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PERSONS AUTHORIZED TO PERFORM PEST CONTROL ACTIVITIES 

Only City Employees who have a current Qualified Pesticide Applicator Certificate will apply 

pesticides. The only exception to this will be the use of Roundup in 3 gallon tanks. Roundup when 

mixed and applied from 3 gallon tanks may be applied by city employees who have received annual 

training in its proper use .. 

City employees are not to bring pesticides from home for use on city property. This includes pesticides 

that are packaged for home use. 

For pest control measures that take place in parks, golf courses, median strips, right-of-ways and any 

other area that is considered an agricultural use by the State of California, a Pest Control 

Recommendation is required. If this Recommendation is not in effect for the planned method of 

control, a new Recommendation must be acquired from the Parks and Trees Supervisor in charge of 

Integrated Pest Management. 
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BroadleafWeeds in Turf 

Location/Host Action Threshold Action 

Athletic Fields Weeds cover 10% of the green Spray the field with a selective 

herbicide in accordance with 

the current Pest Control 

Recommendation 

Newly Established Turf Weeds cover 7% of the green Spray the turf with a selective 

herbicide in accordance with 

the current Pest Control 

Recommendation 

Other Turf Weeds cover 25% of the green Spray the turf with a selective 

herbicide in accordance with 

the current Pest Control 

Recommendation 

Weeds in Mulched Bare Areas 

Location/Host Action Threshold Action 

Median strips and other areas Mulch is less than 4 ' thick Replenish mulch to 6" or 

kept bare of vegetation greater depth 

Weeds cover 5% of the Spray the weeds with 

surface of the ground Roundup in accordance with 

the current Pest Control 

Recommendation, or 

mechanically remove weeds. 

Weeds in median strips and other areas that are devoid of desirable vegetation need to be kept relatively 

free of weeds. Weeds contribute to the impression that the area is unkempt which is not in accordance 

with the city's policy of maintaining a clean and aesthetically pleasing city. 
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Weeds in Unmulched Bare Areas 

Location/Host Action Threshold Action 

Median strips and other areas Fall and Spring: Spray the area with a 

kept bare of vegetation Weeds cover 1% ofthe preemergent herbicide in 

surface of the ground accordance with the current 

Pest Control Recommendation 

Weeds cover 5% of the Spray the weeds with 

surface of the ground Roundup in accordance with 

the current Pest Control 

Recommendation, or 

mechanically remove weeds. 

Weeds in median strips and other areas that are devoid of desirable vegetation need to be kept 

relatively free of weeds. Weeds contribute to the impression that the area is unkempt which is not 

in accordance with the city's policy of maintaining a clean and aesthetically pleasing city. 

There are some areas that are not currently mulched but could be. These areas should be mulched 

as time and resources permit. Mulching helps to keep weed seeds from germinating, thus reducing 

the need for pesticides. 

Turf Edges 

Location/Host Action Threshold Action 

Turf edges 

Edges that can be edged with Grass is growing from [out Use a mechanical edger to 

a mechanical edger beyond?] edge by 1" maintain the edge 

Edges that cannot be edged Grass is growing out from Spray the encroaching grass with 

with a mechanical edger. edge by 3" Roundup in accord-ance with 

the current Pest Control 

Recommendation or remove by 

mechanical means 

Turf edges that are overgrown are unsightly and can interfere with the activities of the adjoining 

area. Encroaching grass can decrease the width of a path, make valve covers and other access covers 

hard to open, or can hide them altogether. 
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Weeds Around Sprinkler Heads 

Location/Host Action Threshold Action 

3" band around irrigation Weeds (including grass) Spray the 3" band with Roundup 

heads growing beyond edge at least in accordance with the current 

1" or interfering with the Pest Control Recommendation, 

sprinkler. or remove by mechanical means 

Weeds (including grass) are a constant problem around sprinkler heads. They interfere with the 

proper operation of the heads by not allowing the heads to pop up, the operating mechanism is 

stopped from moving, or the stream of water is obstructed. This results in the inadequate watering of 

the turf 

To combat this problem a 2" -3" band around sprinkler heads s kept free of weeds and encroaching 

grass. 

Weeds in Paths and Roads 

Location/Host Action Threshold Action 

Cracks in paved paths and Weeds cover 5% of the Spot spray with Roundup in 

roads (asphalt or concrete) surface area accordance with the current Pest 

Control Recommendation, or 

remove by mechanical means 

Weeds are observed and Spot spray with Roundup in 

Roundup is being used in accordance with the current Pest 

adjacent areas. Control Recommendation, 

Unpaved paths ((e.g. crushed Weeds cover 5% of the Spot spray with Roundup in 

rock) surface area accordance with the current Pest 

Control Recommendation, or 

remove by mechanical means 
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ARACHNIDS 

Mites 

Location/Host Action Threshold Action 

Parks Spring and early summer: Spray in accordance with the 

current Pest Control 

Recommendation 

INSECTS 

Hornets and Wasps 

Location/Host Action Threshold Action 

All areas maintained by the Whenever a nest is observed Destroy the nest by mechanical 

Parks Division within 10' of the ground means or with a pesticide in 

accordance with the current Pest 

Control Recommendation 

Whenever a nest is observed Destroy the nest by mechanical 

on a building means or with a pesticide in 

accordance with the current Pest 

Control Recommendation 

Bees 

Location/Host Action Threshold Action 

All areas maintained by the Whenever a hive is observed Contact one of the beekeepers on 

Horticulture Section within 10' of the ground file and have them remove the 

hive. 

Whenever a hive is observed Contact one of the beekeepers on 

on a building file and have them remove the 

hive. 
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Even though bees are beneficial in the pollination of flowers, they must be controlled due to the 

hazard they present. Their sting is quite painful to most people and can be life- threatening to 

others. Since these are colonial insects, they are concentrated in their nests. This makes the nest 

both the focal point of the hazard and the ideal point of control. Nests that are within 10' of the 

ground or on a building pose the greatest hazard to the public. There are local beekeepers who 

will remove hives for a fee. Use of this service allows us to control this pest without the use of 

pesticides. .. 

Sucking Insects 

Location/Host Action Threshold Action 

Parks 25% offoliage with symptoms Use a pesticide in accordance with 

from sucking insects or mites the current Pest Control 

Recommendation 

VERTEBRATES 

Gophers and Ground Squirrels 

Location/Host Action Threshold Action 

Trafficked areas and areas that 1 hole in an area of any size Use poison bait or traps in 

surround them (e.g. athletic accordance with the current Pest 

fields and lawns) Control Recommendation 

The holes created by gophers and ground squirrels create an extreme tripping hazard to park users 

in trafficked areas. For this reason, Park Services has a zero tolerance level for these pests in areas 

that the public will be walking or playing on. This same threshold is used for the surrounding area 

because these pests are very mobile and would soon be in the trafficked areas. 

RATS AND MICE 

Location Action Threshold Action 

All outdoor areas maintained Whenever a rat or mouse is Use poison bait or traps in 

by the Office ofParks and observed accordance with the current Pest 

Recreation Control Recommendation 
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PERSONS AUTHORIZED TO PERFORM PEST CONTROL ACTIVITIES 

Only employees who have a current Qualified PestiCide Applicator Certificate will apply pesticides. City 

employees are not to bring pesticides from home for use on city property. This includes pesticides that 

are packaged for home use. 

SHARON PARK LAKE AND BURGESS LAKE 

LOCATION/HOST 

Shallow water shelf around Lakes 

ACTION THRESHOLD 

When algae has grown to the extent 

that it is ready to mat up 

ACTION 

Treat the algae with an algaecide 

and/or mechanically remove the algae 

The shallow water around the edge promotes the growth of algae. When the algae decomposes it creates 

an obnoxious smell and an eyesore that greatly detracts from the beauty of the lake. To combat this 

problem, the amount of algae in the lake needs to be kept down to a level where it will not produce an 

undesirable smell. 
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An ecosystem-based strategy that focuses on 
long-term prevention of pests or their damage 
through a combination of techniques such as 
biological control, habitat manipulation, 
modification of cultural practices, and use of 
pest-resistant varieties. Pesticides are used only 
after monitoring indicates that they are needed 
according to established guidelines, and 
treatments are made with the goal of removing 
only the target organism. Pest control materials 
are selected and applied in a manner that 
minimizes risk to human health, beneficial and 
non-target organisms, and the environment.  

 
Source:  Univers i ty  of  Cal i forn ia State-wide Integrated Pest  
Management Program 

WHAT IS INTEGRATED PEST 
MANAGEMENT (IPM)? 
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I, Pam Aguilar, City Clerk of Menlo Park, do hereby certify that the above and foregoing 
Council Resolution was duly and regularly passed and adopted at a meeting by said 
Council on the 20th day of October, 2015, by the following votes: 

 
 
AYES:   

 
NOES:  

  
ABSENT:  

  
ABSTAIN:   

 
IN WITNESS WHEREOF, I have hereunto set my hand and affixed the Official Seal of 
said City on this 20th day of October, 2015. 
 
____________________________ 
Pamela Aguilar 
City Clerk 
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United States Prevention, Pesticides EPA738-R-98-007
Environmental Protection And Toxic Substances July 1998
Agency (7508W)

Reregistration
Eligibility Decision (RED)

Rodenticide Cluster

EXHIBIT A
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

WASHINGTON, D.C.  20460

OFFICE OF           
PREVENTION, PESTICIDES
AND TOXIC SUBSTANCES

CERTIFIED MAIL

Dear Registrant:

I am pleased to announce that the Environmental Protection Agency has completed its
reregistration eligibility review and decisions on the rodenticide cluster pesticide case which
includes the active ingredients brodifacoum, bromodialone, bromethalin, chlorophacinone and
diphacinone and its sodium salt, and pival and its sodium salt. The enclosed Reregistration
Eligibility Decision (RED), which was approved on September 30, 1997, contains the
Agency's evaluation of the data base of these chemicals, its conclusions of the potential human
health and environmental risks of the current product uses, and its decisions and conditions
under which these uses and products will be eligible for reregistration.  The RED includes the
data and labeling requirements for products for reregistration.  It also includes requirements
for additional data (generic) on the active ingredients to confirm the risk assessments.

To assist you with a proper response, read the enclosed document entitled "Summary
of Instructions for Responding to the RED.”  This summary also refers to other enclosed
documents which include further instructions.  You must follow all instructions and submit
complete and timely responses.  The first set of required responses is due 90 days from the
receipt of this letter.  The second set of required responses is due 8 months from the date
of this letter.  Complete and timely responses will avoid the Agency taking the enforcement
action of suspension against your products.

Please note that the Food Quality Protection Act of 1996 (FQPA) became effective on
August 3, 1996, amending portions of both pesticide law (FIFRA) and the food and drug law
(FFDCA).  This RED takes into account, to the extent currently possible, the new safety
standard set by FQPA for establishing and reassessing tolerances.  However, it should be
noted that in continuing to make reregistration determinations during the early stages of FQPA
implementation, EPA recognizes that it will be necessary to make decisions relating to FQPA
before the implementation process is complete.  In making these early case-by-case decisions,
EPA does not intend to set broad precedents for the application of FQPA.  Rather, these early
determinations will be made on a case-by-case basis and will not bind EPA as it proceeds with
further policy development and any rulemaking that may be required.
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If EPA determines, as a result of this later implementation process, that any of the
determinations described in this RED are no longer appropriate, the Agency will pursue
whatever action may be appropriate, including but not limited to reconsideration of any
portion of this RED.

If you have questions on the product specific data requirements or wish to meet with
the Agency, please contact the Product Reregistration representative Venus Eagle at (703)
308-8045.  Address any questions on required generic data to the Special Review and
Reregistration Division representative Dennis Deziel at (703)308-8176.

Sincerely yours,

Lois A. Rossi, Director
Special Review and 
  Reregistration Division

Enclosures
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SUMMARY OF INSTRUCTIONS FOR RESPONDING TO
THE REREGISTRATION ELIGIBILITY DECISION (RED)

1.  DATA CALL-IN (DCI) OR "90-DAY RESPONSE"--If generic data are required for
reregistration, a DCI letter will be enclosed describing such data.  If product specific data
are required, another DCI letter will be enclosed listing such requirements.   If both generic
and product specific data are required, a combined Generic and Product Specific letter will
be enclosed describing such data.  Complete the two response forms provided with each DCI
letter (or four forms for the combined) by following the instructions provided.  You must
submit the response forms for each product and for each DCI within 90 days of the date
of this letter (RED issuance date); otherwise, your product may be suspended.

2.  TIME EXTENSIONS AND DATA WAIVER REQUESTS--No time extension requests
will be granted for the 90-day response.  Time extension requests may be submitted only with
respect to actual data submissions.  Requests for data waivers must be submitted as part of the
90-day response.  Requests for time extensions should be submitted in the 90-day response,
but certainly no later than the 8-month response date.  All data waiver and time extension
requests must be accompanied by a full justification.  All waivers and time extensions must be
granted by EPA in order to go into effect.

3.  APPLICATION FOR REREGISTRATION OR "8-MONTH RESPONSE"--You must
submit the following items for each product within eight months of the date of this letter
(RED issuance date).

a.  Application for Reregistration (EPA Form 8570-1).  Use only an original
application form.  Mark it "Application for Reregistration."  Send your Application for
Reregistration (along with the other forms listed in b-e below) to the address listed in item 5.

b.  Five copies of draft labeling which complies with the RED and current regulations
and requirements.  Only make labeling changes which are required by the RED and current
regulations (40 CFR 156.10) and policies.  Submit any other amendments (such as formulation
changes, or labeling changes not related to reregistration) separately.  You may delete uses
which the RED says are ineligible for reregistration.  For further labeling guidance, refer to
the labeling section of the EPA publication "General Information on Applying for Registration
in the U.S., Second Edition, August 1992" (available from the National Technical Information
Service, publication #PB92-221811; telephone number 703-487-4650).

c.  Generic or Product Specific Data.  Submit all data in a format which complies
with PR Notice 86-5, and/or submit citations of data already submitted and give the EPA
identifier (MRID) numbers.  Before citing these studies, you must make sure that they meet
the Agency's acceptance criteria (attached to the DCI).

d.  Two copies of the Confidential Statement of Formula (CSF) for each basic and
each alternate formulation.  The labeling and CSF which you submit for each product must
comply with P.R. Notice 91-2 by declaring the active ingredient as the nominal
concentration.  You have two options for submitting a CSF:  (1) accept the standard certified
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limits (see 40 CFR §158.175) or (2) provide certified limits that are supported by the analysis
of five batches.  If you choose the second option, you must submit or cite the data for the five
batches along with a certification statement as described in 40 CFR §158.175(e).  A copy of
the CSF is enclosed; follow the instructions on its back.

e.  Certification With Respect to Data Compensation Requirements.  Complete and
sign EPA forms 8570-34 and 8570-35 for each product. 

4.  COMMENTS IN RESPONSE TO FEDERAL REGISTER NOTICE--Comments
pertaining to the content of the RED may be submitted to the address shown in the Federal
Register Notice which announces the availability of this RED.

5.  WHERE TO SEND PRODUCT SPECIFIC DCI RESPONSES (90-DAY) AND
APPLICATIONS FOR REREGISTRATION (8-MONTH RESPONSES)  

By U.S. Mail:

Document Processing Desk (RED-SRRD-PRB)
Office of Pesticide Programs (7504C)

   EPA, 401 M St. S.W.
Washington, D.C. 20460-0001

By express:

     Document Processing Desk (RED-SRRD-PRB)
 Office of Pesticide Programs (7504C)   

Room 266A, Crystal Mall 2               
1921 Jefferson Davis Hwy.               
Arlington, VA 22202

6.  EPA'S REVIEWS--EPA will screen all submissions for completeness; those which are not
complete will be returned with a request for corrections.  EPA will try to respond to data
waiver and time extension requests within 60 days.  EPA will also try to respond to all 8-
month submissions with a final reregistration determination within 14 months after the RED
has been issued. 

PAGE 132



ENVIRONMENTAL PROTECTION AGENCY
OFFICE OF PESTICIDE PROGRAMS

SPECIAL REVIEW AND REREGISTRATION DIVISION

REREGISTRATION ELIGIBILITY DECISION

RODENTICIDE CLUSTER

LIST B

CASES 2100, 2205, 2755, 2760, 2765, 2810
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Q The Carcinogenic Potential of a Compound, Quantified by the EPA's Cancer Risk Model*

1

RBC Red Blood Cell
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RfD Reference Dose
RS Registration Standard
RUP Restricted Use Pesticide
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TEP Typical End-Use Product
TGAI Technical Grade Active Ingredient
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torr A unit of pressure needed to support a column of mercury 1 mm high under standard conditions.
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ABSTRACT

The U. S. Environmental Protection Agency (EPA) has completed its reregistration
eligibility decision of the pesticides brodifacoum, bromadiolone, chlorophacinone, diphacinone
and its sodium salt, bromethalin, and pival and its sodium salt.  This decision  includes a
comprehensive reassessment of the required target data and the use patterns of currently registered
products.  These chemicals are rodenticides used in urban, suburban, and rural areas for the
control of commensal rodents.  Chlorophacinone and diphacinone are also used in the field to
control a variety of vertebrate pests, mainly rodents but also jackrabbits (lagomorphs), moles
(insectivores), and mongoose (carnivores). With the exception of bromethalin, which is a
neurotoxin, the chemicals being reregistered in this decision document are anticoagulants. With
the exception of pival and its sodium salt, the Agency has concluded that the uses, as prescribed
in this document, with additional labeling requirements and a number of risk mitigation measures,
will not cause unreasonable risks to humans or the environment.

The Agency has determined that all uses of brodifacoum, bromethalin, and bromadiolone
are eligible for reregistration.  

The Agency has determined that all uses of chlorophacinone and diphacionone and its salt
are eligible for reregistration, with the exception of certain field bait uses.  The Agency has
determined that field-bait uses containing .005% chlorophacinone and diphacionone and its salt
are eligible for reregistration.  

The Agency has determined that field-bait uses containing more than .005%
chlorophacinone and diphacionone and its salt are ineligible for reregistration.  Field tests have
adequately demonstrated that products with lower-concentrations of these active ingredients are
sufficiently efficacious for target pest species, and that the uses with higher concentrations have
the potential to cause unnecessary secondary poisonings to avian and mammalian consumers. 

The EPA has determined that all uses of pival and its sodium salts are ineligible for
reregistration.  Pival and its sodium salt was suspended by the Agency in December 1994 for
failure of the registrant, Motomco, Incorporated,  to respond to the Agency’s Data Call-In Notice
(DCI) and submit the required data to support the continued registration.  In the future, EPA may
seek cancellation of the registration for pival and its sodium salt.

Rodenticides, when used as currently sold and marketed, are responsible for a number of
human incidents and accidental exposures each year. As with human exposures, EPA is concerned
about the increased risk posed to non-target domestic animals, as well as primary and secondary
risks to nontarget mammals and birds, from the use of rodenticides used.  However, EPA also
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recognizes the important public health benefits of rodenticides.  Specifically, the Agency
considered the benefits from rodent control relating to prevention of disease transmission,
property damage, and attacks on humans.

In order to address the risk concerns posed from the use of these products and still
maintain the benefits afforded by their use, the Agency has developed a two-phased approach to
mitigating risk.  The first phase will put into place in short-term measures that will serve to
identify when an exposure has occurred, to lessen the amount of exposures, and monitor
exposures.  The second phase will reduce exposures in the long term.  Ideally, the Agency would
have preferred to impose measures to immediately eliminate opportunities for exposures;
however, it recognizes that new technologies do not exist and must be developed to accomplish
this while still maintaining the efficacy of the product.  The Agency has therefore developed this
phased approach to allow time for the development and testing of this new technology.

In addition, outside the scope of this RED process, the Agency is requiring similar risk
mitigation measures to the registrations of other rodenticide active ingredients such as zinc
phosphide, warfarin and salts, difethialone, vitamin D-3,  and red squill  and, if necessary,
registrations of new rodenticide active ingredients.

The Agency recently became aware of incident data which suggests that there may be a
potential incident problem specifically involving the active ingredient brodifacoum.  At this time
the Agency is reviewing the data; no final conclusions have been reached.  Additionally, through
the “Notice of Availability” for this document, the Agency requests state incident data on all
rodenticides to better understand the extent of this potential problem.  After review, the Agency
may impose additional restrictions on the use of brodifacoum.

Phase One:  Short-Term Risk Mitigation Measures

(A) Indicator Dye and Bittering Agent

All registrants of rodenticides, other than those with products used exclusively at
agricultural sites, must incorporate an indicator dye into their formulations.  The dye is intended
to help identify whether a child or household pet has actually consumed a rodenticide by dying
their mouth and/or hands a bright color.  EPA believes the dye will play an important role in
identifying when an exposure has occurred, thereby helping to determine if treatment is required.
Typically, it is very difficult for parents and guardians of children and pet owners to discern
whether an exposure or ingestion has actually occurred, which may lead to unnecessary treatment
at a medical facility as a precautionary measure.  In turn, the Agency believes this measure will
also enable parents and guardians of children and pet owners to seek medical or veterinarian
attention sooner rather than later and avoid a serious medical episode.  EPA recognizes that many
of the formulations currently contain a dye.  All registrants may present data demonstrating that
the current dye meets the intent of this requirement.

All registrants of rodenticides, other than those with products used exclusively at
agricultural sites, must incorporate a bittering agent into their formulations to make the bait less
palatable to humans.  EPA believes that the bittering agent may cause some children to expel the
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bait if placed in the mouth.  The Agency is fully aware that children younger than one year old
do not have fully formed taste buds and may not be fully protected by this measure.  However,
this measure should prevent some exposures to children older than one year of age.  Likewise,
the EPA is also aware that this measure may not affect exposures to non-target household animals.

(B) Improved Labeling Requirements

EPA is requiring a number of  label revisions to rodenticide registrations. These
requirements are set forth in Section V of this RED document and are in addition to those in PR
Notice 94-7 that have already been implemented.

Labels which currently allow placement of rat and mouse baits “in and around buildings”
must be amended to “indoors and against the outside walls of buildings.”  Rat and mouse bait
placements will be allowed “around” buildings only if registrants demonstrate from secondary
toxicity testing that secondary risks to birds and mammals are likely to be minimal.

(C) Annual Submission of American Association of Poison Control Centers (AAPCC)
Data

Under the authority of FIFRA section 3(c)(2)(B), the Agency is requiring registrants of
rodenticides subject to this RED document, to submit to the Agency annual American Association
of Poison Control Centers’ (AAPCC) data. The Agency is requiring AAPCC data for the years
1999 through 2009.  Registrants are encouraged to share the cost of generating data, whenever
appropriate. If needed, the Agency may ask registrants of rodenticides for additional annual
submission of  AAPCC data.  These data will enable the Agency to determine whether the
imposed risk mitigation measures are reducing incidents/exposures to humans, in particular
children.  AAPCC data obtained by the Agency for 1995 and 1996 will serve as baseline data. 

(D) Restricted Use Classification for Tracking Powders

EPA has determined that the use of these chemicals as tracking powders in and around
residences, schools, recreation areas, and other places that children may frequent, pose a
significant risk to children, household pets, and non-target animals.  EPA believes that children
and pets can easily come in contact with rodenticides used as tracking powders simply based on
their use patterns and use locations.  To protect children and non-target animals from exposure,
all products formulated as tracking powders must must remain classified and labeled as restricted
use because of acute toxicity and undue secondary risk to non-target species.  Certified applicators
receive training on the importance of following label directions and overall application, and,
therefore are more likely to apply  the product correctly.  Moreover, tracking powder products
must bear a strong precautionary statement and new restrictions limiting placement of powder to
locations not accessible to children, household pets, and non-target animals.

EPA is also concerned about the potential exposure (inhalation and dermal) to the certified
applicators of these types of product formulations.  Due to the low inhalation LC  value and the50

possibility of users inhaling or ingesting powders during pouring and application, EPA is limiting
use of the powder formulations to use by certified applicators, EPA is requiring protective
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eyewear and dust/mist respirators for such users in addition to other personal protective
equipment.

(E) Restricted Use for Field Products

All products labeled for field uses, except for those limited to manual underground baiting,
must be reclassified and relabeled as restricted use because of acute toxicity and high potential for
primary and secondary risks to nontarget mammals and birds.

Phase Two:  Long-Term Risk Reduction

The Agency believes that the required risk mitigation measures outlined in Phase One
should be followed by further exposure/risk reduction measures for rodenticides.  EPA is also
aware that a safer technology, which is efficacious and equally effective to eliminate human and
household pet exposures may not currently exist.  However, the Agency will require the
development of and movement into a new, safer rodenticide use technology.  The EPA is
convinced that development of this technology can be achieved.  Therefore, Phase Two of the
Agency’s risk mitigation approach, is the requirement to move rodenticides into a safer use
technology. To achieve this end, within 120 days of the issuance of the REDs, the Agency will
form a Stakeholder group and hold a series of meetings to discuss means of significantly reducing
exposures to children and pets.  The Stakeholder group will consist of members from industry,
states, CDC, CPSC, AAPCC, rodent control experts, members of environmental groups, the
medical community, and the veterinary community.

The Agency will conclude the Stakeholder process within 9 months from the issuance of
the REDs.  The Agency expects, at the conclusion of this process, to have a recommendation on
how to further mitigate risk to children and household pets and a implementation plan to achieve
significant risk reduction.

Risk Mitigation Measures for Products Intended for Occupational Use

The Agency  has determined that all labels for occupational use products require
commercial handlers to wear  gloves while handling these rodenticide chemicals not already
contained in place packs to reduce dermal exposure unless registrants submit data which indicate
there is no dermal exposure.  The Agency has determined that occupational handlers (commercial
applicators) must wear protective eyewear, and a dust mask/mist respirator when handling non-
parafinized formulations of these chemicals such as meal or grain-based baits, unless these
formulations are contained in  place packs or the registrants can determine via data that there is
no inhalation exposure. In addition, the Agency is requiring all occupational handlers who handle
powder formulations or any other non-parafinized formulation of chlorophacinone to wear a
dust/mist respirator and protective eyewear during open pouring and application unless registrants
submit data indicating there is no inhalation exposure. 
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I. INTRODUCTION

In 1988, the Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA) was amended
to accelerate the reregistration of products with active ingredients registered prior to November
1, 1984. The amended Act provides a schedule for the reregistration process to be completed in
nine years. There are five phases to the reregistration process. The first four phases of the process
focus on identification of data requirements to support the reregistration of an active ingredient
and the generation and submission of data to fulfill the requirements. The fifth phase is a review
by the U.S. Environmental Protection Agency (referred to as "the Agency") of all data submitted
to support reregistration.

FIFRA Section 4(g)(2)(A) states that in Phase 5 "the Administrator shall determine
whether pesticides containing such active ingredient are eligible for reregistration" before calling
in data on products and either reregistering products or taking "other appropriate regulatory
action." Thus, reregistration involves a thorough review of the scientific data base underlying a
pesticide's registration.  The purpose of the Agency's review is to reassess the potential hazards
arising from the currently registered uses of the pesticide; to determine the need for additional
data on health and environmental effects; and to determine whether the pesticide meets the "no
unreasonable adverse effects" criterion of FIFRA.

On August 3, 1996, the Food Quality Protection Act of 1996 (FQPA) (Public Law 104-
170) was signed into law.  FQPA amends both the Federal Food, Drug, and Cosmetic Act
(FFDCA), 21 U.S.C. 301 et seq, and the Federal Insecticide, Fungicide, and Rodenticide Act
(FIFRA), 7 U.S.C. 136 et seq.  The FQPA amendments went into effect immediately.  Among
other things,  FQPA amended the FFDCA by establishing a new safety standard for the
establishment of tolerances.  The FQPA does not, however, amend any of the existing
reregistration deadlines set forth in Sec.  4 of FIFRA.  Thus, EPA is embarking on an intensive
process, including consultation with registrants, States, and other interested stakeholders, to make
decisions on the new policies and procedures that will be appropriate as a result of enactment of
FQPA.  This process will include a more in-depth analysis of the new safety standard and how
it should be applied to both food and non-food pesticide applications.  However, in light of the
statutory deadlines with respect to reregistration, the Agency will continue its ongoing
reregistration program while it continues to determine how best to implement FQPA.

This document presents the Agency's decision regarding the reregistration eligibility of
the registered uses of  brodifacoum, bromadiolone, bromethalin,  chlorophacinone, diphacinone
and its sodium salt, and pival and its sodium salt . The document consists of six sections.  Section
I is the introduction. Section II describes these chemicals’ uses, data requirements and regulatory
history.  Section III discusses the concerns regarding human health and environmental assessment
based on the data available to the Agency. Section IV presents the reregistration decision for
brodifacoum, bromadiolone, chlorophacinone, diphacinone and its sodium salt,  bromethalin, and
pival and its sodium salt.  Section V discusses the reregistration requirements for brodifacoum,
bromadiolone, chlorophacinone, diphacinone and its sodium salt, and bromethalin. Finally,
Section VI contains the Appendices supporting this Reregistration Eligibility Decision. Additional
details concerning the Agency's review of applicable data are available on request.
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II. CASE OVERVIEW

A. Chemical Overview

Table 1 - Chemical Overview

Common/ Reregistration CAS Empirical Basic
Case Name Case # Registry # Formula Manufacturer

OPP 
Chemical Chemical Name Structural Formula

Code

Brodifacoum 2755 112701 1,2,3,4-tetrahydro-1-napthalenyl]- 56073-10-0 C H BrO
3-[3-(4'-bromo[1,1'biphenyl]-4yl)-

4-hydroxy-2H-1-benzopyran-2-one
32 23 3

Zenica;
Bell Laboratories

Bromadiolone 2760 112001 yl)-3-hydroxy-1-phenylpropyl]-4- 28772-56-7 C H BrO
3-[3-(4'-Bromo[1,1'-biphenyl]-4-

hydroxy-2H-1-benzopyran-2-one
30 23 4

Lipha;
Bell Laboratories

Bromethalin 2765 112802 tribromophenyl)-6(trifluoromethyl) 63333-35-7 PM Resources.
N-Methyl-2,4-dinitro-N(2,4,5-

benzenamine

C1 H Br F N O3 7 3 3 3

4

Chlorophacinone 2100 67707 3691-35-8 C H ClO Lipha
2-[(4-Chlorophenyl)phenyl acetyl]-

1H-indene-1,3-(2H)-dione 23 15 3

Diphacinone 2205 67701 2-(diphenylacetyl)-1,3-indanedione 82-66-6 C H O23 16 3

Bell laboratories;
HACCO, Inc.

Pival 2810  67703 2-(trimethyacetyl)-1,3-indanedione 83-26-1 C H O Motomco14 14 3

B. Use Profile

The following table (Table 2) lists the sites, pests, formulations (as applied), and
application methods for rodenticides covered by this RED document.  These chemicals are for the
control of mammal pests, particularly commensal rats and mice but also a variety of field rodents
[note: commensal rodents are Norway rat, roof rat, and house mouse].
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Table 2 - Use Profile
Category Name of Rodenticide
Sites Pival Diphacinone or its Sodium Salt Chlorophacinone Brodifacoum Bromadiolone Bromethalin
 In/Around Buildings X X X X X X
Inside Transport/Cargo Vehicles X X X
Sewers X X X X X
Landfills X
Terrestrial Nonfood X X
Forestry Plantings X X
Nurseries X
Levees/Ditch banks X X
Orchards (dormant or nonbearing) X X
Small Grains X
Small Fruits (dormant or
nonbearing)

X X

Terrestrial food Crops (bait boxes) X X
Terrestrial Food Crops X X
Artichokes X
Aquatic, Non-Food (bait boxes) X X
Pests Pival Diphacinone or  its Sodium Salt Chlorophacinone Brodifacoum Bromadiolone Bromethalin
Norway Rat X X X X X X
Roof Rat X X X X X X
House Mice X X X X X X
White-footed Mice X X
Meadow Mice/Voles X X
Ground Squirrels X X
Chipmunks X X
Jackrabbits X X
Cottontail Rabbits X
Pocket Gophers X X
Cotton Rats X X
Wood Rats X X
Rice Rats X
Florida Water Rat X
Muskrat X X
Polynesian Rat X
Moles X
Mongoose X
FORMULATIONS (as applied) Pival Diphacinone or  its Sodium Salt Chlorophacinone Brodifacoum Bromadiolone Bromethalin
Solid Baits X X X X X X
Liquid Sprays X
Liquid Baits (salt) X X
Tracking Powders X X
APPLICATION METHODS Pival Diphacinone or  its Sodium Salt Chlorophacinone Brodifacoum Bromadiolone Bromethalin
Hand Placement X X X X X X
Hand Broadcast (field use) X X
Ground Broadcast (field use) X X
Aerial Broadcast (field use) X X

1. Brodifacoum Summary of Use Patterns and Formulations

Brodifacoum (3-[3-(4-bromo[1,1-biphenyl]4-yl)-1,2,3,4-tetra-hydro-1-napthalenyl]4-
hydroxy-2H-1-benzophyran-2-one) is a rodent control agent for use against commensal rats and
mice only. It is an anticoagulant and is formulated as meal bait, paraffinized pellets, rat and
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mouse bait ready-to-use place packs, and paraffin blocks.  All end-use products contain 0.005
percent active ingredient.

Brodifacoum is currently registered for the control of rats and mice in and around farm
structures, households and domestic dwellings, uncultivated agricultural and non-agricultural
areas, inside transport vehicles,  commercial transportation facilities, industrial areas, sewage
systems, aircraft, ships, boats, railway cars, and food processing, handling, and storage areas and
facilities.  Application may be made as frequently as is necessary.  Only general-use brodifacoum
products are currently registered.

Baits and bait packs are placed at 15 to 30 foot intervals for rats and 8 to 12 foot intervals
for mice.  When bait blocks are used in sewage systems, wire is used to secure blocks above the
high water mark.  The maximum rates of application are 16 ounces of product per 15 foot interval
for controlling commensal rats and 2 ounces of bait per 8 to 12 foot interval for controlling house
mice.  According to labels, all baits are to be placed out of the reach of children, pets, domestic
animals, and nontarget wildlife, or in tamper-resistant bait stations.  Tamper-resistant bait stations
must be resistant to destruction by dogs and by children under 6 years of age, and must be used
in a manner that prevents children from reaching into bait compartments and obtaining the bait.
If the bait can be shaken from stations when they are lifted, stations must be secured or otherwise
immobilized.  Baits may be loaded into bait stations by hand (place packs, cakes, blocks, and
slabs), or by using a scoop for loose baits (meal baits, grain baits) and pellets.

2. Bromadiolone Summary of Use Patterns and Formulations

Bromadiolone (3-(3-(4'-bromo-(1,1'-biphenyl)-4-yl)-3-hydroxy-1-phenylpropyl)-4-
hydroxy-2H-1-benzopyran-2-one) is a rodent control agent for rats and mice in and around
buildings, inside transport vehicles and sewers.  It acts as an anticoagulant and is formulated as
meal bait, paraffinized pellets, rat and mouse bait ready-to-use place packs, and paraffin blocks,
(all formulations contain 0.005 percent a.i.).

Baits and bait packs are placed at 15 foot intervals for rats and 8 foot intervals for mice.
When bait blocks are used in sewage systems, wire is used to secure blocks above the high water
mark.  The maximum rates of application are 16 oz per 15 ft interval for controlling commensal
rats and 2 oz of bait per 8 ft interval for house mice.  According to labels, all baits are to be
placed out of the reach of children, pets, domestic animals and nontarget wildlife, or in tamper-
resistant bait stations.  Bait stations must be resistant to destruction by dogs and by children under
6 years of age, and must be used in a manner that prevents children from reaching into bait
compartments and obtaining bait.  If the bait can be shaken from stations when they are lifted,
stations must be secured or otherwise immobilized.

3. Bromethalin Summary of Use Patterns and Formulations

Bromethalin (N-methyl-2,4-dinitro-N-(2,4,6-tribromophenyl)-6-(trifluoromethyl)
benzenamine) is a rodent control agent for use against roof rats, Norway rats, and house mice in
and around buildings and in transport vehicles.  It is a single-dose poison that blocks nerve
transmissions.  Bromethalin is formulated as paraffinized blocks, meal bait, "all-weather bait,”
bait pellets, bait cups, place packs, bait packs, rat pellets, mouse pellets, and "mouse poison bait
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stations.”  All products are 0.01 percent a.i., with the exception of one, which is 0.005 percent
active ingredient.

Bromethalin is currently registered for the control of commensal rats and mice in and
around sewers, homes, industrial and agricultural buildings, and similar man-made structures.
It may also be used in alleys located in urban areas, inside transport/cargo vehicles such as ships,
trains, and aircraft, and in and around related port or terminal buildings.  Baits may be placed in
rodent burrows.  Placement of bromethalin formulated as pellets or meal baits is prohibited in
sewers.  Baits are not to be applied to water or areas where surface water is present, or where
there is the possibility of contaminating food or surfaces that come in direct contact with food.
Applications may be made as frequently as necessary.  At this time the Agency is aware of only
general-use bromethalin products.

The maximum application rate is 8 ounces of bait per 15 foot interval for controlling
commensal rats and 3 ounces of bait per 8-foot interval for controlling house mice.  Several labels
recommend baiting rodent burrows.  When baiting rodent burrows, labels specify inserting bait
into the burrow far enough so only a person who knows the bait is there would be likely to see
it.

Bromethalin product labels specify that baits are to be applied in locations out of the reach
of children, pets, domestic animals and non-target wildlife, or in tamper-resistant bait stations.
Bait stations must be resistant to destruction by dogs and by children under six years of age, and
must be used in a manner that prevents children from reaching into bait compartments and
obtaining bait.  If bait can be shaken from stations when they are lifted, stations must be secured
or otherwise immobilized.

4. Chlorophacinone Summary of Use Patterns and Formulations

Chlorophacinone 2-[(p-chlorophenyl)phenylacetyl)] 1,3-indandione is a vertebrate control
agent used to control a variety of vertebrate pests, mainly rodents, but also jackrabbits
(lagomorphs), and moles (insectivores).  It is an anticoagulant and is formulated as tracking
powder, (0.2% a.i.) as loose-grain bait, paraffinized pellets, rat and mouse bait ready-to-use place
packs, and paraffin blocks.  Baits are mostly formulated  as 0.005 % active ingredient, but some
0.01% active ingredient baits are registered. Chlorophacinone is currently registered for the
control of rodents in and around buildings, households and domestic dwellings, uncultivated
agricultural and non-agricultural areas, commercial transportation facilities; industrial areas, and
food processing, handling, and storage areas and facilities.  Baits are applied as frequently as
needed only for commenal rats and mice; most field uses have a limited number of applications.
Both general use and restricted use chlorophacinone products are currently registered.

For chlorophacinone, as well as all the rodenticides discussed in this RED, baits and bait
packs are placed at 15 to 30 foot intervals for rats and 8 to 12 foot intervals for mice.  The rate
of application is 16 ounces of bait per 15 foot interval for controlling commensal rats and 2
ounces of bait per 8 foot interval for controlling housemice.  According to labels, all baits are to
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be placed out of the reach of children, pets, domestic animals and nontarget wildlife, or in tamper
resistant bait stations.  Bait stations must be resistant to destruction by dogs and by children under
6 years of age, and must be used in a manner that prevents children from reaching into bait
compartments and obtaining bait.  If bait can be shaken from stations when they are lifted, stations
must be secured or otherwise immobilized.  Baits may be loaded into bait station by hand (place
packs, cakes, blocks, and slabs), or by using a scoop for loose baits (meal baits, grain baits) and
pellets.

Twenty states currently have special local needs (SLNs) registrations for field uses of
Chlorophacinone.  Most SLNs are for control of meadow and/or pine voles in orchards (17
states), mainly dormant fruit orchards, or for control of ground squirrels (8 states).  Most
products are food baits (pellets or treated whole grains), but a spray concentrate exists for vole
control (4 states).  Other SLNs include control of moles in Oregon and Washington; jackrabbits
in Oregon and California; and pocket gophers, ground squirrels, deer mice, chipmunks, muskrats,
woodrats, and commensal rats and mice in California.

5. Diphacinone Summary of Use Patterns and Formulations

Diphacinone  and salt 2-(diphenylacetyl)-1,3-Indandione products are formulated
predominantly as 0.005% a.i. food baits (loose bait, feeder boxes, place packs, or paraffinized
bait blocks) for control of commensal rats (Norway rat, roof rat) and mice (house mouse). Food
baits also are registered for controlling ground squirrels and pocket gophers.  One product is
registered as a tracking powder (0.2% a.i.) for control of rats and mice indoors and at burrows
located along the periphery of buildings.  Because Diphacinone salt is highly soluble, it is also
used to prepare water baits for indoor control of rats and mice.  Use sites for rat and mouse food
baits are predominantly in and around buildings and similar man-made structures.  Some labels
include sewers or other wet or damp sites such as dumps, irrigation ditches, along fences, gullies,
and other such areas.  Ground squirrels can be baited in bait stations placed in or near levee or
ditch banks, around farm buildings, along fence lines, in orchards, in or near crops, and in
noncrop areas.  Pocket gophers can be baited in underground burrow systems located in
rangeland, cropland, forest, and noncrop areas.

Twenty-three states currently have one or more special local needs (SLNs) registrations
for field uses of Diphacinone.  Most SLNs are for control of meadow and/or pine voles in
dormant or non-bearing orchards and tree plantations or for control of ground squirrels.  Other
SLNs target meadow voles around perimeters of small grain crops in Washington and Idaho,
commensal rats, cotton rats, rice rats, and Florida water rats in noncrop areas adjacent to crop
fields in Florida, mongoose and commensal rats, including the Polynesian rat, in forests, offshore
islands, and other noncrop outdoor areas in Hawaii, and deer mice, jackrabbits, chipmunks,
muskrats, woodrats, voles, and commensal rats and mice in California.

C. Estimated Usage of Pesticide

The total annual usage of the rodenticides included in this RED is estimated to have been
about 250,000 lbs.  of  active ingredient over the last few years  [Note: usage data based on
proprietary information].
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Pest control operators (PCOs) use rodenticides primarily to control mice and rats in
residential,  industrial and  institutional buildings.  The majority of PCOs use single dose
anticoagulants.  Brodifacoum and bromadiolone-based  products  account for virtually all sales
of single dose anticoagulants. 

According to proprietary sources, approximately 60 percent of total rodenticides used by
PCOs are for the commercial (non-residential) segment of the market.  Residential applications
account for approximately 40%.  Local health departments contract PCOs, who primarily use
anticoagulant rodenticides like brodifacoum, bromadiolone, chlorophacinone and diphacinone.

Over the past few years, the single dose anticoagulant brodifacoum represented about 30
percent of total pounds of rodenticide active ingredient.  Bromadiolone ranked  second with about
20 percent of the rodenticide market.  Multiple-dose anticoagulants chlorophacinone and
diphacinone, and the acute poison bromethalin accounted for another 20 percent market share.

D. Data Requirements

Appendix B includes all data requirements identified by the Agency for currently
registered uses needed to support reregistration.

E. Regulatory History

The Agency's predecessor, the U.S. Department of Agriculture (USDA), first regulated
vertebrate control agents  after Congress passed FIFRA in 1947.  During the initial year of
regulation, the USDA registered the four mammalian poisons: strychnine, strychnine sulfate, zinc
phosphide and red squill.  Two of these chemicals  are still registered 50 years later, but with
several restrictions.

This Reregistration Eligibility Decision (RED) covers the neurotoxin bromethalin and five
anticoagulant active ingredients (brodifacoum, bromethalin, bromadiolone, chlorophacinone and
diphacinone and its sodium salt)  applied as baits or tracking powders to control small mammals,
such as rodents.  This RED covers 243 of the currently registered 406 products, including Section
3 and 24(c) used to control vertebrate pests by baits and tracking powders.  However, decisions
made in this RED may impact many of the remaining 182 vertebrate control products, which were
the subject of past REDs (e.g., warfarin and its sodium salt, strychnine and strychnine sulfate),
or those that  will be the subject of future reregistrations (e.g., difethialone, zinc phosphide,
cholecalciferol/Vitamin D-3).

The following table (Table 3) includes all active ingredients with use patterns similar to
those chemicals covered by this RED document and, those active ingredients  (e.g., fumarin and
its sodium salt) that are no longer registered.

Table 3 includes the name of each active ingredient grouped under "Anticoagulant
Rodenticides" or "Other Rodenticides".  Also, the table groups the anticoagulants by structural
similarity and indicates which groups are considered to be "multiple-dose" or "single-dose"
toxicants.  Multiple-dose anticoagulants require repeated feedings over several days to kill, but
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single-dose ones typically require only a single-day's feeding.  Brodifacoum and bromadiolone
are considered "second-generation" anticoagulants because they are capable of killing rats that are
resistant to warfarin, the original "first generation" anticoagulant rodenticide, which was
registered in 1950.

Table 3 also lists the year of first registration and the current numbers of interstate (section
3 of FIFRA) and intrastate (section 24(c)) products.

Table 3 - Regulatory History of Mammalian Toxicants Used as Baits and Tracking Powders.
The names of active ingredients covered by this RED are bold.

Name of Active Ingredient/Type of Rodenticide
Year First
Registered

Number of Products

Sec 3 Sec 24(c)

I.  ANTICOAGULANT RODENTICIDES

A.  Type I, 4-
hydroxycoumarin -
Multiple-Dose

1.  Warfarin 1950 40 0

2.  Sodium Salt of Warfarin 1954 1 0

3.  Fumarin 1954 0 0

4.  Sodium Salt of Fumarin 1958 0 0

B.  Type I, 1,3
indandione - 3.  Calcium Salt of Pival 1967 0 0
Multiple-Dose

1.  Pival 1953 4 0

2.  Sodium Salt of Pival 1954 1 0

4.  PMP 1962 0 0

5.  Calcium Salt of PMP 1963 0 0

C.  Type II, 1,3
indandione - 2.  Sodium Salt of Diphacinone 1962 5 0
Multiple-Dose

1.  Diphacinone 1960 61 40

3.  Chlorophacinone 1971 16 43

D.  Type II, 4-
hydroxycoumarin - 2.  Bromadiolone 1980 27 0
Single-Dose

1.  Brodifacoum 1979 32 0

3.  Difethialone 1995 6 0

II.  OTHER RODENTICIDES

A.  Single-Dose 3.  Red Squill (Scilliroside) 1947 0 0

1.  Strychnine 1947 39 6

2.  Strychnine Sulfate 1947 0 0

4.  Zinc Phosphide 1947 40 20

5.  Bromoethalin 1984 19 0

B.  Multiple-Dose
1.  Cholecalciferol (Vitamin D-3) 1984 4 1
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III. SCIENCE ASSESSMENT

A. Physical Chemistry Assessment

Table 4 - Physical Chemistry Assessment
Common/Case Name Brodifacoum Bromadiolone Bromethalin Chlorophacinone Diphacinone Pival

Reregistration Case # 2755 2760 2755 2100 2205 2810

OPP Chemical Code 112701 112001 112802 67707 67701 67703

Color Cream White White Crystals Pale Yellow White Data Gap

Physical State Fine Powdery Solid Powdered Solid Powder at 25 C Microcrystalline Powder Powder at Rm. Temp. Data Gap

Odor Not Reported Odorless Not Available Not Reported Not Reported Data Gap

Melting Point 198 - 199.8 C 148.2 - 154.1 C 141 - 145 C 141 - 145 C Data Gap
Decomposes at 201 -

205 C

Bulk Density 1.42 g/cm 1.5164 g/ml 2.169±0.001 g/ml at 23 C 0.56 g/cc 1.87 g/ml Data Gap-3

Solubility 88 Water 1.25 x 10 Data Gap Acetone 1.93 Data Gap Data Gap

Water at pH 5.2 0.00
038 Water 0.002

    7.4 0.24 Dichloromethane 30.2
    9.3 1.00 Mean Solubility (g/100 ml Chloroform 28.7

Hexane 0.00 Solvent) Ethyl Acetate 3.08

Toluene 0.72 Hexane 7.15 x 10 Diethyl Ether 1.13
Dichloromethane 5.00 Methanol 6.93 x 10 Hexane 0.113
Acetone 2.30 Methanol 0.109
Acetonitrile 0.32 Ethanol 0.074
Methanol 0.27

-3

-4

-1

Dissociation Constant Not Reported Waived Waived Waived Data Gap
Not Applicable/Very Low

Water Solubility

Octanol/Water P  = 1.8 x 10
Partition Coefficient Log P  = 4.26

8.5 Log P  = 4.27 Log P  = 4.22 Log P  = 4.27 Data GapOW
OW

4

OW
OW OW

Stability Stable for 14 days at 54 C Not Stable in Sunlight Data Gap Stable for 14 days at 54 C Stable for 14 days at 54 C Data Gap
Stable for 14 days at 54 C

(>99% degradable)
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B. Human Health Assessment

1. Toxicology Assessment

The toxicological data bases for, brodifacoum, bromadiolone, chlorophacinone,
diphacinone and its sodium salt, and bromethalin are adequate and will support reregistration
eligibility.

a. Acute Toxicity

(1) Brodifacoum Acute Toxicity 

Results of the acute toxicity studies conducted with technical brodifacoum are summarized
below in Table 5:

Table 5 - Acute Toxicity Values of Technical Brodifacoum

Route Species Results MRID
Toxicity
Category

Oral Rat LD  (M) = 0.418 mg/kg  LD  (F) = 0.561 mg/kg 42687501 I50 50

Dermal Rabbit LD  (M) = 5.21 mg/kg  LD  (F) = 3.16 mg/kg 42232101 I50 50

Inhalation Rat LC  (M) = 4.86 µg/L  LC  (F) = 3.05 µg/L 43110501 I50 50

Eye Irritation Rabbit Some minor eye irritation, clearing by day 7. 66938 IIIa

Skin Irritation Rabbit toxicity (note the dermal LD  values above) precludes necessity None -a
Unlikely to cause anything more than mild irritation; the high

50

for testing the technical for dermal irritation potential.

Dermal Guinea
Sensitization Piga,b Non sensitizer None N/A

 Not required for TGAI, however, presented here for informational purposes.a

 Conducted on the 0.25% Brodifacoum Formulation Concentrate; see below.b

In an oral LD  study in which technical brodifacoum (96.1%) was administered as a50

suspension in polyethylene glycol  to 300 rats, there were no mortalities or signs of toxicity in
males or females at 0.25 mg/kg, nor in males at 0.35 mg/kg (females were not tested at this dose
level).  However, 5/5 males and 1/5 females died following dosage at 0.5 mg/kg, and 5/5 females
died following dosage at 0.75 mg/kg (males were not tested at this dose level).  Signs of toxicity
at 0.5 and 0.75 mg/kg included pallor, bleeding from the nose and/or rectum and/or other sites.
Deaths occurred in the period from 3-8 days after dosing.  Post mortem examination of those
animals that died or were sacrificed in extremis and/or showed signs of bleeding, revealed the
presence of free or clotted blood in the abdominal and/or thoracic cavity.  Discoloration or pallor
of a number of organs was also observed.  These findings are consistent with the known
anticoagulant activity of brodifacoum.  The LD  is calculated to be 0.418 mg/kg for males (95%50

confidence interval between 0.35 and 0.5 mg/kg) and 0.561 mg/kg for females (95% confidence
interval 0.472-0.667 mg/kg).  These results place brodifacoum in Toxicity Category I (MRID
42687501) by the oral exposure route.
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In a dermal LD  study with rabbits, brodifacoum technical (95.6%) was applied as a50

suspension in corn oil (500 mg/kg), olive oil (10 mg/kg), or polyethylene glycol 600 (1 mg/kg),
with 24-hour occluded dermal exposure.  At 500 mg/kg, all the males were euthanized in extremis
on days 5-6, and all females between days 5 and 8.  At 10 mg/kg, 4/5 males were found dead or
were euthanized in extremis between days 7 and 11, and 5/5 females between days 6 and 8.  The
animals that died or were euthanized showed signs of extreme toxicity consistent with
anticoagulant activity (pallor, bleeding/bruising, breathing abnormalities) immediately prior to
death.  There were practically no signs of skin irritation on any of the animals.  The dermal LD50

of brodifacoum technical was calculated to be 5.21 mg/kg (95% confidence interval 1.95-13.8
mg/kg) for males, and 3.16 mg/kg (95% a.i. 1.00-10.00 mg/kg) for females.  These results place
technical brodifacoum in toxicity category I (MRID 42232101) in terms of dermal toxicity
potential.

In an inhalation LC  study in rats, groups of young adult Wistar-derived rats, 5/sex, were50

exposed (nose only) for 4 hours to aerosols of brodifacoum (96.1% a.i.) generated from an
acetone solution. The mean particulate concentrations were 0.82, 1.88, or 4.96 µg/L;
corresponding brodifacoum concentrations were 0.69, 1.72 or 4.40 µg/L.  The mass median
diameters were 0.80, 0.89 and 0.68 µm, and the geometric standard deviations were 3.09, 1.91
and 2.54, respectively.  Animals were observed for 14 days after exposure.  Mortalities
(accompanied by symptoms consistent with anticoagulant activity) occurred on days 4-6 in 3/5
males and 5/5 females exposed to the highest concentration (4.96 µg/L).  The inhalation LC  for50

males = 4.86 µg/L (based on particulate concentration), and for females = 3.05 µg/L.
Brodifacoum technical (96.1%) is in toxicity category I (inhalation LC  at or below 50 µg/L)50

based on the LC  values in both sexes (MRID 43110501).50

In an eye irritation study in rabbits, aliquots of 100 mg technical brodifacoum (92.5%)
were instilled in the conjunctival sac of the left eye in each of 9 New Zealand white rabbits.
Three of the rabbit eyes were irrigated for one minute with lukewarm tap water starting 30
seconds after instillation of the test material.  In some of the rabbits, there was subsequent iritis
and/or slight redness of the conjunctivae with slight chemosis and discharge; with all irritation
clearing by day 7.  Brodifacoum technical (92.5%) is in toxicity category III in terms of eye
irritation potential (MRID 00066938).  However, it is noted that because of the high toxicity of
brodifacoum, absorption of any significant amount of the technical material by the ocular
exposure route might result in mortality (and the animals in this study were followed for only 7
days after exposure).  Technical brodifacoum is in toxicity category III in terms of its ocular
irritation potential.

There are no dermal irritation studies on technical brodifacoum.  Because of the relatively
high toxicity, dermal exposure to undiluted (or mixtures containing a relatively high percentage
of) technical brodifacoum would probably be fatal (the dermal LD  of brodifacoum technical in50

rabbits is given above as 5.21 mg/kg for males, and 3.16 mg/kg for females).

Because of the high toxicity of technical brodifacoum, end-use products (mostly containing
0.005% brodifacoum) are usually manufactured from a formulation containing 0.25%
brodifacoum.  Results of the acute toxicity studies conducted with brodifacoum Formulation
Concentrate are summarized below in Table 6:
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Table 6 - Acute Toxicity Values of Brodifacoum Formulation Concentrate (0.25%)

Route Species Results MRID
Toxicity
Category

Oral Rat II 44021701
LD  (M) = 163 mg/kg50

LD  (F) = 152 mg/kg50

Dermal Rat III 44021702a LD  (M) > 2000 mg/kg50

LD  (F) > 2000 mg/kg50

Skin Irritation Rabbit IV 44021703
Test material stained the skin pink at application site, but

no indication of an inflammatory response

Dermal Sensitization N/A 44021704
Guinea Evaluation complicated by pink staining at the application
Pig site, but no evidence of a sensitization response.

Study conducted with rats; however, rabbits may be a more sensitive speciesa

In an acute oral toxicity study (MRID No. 44021701), groups of fasted, young
Alpk:APfSD (Wistar-derived) rats, 5/sex were given a single oral dose of brodifacoum
Formulation Concentrate (active ingredient: brodifacoum: label declaration 0.25%; analytical
concentration 0.259%) in deionized water at doses of 50, 200, or 500 mg/kg (males), and doses
of 100, 150 or 200 mg/kg (females), and were subsequently observed for 14 days.

LD  Males = 163 (95% C.I.: 97-275) mg/kg50

Females = 152 (95% C.I.: 132-175) mg/kg
Combined = not reported

Brodifacoum Formulation Concentrate (0.25%) is in toxicity category II based on the oral
LD  in both sexes.50

Animals that died or subsequently showed symptoms were generally normal through day
4; symptoms (decreased activity, pallor, piloerection, stains around nose) in some animals were
observed only on the day of (or the day before) death.  Some rats that were found dead had
showed no previous signs of toxicity.  Mortalities occurred 4-7 days after dosing.  Necropsy
findings in rats that died included pallor of the kidney, liver, lung, pancreas and spleen, and
clotted and/or free blood in the thymus and/or thoracic cavity, consistent with the anticoagulant
activity of brodifacoum.  There were no consistent effects on body weight.

In an acute dermal toxicity study (MRID No. 44021702), a group of five male and two
groups each with five female young adult Alpk:APfSD (Wistar-derived) rats received a single 24-
hour occluded dermal exposure to 2000 mg/kg undiluted brodifacoum Formulation Concentrate
(active ingredient: brodifacoum: label declaration 0.25%; analytical concentration 0.259%).  At
24 hours the application site was cleansed with cotton swabs. In order to prevent ingestion of any
residual material, rats were fitted with collars that were kept in place until day 4 for the males and
first group of females, and throughout the observation period for the second group of females.
The animals were observed for 14 days following removal of the occlusive dressings.  1/5 males
and 2/10 females died on days 7-9 with symptoms consistent with anticoagulant activity.  One of
the dead females was reported to have chewed and partly removed the dressing.

Dermal LD  Males > 2000 mg/kg50

Females > 2000 mg/kg
Combined > 2000 mg/kg
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Brodifacoum Formulation Concentrate (0.25%) is in Toxicity Category III in terms of
dermal toxicity potential, based on the dermal LD  values in both sexes. It is noted that this study50

was conducted with rats as opposed to rabbits.  Rats may be a less sensitive species than rabbits
which are generally used in dermal toxicity studies.

Among the survivors, one female showed bruising at the application site on days 10-15.
Necropsy findings (pallor of the brain, liver, lung, pancreas and/or spleen) for animals that were
euthanized in extremis were consistent with anticoagulant activity of brodifacoum.  Survivors all
gained weight.

In a primary dermal irritation study (MRID No. 44021703), a group of six female young
adult rabbits (New Zealand white), weights ranging from 3940-4290 g, each received a single 4-
hour occluded dermal exposure to 0.5 ml of undiluted brodifacoum formulation concentrate
(0.25% a.i.), with scoring for dermal irritation within the first hour after removal of the occlusive
wrap, and at 1, 2 and 3 days.  There was slight edema in one rabbit, which occurred  within one
hour following exposure.  The test material stained the skin pink at the application sites thereby
preventing full assessment of erythema.  However, subsequent histopathological examination of
application and unexposed skin sites showed no indications of an inflammatory response associated
with exposure to the test material.

Brodifacoum formulation concentrate (0.25%) is in Toxicity Category IV in terms of
dermal irritation potential, based on the lack of any significant irritation (slight edema observed
in only one animal within one hour following exposure, and lack of inflammatory response
observed in histopathological examination).

In a dermal sensitization study (MRID 44021704) with brodifacoum Formulation
Concentrate (0.25% a.i.), administered at challenge undiluted and as 30% and 10% w/v
suspensions in deionized water, young adult Crl:(HA)BR male guinea pigs were tested using the
method of Buehler. There were no indications of a sensitization reaction, although evaluation was
complicated by pink staining at the application sites.  Skin samples were examined
histopathologically, with no indications of a significant inflammatory response. In this study,
brodifacoum Formulation Concentrate (0.25% a.i.) is not a dermal sensitizer.

(2) Bromadiolone Acute Toxicity

The acute toxicity data for bromadiolone are summarized in Table 7.

Table 7 - Acute Toxicity Values for Bromadiolone
Study Results Category MRID

Oral LD -rat between 0.56 and 0.84 mg/kg I 4190000150
a

Dermal LD -rabbit 1.71 mg/kg I 4267370150

Acute inhalation LC -rat 0.43 µg/kg I 419769050

Eye irritation-rabbit Irritation cleared by 4 days III 88113

Dermal irritation-rabbit Minimally irritating IV 88112

Dermal sensitization Not a dermal sensitizer n/a 41847401

This study was conducted with a concentrate which provides an understanding of the acute oral toxicity ofa

bromadiolone.
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A number of acute toxicity studies have been conducted with bromadiolone in the technical
form or as a concentrate.  The acute oral LD  in rats was tested using  a concentrate (2.5 gm/L)50

and doses were  between 0.56 and 0.84 mg/kg (Toxicity Category I, MRID 41900001).  An
acceptable acute oral toxicity study with technical grade is currently unavailable, but the available
data indicate that bromadiolone is very toxic.  Requiring another acute oral toxicity with the
technical grade may not add more information than what is currently available.  The acute dermal
LD  in rabbits was 1.71 mg/kg (Toxicity Category I, MRID No. 42673701. This study satisfies50

Guideline 81-2 requirement).  The LC  for acute inhalation toxicity in rats is 0.43 µg/L (Toxicity50

Category I, MRID No. 41976901.  This study satisfies Guideline 81-3).

A primary eye irritation study in rabbits indicated that bromadiolone technical produced
no irritation in washed eyes.  Conjunctivitis and iritis were seen in the unwashed eyes for 4 days.
No corneal opacity was seen in either the washed or unwashed eyes (Toxicity Category III, MRID
No. 00088113.  This study  satisfies the Guideline 81-4).

A primary dermal irritation study in rabbits showed that, after 24 hours of dermal
application, bromadiolone produced minimal irritation on the application site (Toxicity Category
IV; MRID No. 00088112.  This study  satisfies Guideline 81-5)

A dermal sensitization study in guinea pig showed that bromadiolone was not a dermal
sensitizer (MRID No. 41847401. This study satisfies Guideline 81-6).

(3) Bromethalin Acute Toxicity

Results of the acute toxicity studies conducted with technical bromethalin are summarized
below in Table 8:

Table 8 - Acute Toxicity Values of Technical Bromethalin
Route Species Results Toxicity Category MRID

Oral Rat I 00026524
LD  (Males) = 10.7 mg/kg50

LD  (Females) = 9.1 mg/kg50

Dermal Rabbit LD  = 2000 mg/kg II 0002652450

Inhalation Rat LC  = 0.024 mg/L I 0002652450

Eye Irritation Rabbit Slight irritation III 00026524a

Skin Irritation Rabbit Not an irritant IV 00026524a

Dermal Sensitization Guinea Pig Non sensitizer N/A 41653001a

Not required for TGAI, however, presented here for informational purposea

An acute delayed neurotoxicity study was conducted in the hen.  White rock strain hen (30
animals) were initially dosed with bromethalin in PEG-400 at 9 mg/kg and redosed on day 3 with
15 mg/kg.  Observation was for 24 days.  Bromethalin did not produce acute delayed
neurotoxicity in the hen. (MRID 00101543).
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An acute neurotoxicity study was conducted in rats.  Male and female Sprague-Dawley CD
rats were orally gavaged with bromethalin in mineral oil at doses of 0, 0.8, 1.5 or 3 mg/kg.  The
NOEL was greater than 3 mg/kg (HDT) and the LOEL was not determined in this study.
Although this study was classified as unacceptable, the study can be upgraded if the registrant can
provide the following data: the rationale of vehicle choice and volume used, the stability of test
material in mineral oil, the rationale for choice of testing time on dosing day, and body
temperature measurements.  Body temperature is a measurement that should have been taken,
given the mechanism of action of bromethalin (uncoupler of oxidative phosphorylation) (MRID
42793101).  However, a new study will not be required since adequate information is available
to determine an acute NOEL for bromethalin neurotoxicity.

(4) Chlorophacinone Acute Toxicity

Results of the acute toxicity studies conducted with technical chlorophacinone are
summarized in Table 9:

Table 9 - Acute Toxicity Values of Technical Chlorophacinone

Route Species Results MRID
Toxicity
Category

Oral Rat I 41875301
LD  (M) = 3.15 mg/kg LD    (F) = 10.95 mg/kg50 50

combined = 6.26 mg/kg 

Dermal Rabbit I 41702801
LD  (M) = 0.329 mg/kg50

LD  (F) = not done50

Inhalation Rat I 41981102
LC  (M) = 7 µg/L50

LC  (F) = 12 µg/L50

Eye Irritation Rabbit No eye irritation at 1, 24, 48, or 72 hours. IV 41874001a

Skin Irritation Rabbit IV 41702801a PIS = 0, but mortalities occurred (same study as
dermal LD  assay)50

Dermal
Sensitizationa,b Guinea Pig Non sensitizer N/A 41578601

 Not required for TGAI, however, presented here for informational purposes.a

 2/10 animals diedb

In an oral LD  study in which technical chlorophacinone (99.36% by potentiometry,50

102% by UV spectrophotometry) was administered as a suspension in polyethylene glycol 300 to
Sprague-Dawley rats, there were mortalities at all dose levels in males (2.0 mg/kg: 4/10; 3.2
mg/kg: 6/10; 5.2 mg/kg: 4/10; 8.2 mg/kg: 8/10; 13.2 mg/kg: 10/10; 21 mg/kg: 9/10).  There
were no mortalities in females receiving doses of 2.0 or 3.2 mg/kg, but mortalities occurred at
higher dose levels (5.2 mg/kg: 2/10; 8.2 mg/kg: 3/10; 13.2 mg/kg: 6/10; 21 mg/kg: 9/10).
Deaths, with symptoms consistent with internal hemorrhage or other evidence of anticoagulant
activity, occurred on days 4-13 after dosage.  The acute oral LD  for males was calculated as50

3.15 mg/kg, with 95% confidence limits of 1.48-6.68 mg/kg.  For females it was 10.95 mg/kg,
with 95% confidence limits of 6.46-18.57 mg/kg.  The combined oral LD  for both sexes was50

calculated as 6.26 mg/kg (95% confidence limits of 3.96 to 9.89 mg/kg).  These results place
technical chlorophacinone in Toxicity Category I (MRID 41875301) by the oral exposure route.
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In a dermal LD  study with male New Zealand white rabbits chlorophacinone technical50

(100%) was dissolved in acetone and spread onto 2.0 x 2.0 cm pads.  Each pad was allowed to
dry before it was applied to a shaven dermal area on one of 10 male rabbits/dose level.  Doses
applied were 0.25, 0.5 or 0.75 mg/kg, with 24-hr occluded dermal exposure.  Animals were
observed for 21 days (instead of the usual 14 days) after exposure.  Deaths occurred between days
5 and 19.  Symptoms (which included bloody nasal discharge) and necropsy findings (hemorrhage
in the thoracic cavity and large intestine) were consistent with anticoagulant activity.  There were
mortalities at each dose level (0.25 mg/kg: 4/10; 0.50 mg/kg: 6/10; 0.75 mg/kg: 9/10).  There
were no indications of skin irritation in any of the animals.  The dermal LD  of chlorophacinone50

technical was calculated to be 0.329 mg/kg (95% confidence interval 0.21-0.52 mg/kg) for males.
Females were not tested.  This was because males had been previously observed to be more
sensitive to the anticoagulant effects of chlorophacinone than females.  With a dermal LD  below50

200 mg/kg, technical chlorophacinone is in Toxicity Category I (MRID 41702801) by the dermal
exposure route.

There were no indications of skin irritation from dermal exposure to technical
chlorophacinone at doses which resulted in mortality (this is the dermal LD  study indicated50

above, in MRID 41702801).  The test material is in toxicity category IV in terms of its dermal
irritation potential.

In an inhalation LC  study in rats, groups of young adult Sprague-Dawley rats, 7-50

9/sex/exposure level, were exposed (nose only) for 4 hours to analytically-determined
concentrations of 1.33, 10.3, 11.5 or 14.5 µg/L (the respective nominal values were 72.3, 88.63,
440 and 166 µg/L), with a subsequent 21-day observation.  "To minimize human exposure,
continuous observation of the animals during the 4-hour exposure was not maintained."
Observations were made at 0.5, 1 and 2.5 hours during the exposure period. Between
observations some animals turned in the restrainers and, as a result, died from suffocation.  The
deaths from suffocation were considered stress-related.  All animals that died within the first 5
hours showed no clinical signs of hemorrhage.  At the lowest concentration level (1.33 µg/L)
there were no compound-related mortalities in 5 males and 7 females; but mortalities accompanied
by signs of anticoagulant activity occurred on post-exposure days 3-8 in rats exposed to the higher
concentrations (10.3 µg/L: 4/6 males, 2/8 females; 11.5 µg/L: 8/8 males, 5/6 females; 14.5
µg/L: 2/5 males and 3/6 females).  The inhalation LC  for males = 7.00 µg/L, with 95%50

confidence limits (C.L.) of 0.83 - 59 µg/L.  For females, the inhalation LC  = 12.0 µg/L, with50

95% C.L. of 7.8 - 18 µg/L; and the combined LC  = 9.3 µg/L, with 95% C.L. of 2.3 - 3850

µg/L.  Chlorophacinone technical (analyzed concentration: 101%)  is in Toxicity Category I
(inhalation LC  at or below 50 µg/L) based on the LC  values in both sexes (MRID 41981102).50 50

In an eye irritation study in rabbits, 0.1 g technical chlorophacinone (99.88%) was instilled
in the conjunctival sac of the left eye in each of 6 female New Zealand white rabbits, with no
subsequent eye wash. Eyes were scored at 1, 24, 48 and 72 hours after exposure, but there were
no indications of any irritation (all scores zero). Technical chlorophacinone (99.88%) is in
Toxicity Category IV in terms of eye irritation potential (MRID 41874001).  It is noted that the
rabbits were only observed for 72 hours following ocular exposure, and the possibility exists that
if observations had been continued mortalities might have subsequently been noted.
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A dermal sensitization study (MRID 41578601) of male Hartley strain guinea pigs with
chlorophacinone technical (99.88%), using the Buehler procedure and a 3-week induction period
with 2 inductions/week was conducted.  A first attempt was made using a dosage level of 0.2
g/animal/induction, but after one induction there was 40% mortality in the test group.  In a second
attempt, 0.01 g/animal/induction was used as a dose level. Subsequently, the dosage amount was
reduced to 0.005 g/animal/induction using new animals.  This part of the study was also
terminated "due to high mortality in the test group."  The final assay attempt utilized a dosage
level of 0.003 g/animal/induction. Dosing chambers were secured with hypoallergenic tape, and
following each 6-hour exposure period, the application site was wiped to remove as much of the
test material as possible.  Even so, two animals died during the induction period (on days 8 and
13).  There were no indications of dermal irritation at the application sites during either the
induction phase or following challenge.  This study adequately demonstrates that technical
chlorophacinone is not a dermal sensitizer as a result of exposure to non-lethal doses.

(5) Diphacinone and its sodium salt Acute Toxicity 

Results of the acute toxicity studies conducted with technical diphacinone are summarized
below in Table 10:

Table 10 - Acute Toxicity Values of Technical Diphacinone

Route Species Results MRID
Toxicity
Category

Oral Rat LD  (F) = 2.1 (1.55-2.86) mg/kg I 00060605
LD  (M) = 2.5 (1.32-3.44) mg/kg50

50

combined = 2.3 (1.86-2.88)  mg/kg

Oral Rat I 42245202
LD  (M) = 6.8 mg/kg     LD  (F) = 8.0 mg/kg50 50

combined = 7.0 (5.2-9.5 mg/kg

Dermal Rabbit LD  (M) = 3.6 (0.6-20.8) mg/kg     LD  (F) = not done I 4250700150 50

Inhalation Rat LC  (M) < 0.6 µg/L     LC  (F) < 0.6 µg/L I 4300040150 50

Eye Irritation Rabbit Moderate irritation clearing by day 4 III 42245203

Skin Irritation Rabbit IV
Slight erythema clearing within 48 hours, but 4/6 rabbits

died between days 8 and 10

Dermal neither a dermal irritant nor a sensitizer at a non-lethal dose
Sensitization level (2.5 mg/day)

Guinea Pig N/A 42132501

In an oral LD  study (MRID 00060605) technical diphacinone (purity not specified),  was50

administered as a suspension in corn oil (volumes of 10 mL/kg were administered at all dosage
levels) to Spartan rats (5/sex/dose level), at dose levels of 0, 0.79, 1.25, 1.98, 3.15, 5.00, 7.94,
12.60, 20.01, 31.76, 50.40 or 201.7 mg/kg, with a subsequent 14-day observation.  The
following mortality pattern was observed as outlined in Table 11.
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Table 11 - Dose Levels and Mortality in an Oral LD  Study with Diphacinone50

Dose Level Males Deaths Females Deaths Combined Deaths Days after dosage
(mg/kg) /Rats Dosed /Rats Dosed /Rats Dosed deaths occurred

0.79 0/5 0/5 0/10 -

1.25 0/5 1/5 1/10 6

1.98 2/5 1/5 3/10 4

3.15 3/5 5/5 8/10 3-7

5.00 5/5 5/5 10/10 3-6

7.94 5/5 5/5 10/10 3-7

12.60 5/5 5/5 10/10 4-6

20.01 5/5 4/5 9/10 3-8

31.76 5/5 5/5 10/10 4-9

50.40 5/5 5/5 10/10 3-7

201.70 5/5 5/5 10/10 3-6
Data extracted from tables 4, 5 and 6 of MRID 00060605

Symptoms occurred at all doses, and were not necessarily associated with subsequent
mortality.  These included clear or colored nasal discharge, soft stool and/or diarrhea (possibly
associated with the corn oil vehicle used), decreased motor activity and occasional drying of the
corneal surface.  Symptoms at higher dose levels included lacrimation, ataxia, cyanosis and
bloody exudate  from nose and eyes.  Hemorrhage into the body cavities and of various organs
was observed in animals which died.  The acute oral LD  for males was calculated as 2.5050

mg/kg, with 95% confidence limits of 1.82-3.44 mg/kg.  For females. it was 2.10 mg/kg, with
95% confidence limits of 1.55-2.86 mg/kg.  The combined oral LD  for both sexes was50

calculated as 2.31 mg/kg (95% confidence limits of 1.86 to 2.88 mg/kg).  These results place
technical diphacinone in Toxicity Category I (MRID 00060605) by the oral exposure route.  The
study defines such a high degree of toxicity for technical diphacinone that the Agency can accept
the findings, even in the absence of information as to the purity of the test material.

In a second oral LD  study (MRID 42245202), technical diphacinone (reported as having50

"at least 98% purity") was administered as a 0.2% w/w suspension in corn oil to groups of 5
rats/sex/dose level. The dose levels were 4, 6, 8 or 10 mg diphacinone/kg body weight, with
observation for 14 days after dosage.  Signs of toxicity included nasal staining (usually red),
paleness, red staining on the tail.  Most animals that survived (including 2/3 at the highest dose
level) appeared healthy throughout the test period.  Necropsy findings of animals which died
during the 14-day observation period were consistent with anticoagulant activity (such as red fluid
in the thoracic and/or abdominal cavities, apparent testicular hemorrhage).  The acute oral LD50

for males was calculated as 6.8 mg/kg, and for females 8 mg/kg.  The combined oral LD  for50

both sexes was calculated as 7 mg/kg (95% confidence limits of 5.2 to 9.5 mg/kg).  The results
of this second oral LD  study (MRID 42245202) are reasonably consistent with those of the first50

(MRID 60605), as both define a Toxicity Category I hazard potential for technical diphacinone
by the oral exposure route, although the second study indicates somewhat less toxicity (or perhaps
the strain of rat used in the second study was less susceptible).  See Table 12 below.
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Table 12 - Dose Levels and Mortality in a Second Oral LD  Study with Diphacinone50

Dose Level (mg/kg)
Males Deaths/Rats Females Deaths/Rats Combined Deaths/Rats Days after dosage

Dosed Dosed Dosed deaths occurred

4 1/5 1/5 2/10 5

6 3/5 3/5 6/10 3-9

8 3/5 1/5 4/10 3-7

10 4/5 3/5 7/10 3-7
Data extracted from tables 1, 2, 5, 8 and 11 of MRID 42245202

It is noted that the mouse is considerably less susceptible to the toxic effects of diphacinone
than other mammalian species (see discussion in Mutagenicity section under MRID 42406801).
The NIOSH Registry of Toxic Effects of Chemical Substances 1985-86 reports a mouse LD  for50

diphacinone as 300 mg/kg, and the rat LD  as 1.5 mg/kg.  This is also supported by a report50

from the open literature (Correll et. al., 1952) which states that the acute oral LD  for50

diphacinone was found to be 3 mg/kg for rats, 340 mg/kg for mice, and 35 mg/kg for rabbits.

In a dermal LD  study (MRID 42507001) with male New Zealand white rabbits,50

diphacinone technical (97.4%) was dissolved in acetone and the appropriate amount of the test
substance solution was applied to the foil side of Scotch Pak pads.  The acetone was allowed to
evaporate, and the Scotch Pak pad, test substance side down, was applied to the application site,
with 24-hour occluded exposure.  In a range-finding trial, dose levels of 0, 1, 5, 10, 25 or 50
mg/kg were administered to groups consisting of 1 animal/sex/dose level. The findings in this
range-finding study were used to set the doses in the subsequent definitive study.   Females at the
three highest dose levels - 10, 25, or 50 mg/kg - died.  Those at the two lower dose levels - 1 and
5 mg/kg - survived.   Deaths occurred on days 7-13.  Males at all dose levels died.  The
performing laboratory suggested that only male rabbits should be used for the LD  determination,50

as they had been the more sensitive sex.  The doses for the dermal LD  determination were 0.05,50

0.20 and 0.80 mg/kg, with subsequent 21-day observation.  The following mortality pattern was
observed as outlined in Table 13.

Table 13 - Dose Levels and Mortality in a Dermal LD  Study with Diphacinone50

Dose Level (mg/kg) Males Deaths/Rabbits Dosed Days after dosage deaths occurred

0.05 0/10 -

0.20 1/10 4

0.80 2/10 4
Data extracted from tables IIA, IIB and IIC of MRID 42507001

The animals that died (both in the preliminary range-finding and subsequent LD50

determination studies), showed symptoms (hemorrhage, discoloration of various organs) indicative
of anticoagulant activity.  No clinical signs were observed at the lowest dose level (0.05 mg/kg).
Symptoms at the two higher dose levels included somnolence, loss of fluids, absence of feces and
vasoconstriction.  Based on the mortality, the estimated dermal LD  in male rabbits is 3.6 mg/kg.50

These results place technical diphacinone in Toxicity Category I (MRID 42507001) by the dermal
exposure route.
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In an inhalation LC  study in rats (MRID 43000401),  a group of young adult Sprague-50

Dawley rats, 5 of each sex, were exposed (whole body) for 4 hours to a time-weighted average
aerosol concentration (gravimetrically determined) of 6 µg/L, with subsequent 14-day
observation.  The mass median aerodynamic diameter was 2.3 µm, with a geometric standard
deviation of ±2.1 µm.  The percentage of particles  4.0 µm was equal to 78%.  Mortality
occurred (days 4-8) in 5/5 males and 4/5 females. Symptoms (including red staining of abdominal
and urogenital regions, reddish material around ears and in cage tray) and necropsy findings
(hemorrhage in the thoracic cavity and/or cranial cavity and/or various organs) were consistent
with anticoagulant activity.  The dose in the LC  study was based on findings in a preliminary50

range-finding study, in which groups of one rat/sex/exposure level were exposed for one-hour to
concentrations of 0, 0.01, 0.11, or 1.1 mg/L, with subsequent 7-day observation.  All the males
died (deaths occurred days 4-7), as did the female exposed to the lowest concentration (0.01
mg/L).  However, the two females exposed to the two higher concentrations (0.11 and 1.1 mg/L)
showed  an array of symptoms (decreased activity, labored breathing, distended abdomen) on day
7 similar to those observed in other rats in the day or so before they died.  These females
underwent scheduled euthanasia.   Diphacinone technical (percentage active ingredient not
reported) is in Toxicity Category I (inhalation LC  at or below 50 µg/L) based on the LC  value50 50

of less than 6 µg/L in both sexes (MRID 43000401).

In an eye irritation study with New Zealand white rabbits (MRID 42245203), an attempt
was made to place as much technical diphacinone (with at least 98% active ingredient) as possible
into the conjunctival sac of one eye of each of nine rabbits.  The report notes that the test material
at 0.1 g exceeded the capacity of the rabbits' eye. The treated eyes of 3 rabbits were irrigated
approximately 20-30 seconds after instillation of the test material.  The eyes of the remaining 6
rabbits were not washed.  No corneal opacity was observed, although some eyes showed iritis,
and all eyes (washed and unwashed) showed some conjunctival irritation, with clearing by day 4.
Technical diphacinone is in Toxicity Category III in terms of eye irritation potential (MRID
42245203).  It is noted that the rabbits were only observed for 96 hours following ocular
exposure, and the possibility exists that if observations had been continued mortalities might have
subsequently been noted.

In a dermal irritation study with New Zealand white rabbits, 0.5 g of undiluted technical
diphacinone (with at least 98% active ingredient) was applied to a single intact site, with 4-hour
occluded exposure.  Barely perceptible erythema was observed at 2 treated sites one hour after
patch removal and at one treated site at 24 hours, with no evidence of erythema at 48 or 72 hours.
No occurrence of edema was observed.  The Primary Dermal Irritation Score was reported to be
0.09.  Technical diphacinone (at least 98% active ingredient) is in Toxicity Category IV in terms
of its primary dermal irritation potential.  However, the report also notes "There were no signs
of gross toxicity, adverse pharmacological effects or abnormal behavior during the test period.
However, it should be noted that 4 of 6 rabbits died after the last scoring interval (i.e. between
days 8 and 10 post-dosing).  These spontaneous deaths may have been due to the anticoagulant
properties of the test product."

In a dermal sensitization study (MRID 42132501) with Hartley albino male guinea pigs
with diphacinone technical (96.57%), the test material was administered as a topical application
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at various dose concentrations.  The test article was kept in contact with the skin surface for a six
hour period.  After the initial exposure, the test article was administered on alternate days three
days a week such that each animal received 10 sensitizing treatments.  Following the tenth
treatment, animals were rested for two weeks, and then given an eleventh (challenge) dose.

The major problem in this dermal sensitization study was on determining a non-lethal dose
level.  In the initial assay application of 500 mg caused death and/or severe hemorrhage from the
external nares in some animals and evident discomfort in others, with the result that all surviving
animals were euthanized. Further testing at doses of 5, 10, 20, 40 or 80 mg with two male guinea
pigs/dose resulted in all animals either dying or being euthanized on or about the seventh day after
the initial dose.  Additional dosing at 0.1, 0.5, 1.0 or 2.5 mg with two animals/dose resulted in
the death of one animal in the 0.5 mg group.  As a result, the final dose selected was 2.5 mg in
10 guinea pigs (one of these animals died 13 days after the initial dose).  Signs of dermal irritation
were not observed in any of the guinea pigs at any dose level during the study, and there were no
indications of any sensitization reaction in the survivors of the final assay (dose level: 2.5
mg/animal).  There were 3 guinea pigs in a positive control group (each received 2.5
mg/application).  One of these positive control animals died before the challenge application, but
positive responses were elicited in the remaining 2 guinea pigs.  The findings of this study (MRID
42132501) adequately demonstrate that technical diphacinone at a non-lethal exposure level is
neither a dermal irritant nor a sensitizer.

b. Subchronic Toxicity

(1) Brodifacoum Subchronic Toxicity

The Agency has no record that any subchronic toxicity studies on brodifacoum have been
received and/or reviewed. However, it is noted that there are a number of multiple-dose studies
which the Agency has received (including a special study Brodifacoum: Blood Kinetics Study in
the Pregnant Rat, MRID 42641902, see below), which include prothrombin time measurements,
which appears to be the most sensitive indicator of toxicity for the anticoagulants.

Although the current toxicological data base is sufficient for the purposes of this RED,
because of the potential for non-purposeful dermal exposure, and to more accurately assess the
margins of exposure associated with potential incidental exposure, a 21-day dermal toxicity study
(Guideline 82-2) is required as confirmatory data.  Such a study must include prothrombin and
activated partial thromboplastin time measurements, including pre-exposure, as well as on days
7, 14 and 21 of exposure.

(2) Bromadiolone Subchronic Toxicity

In a 90-day study, groups of beagle dogs (4/sex/dose) received bromadiolone in gelatin
capsules at variable daily doses for different lengths of time.  The dosages were low-dose, 5/10
µg/kg; mid-dose, 10/15/20 µg/kg; and high-dose, 15/25/50/100 µg/kg.  The control dogs
received starch in gelatin capsules.  The high-dose animals died or were sacrificed moribund prior
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to the study’s termination.  In addition, the high-dose animals also showed signs of loose, bloody
stools following the 15 µg/kg dosing.  After five days of following 100 µg/kg dosing high-dose
animals also showed signs of hypothermia, respiratory difficulties, pale mucosa, drowsiness,
atonia, bloody urine, hematomas, and external hemorrhage. Both mid- and high-dose dogs had
increased prothrombin time and hematuria.  Histological examination showed that in high-dose
groups, 4/4 male or female dogs had hemorrhage, congestion and/or edema of the spleen,
kidneys, lungs, urinary bladder, small intestine, liver, thyroid, and skin.  No compound-related
histological lesions were found in mid- and low-dose dogs.   Based upon the clinical and
hematological findings, the LOEL for subchronic toxicity of bromadiolone was 15 µg/kg; NOEL,
10 µg/kg (MRID  92196013).

In a multiple-dose toxicity study, groups of female rats (10/dose) received bromadiolone
(technical grade) by gavage at doses of 6.4, 12.4, or 24.8 µg/kg for 20 days.  By study day 13,
the mid- and high-dose rats were all dead, and 8/10 rats in the 6.4 µg/kg group were also dead
by day 20.  The clinical signs included hemorrhage in the orbital sinus, nasal cavity, and nail
beds, anorexia, and polydypsia.  At necropsy, the dead rats showed general internal bleeding and
hemorrhagic spots in liver, intestinal tract, and kidneys.  No NOEL for subchronic toxicity could
be established for bromadiolone (MRID  00107035).

The above two studies are classified as supplementary and do not meet the data
requirements for a subchronic toxicity study in dogs and rats (Guideline No. 82-1).  However,
when the data from the 90-day dog study and the 20-day rat study are analyzed together with the
results from rat and  rabbit developmental toxicity studies, the results provided sufficient
information for the understanding of the subchronic toxicity of bromadiolone.  Additional
subchronic toxicity tests would probably not yield much more new information.  Therefore, a new
subchronic toxicity study in either the rat or dog is not requested at this time.

(3) Bromethalin Subchronic Toxicity

Sprague Dawley rats (10/sex/group) received daily gavage doses of 0 (25% polyethylene
glycol in H O), 5, 25, or 125 micrograms/kg/day (ug/kg/day) of bromethalin technical for 132

weeks.  Parameters evaluated included daily observation, weekly body weight and food
consumption, ophthalmoscopy, clinical pathology, necropsy, organ weights, and histopathology.
The NOEL is 25 µg/kg/day.  The LOEL is 125 µg/kg/day, based on spongy degeneration
(leukoencephalomyelopathy) observed in most of the central white fiber tracts of the brain,
cerebellum, pons, brain stem, and thoracic spinal cord of both sexes and optic nerves of males.
There were no effects on mortality, clinical chemistry, ophthalmoscopy, body weight, food
consumption, clinical pathology and histopathology of other tissues (MRID 43582102).

In a second 90-day study, groups of 4 male and 4 female beagle dogs were orally dosed
by gavage for 90 days at levels of 0, 5, 25, 125, or 200 ug/kg/day with bromethalin technical.
Observations included daily clinical evaluations, ophthalmoscopy, body weight, food
consumption, clinical pathology evaluations at weeks 6 and 13, necropsy, organ weights and
histopathology. The NOEL is 25 µg/kg/day.  The LOEL is 125 µg/kg/day based on spongy
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degeneration observed in nervous tissue components (cervical, thoracic, and lumbar spinal cord,
brain stem, right and left optic nerves, frontal and median brain, pons, and cerebellum) in both
sexes of dogs.  At the high dose, 3 male dogs displayed the following neurotoxic signs before
death or being sacrificed moribund:  salivation and hypoactivity, followed by trembling,
myoclonia, hyperesthesia, groaning, and decubitus.  Other measured parameters were considered
comparable between control and treated dogs of both sexes (MRID 43582101).

The above two subchronic toxicity studies in rats and beagle dogs are not guideline-type
subchronic neurotoxicity studies.  However, these studies will satisfy the data requirements for
a 90-day neurotoxicity screening battery because a NOEL and a LOEL was established in both
studies.

(4) Chlorophacinone Subchronic Toxicity

In a subchronic study (MRID 92018013), groups of 10 Sprague-Dawley rats/sex/dose were
gavaged at 0, 10, 20 or 40 µg/kg 7 days/week for 113 days.  A group was also dosed at 5
µg/kg/day, but was terminated at 77 days due to lack of evident toxicity.  Additional groups were
tested at 80 and 160 µg/kg, but all animals died between days 3 and 13.  At 40 µg/kg/day deaths
occurred in 10/10 males (mortalities occurred days 29-82) and 4/10 females (days 69-111); 4/10
males (but 0/10 females) died at 20 µg/kg/day (deaths occurred on days 105-111).  "The dominant
clinical signs that were responsible for death of animals were related to the anticoagulant activity
of chlorophacinone."  Although 1/10 males and 1/10 females died in the 10 µg/kg/day group,
these deaths were ascribed to intubation error.  At termination (112-113 days), hematology
(including "coagulation time") and clinical chemistry parameters were determined from the 0, 10,
20 or 40 µg/kg/day groups (but not the 5 µg/kg/day group, which was terminated at 77 days).
In the 10 µg/kg/day animals, males showed a 28% increase (p < 0.01) in coagulation time, while
females showed a 6% increase (p < 0.05); at 20 µg/kg/day males showed a >100% increase (p
< 0.01) in coagulation time and females an 11% increase (p < 0.05); at 40 µg/kg/day females
showed a >100% increase.

The FIFRA 88 Phase 2 and 4 Data requirements for all anticoagulant rodenticides included
a generic data request for a 14-day feeding study in the rat to determine a NOEL and LOEL for
signs of toxicity and coagulation parameters.  This information was requested to more adequately
define and evaluate the effects that would result from accidental ingestion of this type of
rodenticide.  While MRID 92018013 does not adequately satisfy the Guideline requirements for
a 90-day feeding or gavage study (Guideline 82-1), sufficient information is provided to satisfy
the generic data request for a 14-day feeding study.

At the 5 µg/kg/day dose level there was no mortality or signs of toxicity during the 77-day
exposure period.  Coagulation values were not evaluated at this dose level.  However clotting
times were increased by 28% and 6% for males and females, respectively, at the 10 µg/kg/day
levels at termination (113 days).  Based on these findings, HED considers 5 µg/kg/day as a NOEL
in a subchronic oral study, with a LOEL of 10 µg/kg/day (increased coagulation times for both
males and females, with males more sensitive than females).
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In a 21-day dermal toxicity study (MRID 42237402), a formulated product (tracking
powder) containing 0.2% chlorophacinone was applied dermally with 6 hr occluded exposure/day,
5 days/week at 0.08, 0.40 or 2.0 mg/kg (these doses are in terms of the active ingredient,
chlorophacinone) to 5 rabbits/sex/dose.  The 0.2% product was used instead of the technical
material because of difficulties (encountered in a preliminary range-finding study) in accurately
weighing out and working with small quantities of this highly toxic compound.  At 2 mg/kg/day,
there was mortality (with "widespread" internal hemorrhage) in 4/5 males (deaths occurred on
days 14-18) and 1/5 females (one death occurred on day 21). Prothrombin (PT) times were
markedly increased on day 21 in surviving animals (the one male had a PT time of 9.0 seconds,
while controls had a mean of 6.0.  The females had a mean PT time of 17.7 seconds, as compared
to a control mean of 5.9). Moderate to severe centrilobular liver necrosis was observed in 3/5
males and 1/5 females.  There was no mortality at 0.4 mg/kg, but prothrombin times were
markedly increased on day 21 (males: 7.7 vs. a control value of 6.0 seconds; females: 9.5 vs. a
control value of 5.9).  There were no indications of any effect at 0.08 mg/kg/day.

The following table from the report (in MRID 42237402) summarizes the measurements
for prothrombin time (PT) and activated partial thromboplastin time in seconds (APTT):

Table 14 - Prothrombin and Activated Partial Thromboplastin Times in a 21-Day Subacute
Dermal Study in Rabbits - Statistically Significant Findings

Hematology Data - PT/APTT Mean Values

Sex Males Females

Parameter Group 1 Group 2 Group 3 Group 4 Group 1 Group 2 Group 3 Group 4

Dosage (mg/kg/day) 0 0.08 0.4 2.0 0 0.08 0.4 2.0

Prothrombin time (PT) in seconds

Pretreatment Week -1 6.3 6.3 6.3 6.2 6.2 6.1 6.3 6.4

Week -2 6.4 6.4 6.4 6.4 6.3 6.1 6.3 6.4

Week - 0 6.6 6.3 6.3 6.3 6.4 6.3 6.2 6.5

Termination Activated partial thromboplastin time (APTT) in seconds

Week - 0 6.0 6.0 7.7 9.0 5.9 6.4 9.5 17.7a b c c

Week -3 32.5 32.4 52.3 24.5 22.9 28.3 59.7 67.0c c

Examination of the female animals in the concurrent control, for the Week 3 interval, showed a statistically significanta

decrease based on their own three pretreatment values. This slight decrease in the control female value gave rise to the
statistical significance in the Group 2 female  value.
Analysis of variance indicated a significant difference from the control value, p  0.05; further statistical analyses,b

using repeated measures analysis of variance and dependent measures t-test procedures, indicated that this value did
not vary significantly from the mean prothrombin time recorded at pretreatment intervals for those animals.
Significantly increased, p  0.05c

The subchronic dermal LOEL is 0.4 mg/kg/day, based on increased prothrombin times
in both sexes on day 21.  The subchronic dermal NOEL is 0.08 mg/kg/day.

This subchronic dermal study in the rabbit is classified as  acceptable (Guideline), and
satisfies the guideline requirement for a subchronic dermal toxicity study (§82-2).
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(5) Diphacinone and its sodium salt Subchronic Toxicity

In a 21-day dermal toxicity study (MRID 00074637), diphacinone (99.8%, moistened with
0.9% physiological saline) was applied (6-hr occluded exposure) five days a week for three
weeks, at dosage levels of 0, 0.1, 1.0 or 10.0 mg/kg to groups consisting of four male and four
female New Zealand white rabbits/dose level.  The skin of two males and two females in each
group was abraded. The skin of the remaining rabbits was left intact. Most of the animals exposed
to diphacinone showed no dermal irritation.  The dermal irritation which did occur in 1 or 2
animals/group was slight.  However, all of the animals exhibited yellow staining of the test site
after a few exposures.

Mortalities or sacrifice in extremis occurred in 1/8 controls, 1/8 in the 0.1 mg/kg/day
group, 5/8 at 1.0 mg/kg/day, and 6/8 at 10.0 mg/kg/day.  Symptoms included clear nasal
discharge, pale skin and/or mucous membranes, and hypothermia.  On gross pathology,
"hemorrhagic areas in different sites were present in the stomach, mouth, ear, muscle, soft
tissues, thoracic and abdominal cavities, cecum, colon, kidney and bladder of some animals.
These lesions were more frequent in the 1.0 mg/kg and 10.0 mg/kg Diphacinone groups, only one
case was present in the control group and one in the 0.1 mg/kg Diphacinone group."  Blood
samples were taken at  preexposure,  and on day 19.  Determinations included hematocrit,
hemoglobin, erythrocyte count, total leucocyte count, platelets, mean corpuscular volume, mean
corpuscular hemoglobin and mean corpuscular hemoglobin concentration.  However, there were
no measurements of clotting time.

Finally, while this 21-day dermal toxicity study (MRID 00074637) is classified as
acceptable (satisfying the guideline requirement for a subchronic dermal toxicity study §82-2),
with a subchronic dermal NOEL of 0.1 mg/kg/day, and a subchronic dermal LOEL of 1.0
mg/kg/day (based on mortality accompanied by indications of anticoagulant activity), it is noted
that there are indications in the report of possible anticoagulant activity ("hemorrhagic areas") in
one control and one 0.1 mg/kg rabbit.  In addition, there were no clotting time determinations
(such as prothrombin and/or activated partial thromboplastin times).

In a 21-day subchronic study (MRID 00077319), groups of 2 Swiss Webster mice/sex/dose
level were intubated (using a 10 mg/mL solution of technical diphacinone in propylene glycol)
at 0.1, 0.5, 1.0, 2.5, 5.0, 10.0 or 20.0 mg/kg/day for 20 days.  All the mice dosed at 5, 10 or
20 mg/kg/day died during the first 7 days of the test period, and symptoms (bleeding, paleness)
were generally consistent with anticoagulant activity. Three out of 4 intubated at 2.5 mg/kg died
by day 14 (with symptoms of bleeding) with only one female surviving to termination.  While
there were no mortalities at 1.0 mg/kg, hemorrhages, sub-cutaneous accumulation of blood or
external bleeding was noted at this dose level.  No effects were observed at 0.5 mg/kg/day.

The observations in this study were subsequently used to set the dose levels (0, 0.1, 0.5,
1.0 or 2.5 mg/kg) in a mouse developmental toxicity study (also in MRID 00077319), which
utilized 15 pregnant females/dose level.  All animals dosed at 2.5 mg/kg/day died (days 4-10 of
dosing).  There was a considerable proportion of the fetuses in each female of this group
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undergoing resorption (6/10, 4/10, 7/12, 3/11, and 4/12).  At 1.0 mg/kg/day one pregnant female
died on day 10 (2/10 fetuses were being resorbed).The LOEL in the 20-day feeding study is 1.0
mg/kg/day (occurrence of subcutaneous accumulation of blood, hemorrhages and external
bleeding, with no mortalities), although no measurements were made for clotting time.  While the
single-dose LD  for the mouse is about 300 mg/kg, the toxicity of diphacinone in this species is50

enhanced when administration takes place over a period of several days.

At the 0.5 mg/kg/day dose level there was no mortality or signs of toxicity during the 20-
day exposure period, and no mortalities (or other effects) were observed at this dose level in the
subsequently conducted mouse developmental toxicity study.  The LOEL is 1.0 mg/kg/day (based
on the occurrence of subcutaneous accumulation of blood, hemorrhages and external bleeding,
with no mortalities in the initial 20-day study, and the occurrence of mortality in 1/5 pregnant
females at this dose level in the subsequently conducted mouse developmental toxicity study). It
is noted that no information is given in this study as to clotting times.  While the information in
MRID 00077319 is useful, it is not adequate to satisfy the FIFRA 88 Phase 2 and 4 data
requirements for anticoagulant rodenticides for a 14-day feeding study in the rat to determine a
NOEL and LOEL for signs of toxicity.

In a single dose toxicity study (MRID 43260702), male and female Sprague-Dawley rats
(5/sex) received technical diphacinone (99.0%) as a single oral gavage dose in corn oil at doses
of 0, 0.13, 0.20, 1.0 or 2.5 mg/kg.  In a 14-day oral toxicity study (MRID 43260701) groups of
5 rats/sex/dose received technical diphacinone (99.0%) by oral gavage in corn oil once a day for
14 days at doses of 0, 0.025, 0.040, 0.085 or 0.175 mg/kg/day.  The purpose of these
experiments were to demonstrate a NOEL and LOEL for overt signs of toxicity, lethality, and
anticoagulant effects in young adult Sprague-Dawley rats following single and repeated dosage
with technical diphacinone.  Following single doses at up to 2.5 mg/kg (HDT), there were no
overt clinical signs of toxicity.  Following repeated dosing, there were no signs of toxicity at the
0.025, 0.040 or 0.085 mg/kg/day dose levels.  At the 0.175 mg/kg/day dose level, there were
increased incidences of dyspnea, lethargy, hemorrhage from the nose, ptyalism, and few feces.
At this dose level 3/5 males died (2/5 were found dead and one was sacrificed in extremis).  All
of the female rats in this dose group had died by day 11.  The following Prothrombin (PT) and
Activated Partial Thromboplastin Times (APTT) were observed as outlined in Tables 15, 16, 17
and 18.

Table 15 - Prothrombin Time in Seconds in Rats Following a Single Dose of Diphacinonea

Prothrombin Time in Seconds

Diphacinone (mg/kg) 0 0.13 0.20 1.00 2.50

Males - 24 hrs after dosing 15.5 ± 0.9 15.1 ± 0.5 15.2 ± 0.2 56.6 ± 9.2 70.7 ± 8.1

Males - 96 hrs after dosing 14.0 ± 0.3 14.5 ± 0.3 14.3 ± 0.5 14.3 ± 0.3 22.9 ± 16.6

Females - 24 hrs after dosing 15.1 ± 0.3 14.8 ± 0.4 15.6 ± 0.5 30.9 ± 6.6 51.8 ± 14.9

Females - 96 hrs after dosing 14.4 ± 0.2 14.6 ± 0.4 14.4 ± 0.3 14.0 ± 0.3 15.1 ± 0.9
Data taken from pages 51-58 of the report (MRID 43260702)a
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Table 16 - Activated Partial Thromboplastin Time in Seconds in Rats Following a Single
Dose of Diphacinonea

Activated Partial Prothrombin Time in Seconds

Diphacinone (mg/kg) 0 0.13 0.20 1.00 2.50

Males - 24 hrs after dosing 24.5 ± 2.6 22.1 ± 3.5 24.0 ± 1.3 49.8 ± 18.3 42.2 ± 5.3

Males - 96 hrs after dosing 21.7 ± 3.1 21.2 ± 2.7 19.4 ± 2.8 21.1 ± 1.7 30.3 ± 11.0

Females - 24 hrs after dosing 20.3 ± 1.6 19.3 ± 1.1 32.1 ± 6.6 39.6 ± 3.6 33.9 ± 7.8

Females - 96 hrs after dosing 21.4 ± 3.9 19.8 ± 2.0 18.4 ± 0.5 20.6 ± 1.7 29.3 ± 4.5
Data taken from pages 51-58 of the report (MRID 43260702)a

Table 17 - Prothrombin Time in Seconds in Rats Following Repeated Doses of Diphacinonea

Prothrombin Time in Seconds

Diphacinone (mg/kg/day) 0 0.025 0.040 0.085 0.175

Males - 24 hrs after last dose 14.0 ± 0.2 14.2 ± 0.2 14.4 ± 0.2 15.2 ± 0.7 20.0 ± 1.3

Males - 96 hrs after last dose 14.4 ± 0.4 14.4 ± 0.3 14.0 ± 0.7 14.1 ± 0.4 14.3 ± 0.4

Females - 24 hrs after last dose 14.3 ± 0.3 14.6 ± 0.3 14.4 ± 0.2 14.4 ± 0.3 --b

Females - 96 hrs after last dose 14.4 ± 0.8 14.6 ± 0.3 14.3 ± 0.4 14.7 ± 0.1 --b
Data taken from pages 51-58 of the report (MRID 43260702)a

All animals were dead by day 11b

Table 18 - Activated Partial Thromboplastin Time in Seconds in Rats Following Repeated
Doses of Diphacinonea

Activated Partial Thromboplastin Time in Seconds

Diphacinone (mg/kg/day) 0 0.025 0.040 0.085 0.175

Males - 24 hrs after last dose 20.2 ± 1.1 20.0 ± 1.2 22.0 ± 1.2 25.9 ± 2.1 38.3 ± 11.0

Males - 96 hrs after last dose 20.4 ± 2.0 20.3 ± 1.0 19.9 ± 1.0 19.9 ± 0.9 19.7 ± 0.7

Females - 24 hrs after last dose 20.7 ± 1.9 19.7 ± 0.8 20.6 ± 0.7 24.4 ± 2.1 --b

Females - 96 hrs after last dose 21.4 ± 2.9 20.2 ± 0.9 20.2 ± 0.5 20.0 ± 0.9 --b
Data taken from pages 51-58 of the report (MRID 43260702)a

All animals were dead by day 11b

The LOEL from single dose administration is 0.20 mg/kg, based on increased activated
partial thromboplastin time in female rats. The NOEL from single dose administration is 0.13
mg/kg.  The LOEL from repeated dose administration is 0.085 mg/kg/day, based on  increased
prothrombin and activated partial thromboplastin times in male and female rats.  The NOEL from
repeated dose administration is 0.040 mg/kg/day.  The information in MRIDs 43260701 and
43260702 satisfies the FIFRA 88 Phase 4 Data requirements to determine effects in the rat (and
defining the NOELs and LOELs for signs of toxicity and coagulation parameters) following a
single dose and following repeated oral dosage over a 14-day period.

c. Chronic toxicity

Given the exclusively non-food uses of these chemicals, no chronic studies were required.
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d. Carcinogenicity

Given the exclusively non-food uses of these chemicals, no carcinogenicity studies were
required.

e. Developmental Toxicity

(1) Brodifacoum Developmental Toxicity

In a developmental toxicity study (MRID 00052443, along with additional data in MRID
40307202), brodifacoum (92.5%) was administered to 30 Alderley Park, Wistar-derived mated
female rats/dose level by gavage in 10% v/v ethanol:water at dose levels of 0 (vehicle only),
0.001, 0.01 or 0.02 mg/kg/day from days 6 through 15 of gestation.  There was blood in the uteri
of one 0.01 and three 0.02 mg/kg females.  This was considered to be possibly related to the
administration of brodifacoum.  There were no indications of any dose-related developmental
effects associated with exposure to brodifacoum at doses up to and including 0.02 mg/kg/day.
The dose level of 0.02 mg/kg/day is considered adequate, based on the occurrence of 100%
mortality at a nominal value of 0.05 (analytical value of 0.35) mg/kg/day in a preliminary study,
and blood measurements in a special study (Brodifacoum: Blood Kinetics Study in the Pregnant
Rat, MRID 42641902, see below).

The rat maternal toxicity NOEL is 0.001 mg brodifacoum/kg/day (based on the equivocal
finding of blood in the uteri of one 0.01 and three 0.02 mg/kg females).

The rat developmental NOEL is 0.02 mg brodifacoum/kg/day (HDT).This developmental
toxicity study in the rat is classified as acceptable (Guideline) (83-3a), and satisfies the guideline
requirement for a developmental toxicity study in the rat.

In a special study (MRID 42641902), mixtures of unlabeled brodifacoum (98.7%) and
radiolabeled brodifacoum (radiochemical purity >95%) were administered to Alderley Park,
Wistar-derived mated female rats by gavage at nominal doses of 0.0125 mg/kg (Group A: 24 rats,
starting on day 1 of gestation, with sacrifice by exsanguination of 3 rats on days 1, 3, 5, 7, 9, 11,
13, 16) or 0.02 mg/kg (Group B: 15 rats, starting on day 7, with sacrifice of 3 rats on days 7,
9, 11, 13 and 16).  The test material was administered as a suspension in polyethylene glycol 600.
Terminal blood samples were analyzed for brodifacoum levels.

The following mean nanogram (ng.) equivalents of brodifacoum/gram of maternal blood
were observed:

Group A (0.0125 mg/kg/day, days 0-16): day 1: 0.560; day 3: 0.924; day 5: 1.556; day
7: 1.809; day 9: 2.015; day 11: 2.795; day 13: 2.168; day 16: 3.396.

Group B (0.02 mg/kg/day, days 7-16): day 7: 0.691; day 9: 1.362; day 11: 3.087; day
13: 2.427; day 16: 4.488.
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The relative proportions of mean blood brodifacoum levels in group B rats as compared
to group A rats were the following: Day 7: 0.382; Day 9: 0.666; Day 11: 1.10; Day 13: 1.12;
and Day 16: 1.32.

This study showed a steady increase of blood brodifacoum levels with continued dosage
of both 0.0125 mg/kg/day and 0.02 mg/kg/day, consistent with findings of a previously reviewed
metabolism study (MRID 00080235).  In that study. three rats were given a single oral dose of
0.25 mg labeled brodifacoum and retained a mean of 77.73% of the initial dose (mean total label
recovery was 91.51%) after 10 days. The combination of high toxicity and body accumulation of
brodifacoum would have eventually resulted in mortalities at these dosage levels at some time after
16 days. The study is classified as acceptable (Non-guideline) as it is not a required guideline
study. It is acceptable for the purposes for which it was intended as a special study, and the
findings adequately justify the dosing schedule and doses used in the rat developmental toxicity
study (MRID 00052443 and 40307202; summarization in MRID 92195013).

In a developmental toxicity study in rabbits (MRIDs 00052442 and 40307201),
brodifacoum (92.5%) was administered to 15 mated female Dutch rabbits/dose level by gavage
in 5% v/v ethanol:water at dose levels of 0 (0.5% v/v aqueous Tween 80), 0 (5% v/v aqueous
ethanol, the vehicle used with brodifacoum), 0.001, 0.002 or 0.005 mg brodifacoum/kg/day from
days 6 through 18 of gestation.  Ten of the 15 rabbits receiving 0.005 mg/kg/day died or were
humanely euthanized.  All were found to have internal hemorrhage.  Nine of these does had loss
of blood (in some cases heavy) from the vagina.  All of the implants of one doe (#47; euthanized
on day 16) in the 0.005 mg/kg/day group are reported to have had a hemorrhagic appearance, but
otherwise there were no indications of any dose-related developmental or toxic effects associated
with exposure to brodifacoum at doses up to and including 0.005 mg/kg/day.  Because only three
litters (and only 20 fetuses) were available from the 0.005 mg/kg/day group at 29 days (and taking
into consideration the hemorrhagic appearance of the implants of #46), the NOEL for fetal
toxicity is 0.002 mg/kg/day, and the LOEL is 0.005 mg/kg/day.  The only possible indication of
toxicity in the 0.002 mg/kg/day does was the occurrence of a small hemorrhage beneath the lid
of one eye on gestation day 14 in one rabbit (#44) which was not pregnant, but a similar finding
was not reported for the 0.005 mg/kg/day females.  In addition, the prothrombin time was
significantly increased at 0.005 mg/kg/day on day 20 relative to controls (to 26.5 [seconds?] from
14.5) in a preliminary range-finding study.  The following table shows the prothrombin time
measurements (presumably in seconds) on day 20 in a preliminary range-finding study.

Table 19 - Prothrombin Time in the Preliminary Developmental Toxicity Range-Finding
Study in the Rabbit (Day 20)*

Control 0.001 mg/kg/day 0.005 mg/kg/day

Mean 14.5 17.4 26.5**

SD 2.0 - 5.1

No. of samples 4 1 3
** Statistically significant at the 1% level (Student's t-test) compared with the control group
*Data extracted from appendix 1 of MRID 00052442 (p. 31)
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The rabbit maternal NOEL is 0.002 mg brodifacoum/kg/day. The LOEL is 0.005
mg/kg/day (based on 75% mortality associated with hemorrhage in pregnant females at this dose
level).    The developmental toxicity NOEL is 0.002 mg/kg/day, as only 3 litters (with a total of
20 fetuses) were available for evaluation at 0.005 mg/kg/day).  It is reported that all of the
implants from a 0.005 mg/kg/day doe which was euthanized on day 16 had a hemorrhagic
appearance. This developmental toxicity study in rabbits is classified as acceptable (Guideline
83-3b).

(2) Bromadiolone Developmental Toxicity

Groups of pregnant Sprague-Dawley rats received bromadiolone (technical grade) in
aqueous vehicle by gavage from gestation days (gd) 6 through 16 at doses of 0, 17.5, 35, and 70
µg/kg bw/day.  There was an increase in the incidence of vaginal bleeding, hypotonicity, pale
eyes, and deaths in 70 µg/kg dams.  None of the above findings were seen in the controls or the
two lower dose groups.  No developmental toxicity was found in the test animals.  The NOEL
for developmental toxicity was 70 µg/kg (HDT).  Based on the increased incidence of vaginal
bleeding, hypotonicity, pale eyes, and deaths, the LOEL for maternal toxicity was 70 µg/kg.  The
NOEL was 35 µg/kg.  This study satisfies the data requirements for a developmental toxicity
study in rats (Guideline No. 83-3(a); MRID No. 92196014).

Groups of artificially inseminated New Zealand White rabbits received bromadiolone
(99.8% purity) in aqueous media by gavage from gestation days (gd) 6 through 18 at doses of 0,
2, 4, and 8 µg/kg bw/day.  Vaginal bleeding was found in 8/19 does of the 8 µg/kg group, in
1/19 does of the 2 µg/kg group, and none in the 4 µg/kg group and the controls.  Since
bromadiolone is an anticoagulant, the vaginal bleeding seen in the 2 µg/kg group could be
conservatively considered as a compound-related effect in spite of the lack of a dose-related
response. The prothrombin times of the highest dose group and the controls were comparable at
sacrifice (11 days after dosing). This result was consistent with that seen in an antidote study
where bromadiolone (up to 5.6 mg/kg bw) did not affect the prothrombin times of rats which
received bromadiolone in the diet 2 weeks prior to the prothrombin time measurement (Tox.
Document No. 009423; MRID No. 420933-01).  Under the conditions of this study,
conservatively, the incidence of vaginal bleeding seen in the lowest dose group (2 µg/kg) was
considered as a threshold effect.  The Peer Review/RfD Committee had analyzed the results of
this study, and considered the 2 µg/kg as the "threshold" NOEL.  The LEL was 4 µg/kg.  There
was no developmental toxicity in any dose group, and the NOEL for developmental effect was
8 µg/kg (HDT). This study satisfies the data requirements for a developmental toxicity study in
rabbits (Guideline No. 83-3(b); MRID No. 92196015).

(3) Bromethalin Developmental Toxicity

A developmental toxicity study was conducted with Harlan Wistar rats (25 rats/group).
Rats were orally gavaged on gestation days 6 through 15 at a dosing volume of 5 ml/kg with 0
(vehicle, PEG-200), 0.1, 0.3, or 0.5 mg/kg/day bromethalin technical.  Surviving dams were
sacrificed on gestation day 20, necropsied and reproductive findings were recorded. The NOEL
for developmental toxicity is 0.5 mg/kg/day (HDT).  There were no compound-related external,
visceral or skeletal effects in bromethalin-treated fetuses in comparison to controls on either a
litter or fetal basis.
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The NOEL for maternal toxicity is 0.3 mg/kg/day and the LOEL is 0.5 mg/kg/day.
Several effects occurred at the 0.5 mg/kg/day including four deaths during gestation (gestation
days 12, 16, 17, and 17).  Three high-dose females revealed upper respiratory tract infections
which was regarded as secondary due to physiological stress from treatment.  Additionally, in 10
of the 25 high-dose females, including the four which died, clinical signs consisting of hind leg
weakness and decreased muscle tone were seen.  Other observations included poor grooming,
weakness, ventral soiling, chromodacryorrhea, decreased respiration, labored respiration,
hypothermia, hind leg paralysis, prostration and dehydration.

During the dosing period, high-dose dams had a 30.2% decrease in weight gain in
comparison to controls.  During the post dosing period, weight gain in the high-dose females was
decreased by only 11.7% in comparison to controls.  Due to the substantial decreased weight gain
during the dosing period, the high-dose females experienced a 13.9% decrease in weight gain for
the entire gestation period in comparison to controls.  These decreased weight gains are
considered to be treatment-related.  Food consumption was decreased by 8.7% in high-dose
animals in the post dosing period in comparison to controls.  The observed decrease in weight
gain during the post dosing period may be because of decreased food consumption.  The food
consumption was comparable between controls and treated groups, including the high-dose group
at other times (MRID 00086731).

A second developmental toxicity study was conducted with Dutch Belted rabbits
(15/group).  In this study, rabbits were orally gavaged at a volume of 1 ml/kg with bromethalin
at doses of 0 (PEG-200, vehicle), 0.10, 0.25, or 0.50 mg/kg/day during gestation days 6 through
18.  Surviving does were sacrificed on gestation day 28 and reproductive parameters were
determined.  The NOEL for developmental toxicity is 0.5 mg/kg/day (HDT).  There were no
compound-related external, visceral or skeletal effects in bromethalin-treated fetuses in
comparison to controls on either a litter or fetal basis.

The NOEL for maternal toxicity is 0.10 mg/kg/day.  Clinical signs of toxicity were
observed in two females at 0.25 mg/kg/day and 5 females in the 0.50 mg/kg/day group.  These
signs included nasal discharge, loss of muscle tone, weakness, decreased respiration, coolness,
and prostration.  Two high-dose does died; one on gestation day 16 and one on day 21.  The two
high-dose does that died had clinical signs before death.  One female that died had pneumonia and
an empty gastrointestinal tract, and the other had an acute upper respiratory tract infection.
Additionally, two high-dose does, one mid-dose doe and one low-dose doe aborted.  The two
high-dose and the one low-dose does that aborted had gastric trichobezoars in an otherwise empty
gastrointestinal tract.  The mid-dose doe which aborted had an empty gastrointestinal tract.  The
clinical signs, abortions and deaths at the top dose and the clinical signs at the mid-dose are
considered compound-related.  Mid and high-dose animals had decreased weight gains during the
dosing period, which are considered compound-related.  Food consumption was comparable
between control and treated does during gestation.  Although values for the mid-dose animals
were lower than controls, this finding was not dose-related and is not considered compound-
related (MRID 00101545).

(4) Chlorophacinone Developmental Toxicity

In a preliminary range-finding study in rats (MRID 43349501) chlorophacinone
(analytically determined concentration 101%) was administered at days 6-15 of gestation at doses
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of 0, 1, 5, 25, 50, 100 or 200 µg/kg/day to groups of 8 mated Sprague-Dawley female rats.
Mortalities occurred at 100 and 200 µg/kg/day.  Five rats/dose level in the 0, 1, 5, 25 and 50
µg/kg/day groups were sacrificed on gestation day 16, and prothrombin and activated partial
thromboplastin times were determined (Refer to Table 20).

It is noteworthy that while there was clotting in at least one sample from the controls and
3 lowest dose groups, this apparently did not occur in the 5 samples from rats of the 50 µg/kg/day
group.

Table 20 - Prothrombin (PT) and Activated Partial Thromboplastin Times (APTT) in a
Preliminary Rat Developmental Toxicity Study

Dose Level (µg/kg/day)

0 1 5 25 50

Prothrombin Time (sec)a 12.2 ± 0.6 12.9 ± 1.3 12.8 ± 0.3 12.6 ± 0.4 13.0 ± 0.2
N=4 N=2 N=4 N=3 N=5b b b b

Activated Partial Thromboplastin Time (sec) 15.5±2.1 23.9±12.4 16.1±1.4 16.2±1.3 17.0±0.9a

Reported as the mean ± S.E.M.a

decrease in N is due to the clotting of some of the samples on which the analysis could not be done.b

In the subsequent developmental toxicity study (also in MRID 43349501) chlorophacinone
(analytically determined concentration: 101% a.i.) was administered to groups of 25 Sprague-
Dawley female rats/dose level by gavage at doses of 0 (vehicle only), 12.5, 25, 50 or 100
µg/kg/day on gestation days 6-15 inclusive.  The test compound was administered as a suspension
in corn oil.  Eighteen high-dose (100 µg/kg/day) rats died or were sacrificed moribund (gestation
days 12-16) with necropsy findings (blood in vagina and amniotic sacs, blood in stomach and/or
small and/or large intestines) indicative of anticoagulant effects.  There were no indications of
maternal toxicity at 50 µg/kg/day.  Treatment-related effects for developmental anomalies, were
noted at the lowest dose and above as increased fetal and litter incidences of distended ureter
(Refer to Table 21).

Table 21 - Fetal and Litter Incidences of Treatment Related Effects in a Rat Developmental
Toxicity Study (doses in µg/kg/day)

Control 0 Low 12.5 Low Mid 25 High Mid 50 High 100

# pups/# litters examined 205/25 186/24 206/25 196/24 55/7

Hydroureter:

  Bilateral 4/4 8/4 23/10 21/9 12/3
  Left 2/2 3/3 3/3 5/4 0/0
  Right 0/0 0/0 0/0 1/1 1/1
TOTAL INCIDENCE 6/6 11/5 26/11 27/11 13/4
% Incidence 2.9/24.0 5.9/20.8 12.6/44.0 13.8/40.7 23.6/57.1

Distended ureter:

  Bilateral 1/1 2/2 3/2 4/4 1/1
  Left 1/1 4/3 3/3 6/6 1/1
TOTAL INCIDENCE 2/2 6/4 6/5 10/7 2/2
% Incidence 1.0/8.0 3.2/16.7 2.9/20.0 5.1/25.9 3.6/28.6

Total ureter anomaly:

incidence: 8/6 17/10 32/13 37/14 15/5
% Incidence 3.9/24.0 9.1/41.7 15.5/52.0 18.9/51.9 27.3/71.4
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At the highest dose (100 µg/kg/day) there was an increased total incidence (16/55 fetuses
in 5/7 litters; controls: 14/205 fetuses in 10/25 litters) of enlarged lateral ventricle.  At 50
µg/kg/day there was an increased incidence of extra rib on lumbar vertebrae I (not noted at 100
µg/kg/day; however, fewer litters were available for examination).  For malformations, there
were increased fetal and litter incidences of bilateral hydroureter at 25 µg/kg/day.

The rat maternal toxicity NOEL = 50 µg/kg/day.
The rat maternal toxicity LOEL= 100 µg/kg/day (based on mortality)
The rat developmental NOEL is < 12.5 µg/kg/day.
The rat developmental LOEL is <= 12.5 µg/kg/day (increased incidences of hydroureter,
distended ureter and total ureter anomaly).

This developmental toxicity study in the rat is classified as acceptable and satisfies the
guideline  83-3(a) requirement for a developmental toxicity study in the rat.

In a preliminary range-finding developmental toxicity study in rabbits (MRID 43570801).
chlorophacinone (analytically determined concentration 101%) was administered at 0, 1, 2, 5, 10,
50 or 100 µg/kg/day to groups of 5 mated female rabbits.  In addition, there were five satellite
groups, each containing 3 rabbits dosed at 0, 1, 2, 5 or 10 µg/kg/day.  The dosing period was
from gestation days 7 through 19; satellite females were sacrificed on gestation day 20 and their
blood was analyzed for Prothrombin Time (PT) and Activated Partial Thromboplastin Time
(APTT) measurements.  Both the mean PT and APTT were elevated in the 10 µg/kg/day females
(refer to Table 22).

Table 22 - Prothrombin (PT) and Activated Partial Thromboplastin Times (APTT) in a
Preliminary Rabbit Developmental Toxicity Study Chlorophacinone (µg/kg/day)

0 1 2 5 10

No. of female rabbits bled 3 3 3 3 3

Prothrombin Time (sec) 8.1 ± 0.5 7.8 ± 0.2 7.9 ± 0.1 8.7 ± 0.6 11.6 ± 2.1a

Activated Partial thromboplastin Time (sec) 26.5 ± 5.7* 26.6 ± 3.7 23.2 ± 1.5 26.4± 4.9 53.0 ±14.3a

Reported as the mean ± S.E.M.a

*p<0.05; Jonckheere's Test (significant by trend test)
Table from page 167 of MRID 43570801.

In the subsequent developmental toxicity study in rabbits (MRID 43570801),
chlorophacinone (analytically determined concentration reported as 101%) was administered to
16 New Zealand white rabbits/dose level by oral gavage at dose levels of 0, 5, 10, 25 or 75
µg/kg/day from gestation days 7 through 19, inclusive.

There was maternal mortality in 13/16 high mid (25 µg/kg/day) and 16/16 high dose (75
µg/kg/day) rabbits, with hemorrhage (neck, thoracic cavity, vagina, uterus, amniotic sacs, and
GI tract). Increased incidences of external bleeding around the mouth, ears, and urogenital
system, along with pale eyes, ears, lips/gums, lethargy and blood in the pan beneath the cage,
were noted in the two highest dose groups.  No evidence of treatment-related fetotoxicity was
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noted in the cesarean section observations.  However, due to the low number of surviving litters
(3)  at 25 µg/kg/day, and the lack of surviving litters at the highest dose (75 µg/kg/day),
developmental toxicity cannot be assessed at these doses, and 10 µg/kg/day will be considered as
the NOEL for developmental toxicity.  This developmental toxicity study in the rabbit is classified
as Acceptable (Guideline 83-3(b), and satisfies the guideline requirement for a developmental
toxicity study in the rabbit.

The rabbit maternal toxicity NOEL is 5 µg chlorophacinone/kg/day. The LOEL is 10
µg/kg/day (based on increased prothrombin and activated partial thromboplastin times in the
preliminary range-finding study.  These measurements were not made in the subsequent
developmental toxicity study).  The rabbit developmental toxicity NOEL is 10 µg/kg/day, based
on the lack of sufficient fetuses/litters at the next highest dose level (25 µg/kg/day) available for
evaluation. This developmental toxicity study (Guideline 83-3(b) in the rabbit is classified as
acceptable. 

(5) Diphacinone and its sodium salt Developmental Toxicity

In a developmental toxicity study in rats (MRID 42834801), technical diphacinone (purity
>97%) in corn oil was administered via gavage to groups of 25 mated female Sprague-Dawley
rats/dose level at 0, 10, 25 or 75 µg/kg/day on gestational days 6-15, inclusive. There were no
effects on maternal body weight or weight gain.  Reddish vaginal discharge, reddish urogenital
staining and/or reddish fluid in the cage/tray were observed in one dam from the control group,
two dams at 10 µg/kg/day, three dams at 25 µg/kg/day, and six dams at 75 µg/kg/day.  One dam
(with these symptoms) in the 75 µg/kg/day group was euthanized in extremis on day 15.  A NOEL
was not established for maternal toxicity then, as there was a dose-related increase in incidence
of clinical signs of the anticoagulant effects of diphacinone through all dose levels.  No
compound-related altered growth and/or developmental anomalies were observed.  There was an
increased number of early resorptions and resorptions/dam at 75 µg/kg/day (52 and 2.2 ± 1.8,
respectively, compared to control values of 33 and 1.4 ± 1.5).  These increases were not
statistically significant, and were within the upper limit of historical control data.  However, 33%
mortality was observed at 100 µg/kg/day in a range-finding study, and the increased number of
resorptions is consistent with what was observed in a mouse developmental toxicity study (MRID
00077319) at a dose level (2.5 mg/kg/day) at which 5/5 pregnant females died.

The rat maternal toxicity NOEL < 10 µg/kg/day.
The rat maternal toxicity LOEL= 10 µg/kg/day (based on signs consistent with
anticoagulant activity)
The rat developmental NOEL = 25 µg/kg/day.
The rat developmental LOEL = 75 µg/kg/day (based on an increased incidence of
resorptions)

This developmental toxicity study in the rat is classified as acceptable, and satisfies the
guideline (Guideline 83-3(a) requirement for a developmental toxicity study in the rat).
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It is noted that no clotting time measurements were obtained in this rat developmental
toxicity study, and that there is no rabbit developmental toxicity study.  The Agency has received,
for brodifacoum and chlorophacinone, both rat and rabbit developmental toxicity studies.  For
both of these anticoagulants, the rabbit is the more sensitive species, particularly with respect to
mortality.

f. Mutagenicity

Results of mutagenicity studies for brodifacoum, bromadiolone, bromethalin,
chlorophacinone and diphacinone and its sodium salt indicate the following:

Salmonella typhimurium.  There were no indications of an increased number of revertants
at the histidine locus in any of the strains used.

In Vivo Testing.  While different species were used such as Chinese hamsters and mice,
results were consistent and there was no evidence of induced mutagenicity response to any
strains at any non-activated or activated dose levels.

In Vitro Testing.  Testing was performed for chlorophacinone and bromadiolone.  Based
on this testing it can be concluded that at doses up to and including those associated with
cytotoxicity (50 µg/ml), did not induce a clastogenic response in human lymphocytes
under the conditions of this assay either in the presence or absence S9.

Appendix C of this document provides the MRID numbers and names of studies used to
support these mutagenicity findings.

g. Metabolism

(1) Brodifacoum Metabolism

In the first part of a metabolism study (MRID 44021705) brodifacoum, 3-[3-(4'-bromo-
[1,1'-biphenyl]-4-yl)-1,2,3,4-tetrahydro-1-naphthalenyl]-4-hydroxy-2H-1-benzopyran-2-one,
radiochemical purity >98%, radiolabeled ( C) in the benzene ring of the benzopyran, was14

administered to 3 previously bile-duct cannulated Crl:CD(SD)BR strain male rats as a single oral
administration at a nominal dose level of 10 mg/kg body weight, well above the LD  value of 0.350

mg/kg.  The rats had been pre-dosed with vitamin K  in their drinking water, but showed1

symptoms of anticoagulant toxicity before sacrifice at 48 hours. Bile, urine and feces were
collected at pre-dose, 6, 12, 24, and 48 hr post-dose, and radioactivity was determined in these
samples, as well as in the livers and residual carcasses.  The metabolite profiles of C-14

brodifacoum in bile and bile extracts were examined by chromatographic and spectroscopic
techniques.

Total mean recovery of radioactivity was 102.9 ± 8.1%.  Recovery from feces
(presumably unabsorbed brodifacoum) was 36.11 ± 8.83%; from liver was 14.79 ± 0.41; from
the residual carcass: 42.85 ± 5.06%.  The mean from bile (all 3 animals) was 6.40 ± 5.45%,
but one rat had poor bile flow, possibly from blockage in the cannula.  The two remaining
animals had a mean 9.53% of the label in bile.
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The major (and only identified) metabolite of brodifacoum in bile was the glucuronide
(attachment to the 4-hydroxy moiety of brodifacoum), which accounted for 39.43 to 77.28% of
the total radioactivity in individual bile samples, while brodifacoum represented 0.00 to 24.95%
of the total activity.  Further characterization appeared to split the glucuronide peak into 2
components, and while the cis:trans ratio of parent material was 70:30, the ratio in the
glucuronide was reversed (30:70).  One unidentified metabolite (region 10) ranged from 1.59 to
21.7% total radiolabel.

Although only one metabolite (the glucuronide) is identified, it is the parent compound
which is of toxicological concern, and the registrant has adequately demonstrated in previously
submitted studies (refer to MRIDs 00080235 and 42007502) that a high proportion of
unmetabolized compound is retained, particularly in the liver.

In a second study (in vitro perfusion, also in MRID 44021705) the lower vena cava of a
single male rat was ligated.  The hepatic portal vein was then cannulated and the liver was cleared
of blood and the bile duct cannulated.  The liver was perfused and, after equilibration, C-14

brodifacoum, at a dose of 10 mg/kg, was added to the main perfusate reservoir.  Bile and
perfusate were collected at pre-dose, 1 minute (perfusate only), 1, 2, 3, 4 and 6 hr post-dose.
The radioactivity present in bile, perfusate, terminal perfusate supernatant, supernatant filtrate and
liver was determined.  There was 74.32% recovery after 6 hours, with 59% of the total in
perfusate, and 15.19% in liver.  Metabolite profiling was attempted, but no metabolites were
identified.  All radioactivity in the perfusate supernatant was bound to perfusate proteins, with no
activity being measured in the aqueous filtrate.

In a metabolism study (MRID 42007502), groups of male rats received single oral doses
of C-labeled brodifacoum at different dose levels (Group 2: 0.02 mg/kg; Group 3: 0.15 mg/kg;14

Group 4: 0.35 mg/kg), and blood was taken from 1-3 rats/group at various intervals following
this dosage.  The following Kaolin Cephalin Time (KCT) and Prothrombin Time (PT)
measurements were made as outlined in Table 23 below:
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Table 23 - Kaolin Cephalin and Prothrombin Time in a Metabolism Study in Male Rats
Clotting times (seconds)

Group 2: 0.02 mg/kg Group 3: 0.15 mg/kg Group 4: 0.35 mg/kg

Time after
Dosing

KCT PT KCT PT KCT PT

6 hr - - - - ND 14.3 ± 1.7

12 hr - - - - ND 20.7 ± 3.7

18 hr - - - - 43.7 ± 2.1 37.2 ± 5.4

24 hr 14.9  ±4.2 13.0  ±1.8 15.8 ± 4.8 13.0 ± 1.1 58.9 ± 7.6 95.5 ± 2.7a a

48 hr - - - - 113.7±10.6 147.6± 6.9

72 hr - - - - 92.8 ±49.4 39.7 ±19.4

96 hr - - - - 32.3 ± 7.2 18.8 ± 2.0

Day 8 - - - - 21.3 ± 2.4 15.8 ± 1.2a a

Day 14 - - 14.0 ± 1.1 14.3 ± 0.2 15.4 ± 4.5 17.4 ± 0.5

Day 28 14.9  ±1.1 12.7  ±0.3 21.3 ± 2.9 13.6 ± 0.6 20.2 ± 2.9 13.4 ± 0.4a a

Day 56 - - 16.2 ± 2.4 12.7 ± 0.6 19.6 ± 2.2 13.3 ± 0.2a a a a

Day 84 - - - - 17.2 ± 2.9 12.5 ± 0.4

Week 13 14.1  ±1.1 15.4  ±0.6 16.5 ± 1.4 13.8 ± 0.2 - -a a

Week 26 - - 12.3 16.1 - -b b

Week 39 16.6 ± 4.3 13.5 ± 1.2 15.0 ± 1.7 13.8 ± 0.5 - -

Week 52 - - 15.6 ± 6.2 12.7 ± 1.2 - -

Week 65 16.7 ± 3.3 13.5 ± 0.8 18.0 ± 3.2 13.2 ± 0.5 - -

Week 78 - - 18.6 ± 1.3 12.8 ± 1.2 - -

Week 91 16.8 ± 2.0 14.6 ± 0.4 19.8 ± 2.2 15.1 ± 1.5 - -

Week 104 14.7 ± 3.0 11.1 ± 1.0 13.2 ± 0.5 10.9 ± 0.6 - -
The standard deviation (SD) is derived from data obtained with 3 animals per group.
2 values onlya

 single value onlyb

ND = not determined
Table taken from p. 26 of MRID 42007502.

The results given above clearly show an increase in clotting time in rats which had
received a single oral dose of 0.35 mg/kg.  Assuming the effect was manifested as a doubling of
the normal clotting time (to approximately 30 seconds for kaolin cephalin and/or prothrombin
times), effects were evident as soon as 18 hours after dosage, and were still present at 96 hours
post-dosage.  In addition, the metabolism study in MRID 42007502 demonstrates that considerable
amounts of the radiolabel are retained in the liver following dosage (refer to the Table 24).
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Table 24 - Percentage of radioactivity retained in the liver following single-dose
administration of C Brodifacoum14

Time after dosing
Group 2: 0.02 mg/kg Group 3: 0.15 mg/kg Group 4: 0.35 mg/kg

Mean      SD Mean      SD Mean      SD

Day 1 47.33  ± 10.87 29.71  ±  4.40 28.92  ±  1.79

Week 4 39.16  ±  3.50 37.07  ±  1.94 23.47  ±  1.21

Week 8 - 30.86  ±  4.23 23.00  ±  0.09

Week 12 - - 21.24  ±  3.19

Week 13 34.01  ±  2.49 31.74  ±  5.13 -

Week 39 20.33  ±  0.42 22.02  ±  2.83 -

Week 65 15.97  ±  2.33 15.36  ±  3.03 -

Week 91 10.57  ±  1.08 12.39  ±  3.08 -

Week 104 11.78  ±  0.97 11.74  ±  1.64 -
Table from data on pages 30-32 of MRID 42007502.

It is concluded that overall there is sufficient metabolism data (including excretion,
distribution, retention half-life and amounts retained within different organs).  This metabolism
study in the rat, taken with previously submitted metabolism studies (in MRIDs 00080235 and
42007502) is classified as acceptable.  The combination of these studies is adequate to satisfy the
85-1 data (metabolism study) guideline requirement.

Groups of male Sprague-Dawley rats received a single dose (0.2 mg/kg bw) of
brodifacoum, bromadiolone, or flocoumafen by gavage.  A control group consisting of 9 male
rats which received nothing was also included in the study.   The results showed that the levels
of brodifacoum in the liver declined very slowly during the duration of the study as indicated by
the difference between day 1 (1.107 µg/g) and day 200 (0.539 µg/g).  During the first 28 days
after dosing, the decline of the liver concentrations of bromadiolone and flocoumafen was faster
than that of brodifacoum as indicated by the t 's of these 3 chemicals at the first 28 days1/2

(brodifacoum: t , 63 days;  bromadiolone: t , 17 days; flocoumafen: t , 6 days).  The decline1/2 1/2 1/2

of the liver concentrations of these 3 test chemicals occurred in a "bi-exponential manner".   The
second t 's were estimated to be 282, 318, and 159 days for brodifacoum, bromadiolone, and1/2

flocoumafen, respectively.  In general, oral administration of any of these 3 chemicals would
result in substantial retention of the chemical in the liver for a very long time.  The initial report
of this study contained deficiencies which were rectified in subsequent supplemental data
submission.  This study satisfies the data requirement for a modified metabolism study on
bromadiolone (Guideline No. 85-1; MRID No. 42596801).

(2) Bromadiolone Metabolism

Groups of male Sprague-Dawley rats received a single dose (0.2 mg/kg bw) of
brodifacoum, bromadiolone, or flocoumafen by gavage.  A control group consisting of 9 male
rats which received nothing was also included in the study.   The results showed that the levels
of brodifacoum in the liver declined very slowly during the duration of the study as indicated by
the difference between day 1 (1.107 µg/g) and day 200 (0.539 µg/g).  During the first 28 days
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after dosing, the decline of the liver concentrations of bromadiolone and flocoumafen was faster
than that of brodifacoum as indicated by the t 's of these 3 chemicals at the first 28 days1/2

(brodifacoum: t , 63 days;  bromadiolone: t , 17 days; flocoumafen: t , 6 days).  The decline1/2 1/2 1/2

of the liver concentrations of these 3 test chemicals occurred in a "bi-exponential manner".   The
second t 's were estimated to be 282, 318, and 159 days for brodifacoum, bromadiolone, and1/2

flocoumafen, respectively.  In general, oral administration of any of these 3 chemicals would
result in substantial retention of the chemical in the liver for a very long time.  The initial report
of this study contained deficiencies which were rectified in subsequent supplemental data
submission.  This study satisfies the data requirement for a modified metabolism study on
bromadiolone (Guideline No. 85-1; MRID No. 42596801).

(3) Bromethalin Metabolism

A metabolism study was conducted in Fischer 344 rats following oral administration of
C-bromethalin at 1 mg/kg.  Blood samples were taken from the orbital sinus at 0.25, 0.5, 1, 2,14

4, and 24 hours, and at 2, 3, 4, 6, 8, 11, 14, 17, and 21 days after dosing.  Based on radiolabeled
material, the plasma half-life was 134 hours (5.6 days).  The half-life of the distributive phase
suggested distribution in total body water.  The T ½ of bromethalin is 5.6 days.  The major
metabolite formed in the rat is desmethyl bromethalin.  The study (MRID 0004724) was classified
as acceptable.

(4) Diphacinone and its sodium salt Metabolism

In a metabolism study (MRID 92049009), the disposition of 14-C diphacinone was studied
in Sprague-Dawley rats, Swiss albino mice, and Diphacinone-tolerant Norway rats.
Sprague-Dawley rats received single oral doses of 0.18, 0.4 mg/kg (group A, 2 rats/group), 0.5,
or 1.0 mg/kg (group B, 1 rat/group) labeled diphacinone and urine and feces collected up to 3
days post-dose (group A) or 8 days post-dose (group B). Swiss mice (1 mouse/group) received
0.6 mg/kg labeled diphacinone by oral intubation or sandwich method and urine and feces
collected up to 4 days post-dose.  Norway rats (1 rat) received 4 consecutive doses of 3.5 mg/kg
labeled diphacinone and 1 dose of 6.1 mg/kg labeled diphacinone. Blood samples were obtained
at 4, 6, 7, and 8 hours after the last dose and at 26 hours (time of sacrifice). A group of 10
diphacinone-tolerant Norwegian rats received 1.5 mg/kg labeled diphacinone in DMSO daily for
2-3 days to obtain enough excreta for metabolite identification.  Because 4 different batches of
labeled diphacinone were prepared for this study (label in different positions for each batch), eight
Sprague-Dawley rats (2 females/group) received approximately 42 g of labeled diphacinone from
each labeled batch as a single oral dose, and TLC autoradiograms from these 4 labels were
compared.

Absorption appeared fairly rapid but was only estimated in one rat, as judged by the blood
levels measured over time.  Distribution data showed that the liver, muscle, blood, fat, and lung
were the tissues demonstrating the greatest retention of the test chemical in the order liver
(14-25% of the dose), muscle (0.18-4.4% of the dose), fat (0.55-1.16% of the dose), and lung
(0.04-0.5% of the dose). Rats appeared to show greater retention than mice of test chemical, but
data were inconclusive based on limited numbers of animals and poor experimental design.
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Half-life, as estimated in the single Norway rat, was stated as 17 hours, but is likely an
underestimation. Elimination of diphacinone derived radioactivity was primarily in feces, with
between 47-77% of the dose in feces of rats, and 69-73% of the dose in mice.  At least five
metabolites of diphacinone were identified in urine, feces, and/or liver. These metabolites
represent hydroxylated products of diphacinone occurring on the phenyl and indandionyl rings.

This study is classified as unacceptable  and does not satisfy the guideline requirement 85-1
for a metabolism study in rats. The unacceptable classification is based on the following
deficiencies observed in this study:

1) Inadequate number of animals per dose group.

2) Four different radiolabeled parent compounds were administered in this study.
Distribution data show that blood, liver, muscle and fat contained the highest amount of
radioactivity, but the percentages found might depend on the label position.  The excretion
of only two different radiolabeled compounds was followed to any degree.

3) Inadequate experimental design for analysis of half-life.

4) Inadequate data on recovery of radioactivity from dosed animals.

5) No stated rationale for doses used.

The Agency requires metabolism data more adequately defining the half-life of
diphacinone in the rat, as well as retention data for the liver.

(5) Chlorophacinone Metabolism

Agency records indicate only one metabolism study (MRID 00155540) on chlorophacinone
has been received.  Several experiments were conducted, including blood kinetics (2 experiments
with a determination of radioactivity in organs 4 and 48 hours following dosage; urinary, fecal
and biliary excretion).

In the first blood kinetics assay, four rats each received orally 1 mg of C-labeled14

chlorophacinone.  The following mean blood concentrations were measured as outlined in Table
25 below:

Table 25 - Mean blood concentration of chlorophacinone (in µg equivalents) following oral
administration of 1 mg chlorophacinone

30 min. 1 hr. 2 hr. 4 hr. 6 hr. 8 hr. 24 hr. 48 hr.

Mean Blood Conc. 1.4 2.4 4.1 6.4 6.4 5.9 1.8 0.3

Chromatography and autoradiography demonstrated that the chlorophacinone remained
unchanged in plasma, with a blood half-life of about 10 hours.
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Organs of the rats used in the first blood kinetics study were assayed for radioactivity.
The following results were obtained as outlined in Table 26 below:

Table 26 - Mean concentration of chlorophacinone (µg/g of organ)
Organ 4 hours 48 hours

Liver 31.1 2.9

Kidney 6.6 1.2

Lung 4.5 0.4

Heart 3.1 0.2

Muscle (thigh) 2.0 0.1

Fat 1.2 0.7

 Carcass 5.2 0.3

In a second blood kinetics study, two rats each received 1.43 mg of C-labeled14

chlorophacinone/day for 3 days.  Blood samples were taken at various times following the third
dose, with the following blood concentration measurements as outlined in Table 27 below.

Table 27 - Mean blood concentration of chlorophacinone (in µg equivalents) following three
daily oral administrations of 1.43 mg chlorophacinone

30 min. 1 hr. 2 hr. 4 hr. 6 hr. 8 hr.

Mean Blood Conc. 7.1 8.9 10.2 11.5 12.2 14.2

In an elimination assay, two rats were used.  One received 1.43 mg of C-labeled14

chlorophacinone and the second received 1.28 mg C-labeled chlorophacinone.  Daily assays14

were made of urine, feces and CO  for four days.  The rats were sacrificed and radioactivity was2

measured in blood, organs and carcass.  Urine and feces were extracted and measured by TLC
and autoradiography.

Urine and CO  radioactivity were less than 1% of the total dose.  Most of the radioactivity2

was excreted in the feces (94.7% in one rat and 108.6% in the other over the 4-day period).
Excretion reached 90% in the first two days.

In a biliary excretion assay, two rats were used. Each received 1.4 mg of chlorophacinone
intraduodenally. Bile was collected for 8 hours and total radioactivity was measured.  TLC and
autoradiography were performed on the bile directly before and after hydrolysis with
glucuronidase.

Two hours after administration of chlorophacinone in the duodenum, biliary elimination
was constant.  At the end of 8 hours, an average of 26% of the administered radioactivity was
eliminated in the bile.

The information provided in MRID 00155540 adequately addresses the guideline
requirements 85-1 for a metabolism study for a highly toxic anticoagulant with no chronic
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exposure.  Although it is reported that there is over 90% excretion in the two days following
dosage, the findings in the subchronic study (MRID 92018013) indicate there is a potential for
bioaccumulation (or cumulative toxicity). In the subchronic study, there were mortalities at 40
µg/kg/day in 10/10 males (deaths occurred days 29-82) and 4/10 females (deaths on days 69-111),
and there were also mortalities at 20 µg/kg/day in 4/10 males (deaths on days 105-111).

h. Other Toxicological Considerations

(1) Brodifacoum - Other Toxicological Considerations

In an antidotal study (MRID 42007501), four male beagle dogs each received a single oral
dose of 5 mg/kg brodifacoum (96.8%).  Prothrombin times for each of the dogs were then
monitored over a period of five weeks.  "Doses of 2 mg/kg vitamin K  were administered to dogs1

by the intramuscular route whenever their prothrombin times were elevated to levels consistent
with a life-threatening effect on coagulation."  Individual dogs required 12-15 vitamin K1

treatments in the period from days 2 to 29 post-dosing.  All four dogs survived to the end of this
study (5 weeks after the test material was administered).  However, based on elevations in
prothrombin time, vitamin K  had to be administered to one dog on day 29.  This dog had also1

been treated with vitamin K  on days 23 and 24 as well as on previous occasions, and the last1

prothrombin time measurement for this dog was on day 34.  The possibility exists that this dog
would have required additional vitamin K  treatments after day 34.1

(2) Bromadiolone - Other Toxicological Considerations

In an antidotal treatment study, groups of male Crl:CD  rats (10/dose) were exposed toR

bromadiolone baited pellets (0.005% a.i.) for 24, 48, or 78 hours.  The estimated mean total
bromadiolone doses were 5.69, 9.76, and 15.63 mg/kg for 24-, 48-, and 72-hour groups,
respectively.  At the end of the exposure period, the first 5 surviving rats of each group were
given vitamin K  at 5 mg/kg.  Initially, a loading dose was given subcutaneously, and1

subsequently, vitamin K  was administered daily by gavage for 13 days.  The survivors were1

sacrificed at 8 to 10 days after discontinuing the vitamin K  treatment.1

The animals which did not receive vitamin K  died in each exposure group.  The deaths1

frequently occurred within 3 to 4 days of the study. The clinical and gross pathology findings
were hemorrhage-related toxicity in all test-article treated animals.  The death rates in vitamin K1

treated animals were 1/5, 2/5, and 5/5 in the 24-, 48-, and 72-hour exposure groups, respectively.
With vitamin K  treatment, the clinical findings (hemorrhagic-related toxicity) were resolved by1

the 5  day of the antidote treatment, and the decrease in body weight observed during theth

bromadiolone treatment was also restored in the surviving animals.  At the 2  week of the study,nd

the prothrombin times of the vitamin K  treated animals were essentially comparable to those of1

the controls.  However, for the 48-hour exposure group, the prothrombin time was slightly
decreased relative to that of the control.

The results demonstrate that vitamin K  treatment, as employed in this study, can restore1

the clotting process of an animal which is exposed to bromadiolone below an estimated total dose
of 15.63 mg/kg body weight during a 72 hour period.  However, the antidotal treatment may not
completely prevent death (i.e. all the rats died in 72-hour exposure groups with vitamin K1
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treatment) when rats are exposed to bromadiolone even at the lowest exposure dose (5.69 mg/kg)
in this study.  This study satisfies the data requirements for an antidotal study (Guideline 86-1;
MRID No. 42093301).

(3) Bromethalin - Other Toxicological Considerations

The following information is in the Agency’s files and are supportive of the endpoint of
toxicological concern identified in the above studies.

Ph.D. Dissertation entitled "Bromethalin-Based Rodenticides: Mode of Action, Toxicity,
Clinical Effects, and Treatment Efficacy in Rats, Dogs, and Cats", by D. Dorman,
University of Illinois, Dept. of Veterinary Biosciences (MRID 42759602).

This dissertation is a summary of information found in the literature. According to the
summary page of the dissertation, "The purpose of these studies was to define the toxicity of
bromethalin-based rodenticides, develop treatments, and determine new modes of action of
bromethalin.....  Sublethal doses of bromethalin to dogs and cats resulted in delayed CNS
depression, hind-limb ataxia, paresis, and paralysis.  Higher doses given to dogs resulted in rapid
severe muscle tremors and generalized seizures.  Bromethalin toxicosis was also associated with
increased cerebrospinal fluid pressure and cerebral edema.  Bromethalin toxicosis produced acute
and chronic EEG changes.  Predominant abnormal EEG changes included spike and spike-and-
wave EEG patterns; high voltage slow wave activity; photoconvulsive or photoparoxysmal
irritative responses, and marked voltage depression.  Histologic lesions included diffuse white
matter spongiosis, mild microgliosis, and optic nerve vacuolization.  Ultramicroscopic
examination of brainstem revealed occasional swollen axons, intramyelenic vacuolization, and
myelin splitting at the intraperiod line."

The Toxicity and Mechanism of Action of Bromethalin (MRID 42795603).

This publication is a journal article with only summary data.  The study authors state "
Doses in excess of the LD  (2 mg/kg in rats) will cause death within 8-12 hours and it is preceded50

by one to three episodes of clonic convulsions with death usually due to respiratory arrest.
Multiple low doses or sublethal intoxication yield hind leg weakness and loss of tactile sensation
in rodents.  Histopathology of the brain and spinal cord of these animals revealed a spongy
degeneration of the white matter which was shown upon ultramicroscopic examination to be
intramyelenic edema.  ...Mechanistic studies showed that bromethalin is rapidly converted to the
desmethyl analog which is an extremely potent uncoupler of oxidative phosphorylation.  It was
theorized that if this occurs in the central nervous system, a fluid imbalance may ensue due to
insufficient adenosine triphosphate (ATP).  Fluid buildup in the cranium was determined by
measuring cerebrospinal fluid pressure (CSFP), brain and spinal cord moisture, and cation
concentrations."

Toxicity and Efficacy of Bromethalin (MRID 42795604).

This report is a published journal article with no raw data.  The study authors state "Acute
oral LD  values range between 1 and 13 mg/kg for several mammalian and avian species.50
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Results of experiments designed to determine the physiological and biochemical mechanism of
action suggest that treatment with bromethalin results in the uncoupling of oxidative
phosphorylation in central nervous system mitochondria."

(4) Chlorophacinone - Other Toxicological Considerations

In an antidotal study (MRID 41981101) groups of 10 male rats were offered pelleted end-
use product (containing 0.005% chlorophacinone) as their sole dietary source of food for 24, 48
or 72 hours. Reported mean dose levels were 5.28, 4.73 and 5.03 mg chlorophacinone/day.
About 1-2 hours after the end of their respective exposure periods, five males in each group
received a subcutaneous injection of 5 mg/kg vitamin K , followed by vitamin K  by daily oral1 1

gavage (5 mg/kg/day) for the next 13 days.  Animals were sacrificed 8-10 days after the last oral
dose of vitamin K .  Five animals in each dose group did not receive vitamin K  treatment.1 1

All rats that ate the chlorophacinone-containing pellets and did not receive vitamin K  died.1

All rats treated with vitamin K  after 24-hour exposure to the chlorophacinone diet survived, as1

did 3/5 rats fed the chlorophacinone-containing diet for 48 hours.  All of the vitamin K -treated1

rats which had been fed the chlorophacinone-containing diet for 72 hours died.

While vitamin K  has been shown to be a somewhat effective treatment following1

chlorophacinone ingestion, there were some mortalities among the rats which were given vitamin
K  at 48 hours.  This suggests a potential hazard if incidents occur involving pets or small children1

in which it is not known or realized that ingestion has occurred.  It is noted that this antidotal
study does not include prothrombin times.  Such information, while not necessary for purposes
of reregistration, could be useful to the Agency in defining hazards associated with exposure to
chlorophacinone.

(5) Diphacinone and its sodium salt - Other Toxicological
Considerations

A collection of published articles (in MRIDs 42791201, 42791202, 42791203) from the
literature has been submitted to support the use of Vitamin K  as an antidote in treating1

diphacinone poisoning.

In one report (Mount, M. E. and B. F. Feldman, 1983. The Mechanism of Diphacinone
Rodenticide Toxicosis in the Dog Clarified and Its Therapeutic Implications.  Am. J. of Vet. Res.
44(11): 2009-2017; in MRID 42791201) the clinical effectiveness of Vitamin K  therapy in1

reversing anticoagulant effects of two rodenticides in male dogs was investigated. Warfarin and
diphacinone were administered in the diet twice daily for 3 days. Warfarin was fed to one dog at
a total dose of 5 mg (a.i.)/kg and diphacinone was fed to three dogs at 2.5 mg (a.i.)/kg.  These
doses would generally be lethal for repeated exposure.  Evidence of coagulopathy was observed
by day 3, and Vitamin K  therapy was initiated for all dogs on day 6 at divided doses 3 times/day1

over a 5-day interval.  One warfarin and one diphacinone-dosed dog received 2.5 mg K /kg/day,1

while the other two diphacinone-dosed dogs received 5 mg K /kg/day.  All animals survived to1

the termination of the study.
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A single regime of vitamin K  (2.5 mg/kg/day for 5 days) was effective in reversing1

hypoprothrombinemia of the warfarin-treated dog.  However, this regimen was ineffective for
diphacinone-treated dogs, which required either 5 mg vitamin K /kg/day administered in repeated1

doses 3 times/day on days 6-10 and 16-20, or 2.5 mg vitamin K  in repeated doses on days 6-10,1

16-20 and 26-30.  In addition, one diphacinone-dosed dog received fresh plasma with the first
vitamin K  injection.1

The three diphacinone-exposed dogs had prolonged bleeding at venepuncture sites the last
day of treatment.  All dogs became clinically ill within the subsequent 3 days.  Bleeding was
observed in the diphacinone-exposed dogs as long as 2 weeks following exposure. An important
finding was that the vitamin K-enzyme complex was inhibited in diphacinone-exposed dogs for
approximately 30 days as indicated by routine coagulation screen tests and coagulation factor
inhibition.  No hepatic dysfunction was observed.  There was a statistically significant reduction
(p < 0.001) in pancreatic exocrine function although the resulting values were within the
laboratory's reference range.

According to the published paper in MRID 42791201:

"The liver synthesizes the vitamin-K dependent coagulation proteins, factors II, VII, IX, and X, to inactive
precursor forms dependent upon vitamin K for activation by a postribosomal protein modification.  The
inactive precursor proteins contain several glutamic acid residues which serve as the site for vitamin K
function.  These amino acids are carboxylated to form gamma-carboxyglutamic acid (G1a) residues which are
responsible for activation of the coagulation protein.  Calcium binding is dependent upon this cluster of
carboxylic groups; without calcium binding the factor is nonfunctional. Hence, vitamin K serves as an
essential cofactor for the enzyme that carboxylates protein-bound glutamic acid residues to G1a.

The molecular role of vitamin K in the carboxylation event is unclear. The carboxylase enzyme has been
studied and its activity measured.  A reductase, epoxidase (carboxylase-epoxidase enzyme), and epoxide
reductase enzymes are also closely associated with the metabolic role of vitamin K...  This...collectively
represents the vitamin K-enzyme complex.  This term is used since the complete biochemical mechanisms of
vitamin K metabolism are not completely understood.  The site of the biochemical lesion caused by
anticoagulant rodenticides is the epoxide reductase enzyme...  The carboxylase-epoxidase enzyme
interaction...is not understood but results in G1a formation and conversion of vitamin K to the inactive
epoxide.  The epoxide can then be reconverted to the vitamin K quinone through the epoxide reductase
enzyme... Without this enzyme vitamin K cannot be recycled.  This results in rapid depletion of body stores
of vitamin K..."

The material in MRID 427912201 satisfies the guideline data requirement (§86-1) for an
antidotal study.

Diphacinone (as "Dipaxin") has been investigated and used as a therapeutic anticoagulant
in humans (Correll, J.; Coleman, L.; Long, S.; Willy, R., 1952).  According to this report, a
single oral dose of 16 mg given to a healthy man weighing over 200 lbs resulted in no significant
change in prothrombin determinations over a period of 48 hours.  A second man of similar weight
was given 32 mg, and changes in the prothrombin time were evident within a period of 4 hours.
The maximum effect was seen at about 16 hours, with decrease in prothrombin time at 30 hours,
and recovery to normal at 70 hours.  A third patient, a 95-lb 22-year-old man received 32 mg as
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a single dose; definite increase of prothrombin time was measurable within 23 hours, and a
"therapeutic" effect (prothrombin time > 15 seconds) was evident within 48 hours.  Following
this single dose, 12 days were required for the prothrombin time to return to normal range.  The
dosage was then repeated, and prothrombin time was prolonged to 31 seconds (normal is about
12 seconds) within 36 hours.  The following day, the patient received 50 mg of vitamin K
intravenously.  One hour later the prothrombin time was 26 seconds; 2 hours later it was 19
seconds, and approximately normal prothrombin values had been restored at 7 hours.

Dipaxin was given to a 30-year-old woman with post-operative venous thrombosis.
Definite prolongation of the prothrombin time (to approximately 22 seconds) developed 24 hours
after a single 32-mg dose.  Repetition of this dose on the third day brought prolongation of the
prothrombin time into the optimal therapeutic range (24-36 seconds), where it was maintained by
5 mg of Dipaxin daily.  On the day of the last dose (day 13) the prothrombin time was 26
seconds, returning to normal range 3-4 days later.

Additional information on clinical investigations of Dipaxin in humans are given in Katz
et al. 1954 (in which it is stated that "The prothrombopenic action of Dipaxin is readily
counteracted with vitamin K  administered either orally or intravenously) and Field et al. 19521

(in which it is stated that, in man: "This agent induces an effective hypoprothrombinemia in single
doses of as little as 4 mg...  After single doses of 20 mg a marked hypoprothrombinemia was
usually evident in 48 hours which persisted from 6 to 10 days... The recommended starting dose
is about 20 mg...  The maintenance of adequate clinical hypoprothrombinemia was obtained with
daily doses of 2 to 4 mg.  Hypoprothrombinemia was readily overcome with vit. K , the natural2

vitamin being more effective than the synthetic...".

2. Exposure Assessment

a. Dietary Exposure

These chemicals are non-food use pesticides.  Therefore, it is  unlikely that there will be
any exposure to food sources or to residues in ground or surface water contamination.

b. Occupational and Residential Exposure

The following assumptions were made:

All formulations are 0.005% a.i. (note: some end-use products formulations have a higher
percent a.i., but using these would make a comparison of MOEs more difficult).  In order
to calculate MOEs for a higher percent a.i. the calculations would be adjusted accordingly;
A child weighs 10 kilograms; and

Poison specialists estimate that a child would consume approximately 5 grams in one bite.

These assumptions were extracted from the various rodenticides in this RED.
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Using bromethalin as an example, the exposure (dose), and resulting MOE, a 10 kilogram
child would receive from  5 grams  of bromethalin at 0.005% active ingredient (a.i.) is:

5 grams X 1000 mg/gram = 5000 mg
5000 mg X .00005 (percent a.i.) = 0.25 mg technical a.i. in  5 grams
0.25 mg / 10 kg = 0.025 mg/kg (note: for any 0.005% formulation this number will
remain consistent for the listed rodenticides.
MOE = NOEL / Exposure; NOEL = 0.025 mg/kg
MOE = 0.025 mg/kg / 0.025 mg/kg = 1

Table 28 summarizes the relative MOEs for the chemicals in the Rodenticide Cluster and
for zinc phosphide.  Normally any MOE less than one is expressed as: < 1.  However, for
comparison purposes the actual MOE has been put in the table.  The Agency acknowledges that
there is little confidence in the significant figures of results less than one.

Table 28 - Relative MOEs for the Chemicals in the Rodenticide Cluster and Zinc Phosphide

Chemical Tox. Endpoint consumed in one bite MOE
a.i. of Amount consumed

Typical EP in one bite

Amount of technical

(mg/kg)

Bromethalin 0.05% 0.025 mg/kg/day 5 grams 0.025 1

Brodifacoum 0.05% 0.002 mg/kg/day 5 grams 0.025 0.08

Bromadiolone 0.05% 0.002 mg/kg/day 5 grams 0.025 0.08

Chlorophacinone 0.05% 0.005 mg/kg/day 5 grams 0.025 0.2

Diphacinone 0.05% 0.13 mg/kg/day 5 grams 0.025 5.2

Zinc Phosphide 2.0% 5 mg/kg 5 grams 0.10 0.5

The Agency notes that all the above rodenticides result in MOEs of concern assuming 0.05
percent active ingredient and a 5 gram dose for a 10 kg child, except for zinc phosphide.  The
Agency also notes the only zinc phosphide baits not restricted are 1 and 2 percent.  To facilitate
a risk management decision the rodenticides can be ranked, based on the above table.  Zinc
phosphide formulations contain 1 and 2 percent a.i. at a minimum, which results in MOEs of 1
and 0.5 respectively.

(1) Brodifacoum Occupational and Residential Exposure
Assessment

At this time some products containing brodifacoum are intended primarily for homeowner
use and some are intended primarily for occupational use.

(a) Handler Exposures & Assumptions

The Agency has determined that there is a potential exposure to applicators or other
handlers during typical use-patterns associated with brodifacoum.  Specifically, the Agency is
concerned about potential dermal and inhalation exposures to handlers during the loading and
application of brodifacoum.
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Based on the use patterns and potential exposures described above, six major handler
exposure scenarios were identified for brodifacoum: (1) placing bait packs;  (2) loading bait boxes
or bait stations with meal bait, grain bait, bait pellets, or other food-based bait from larger
containers; (3) breaking paraffinized slabs, cakes, and blocks into pieces and placing the pieces
at bait stations; (4) securing large paraffin blocks at bait stations in sewers; (5) applying bait by
hand; and (6) applying bait (e.g., pellets) in broadcast treatments using ground equipment.

It is unclear from labels and other available information (1) the extent to which it is
necessary, due to size or design of packages, for handlers to directly handle or contact the bait
during bait station loading (which may result in dermal exposures); or (2) the extent to which it
is possible for dusts associated with meal baits, grain baits, or pellets to result in inhalation
exposure to handlers during bait station loading.  Although the vapor pressure of brodifacoum is
relatively low (9.8 X 10  Torr), the Agency is concerned about potential inhalation of-7

particulates, fine particles and dusts associated with baits which could be inhaled resulting in
ingestion/oral exposure.

Calculations of daily exposure to pesticidal active ingredients by handlers are used to assess
risk to those handlers.  There are no handler exposure data available for the use patterns
associated with brodifacoum mixing, loading, and application.

(b) Post-Application Exposures & Assumptions

EPA has determined that there is a potential for exposure to users and others following
applications of brodifacoum, particularly in residences.  EPA has concerns about possible post-
application exposures if:  (1) baits are not placed out of reach of children or are not placed in
tamper-resistant bait stations, as specified in labeling; (2) baits are available to homeowners in
packages which are not tamper re resistant or child resistant and could be accessible to children
prior to application;  and, (3) baits are brightly colored or packaged in a way in which they could
be appealing to children or mistaken by children for food or candy.

(c) Occupational and Residential Characterization

Risk from Dermal and Inhalation Exposures

There are no exposure data currently available for calculating risks to handlers resulting
from exposures to brodifacoum.  However, EPA has several concerns about the risks to handlers
of brodifacoum products, particularly commercial handlers (1) handling large quantities of
product; (2) handling dusty, non-paraffinized products; or (3) applying products by hand.  These
concerns are based on (1) very high acute toxicity; (2) potential dermal absorption of
toxicologically significant amounts; and, (3) absence of exposure data for all scenarios considered.

(2) Bromadiolone Occupational and Residential Exposure
Assessment

At this time some products containing Bromadiolone are intended primarily for
homeowner use, and some are intended primarily for occupational use. 
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(a) Handler Exposures & Assumptions

EPA has determined that there is a potential exposure to applicators or other handlers
during typical use patterns associated with bromadiolone.  Specifically, the Agency is concerned
about potential dermal and inhalation exposures to handlers during the loading and application of
bromadiolone at bait stations.

Based on the use patterns and potential exposures described above, four major handler
exposure scenarios were identified for Bromadiolone:  (1) placing bait packs at bait stations; (2)
loading bait boxes or bait stations with meal bait or bait pellets from larger containers; (3)
breaking paraffinized slabs, cakes, and blocks into pieces and placing the pieces at bait stations;
and (4) securing large paraffin blocks at bait stations in sewers.

It is unclear from labels and other available information (1) the extent to which it is
necessary, due to size or design of packages, for handlers to directly handle or contact the bait
during bait station loading, which may result in dermal exposures; or (2) the extent to which it
is possible for dusts associated with meal baits or pellets to result in inhalation exposure to
handlers during bait station loading.

Calculations of daily exposure to Bromadiolone by handlers are used to assess risk to those
handlers.

(b) Post-Application Exposures and Assumptions

EPA has determined that there is a potential for exposure to consumers and others
following applications of bromadiolone, particularly in residences.  EPA has concerns about
possible post-application exposures if (1) baits are not placed out of reach of children or are not
placed in tamper-resistant bait stations, as specified in labeling; (2) baits are available to
homeowners in packages which are not tamper resistant and could be accessible to children; or
(3) baits are brightly colored or packaged in a way in which they could be appealing to children
or mistaken by children for food or candy.

(3) Bromethalin Occupational and Residential Exposure

At this time, some products containing bromethalin are intended primarily for occupational
use, and some products are intended primarily for residential use.

An occupational and/or residential exposure assessment is required for an active ingredient
if (1) certain toxicological criteria are triggered and (2) there is potential exposure to handlers
(mixers, loaders, applicators) during use or to persons entering treated sites after application is
complete.

(a) Handler Exposures and Assumptions

The Agency has determined that there is potential for exposure to applicators or other
handlers during typical use-patterns associated with bromethalin.  Specifically, the Agency is
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concerned about potential accidental oral and inhalation exposures to handlers resulting from the
loading and application of bromethalin at bait stations.

Occupational Handler Exposures

Based on the use patterns described above, four major handler exposure scenarios were
identified for occupational handlers of bromethalin:  (1) placing bait packs and bait cups at bait
stations; (2) loading or recharging bait stations and bait trays with loose baits (meal baits, bait
pellets, etc.); (3) putting loose baits into plastic or paper bags for placement in rodent burrows;
and (4) removing baits that have not been touched by target rodents for relocation or disposal.

Frequency of handling activities and amount of product handled are expected to vary
among handlers; some occupational handlers may use bromethalin products several times in a 90-
day period resulting in possible intermediate-term exposures, while others may use bromethalin
infrequently resulting in possible short-term exposures.

No data are currently available for any of the occupational handler exposure scenarios
identified.  It is unclear from labels and other available information the extent to which exposure
is possible or likely during the activities associated with each exposure scenario.  

Homeowner Handler Exposures

Because bromethalin products are available to homeowners, the Agency has determined
that there is potential for exposure to applicators or other residential handlers during typical use-
patterns associated with bromethalin.  Specifically, the Agency is concerned about accidental oral
and inhalation exposures to homeowner handlers during the loading and application of bromethalin
at bait stations.

Residential handlers are expected to have fewer than seven days of exposure during a 90-
day period.

Based on the use patterns and potential exposures described above, four major handler
exposure scenarios were identified for residential handlers of bromethalin:  (1) placing bait packs
and bait cups at bait stations; (2) loading or recharging bait stations and bait trays with loose meal
baits or bait pellets; (3) putting loose baits into plastic or paper bags for placement in rodent
burrows; and (4) removing baits that have not been touched by target rodents for relocation or
disposal.

No data are currently available for any of the homeowner handler exposure scenarios
identified.  It is unclear from labels and other available information the extent to which exposure
is possible or likely during the activities associated with each exposure scenario.  

(b) Post-Application Exposures and Assumptions

The Agency has determined that there is a potential for exposure to residential and others
following applications of bromethalin, particularly in residential areas.  the Agency has special
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concerns about possible post-application exposures if (1) baits are not placed out of reach of
children or are not placed in tamper-resistant bait stations as specified in product labeling; (2)
baits are available to homeowners in packages which are not child resistant and could be
accessible to children; or (3) baits are brightly colored or packaged in a way in which they could
be appealing to children or mistaken by children for food or candy.

Occupational Post-Application Exposures

The Agency  has determined that there is potential for occupational post-application
exposure to bromethalin.  Accidental exposures may occur in a variety of industrial and other
occupational settings if bromethalin baits have not been applied in tamper-resistant bait stations
or ready-to-use packages and workers come into contact with or handle the bait material.  Because
exposures of this nature are expected to be infrequent and relatively short in duration, at this time
the Agency does not expect such exposures to significantly affect worker risk.  Furthermore,
based on available incident data, the Agency believes it is unlikely that adult workers mistake
bromethalin baits for food.

Residential Post-Application Exposures

The Agency  has determined that the potential for post-application residential exposure
exists following residential applications made either by users or professional pest control operators
(PCOs).

For adults, the Agency has determined that there is potential for user post-application
exposure to bromethalin for situations similar to those described above for workers.  Accidental
exposures may occur following applications in residential settings if baits have not been applied
in tamper-resistant or child resistant bait stations and consumer handle or otherwise come in
contact with bait material, or if adults in residential settings mistake bromethalin baits for food.
For the reasons described above for workers, the Agency does not expect such post-application
exposure scenarios to pose a significant risk to an adult user, but recommends confirmation from
the registrant(s).

The Agency has special concerns, however, about possible post-application exposures to
children if (1) baits are not placed out of reach of children or are not applied in tamper-resistant
or child resistant  bait stations as specified in product labeling; and (2) baits are brightly colored
or packaged in a way in which they could be appealing to children or be mistaken by children for
food or candy.  These concerns are supported by the high number of accidental child ingestion
incidents relative to the number of adult ingestion incidents for rodenticide baits in general, and
for bromethalin specifically.

(c) Occupational and Residential Risk
Characterization

Calculations of daily dose of bromethalin are used to assess occupational and residential
risks resulting from bromethalin use.  Because the Agency currently has no data on occupational
or residential exposures to bromethalin, the Agency is unable to calculate daily doses.
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