypermethrin observed in surface water
from Canadian monitoring data

An acute risk assessment was conducted on aquatic organisms using the maximum detected
concentration (9.44 ug a.i./L) from surface water monitoring studies conducted in Canada. A
chronic risk assessment was not conducted because chronic exposure is not expected to occur for
cypermethrin in surface water. The results of the risk assessment are presented in Table 10
(Appendix VI).

The acute LOC is exceeded for both freshwater and estuarine/marine invertebrates and fish and
for amphibians and aquatic plants, indicating that these organisms may be at risk from
concentrations of cypermethrin in surface waters in Canada. The monitoring data were restricted
to freshwater waterbodies so it is assumed that estuarine/marine surface waters would have
similar concentrations of cypermethrin, however this is an uncertainty.

Another uncertainty regarding the acute risk assessment is that the duration of exposure to these
concentrations is unknown, whereas the aquatic species used to generate the toxicity endpoints
used in the analysis (including HC5’s from SSDs) were exposed for a 96-hour period. If the
actual exposure period at the monitoring sites was less than 96 hours, which is possible, then the
calculated risk may be overestimated.

Cypermethrin was only detected in 8 out of 898 samples (0.9%) with a maximum concentration
of 9.44 pg/L in Prince Edward Island. Five of these samples, collected in rivers, had levels
exceeding the limit of solubility of 4 pg/L. According to the Pesticide Science Fund (PSF)
reports, sampling in the Atlantic Region occurred mainly after rainfall events, so these
concentrations probably resulted from run-off. It should be noted that the next highest
concentration observed in surface water (0.38 g a.i./L) is almost two orders of magnitude lower,
so the 9.44 pg a.i./L observed in surface water from Prince Edward Island could be considered
atypical for concentrations observed in surface waters across Canada (Appendix VII).

This analysis supports the previous spray drift and run-off refined risk assessments for
freshwater and estuarine/marine taxa by showing that these actual concentrations observed in
Canadian surface waters from monitoring data could present a risk to these organisms in some
regions.
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5.0 Value

Cypermethrin is of value for pest management in Canadian agriculture. As a synthetic pyrethroid
insecticide, cypermethrin is an (IRAC) Mode of Action (MoA) group 3 insecticide. It is of value
as a very effective insecticide for a variety of uses and for rotation with the carbamates and
organophosphates (MoA group 1A and 1B insecticides respectively) to delay the development of
insectic