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INTRODUCTION

_ Diflubenzuron is N-([(4-chlorophenyl)amino] .carbonyl]~2,6-.
difluorobenzamide. It is also known as l-(4-chlorophenyl)-3-
(2,6-d1fluoroben20yl)urea and as Du 112307 (discontinued researc
code name). Its trade names are Dimilin and Vigilante. ‘

Diflubenzuron is an insect growth requlator primarily used
on cotton, mushrooms, and in forests to control gypsy moths. It
is also used on soybeans and woody ornamentals, in various
locations to control larvae of flies, mosquitos and midges/gnats, -
and_as a feed-through treatment for dairy and beef cattle. In '
addition, regional registrations for diflubenzuron include uses
on cherries, citrus, walnuts, pastures and rangeland. 1Its
mgchanism of action is to interfere with the deposition. of insect
chitin. - ' o '

_+ - Diflubenzuron is a white crystalline solid that is nearly -
insoluble in water and nonpolar solvents, but is soluble in most
polar to very polar solvents including acetonitrile, acetone,
dimethylsulfoxide, dimethylformamide and N-methylpyrolidone. Its
structural formula is shown below. ’ S
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’ A - : : )
€ = NH—C —NH~— -a
@'g T -
- '} 0 '
' \ ‘ Dmm - ‘

Two manufacturing-use products are presently registered--a
95% technical (EPA Reg No. 37100-10) and a 90% formulation
intermediate (EPA Reg No. 37100-9). Both products are registered
to Solvay Duphar B.V. - _ S - . '

End-use products containing diflubenzuron include several

25%. wettable powders (Dimilin W-25), a 2 lb/gal flowable
concentrate (Dimilin 2F), and a 9.7% pellet/tablet formulation
. (Vigilante). The wettable powders and the flowable concentrate

are generally applied as broadcast foliar sprays or as low volume
or ultra low volume foliar sprays using ground .or aerial
equipment. The pellet/tablet formulation is administered to
livestock as a controlled-release bolus.’ T

., Tolerances are established for fesidues of diflubenzuron pexr
ge in/on various raw agricultural commodities and animal feeds
[40 CFR 180.377 (a) and (b) and 40 CFR 186.2000].
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TOXICOLOGICAL ISSUES

A summary of the toxicology studies required to support the
reregistration of diflubenzuron is presented in Table 1.
The presently available tox1cology data base. . is sufficient
for the purposes of the Reregistration Eligibility Decision
Document (RED). To support reregistration, however, the
following additional studies should be submitted to the
Agency for evaluation (confirmatory data).

a. A repeat .21-day dermal study on technical dlflubenzuron
(Guideline 82-2) which demonstrates a NOEL for
methemoglobinemia and/or sulfhemoglobinemia. The -
presently available study (MRID 00038716) d1d not
demonstrate a NOEL for these effects.

b. A new 21-day inhalation study on technlcal
diflubenzuron which demonstrates a NOEL for
methemoglobinemia and/or sulfhemoglobinemia. The
presently available study (MRID 00044325) used a 25%
Wettable Powder formulation, rather than the technical
product, as the test material and also did not
demonstrate a NOEL for methemoglobinemia and/or
sulfhemoglobinemia.

The requirement for the following studies is reserved at
this time. One or more of these studies may be requlred to
be submltted in the future. :

a. Guideline 81-8 Acute,neurotoxicity (rat)
b. Guideline 82-7 . 90-Day neurotoxicity (rat)
c. Guideline 85-3 - Dermal penetration _
d. Guideline 85-7 Immunotoxicity

Diflubenzuron per se has been classified by the HED RfD Peer
Review Committee as a Group E carcinogen (evidence of non-
carc1nogen1c1ty'for humans). A metabolite of dlflgbenzuron,
p-chloroaniline (PCA), however, has been classified by the

- same committee as a Group B2 carcinodgen (probable human

carcinogen), based on the results of a National Toxicology
Program (NTP) report issued in July, 1989. Another closely
related metabolite of. dlflubenzuron, p-chlorophenylurea
(CPU), is also considered by the committee to be potentially
carc1nogen1c. The committeé has concluded that estimations
of the carcinogenic: risk to humans resulting from chronic

'dletary exposure to food commoditles that contain PCA and/or

CPU should performed The Q (estimated unit risk) for PCA
is 6. 38 x 10 (mg/kg/day) 1n human equlvalents.

Regarding carcinogenlc risk asse&sments for occupatlonal or’
residential exposure to diflubenzuron, it is anticipated
that such rlsk assessments will not be necessary unless
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direct exposure to the metabolites PCA and/or CPU is

demonstrated under conditions of use.

Where no gxposufe to PCA and/or CPU is anticipated,
toxicological endpoints for diflubenzuron per se should be

used for risk assessments. The appropriate endpoints to be
used are presented below. - - ' : )

Chronic dietary exposure--The RED of 6;02 ng/kg/day, derived

from a 52-week oral study in dogs with a NOEL of 2 B
mg/kg/day, should be used. The endpoint in this study was
methemoglobinemia/sul fhemoglobinemia. -

Intermediate term ocCugafidnal or residentjal exposure-~-A
NOEL of 2 mg/kg/day, derived from a 1l3-week feeding study in

dogs, should be used. The endpoint in this study was
methemoglobinemia. . - ) T

Short term occupational or residential exposure--A NOEL of
40 mg/kg/day, derived from a l4-day.oral study in mice,-

should be used. The endpoint in this study was
sulfhemoglobinemia. ‘ : _

Acuteydiegérz’exgosure (1-day)--An endpointffor acute

- dietary exposure was not identified.



‘"Table 1.

Diflubenzuron: Toxicology Studies
‘Required to Support Reregistration

Guide-
line

study Tdentification

8l-1
81-2
81-3
81-4
81-5
81l-6
81-7 .
81-8

82-1(a)
82-1(b)
82-2
82-3
82-4
82-6
82-7

83-1(a)
- 83-1(b)
83=2(a)
83-2(b)
'83-3(a)

83-3(b)

83-4
83-6

84-2
84-2
84-2

85-1
85-2
85-3
85-4
85-7

Acute oral toxicity
Acute dermal toxicity
Acute inhalation toxicity
Primary eye irritation
Primary dermal irritation
Dermal sensitization

. Delayed neurotoxicity (hen)

Acute neurotoxicity (rat)

'90-Day oral, rodent

90-day oral, nonrodent
21-Day dermal -

'90-Day dermal

Subchronic inhalation -
9Q Day neurotoxicity (rat)

Chronic feeding, rodent
Chronic feeding, nonrodent

.Carcinogenicity (rat)

Carcinogenicity (mouse)
Develop. toxicity (rat)

. Develop. toxicity (rabbit)

Reproduction
Postnatal develop. tox.

Muta./gene mutation assay
Muta./struc. chrom. aberr.
Muta./other genotoxicity

General metabolism
Domestic animal safety
Dermal penetration
Visual system studies
Immunotoxicity*

Yes

. Yes

Yes
Yes
Yes
Yes
No

Reserved

Yes
Yes
Yes

No
Yes

.28-Day delayed neurotox (hen) No
Reserved

Yes
Yes
Yes
Yes
Yes

" Yes

Yes
No

Yes . .

Yes \’

Yes

Yes -

No

Reserved
No -

Reserved'

" Yes
Yes

- Yes

Required sSatisfied Comment

Yes

Yes

THP R

Yes

Yes

Yes

1. Test material was diflubenzuron VC-90 (90% formulation
. 1ntermed1ate) -
2. Not required at this time, but may be. required later.

3. Available study did not demonstrate a NOEL.

A repeat study

is required to be submitted (confirmatory data).
4. Available 21-day study (on 25% WP)  did.not demonstrate a

NOEL.

A new 21l~day study (on technical diflubenzuron) is

required to bé- submitted (confirmatory data)



B. Human Health Assessment
1.k-Toxicology Assessment
The toxicology data base in support of the food and non-food
. uses of diflubenzuron is adequate and will support reregistration
- eligibility.  However, two.new studies are required to be .
submltted as conflrmatory data (see Table 1 of this document).
a. Acute Toxicity |

Acute toxicity data for dlflubenzuron are presented in the
table below.

AcuteATcxicitv

Test’ - Result : . . _Category
Acute Oral LD, : > 5,000 mg/kg L v
(rat) .2 ' '
Acute_Dermal LD, - > 2,000 mg/kg III
(rat)?® : o : '
Acute Inhalatlon LC,, '>°2.49 mg/L : | : i Iv -
(rat)3.® : : )

Eye Irrifation Mild Irritant : III

(rabbit)42 - o ' S
Dermal Irritation No'Irritatioh_ . v

(rabbit)>.®

Skin Sensitization NegatiQe , ‘ N/A
(guinea pig)%® : A

"6 MRIDs 00157103, 00157104, 00163311, 00157105, 00157106 and-
42251101. o - ‘ : '

a Test material was diflubenzuron -VC-90 (90% diflubenzuron). )

b Test material was technlcal grade diflubenzuron (95% purlty)a

N/A = not applicable_ ' :

b, 8ubchronic Toxicity

Technical grade diflubenzuron was admlnlstered by gavage _
each day for 14 days to 10 Swiss strain male mice at dose levels.
of 8, 40, 200, 1000 -or 5000 mg/kg/day. Twenty male mice, treated
szmllarly w1th wehicle only, served as a .control group. At 15
days, significantly increased (p-< 0.05) levels of methemoglobin
were observed at 1000 and 5000 mg/kg/day.and significantly i
.increased (p < 0.05) levels of sulfhemoglobin were observed at
200, 1000 and 50Q0 mg/kg/day. The percentage of erythrocytes
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containing Heinz bodies was highly increased at 1000 and 5000
mg/kg/day. No effect on body weights or on organs and tissues
examined at autopsy was observed. The NOEL is 40 mg/kg/day. The
gggg;§l§?0 mg/kg/day, based on 1ncreased sulfhemoglobln (MRID

In a 28- day feedlng study, technical grade diflubenzuron was
administered in the diet to CFY strain rats at dose levels of 0 -
(control), 800, 4000, 20000 or 100000 ppm (equivalent to 0, 40,
200, 1000 or 5000 mg/kg/day) Groups of 5 male and 5 female”rats
were used for each treated and control group. Methemoglobin was
increased in males at all dose levels and in females at dose
levels of 200 mg/kg/day and higher. Sulfhemoglobin was increased
in all treated males and females. Decreased erythrocyte counts,
packed cell volumes and hemoglobin were observed in males and
females at 5000 mg/kg/day. A dose-related increase in spleen
weights at all dose levels and in liver weights at dose levels of
. 200 mg/kg/day and higher was also observed. No NOEL was
established in this study since treatment-related effects were
observed at 40 mg/kg/day, the lowest dose level tested. The LEL
is 40 mg/kg/day, based on increased: methemoglobin in males,
increased sulfhemoglobln in males and females and increased
spleen weights in males and females. (MRID 00070018)

In a 13-week feeding study, technlcal grade dlflubenzuron
was administered in the diet to Sprague-Dawley strain rats at .
dose levels of 0 (control), 160, 400, 2000, 10000 or 50000 ppm
(equivalent to 0, 8, -20, 100, 500 or 2500 mg/kg/day) Groups of
40 male and 40 female rats were used for each treated group and
90 malé and 90 female rats were used for the control group.
Mortality, clinical signs, body weights and food consumption were
not affected by treatment with diflubenzuron. Methemogloblnemla
was observed in male and female rats at all dose levels.
Sulfhemoglobinemia was also observed in male and female rats at
dose levels of 100 mg/kg/day and higher and Heinz ‘bodies at dose
levels of 500 and 2500 mg/kg/day. In addition, decreased
erythrocyte counts and decreased hemoglobin were noted in male
and female rats at all dose levels and increased reticulocytes at-
dose levels of 20 mg/kg/day and higher. At the terminal
sacrifice, spleen and liver weights were increased at dose levels
of 20 mg/kg/day and higher. At all dose levels,
histopathological examinations indicated dose related increases
of hemosiderosis and congestion of the spleen, hemosiderosis and
chronic hepatitis of the liver,_ and mild erythroid hyperplasia of
the bone marrow. No NOEL was £stablished in this study since
treatment-related effects were observed at the lowest dose level
tested. The LEL is 8 mg/kg/day, based on .increased methemoglobln
and signs of hemolytic anemia, erythrocyte destruction in the
spleen and liver and regeneration of erythrocytes in the bone .
marrow. In a later submission by the registrant,; NOELs of 2. 1
and 1.5 mg/kg/day for males and females respectively for
methemogloblnemla and NOELs of 3.1 and 9.1 mg/kg/day for males
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and females reSPectlvely for sulfhemoglobinemia were calculated

by regression analysis (based on 7 week data) (MRID 00064550,
00074534) :

In a l4-week feeding study, technical grade dlflubenzuron
was administered in the diet to HC/CFLP strain mice at dose
levels of 0 (control), 80, 400, 2000, 10000 or 50000 ppm _
(equivalent to 0, 12, &0, 300, 1500 or 7500 mg/kg/day). Groups
of 40 male and 40 female mice were used for each treated group
and 96 male and 96 female mice were used for the control group.
Mortality, body weights and- food consumption were not affected by
treatment. . Methemoglobinemia and sulfhemogloblnemla (accompanied
by Heinz bodies) were observed in male and female mice at all
dose levels. Decreased erythrocyte counts, decreased packed cell
volume and increased reticulocytes were noted at dose levels of
.60 mg/kg/day and higher. At the terminal sacrifice, spleen
weights were increased at > 60/mg/kg, liver weights were -
_increased at > 300 mg/kg/day, seminal vesicle weights were
decreased at > 300 mg/kg/day and kidney weights were decreased at
> 1500 mg/kg/day. At dose levels of > 60 mg/kg/day,
histopathological examinations indicated hemosiderosis of the
spleen and in the liver, hepatocytic enlargement, hepatocyt1C'
cytoplasmlc vacuolation, inflammatory foci and necrosis in )
varylng degrees. No NOEL was established in this study. The LEL
" is 12 mg/kg/day, based on. increased methemoglobinemia -and -
sulfhemoglobinemia. In a later submission by the registrant,
*NOELs of 3.3 and 1.9 mg/kg/day for males and females respectively
- for methemoglobinemia and a NOEL of 2. 6 mg/kg/day for males for

sulfhemoglobinemia were calculated by regression analysis (based
on 7 week data). (MRID 00114330, 00074534)

In a 13-week feeding study, technical grade diflubenzuron
was administered in the diet to beagle dogs at dose levels of 0
(control), 10, 20, 40 or 160 ppm (equal to 0, 0.42, 0.84, 1.64 or
6.24 mg/kg/day)-. Groups of 3 male and 3 female dogs.were-used
for each treated and control group. Mortality, clinical signs,
body weights and ‘food consumption were not affected by treatment
with diflubenzuron. Ophthalmoscopic examinations were negative.
Methemoglobinemia was observed in the dogs at 6:24 mg/kg/day
(after 6 weeks).. NOo gross necropsy, organ weight or .
histopathological changes were reported at any level that could
be related -to treatment with diflubenzuron. The NOEL is 1.64
mg/kg/day. The LEL is 6.24 mg/kg/day, based on 1ncreased
methemoglobinemla. -(MRID 00038706) ) -

.In a 2l1-day dermal. study, 21.5%, 10% or 4 . 64% suspens1ons of
' technlcal grade diflubenzuron suspended in aqueocus 0.5% gum
tragacanth were applied 5-days/week to the shaved dorsal skin of
10 male and 10 female New Zealand white rabbits. Each
"application was -at the rate of 1.5 ml/kg/day. one-half of the
animals in each group were abraded and one-half were nonabraded.
Ten male and 10 female control anlmals recelved vehlcle only.
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Slight erythema was occa51onally observed in some anlmals, but
- was sporadic and could not be related to the test material.
Mortality, clinical signs, body weights, food consumption and -
hematology were negative. Increased methemoglobin was observed
in all groups treated with test material.  Gross necropsies,
organ welght measurements and hlstopathologlcal examination of
tissues were negative. No NOEL was established in this study
since treatment-related effects were observed at the lowest dose
level tested. The LEL is calculated to be 69 mg/kg/day (based on
.a 4.64% suspension being applied at the rate of 1.5 ml/kg/day).
(MRID 00038716). A repeat 21-day dermal study on technical grade
diflubenzuron which demonstrates a NOEL for methemoglobinemia and
sulfhemogloblnemla is requlred to be submitted (conflrmatory

ata)

In a 21-day inhalation study designed ta study .
‘methemoglobinemia, Sprague-Dawley strain rats were exposed to
dust concentrations of 0 (control), 0.121, 0. 866 or 1.85 mg/llter '
of Diflubenzuron 25% Wettable Powder. Exposures were for 1
hour/day, 5 days/week for 3 weeks. Five male and five female -
rats were used for each treated and control group. Particle -
sizes were in the respirable range. An increase in methemoglobin
was observed in all treated groups of both sexes. Retlculocyte
counts were unaffected by treatment. No NOEL was established in
this study since treatment-related effects were observed at the
lowest dose level tested. The LEL is 0:121 mg/liter (of 25% -
wettable powder). . (MRID 00044325). A new 2l-day inhalation
'study on technical grade diflubenzuron which demonstrates a NOEL
- for methemoglobinemia and sulfhemoglobinemia is required to be
'submitted (confirmatory data).

|  Neither a 90-day dermal study nor a 90-day inhalation study
is required to support the reregistration of diflubenzuron.

c. Chronic Toxicity

'In a 104-week chronic feedlng study, technical grade,
_dlflubenzuron was administered in the diet to Sprague-Dawley
strain rats at dose levels of 0 (control), 10, 20, 40 or 160 ppm
(equivalent to 0, 0.35, 0.70, 1.43 or 5.83 mg/kg/day in males and
to 0, 0.43, 0.88, 1.73 or 7.05 mg/kg/day in females). Sixty male
and 60 female rats comprlsed each dose level. Information in
this study was used to establish a NOEL for methemoglobinemia and
sulfhemoglobinemia in chronic rat studies in which the test
material was administered by the oral route. Other experimental -
parameters determined in this study were judged to be of no .
usefulness. Examinations of blood were conducted at weeks 13, -
26, 52, 78 and -102. Sulfhemoglobin and methemoglobln formation
were assayed for the control, 40 and 160 pPpm groups only.
. Sulfhemoglobin formation ‘was not detected in this study (below
the level of detectibility). The NOEL for methemoglobinemia in
this study was determined to be 1.43 mg/kg/day in males and. 1.73
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mg/kg/day in females The LEL is 5.83 mg/kg/day in males and
7.05 mg/kg/day in females. (MRID 00044329, 00099712)

In a 104-week chronic feedlng study, technical grade
diflubenzuron was administered in the diet to Sprague-Dawley
' strain rats at dose levels of 0 (control), 156, 625, 2500 or
10000 ppm (equivalent to 0, 7.8, 31, 125 or 500 mg/kg/day)
Groups of 50 male and 50 female rats were used for each treated
' group and 100 male and 100 female rats were used for the control
group. Mortality, clinical signs, body weights and food
consumption were not affected by treatment with diflubenzuron. '
Statistically significant increases in methemcglobln and
sulfhemoglobin were consistently observed in male and female rats
at 52 weeks and 104 weeks at all treatment levels tested. The
increases tended to be dose~related. At higher dose levels
(partlcularly > 125 mg/kg/day), signs. of hemalytic anemia were
observed in males and females at 52 weeks, but not at 104 weeks.
At similar dose levels, increased retlculocytes were also noted
in males and females at 52 weeks, but only in females at 104
weeks. Increased spleen and liver weights were observed in males
and females at > 125 mg/kg/day. Histopathological signs of
erythrocyte destruction and compensatory regeneration were
observed in both males and females at dose levels of > 7.8
mg/kg/day. No NOEL was established in this study. The LEL is
7.8 mg/kg/day, the lowest dose level tested. (MRID 00145467)

In a 91-week chronlc feeding study,_technical grade
diflubenzuron was administered in the diet to HC/CFLP strain mice
at dose levels of 0 (control), 16, 80, 400, 2000 or 10000 ppm
(equivalent to 0, 2.4, 12, 60, 300 or 1500 mg/kg/day). Groups of
52 male and 52 female mice were used for each treated group and
104 male and 104 female mice were used for the control group.
Additional mice, (36/sex/treated group and 72/sex/control group)
were used for hematology, blood chemistry and urinalyses at 2§,
52, 78 and about 90 weeks and for interim sacrifices at 26 and 52
weeks. Mortality, body welghts, food consumption, blood
chemistries and urinalyses were not affected by treatment with
diflubenzuron. Dose-related, statistically significant increases
in methemoglobin and sulfhemoglobin were consistently observed in
male and female mice throughout the-study at dose levels of 12
mg/kg/day and higher, A blue/gray discoloration of the skin and
extremities and dark eyes accompanied the increased methemoglobin
and sulfhemoqlobln. - At higher dose levels (particularly > 300
mg/kg/day), signs of hemolytic ahemia,. erythrocyte destruction
and compensatory regeneration were observed in both males and
females. At similar dose levels, histopathological effects in
the liver wvere also observed. These effects included hepatocyte.
enlargement, . hepatocyte vacuolation and congested/dilated
centrilobular sinusoids. ‘Increased platelet counts were also
’ -reported at > 60 mg/kg/day in both males ‘and females. The NOEL
in this study is 2.4 mg/kg/day and the LEL is 12 mg/kg/day.
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Effects observed at the LEL were methemoqlobinemia and
sulfhemoglobinemia. (MRID 00142490)"

‘ In a 52-week chronic oral study, technical grade
diflubenzuron was administered in gelatin capsules to beagle dogs
once each day (7 days/week) at dose levels of 0 (control), 2, 10,

'50 or 250 mg/kg/day. Groups of 6 male and 6 female dogs were '
‘'used for each treated group and 12 male and 12 female dogs were
used for the control group. Mortality, clinical signs, food
consumption and water consumption were not affected by treatment
with diflubenzuron. Except for a slight decrease 'in mean body

"weight gain observed in female dogs at 250 mg/kg/day, body
weights were also not.affected. Ophthalmoscopic- examinations,
clinical chemistries and urinalyses were negative. Statistically
Significant ‘'increases in methemoglobin and sulfhemoglobin were
observed in male and female dogs at dose levels of > 10

-mg/kg/day. Heinz bodies were also observed in the erythrocytes
of male dogs at 250 mg/kg/day and in those of female dogs at > 50

' mg/kg/day. At dose levels of 50 mg/kg/day and higher, signs. of

hemolytic anemia, destruction of erythrocytes and of compensatory
regeneration of erythrocytes were observed. Increased platelet
counts. were also noted in females at > 50 mg/kg/day. Absolute
spleen and liver weights, but not relative organ body weight
ratios, were increased in male dogs at 50 and 250 mg/kg/day.

- Organ weights were not increased in female dogs. The NOEL in
this study is 2 mg/kg/day and the LEL is 10 mg/kg/day,. based on
methemoglobinemia and sulfhemoglobinemia. (MRID 00146174)

da. Carcinogenicity

In a 104-week carcinogenicity .study, technical grade
diflubenzuron was administered in the diet to Spragque-Dawley
strain rats at dose levels of 0 (control), 156, 625, 2500 or
10000 ppm (equivalent to 0, 7.8, 31, 125 or 500 mg/kg/day) .
Groups of 50 male and 50 female rats were used for each treated
group and 100 male and 100 female rats were used for the control
. group. Mortality, clinical signs, body weights and food .

. consumption were not affected by treatment with diflubenzuron.
Increases in methemoglobin and sulfhemoglobin were observed at
all treatment levels. Histopathological signs of erythrocyte
destruction and compensatory regeneration were observed at dose
levels of > 7.8 mg/kg/day. Signs of hemolytic anemia,. increased
reticulocytes and increased spleen and liver weights were noted
at > 125 mg/kg/day. Treatment with diflubenzuron was not
associated with an increased incidence of neoplastic lesions in
either males or females. Dosing was adequate since the highest
dose level tested, 500 mg/kg/day, approached the limit dose of
1000 mg/kg/day’ for carcinogenicity studies and significant’
. toxicity (particularly methemoglaobinemia, sulfhemoglobinemia,
erythrocyte destruction, compensatory ‘regeneration of :
" erythrocytes and hemolytic anemia) was observed at this dose ,
- level. (MRID 00145467) , :
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In a 91l-week carcinogenicity study, technical grade
diflubenzuron was administered in the diet to HC/CFLP strain mice
at dose levels of 0 (control), 16, 80, 400, 2000 or 10000 ppm
(equivalent to 0, 2.4, 12, 60, 300 or 1500 mg/kg/day). Groups of
‘52 male and 52 female mice were used for each treated group and
104 male and 104 female mice were used for the control group.
Mortality, body weights and food consumption were not affected by
- treatment with diflubenzuron. Increases in methemoglobin and
sulfhemoglobin were consistently observed in male and female mice
throughout the study at dose levels of 12 mg/kg/day and higher.

A blue/gray discoloration of the skin and extremities and dark
eyes accompanied the increased methemoglobin and sulfhemoglobin.
At higher dose levels (particularly > 300 mg/kg/day), signs of
hemolytic anemia, erythrocyte destruction and compensatory
regeneration were observed as were histopathological effects in
the liver. Treatment with diflubenzuron was not associated with.
‘an increased incidence of neoplastiqg lesions in either males or
.females. Dosing was adequate since the highest dose tested, 1500
mg/kg/day, exceeded the limit dose of 1000 mg/kg/day for
carcinogenicity studies. (MRID - 00142490) )

' Carcinogenicity studies on g-Chloroaniline (Metabolite of
‘Diflubenzuron) ' '

In a 24-month carcinogenicity study, p-chloroaniline (>99%
purity) was dissolved in equimolar equivalents of hydrochloric
acid and administered by gavage (5 days/week) to F344/N rats at
dose levels of 0 (vehicle control), 2, 6 or 18 mg/kg/day of p-
chlorcaniline (PCA). Groups of 50 male and 50 female rats were
used for each treated group and the control group. Hematology
examinations and methemoglobin measurements were conducted on 15
rats/sex/group. at 6, 12, 18 and 24 months. Increased survival
was observed in male rats at 2 and 6 mg/kg/day and in female rats
at 2, 6 and 18 mg/Kg/day relative to control rats. The authors .
of the study attributed the increased survival in ‘these treatment
groups to a decreased incidence of mononuclear cell leukemia in
the same groups. Mean body weights for treated male and female
groups generally remained within 5% of the control male and
female weights throughout the study. Results of hematology _
examinations and methemoglobin measurements -showed mild hemolytic
anemia and dose-related increases in methemoglobin at dose levels
of 6 and 18 mg/kg/day. Male rats ‘at 6’and,18-mg/kg/day-and
female rats at 18 mg/kg/day had blue extremities indicative of
cyanosis. Histopathological examinations indicated nonneoplastic
- treatment-related effects in the spleen, liver, bone marrow and
adrenal gland. A.treatment-related‘increased incidence. of
.uncommon sarcomas of the spleen was observed in the male rats in
this study. These sarcomas included fibrosarcomas, ‘ :
hemangiosarcomas and osteosarcomas, many of which metastasized to
other sites. The combined incidence of these sarcomas in male -
rats was 0/49, 1/50,. 3/50 and 38/50 at dose levels of 0, 2; 6 and
18 mg/kg/day respectively. In addition, in female.rats, 1
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flbrosarcoma was observed at 6 mg/kg/day and 1 osteosarcoma at 18
mg/kg/day. No additicnal uncommon sarcomas of the spleen were
observed in the female rats in this study. A marginally \
increased incidence of pheochromocytomas was also observed in the
adrenal gland of male and female rats at 18 mg/kg/day. For male
rats, the incidence was 13/49, 14/48, 15/48 and 26/49 and for

. female rats was 2/50, 3/50, 1/50 and 6/50 at dose levels of 0, 2,
6 and 18 mg/kg/day respectively. Decreased incidences of-
mononuclear cell leukemias and of mallgnant lymphoras were also
noted in the treated male and female rats in this study.

" [Reference 1; National Toxicology Program (NTP) .Report No. 351;
July, 1989] -

In a 24-month carc1nogen1c1ty study, p-chlorcaniline (>99%
purity) was dissolved in equimolar equivalents of hydrochlorlc
acid and administered by gavage (5 days/week).to B6C3Fl mice at
dose levels of 0 (vehicle control), 3, 10 or 30 mg/kg/day of p-
chloroaniline. Groups of 50 male and 50 female mice were used
for each treated group and the control group. Increased
mortality was observed in male mice at 10 mg/kg/day after 99
weeks, but not at 30 mg/kg/day. Treatment did not affect :
“mortality in female mice. Meanh body weights for treated male and
female groups were not affected by treatment with the test
material. At 24 months, hemosiderin was observed in the Kupffer
cells of the livers of male and female mice and in the renal
tubules of female mice -at 30 mg/kg/day. Proliferation of
hematopoietic cells was noted in the livers of female mice at all:
treatment levels. Increased incidences of combined
hepatocellular adenomas/carcinomas were observed in the male mice
in this study. Incidences were 11/50, 21/49, 20/50 and 21/50 at
dose levels of 0, 3, 10 and 30 mg/kg/day,respectively. The -
increase in combined tumors was primarily due to a dose-related
increase in hepatocellular carcinomas, as follows: 3/50, 7/49,
11/50 and 17/50 at 0, 3, 10 and 30 mg/kg/day respectively. Many
of these carcinomas metastasized to the lungs (1/50, 1/49, 2/50
and 9/50 at 0, 3, 10 and 30 mg/kg/day respectively). Increased -

- incidences of hemanglosarcomas in the spleen and/or liver were
,also observed in the male mice in this .study at 30 mg/kKg/day.
Incidences were 4/50, 4/49, 1/50 and 10/50 at dose levels of O,
3, 10 and 30 mg/kg/day respectlvely. Incidences of mallgnant
lymphomas were decreased in the treated male and female mice. No
evidence of carc1nogen1c1ty was observed in the female mice in
this study.. [Reference 1; National Toxicology Program (NTP)
Report No. 351; July, 1989] .

-
»

e. Developmental-foxicity

In a developmental toxicity study, ‘technical grade
diflubenzuron was administered by gavage to groups of 24 Sprague-
Dawley strain female rats on days 6 through 15 of gestatlon at -
dose levels of 0 (control) or 1000 mg/kg/day (limit-dose study).
No maternal toxicity or toxicity to the developing fetus was
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observed. The NOEL for maternal toxicity is 1000 mg/kg/da

Yy and
the NOEL for developmental tOXlClty is 1000 mg/kg/day (MRID
41703504)

In a- developmental toxicity study, technical grade
diflubenzuron was administered by gavage to groups of 16 New
Zealand white Strain female rabbits on days 7 through 19 of
- gestation at dose levels of 0 -(control) or 1000 mg/kg/day (limit-
dose study). No maternal toxicity or tox1c1ty to the developing
- fetus was observed. The NOEL for maternal tox1c1ty is 1000
mg/kg/day and the NOEL for developmental tox1c1ty 1s 1000 |
mg/kg/day. (MRID 41703505) ' ,

£. Reproductxve Toxicity

In a 2-generation reproductlon study, technical grade
diflubenzuron was administered in the diet to Sprague-Dawley
strain rats at dose levels of 0 (control), 500, 5000 or 50000 ppnm
(equivalent to about 0, 25, - 250 or 2500 mg/kg/day) Starting at -
6 weeks of age, FO anlmals (32/sex/dose level) were treated.
continuously for 10 weeks prior to mating at 16 weeks of age and
until completion of weaning of all F1 litters at 21 days post-
partum. Direct treatment of the F1 generation (28/sex/dose
level) was initiated at about 4 weeks of age and continued to
mating at 16 weeks of age and until all of the F2 litters were
weaned. Treatment-related effects were observed in FO and F1
adults at all dose levels. The most prominent of these effects
were increased methemoglobin levels,’ hemolytlc anemia and .signs
of erythrocyte destruction. Additional signs of toxicity
observed at 250 and 2500 mg/kg/day in ‘FO and F1l animals included
pathological effects in the spleen and liver. No effects ‘on
reproductive performance were observed at any dose level in FO or
Fl males or females in this study. Regarding litter parameters,
litter and mean pup weights were slightly decreased from birth to-
21 days post-partum in-Fl offspring at 2500 mg/kg/day. No NOEL
- for parental adults is identified in this study. The LEL is 25
mg/kg/day, based on methemoglobinemia, hemolytic anem1a,.,'~ -
destruction of erythrocytes, and pathological changes in the
spleen and liver. The NOEL for reproductlve ‘performance in
parental adults is 2500 mg/kg/day. The NOEL for developmental
effects in offspring, is 250 mg/kg/day. The LEL is 2500
mg/kg/day, based on decreased body weights in F1 pups from birth
to 21 days post-partum (HRID 43578301) °

%
-

g. Mutagenieitg ,-f

-In a Salmonella/mammallan microsome. plate 1ncorporatlon
assay, strains TA98, TAl1lGQ, TA1535, .TAl1l537. and TA1l538 were
exposed to technlcal ‘grade dlflubenzuron with and without S9
metabolic activation-at concentrations of .0, 8, 40, 200 or 1000
ug/plate. The high dase was selected on. the basxs of slight
compound precipitation at 1000 ug/plate. ‘Preparations for
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metabolic S9 actlvatlon were made from Aroclor 1254 induced rat
liver. The solvent used was DMSO. Positive controls were
adequate. lelubenzuron was not cytotoxic with or without s9
activation in any of the Salmonella strains in this assay. There
~was no evidence of induced mutant colonies over: background levels
at any of the evaluated concentrations.. (MRID 41703503)

In an in vitro chromosome damage assay, cultures of Chinese
‘hamster ovary (CHO) cells were exposed to technical grade
~diflubenzuron with and without S9 metabolic activation. The test
material was tested at concentrations up to cytotoxic/
precipitating levels of 200-250 ug/ml. Preparations for S9 .
metabolic activation were made from Aroclor 1254 induced rat
liver. The solvent used was DMSO. Positive controls were .
adequate. The test material did not induce an increase in
structural chromoscme aberrations over background levels at any
of the evaluated concentratlons. (MRID 41703502)

In an unscheduled DNA synthesis {UDS) assay, cultures of

'~ primary rat hepatocytes were exposed to technical grade

diflubenzuron at concentrations ranging from 0.1 to 333 ug/ml.

At the high dose of 333 ug/ml, cytotoxicity was observed (36%.
cell survival in an initial assay and 8% cell survival in a
confirmatory assay). The solvent used. was DMSO. Positive
controls were adequate. The .test material did not cause an }
appreciable increase .in net nuclear grain counts compared to the
solvent control at any of the evaluated .concentrations.
Diflubenzuron did not induce a genotox1c effect in this assay
system. (MRID 41703501)

h.' Metabolism

The absorption, dlstrlbutlon, metabollsm and excretion of
diflubenzuron were studied 1n male and female Sprague-Dawley rats
administered oral doses of ‘C-diflubenzuron (by gavage) at
single dose levels of 5 or 100 mg/kg or at a dose level of 5
mg/kg following 14 days of unlabeled diflubenzuron in the diet at
a dose level of S5 mg/kg/day. An additional group of rats, with
cannulated bile ducts, was given a s1ngle oral dose of 5 mg/kg of
%4c~diflubenzuron. Diflubenzuron was only partially:absorbed
from the gastrointestinal tract. In the bile duct cannulated
rats, about 33% of the administered dose was absorbed ‘and of the"
amount absorbed, about 50% (17% of the administered dose) was
excreted in.- the bile. At low doses of 5 mg/kg, 19-21% of the ,
administered dose was’ recovered - in .the urine and 77=80% in the
feces by 7 days and at the high dose of 1OQ.mg/kg, about 3% was-
recovered in the urine and 96% in the feces by 7 days. . =
Radioactivity in’expired.ajir was negligible. The half-life of .
radiocactivity in blood was about 14 hours. .By 7 days, over 98%
of the-administered radioactivity was excreted. Very little
- bioaccumulation in tissues was observed.A At 48 hours, the
hlghest levels of radioactiv1ty were observed in the erythrocytes
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and llve;.. Ten urinary metabolites were identified, including p-
chloroaniline (PCA) and p-chlorophenylurea (cPU), which together
accounted for about 2% of the administered dose (at 5 mg/kg). 1In
the feces, only unchanged parent compound was detected. No sex
differences were observed. (MRID 41720901, 41919001) '

i. Neurotoxicity -

No potential for neurotoxicity has been observed in any of
the animal laboratory studies with diflubenzuron. Neither an
acute delayed neurotoxicity study in hens nor a 28-day delayed
neurotoxicity study in hens is required. The requirements for an
acute neurotoxicity study in rats and a 90-day neurotoxicity
'study in rats are reserved. . S .

'j. Dermal Penetraﬁién and Immunotoxicity .

The requirement for a dermal penetration study is reserved.
A study may be required at a later time. The requirement for
immunotoxicity testing is reserved. Information may be required

to be submitted at a later time.

k. Endpoints to be used for Risk Assessment .
Carcinogenicity: Based on the available evidence, which
included adequate carcinogenicity studies in.rats and mice (MRID
. 00145467, 00142490) and a battery of negative mutagenicity
studies, diflubenzuron per se was classified as‘'a Group E
carcinogen (evidence of non-carcinogenicity for humans) by the
.HED RfD Peer Review Committee on March 16, 1995. At the same
‘meeting, however, p-chloroaniline (PCA), a metabolite of
diflubenzuron, was classified as a Group B2 carcinogen (probable-
human carcinogen). The classification for PCA was based on the
.results of a National Toxicology Program (NTP) study reported in
‘July, 1989 (Reference 1) in which p-chloroaniline hydrochloride
was administered by gavage to rats and mice ‘for 2 years. 1In
rats, clearly increased incidences of uncommon sarcomas
(fibrosarcomas, hemangiosarcomas and/or osteosarcomas) of the
spleen were observed in.males. In females, 2 additional sarcomas
of the spleen were also found. Pheochromocytomas of the adrenal
gland may also have been associated with the test material in
male and female rats. 1In mice, increased .incidences of . .
hepatocellular neoplasms in the liver and of hemangiosarcamas in
the spleen and/or liver were obgerved in males. .In-females, no
evidence of carcinogenic activity was observed. The results of
several mutagenicity studies on PCA were also included in the
same NTP report (studies.not.included in this RED). PCA was
mutagenic in Salmonella strains TA98 and TA100 with metabolic
activation. Gene mutations were induced by PCA in cultured mouse
lymphoma cells with and without metabolic activation. In .
cultured Chinese hamster ovary (CHO).cells, treatment with PCA
‘produced significant increases in sister chromatid exchanges
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(SCEs) yith and without metabolic activation. Chromosomal
aberrations were also significantly increased in CHO cells in the
presence of metabolic activation.

The Q; (estimated unit risk) for PCA, based upon spleen
sarcoma rates in male rats, was calculated to be 6.38 x 10732
(mg/kg/day) ' in human equivalents (Reference 2).

The HED Metabolism Committee met several times in 1993-1994
to consider diflubenzuron and recommended that estimations of the
carcinogenic risk to humans resulting from chronic dietary
exposure should be performed for food commodities that contain
PCA, CPU and/or PCAA (see below). For the purpose of
calculating dietary risk assessments, the following procedure was
suggested by the committee (Reference 3):

1) p-chlorobhenylurea (CPU) and p-chloroacetanilide
S (PCAA), additional metabolites of diflubenzuron that
> - are closely related to PCA and for which there are no

adequate carcinogenicity data available, should be
considered to be potentially carcinogenic and to have
the same carcinogenic potency (Qf) as PCA.

Note--It has subsequently been determined that PCAA

does not occur in animal or plant tissues in

significant amounts. See Chemistry Branch Chapter for —
the RED (April, 1995).

2) The sum of PCA, CPU and PCAA residues in ingested food
"should be used to estimate the dietary exposure of
humans to the carcinogenic metabolites of
diflubenzuron.

3) In addition to ingested residues of these three
metabolites, amounts of PCA, CPU and/or PCAA formed in
vivo following ingestion of diflubenzuron should also
be included when estimating the total exposure of '
humans to the carcinogenic metabolites of
diflubenzuron. The in vivo conversion of ingested
diflubenzuron to PCA and/or CPU was estimated to be
2.0%, based on data in the rat metabolism study (MRID
41720901, 41919001) (Reference 4). -

The HED Metabolism Committée also concluded that where no _
PCA, CPU and/or PCAA are present, the toxicological endpoint for
diflubenzuron per se should be used for risk assessments.

Regarding potential carcinogenic risks to humans resulting -
from dermal and/or inhalation exposures to PCA, CPU and/or PCAA
occurring during occupational or residential exposures to
diflubenzuron, it has been determined that these risks are likely .
to be negligible since exposure to these metabolites is not
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anticipated. Only in the event that dlrect exposure to one or
more of these metabolites of diflubenzuron is demonstrated would -
it be necessary to perform such risk assessments.

Chronic dletary exposure--Reference Dose (RfD): The RfD for
diflubenzuron is 0.02 mg/kg/day and is based on the NOEL of 2

mg/kg/day in the 52-week chronic oral study in dogs (MRID
00146174). An uncertaintly factor (UF) of 100 was used to
calculate the RfD. At the LEL of 10 mg/kg/day, the effects in
the dog study were methemoglobinemia and sulfhemoglobinemia. The
RfD was approved by the HED RfD Peer Rev1ew Committee on March
16, 1995 (Reference 5). .

The HED Less Than Lifetime (LTL) Committee met on March 16,
1995 to 1dent1fy toxicology endpoints and dose levels of concern
for use in risk assessments corresponding to the categories shown
below. A Toxicology Endpoint Selectlon‘Document dated April 4,
1995, (Reference 6) was prepared by ‘Toxicology Branch I to :
summarlze the results of this meetlng

Intermediate term occupatlonal or residential exposure (1

week to several months): The Toxicology Endpoint Selection
Document recommends that risk assessments be performed for
intermediate term occupatiorial or residential exposures. The
endpoint is methemogloblnemla observed.in the 13-week subchronic
feeding study in dogs (MRID 00038706). For the purpose of risk
assessments, the NOEL of 1.64. mg/kg/day in this study should be
considered to be 2 mg/kg/day so as to be consistent with the NOEL
of 2 mg/kg/day in the chronic study used to calculate the RfD.
The LEL in this study was- 6.24. mg/kg/day.

‘Short term occu atlonal or res:dentl exposure (1 to-7
days): The Toxicology Endpoint Selection Document recommends
~that risk assessments also be performed for short term

occupational or residential.expasures. The endpoint is
sulfhemoglobinemia observed in the 1l4-day subchronic oral study
in mice (MRID 00099713). The NOEL 1n this study was 40 mq/kg/day
and the LEL was 200 mg/kg/day.:

Acute dietary. gzposure (1 ggz)' The Tox1cology Endp01nt

Selection Document indicates that rlsk assessments for acute
dietary exposures are not necessary. One day single dose oral
studies in rats and mice indicated only marginal effects on
methemoglobin levels at a dose level of 10,000 mg/kg of 25% )
Wettable Powder formulation -(studies not included in this RED).
Sulfhemoglobin levels and Heinz bodies were not affected.
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