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The reproductive NOEL was 20 ppﬁ and the LOEL was 150 ppm based
on decreased pup weights that were probably secondary to maternal

weight loss. .
: 008479
The study was classified as core guideline. :

]

Mutagenicity- Unscheduled DNA Synthesis (84-4)

Sulfuryl fluoride did not produce increased DNA synthesis in
primary rat hepatocytes when tested up to cytotoxic levels.
Doses tested in this assay were 0, 102, 204, 408, 612, 816 and
1020 ppm. At doses of 1530 ppm and higher cytotoxicity was too
nigh to assay for anscheduled DNA synthesis. Cultures were
exposed to sulfuryl fluoride for 18 to 19 hours.

The study was classified as acceptable.
Copies of the DERs are attached for your reference.

MISCELLANEOUS DATA

]
The following studies were reviewed for the Reregistration
Eligibility Document (RED) (see attached DERs for details).

90-day rat inhalation study - MRID 4080909-02
Classified core-minimum

90-day rabbit inhalation study - MRID 4080909-01 ' 5{73?@%—@?
Classified core~minimum

90-day neurotoxicity rat inhalation study - MRID 4080399-02
Classified core-supplementary
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DATA EVALUATION REPORT
STUDY TYPE: 2 Generation Inhalation Reproduction - Rats
GUIDELINE #: 33-4
TOX. CHEM. #: B816A
MRID #: 421798-01
TEST MATERIAL: Sulfuryl Fluoride
SYNONYMS: Vikane
STUDY NUMBERS: K-=016399-042

.
SPONSOR: DowElanco
Indianapolis, Indiana

TESTING FACILITY: Toxicology Research and Health and
Environmental Sciences
Dow Chemical Company
Midland, Michigan

TITLE OF REPORT: Two Generation Inhalation Reproduction
Inhalation Study in Sprague Dawley Rats

AUTHORS: Breslin, Liberacki, Kirk, Bradley and Crissman
REPORT ISSUED: January 7, 1992

CONCLUSIONS: Administration of sulfuryl fluoride to male and
female Sprague Dawley rats at concentrations of 0, 5, 20 and 150
ppr for two generations resulted in a parental NOEL of 5 ppm and
a LOEL of 20 ppm based on gross observations of pale foci and
histologic observations of aggregates of alveolar macrophages in
the lungs. Additionally, at 150 ppm, decreased body weights were
reported and there was an increased incidence of dental fluorosis
and lung pathology characterized by increased numbers of alveolar
macrophages. Chronic pulmonary inflammation was also increased
at the high dose level. Vacuolation of the caudate putamen fiber
tracts in the cerebrum was also observed at the highest dose
tested, with females being affected more than males.

The reproductive NOEL was 20 ppm and the LOEL was 150 ppm based
on decreased pup weights that was probably secondary to maternal
weight loss.

CLASSIFICATION: Guideline




MATERIALS: . .~
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Sulfuryl flucride, with a purity of 99.88, vas the test material.
The test vas described as a colorless gas with a
molecular weight of 102 daltons. Three lots of the test materisl
vere used in this study.

The test animels vere male and female Sprague Davliey rats that
vere approximately 4 weeks of age at receipt. Thirty male and
thirty female rate per group were used a&s the parental animals
(Pg) .

METHODS
Following an acclimation period of approximately 2 weeks, the

parental (F,) rats vere randonly assigned to the following
treatment groups:

GROUP pre-mating exposurs mating, gestation and
(ppm) ' duration laction exposure duration
0 6h/d;S5d/wk Sh/d; 7d/vwk
-] L] a
20 " "
180 " "

The F, animals vers exposed to the test naterizsl for 10 weesks
prior to mating. HNaternal animals were not exposed to sulfuryl
fluoride from day 20 of gestation to day ¢ post-partum. During
lactation, pups vers scparated from their dams for the exposure
periods (6 hours per day) on days S to 21.

Breeding Procedurs:

For the F, and F, animals, breeding was accomplished by three
seven-day cohnbiéntion periods. Nales and females from
respective treatment groups were mated at a ratio of 1l:l.
Brother-sister matings were avoided for the F, animals.
Successful mating was indicated by a sperm poiitivc vaginal
vashing. Females which did not mate during the first aeven-day
cohabitation period were exposed to altarnate males for a second
and, if necessary, a third mating.

F;, and F, litters vers culled to a total of 8 pups (4N, 4F) on
day 4 of lactation. Litters with less than 8 pups were not
culled. All pups wers weaned at 3 wveeks of age. Thirty pupe per
sex per group were selected for the next generation (F,). Those
that were not selected were examined grossly then .uthini:od.
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fiuoride for ¢ hours for S days & vesk for the 12 :
prior to mating. 'Dur nating, gestation and lactation, the
animals wvere exposed for ¢ hours & day for 7 days 2 veek.

Animsls selected from the F, offspring wers exposed o mmn-n
b vee

Gbservetionst

Physical examinations were conducted daily. Dead or mor
animals vers examined grossly. Body weights of the P, anima
were recorded veekly for maies and for feamales prior go

Nated females vere veighed on days 1, 7, 14 and 21 of gestation
and on days 1, ¢, 7, 14 and 21 of lactation. Food consusption
ves not messured because the experimental design required that
food be withheld during exposure periods.

For P, and F, litters, the dats of parturition, litter sige,
nunbol of u@- and dead pups on days O (birth), i, ¢, 7, 14 and
21, sex, veights of pups on days i, ¢ (pre and ¢t oulling), 7,
1¢ and 31, physical abnormalities and behaviorsl abnormalities
vere recorded during lactation.

Pathologyt
Necropeies vers scheduled for maternal animals after the

respective gensrations vere veansd. MNales were necropsied before

the ott-zrlm vers weaned. All animals vers fasted and
anesthetized vith methoxyflurane. Eyes vere examined .
Tissuss vere collected and preserved in 108 Neutral Buffered
rormalin for control and high dose adults. Llungs were infused
vith formalin and the nasal cavities were flushed with formalin.
Tissues from the lov and mid dose groups vers examnined if there
vere suspected treatment related lesions in the high dose .
(See Table II for the tissues that vere collected and exam
histologically).

Ten PUPS pPer sex Der group vers selected from the Py, and ¥
litters for complets necropsy. Thess animals vere &numhnd
vith methoxyflurane and euthanized. Grose examinations were

conducted onh weanlings; tissues wvere collected and preserved but

vers not examined microscopically. Terminal body weights wvers
not recorded.

Experimental conditions:
Concentrations of sulfuryl fluoride were sslected based on the

results of a previous study in rats. The distridbution of the test
material in the breathing zone vas determined for 8 sample points

prior to the start °§ the multigensrational study. Exposure
chambers were 14.%5 n»
/rin. The concentration of sulfuryl fluoride wvas gensrated
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breeding.

with a pyramidal top. The airflow wvas 2900
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using glese J cubés. The test uurulmnun‘ the

tube & vith cospressed air. Alrfiov vee asasured at 60
Tnt is. Chamber ture snd relative mu&zz nn:t
a

interve

ssasured 4t 60 mihuts intervals and vere peintained at 23

sot, respectively. Analyticsl concentrations of sulturyl
fluorids vere deternined &t 30 minute intervals during exposure.

STATISTICAL ANALYSISS

veights vere analysed using sartiett's test and AMOVA, It

A wvas significant, punnstt's test cf wilcoxon Rank=-Sul test
vith Bongerroni's vas rﬂcmd ANOVA vas ussed to ‘
evaiuate gestation 1 , pertility indices vere analysed using
Pisher's exact test. inonisl distribution vas pertorned on
neonatal sex ratios and W'.lcoxon test vas perforned oh survivsl
indices. Significence vas st p =0.0) end p * 0.08.

QUALITY ASSURANCE!

A aum;lt of quality assurance and a statemant of conpl iance
vith GLPs ere included in the submission and are both dated
January 7, 1992,

RESULTS:
gxposure Datai

Tor the P uulub the tempsrature in the exposure chasber ranged
trom 33.4 to 33.0% C, the relative humidity pangsd from ¢9.4 to
$6% and the air flow vas 3840 to 23924 lyminute, For the ¥y
gensration, the chamber rature trom 31.9 to 33,0% ¢,
the relative nupidit trom 823.9 $7.58 and the air flow
vas 28351 to 3946 L/BiRuts. '

Average analytical conoentrations of sulturyl tluoride were $.0,
30.9 and 149.1 ppm for lov, pid and high dose Groups,
respectively for the Py gensration. Aversge concehtretions fer

the F, generatiocn were $.3, 30.4 and uo.m for the lowv, Bid
;::‘ t;lqh dose groups, respectively. (See e I for analyticsl
?o Adults

rive deaths and ons case of euthansia vere reported in the
animals in this generation., One control female was euthaniced
vhen she vas found soribund. OR hecropsy the animal wvas reported
to have & Bass on the ventral side and on histopathologic
exanination a diagnosis of adenocarcincaa of the sanmary gland

s 6
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73 end vaas disgnoled as having congestive heart fallure; in the
2id dose . 3 deaths vere reported in meles and one femsle.
one aale pid dose died of iation, ons male
died of undetermihed csuses the female ¢ of possible
starvetion. The femsle reportedly had no incisors et the time of
death. In the high dose , ohe Bale died of an undetersined
ceuse after 100 days on study.,

The compound did not appesr to have an effect on the body wveights
otuumtacunummmm-um‘grur.
statisticslly significant differences vere reported in bod
veights for sexes &t the highest concentration tes vhen
conpared to controls et p = 0.08. In males, weight differences
vere first cbserved on day 14 of the study end continued to day
133. The percent difference from controls ranged from ¢ to
10.38, vith the greatest difference betveen groups bola.nqom
on days 42 and 49 of the etudy. Weight decrements in high
dose qmp“ red to be relsted to the admninistration of the
m‘ Mul’ 1 :

In high dese femaies, decresses In body veights vhen compared to

controls vere reported during presating, gestation and lactetion.

During lactation, veights an to Lncresse and by the end

of lactation, body veights were similar for controls and high

d.;:; animals. (Ses Table III for body veight dats for ¥, end P,
L),

Nring n:uutton. decresses In welght gein nn' reported on daye
T=34 end on days 1=21}.

Clinically, thare vers no symptons ocbserved that could be
ateribu to the test materisl. IR high dose males clinicel
obssrvations of excessive ehmrgormc. rough hair coats and
thin sppearances were reported In 3/30 high dose males.,

At m:zo! dsntal flucrosis wvas cbsarved in 37/30 high dose
sales R 39/30 high dose females. Flucrosis vas described
es dark discoloration of the incisors. In the lungs, pale oF
gray focl vere reported in both sexes of high dose animels. All
sales vere affected and 15/30 Cenales vere &ffected at the
higheat dose tested. it nid dose of 20 m. tive males vere

to have similar pale, gray focli in b | 1 however
none of the females at this dose level wvare affec N

Ristologicelly, regates of alveolar ucnghm- wvere observed
in the un!-otm 8 receiving sul 1 tiueride at
concentrations of 30 ppe and grestar. lesions could de
correlated to the pale foci on gross observation of the
iungs of the high sale anisals, In females in the high dose

TOUP, 899 tes of aiveclar macrophages vere present to scae
Tee iR Al animals in the high 4ose group: At 30 ppe,
aggregates of alveslar mecrophages vers present in 10/30 males

s O
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fens

In the brains of animaje in the b dose group, dilatersi,
symaetricel vacusiation of the te putamenh of the cerebrus
wae in 13730 naies and 1¢/20 fenales. IR majlese, the
do!m of vacucletion vas described as very siight in atfected
najles end elight in sffected fenales. This cbservation was not
sade in eny of the aninals receiving concantrations of sulfuryl
fluoride less than 130 ppa.

Py generation

The cospound did not effect sale and femsle fertility, the length
of gestation or the time to mating. Additionally, no effect vas
reported on the litter site, pup survival end sex retios.

For femsle in the high dose group, pup velights were
signiticantily decreased throughout the lactation period vhen
conpared to contrels and for Righ dose male ¢ Yeights vere
significantly decressed froam day four of lectation (p» 0.08). An
incressed number of pups IR the hligh dose group had stomachs thaet
vere void of milk ¢t necropsy.

In the m'u ri tion, no treatment related clinicel eigns
vere ocbssrved. deaths and :vo cases :: mﬂm&:ﬂ:‘;‘n
reported. Lywphosarconas vere ons male one
fentle control that vere mﬂtm causes of death in the
one enisal in the lov dose group and the one animal in the high
4080 group were not determnined.

¥o treatnent related effects on veights wvere reported in
ndles and fenales in the lov and nid dose groups. IR high dess
aales, significant decresses in body “L!:u vere
inning at day 9 of the study and cont
veights Ia this dose group were 1i to 168 lower than chose
for males in the control group. Incresses in redy
veights vere reported at ssversl intervals in the lowv «nd mid
dose ¢ but vere not related to the administrati.m of
sulfuryl fiueride.

In high dose females, from days 30 to 83, body weights were

;gamiuuly 8 to 168 lower than veights for controls.
roughout tation, there vere significant differences

(p = 0.03) body wveights of control and high dose females.

Significant difterences in bo(x.:'w!hu of control and high dose

fendles vere aleo reported on and 14 of lactation.

¢ .- 8
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Grosely, the cbeefvations in the F; animals were similar to those

observed in the F, animais, Oental fluorosis was present in

22730 nalee and 38/30 feneales in the high dose group. Thers were
ie foci in the iungs of 12/30 males and 24/30 fenales
the h dose group.

Nistologically, tes of slveolar W» vere cbserved
in the lungs of animals in ell + Twelve males and twelive
fenales in the conirol group tes of alveoiar

nact in the xum compared 39720 sales and 30/30
fensles the b dose group. At 20 ppe, 21/30 males and 19/30
fensles had alveoliar tes of W. Eleven nales and
tvelve females in the m!:ououum is lesion , but the
frequency of occurencs vas siasilar to that reported tor controls.

Vacuclation of the ceudate putsmen fiber tracts in the cerebrua
in high dose enimale ves 2180 chbeerved n ically. Two
nuntnmhmaoumcndm! sailes the high dose
group were reported to have this lesion.

(8es Table IV for distridution of microscopic findings in Fy and
f; aduits).

’ ®

7y

There vas no effect on Litter survival, litter size, eex ratios,

gestation length or tine to ntun (parental animels).

Additionally, the compound did not have an effect on vmutt!

m oftspring. ODur lactation, significantly lower body ve
tor temaie pups in the high dose group vhen compa

::cm s ver “m” tted tor me 'mi... fatestion. " §a
TORSNtS Vere aales

and et 130 there vere aore that 4id not have mlik 1:’-
their s than thare were the control and low dose

: :Wr.mnmmmmmxttuﬂmm
o the highest concentration group than for the control
At my. there vere no treatment related grose abnorsalit «

reported

DISCUSSION:

Sased on the results of this study, the umul NOEL of sulturyl
tlmt‘om:mm‘”ﬂ.mmusu oh the incressed
incidence of lm nml charactsris by pale foci
al ically ot slveolar ges. At 150

adult u\mu Ln and the ¥, gensrations
m decrassed body weights, Lmrxud mu&m of of dental

b
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fiucrosis, increased incidence of 1 pethology which included

tec 6f alveolsar ncnm's? chronic pulsonary
inflammation, and increased of vacuolation of the
csudats putasen fiber tracts of the csrebrua. The reproductive
MOEL wvas 20 ppm and the LOEL was 1830 based on decreased pup
veights that ves secondary to maternal veight loss.

The observed increase in the presence of alveolar macrophages in
the lung ere usuallv indicative of injury to the lung. In
laborstory n::; aggregates of clv:ourxm have &lso
besnn reported occur spontanecusly. In s
mmummro:mmu.:mmm:z.mmu
which the lunge vere affected ln'q slight for controls ve siight
to moderate for animsls receiv sulfuryl tlucsride) suggsst that
there is an association between the presences of aggregates of
m:our e ;l‘\:h the administration of ta:h. u:t. material.
tions Yo dose groups, damage to ungs vas

supported by the ununq of chronic mtu-um in 14/30 males
and in 25/)0 femsles in the P, generation end 18/30 females in
the Fy mﬂtm

In ulnlun species, the most sensitive indicator of fluoride

tonicity is the effect observed in permanent teeth formed durlnq

the time of excessive fluoride ure. In this -:MI

ro88 changes cbeerved in the inciscrs of the animals in the high
groups are indicative of fluorcsis.

The adainistretion of sulfuryl flucride at doses of 150 vas
aleo sssocisted with bilateral, symmetricsl vacuolation the
brein. There were no clinical manifestations of thie mi ic
tinding and the significance of this lesion is unknown. Animals
in the P mnttan vere affected to & greater degres than vere
animale 2 mnuon wvhich were sxposed to the tsst
material in nut% n; lactation and for a longer periocd prior
to mating (12 m for and 10 wvesks for Fy).

This study seets the guideline naununu for & multigensration
it oh study as eset forth the Subdiviseion F Guidelines
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TABIE I
Analytical Data

Py Generation 5 Chanber m;:tnum (pg‘)’
Avg. analyt. conc. (ppa) 5.03 . 20.9 149.1

Range 3.1=-8.% 16.7-34.1 117.8-161.8
Ratio Analyt/nomin. ND 78.%5-135.6 ND
ry Gansrution
Avg. analyt. conc. (ppsm) $.15 20,35 150.08

Rangs 4.0~10.4 15.9-27.6 135.1-164.4
Ratio Analyt/nomin. ND 71 -117.1 ND
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TABLE II

Tissues collected at Necropsy

The folldwing CHECKED (x) tissues were collected for histological
axamination for all dose groups.

Tongue
salivary glands
Esophagus
Stomach
Duodenun
Jejunum

Ileum

Cecun

Colon

Rectum

x Liver
Gall bladder
Pancreas

Trachea
x Lung
Nose
Pharynx
Larynx

cardiovasc./Hemat.
Aorta ¥ Brain
Heart Periph. nerves

LR

Bone marrow
L:omrhr nodes

Spinal cord

X Splzen
Thymvs Glandular
Parathyroids
Adrenals
je) Thyroid
Kidneys x Pituitary
Urinary bladder
Testes .
Epididymides other
Prostate Bone
Seminal vesicle Skin
oOvaries/oviducts Skel. muscle
Uterus . x All gross lesions
Vagina
Cervix
Coagulating glands

10
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o e TABLE III
Body Weights (9)
Fo Sulfuryl Fiuoride Concentration (ppm)
Males (1] . 150
Day
‘1 2360‘ 23701
14 341.4 329.1¢
28 421.8 390.3¢
- 42 469.1 422.4¢%
49 485.2 435.9*
70 $38.6 504.19%
91 573.8 534.8¢
112 6l1.1 $60.8*
133 639.0 $89.7%
Femzles
'1 166-0 165.6
14 226.2 214.6*
28 . 272.2 257.8¢
42 292.2 274.5»
49 300.8 283.29¢
70 323.9 309.1
Gestation day
1l 329.9 322.8
7 360.9 349.1
14 3%7.0 376.0
21 47%.5% 444.4*
1l 354.4 316.8¢
4 366.3 320.89
7 383.6 341.6%
21 379.4 374.8%
11



TABLE III'. (continted)

P, Genaration . Sulfuryl Flouride
Males 0
Ray
1l 106.3
12 219.9
20 296.8
26 346.5
47 436.4
61 484.)
82 529.3
117 573.8
138 610.0
Femsles
1l 95.8
12 173.8
20 216.9
47 ) 282.6
6l J04.9
82 325.3
gastation day
1 338.4
7 367.8
14 397.9
21 476.)
lactation day
1 382.0
4 367.6
- 14 385.8
21 392.2
LA P .OQOS

009472

Concentration (ppm)
150

109.1

191.4¢
248.7*
294.7%
373.3¢
419.6+
468.8%
516.1¢
545.8¢

97.9
1587.9
198.49
259.3¢
278,7%
297.0%

307.4#
333.5»
364.3%
441.7*

328.1
329.4*
367.2¢
373.3

Data extracted from tables 7-10 and 22~-25 of the report.
Effects cbserved at lover dose levels wers similar to controls.

12
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TABLE IV

"Eio;l and Microscopic Lesions in F, and F; Adults

Fo Generation
Males

gross Lesions
Lungs/grey multifocal
Teeth/dark

Brain/vacuolation

Lungs/inflammation

Lungs/alveolar
macrophages

Famales

Gross lasions :
Lungs/grey multifocal
Teeath/dark

Brain/vacuolation

Lungs/inflazmation

Lungs/alveolar
nacrophages

P, Gensrstion
es

gross lesions
Iungs/pale multifocal
Teeth/dark

Microscopis
Brain/vacuoclation
Lungs/inglanmation
fuangs/alveolar
nacrophages

Females

Gross lasions
Langs/pale multifocal
Teetly/dark

lrlfg,elcuolnt!on

Lungs/intlaxmation
ungs/alvesclar
nacrophages

Sulfuryl Fluoride Concentration (ppm)
] -] 20

150
0/30 0/30 5/30 30/30
0/30 0/30 0/30 27/30
0/30 0/30 0/30 11/30
2/30 2/30 1/30 14/30
3/30  5/30 11/30 30/30
0/30 0/30 0/30 18/30
0/30 0/30 0/30 29/30
0/30 0/30 0/30 14/30
2/30 3/30 1/30 25/30
7/30 10/30 19/30 30/30

1/30 0/30 $/30 12/30
0/30 0/30 0/39 22/30
0/30  0/30 0/30 2/30
2/30 1/30 0/30 7/30

12/30 12/30 21/30 29/30

0/30 0/30 5/30 24/30

0/30 0/30 0/30 20/30

0/30 0/30 0/30 7/30

1/30 3/30 4/30 18/30

12/30 11/30 19/30 30/30
13
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DATA EVALUATION REPORT
CHEMICAL: Sulfuryl Fluoride TOX. CHEM. NO.: 816A
SHAUGHNESSEY NO,: 078003 '
STUDY TYPE: Mutagenicity (84-4): Unscheduled DNA Synthesis
in Primary Male Rat Hepatocytes
MRID NUMBER: 421798-02

SYNONYMS/CAS NO.: Vikane® gas fumigant, CAS No. 2699-79-8
SPONSOR: DowElanco, Indianapolis, IN
TESTING FACILITY: Health and Environmental Sciences-Texas, Lake
' Jackson Research Center, The Dow Chemical
Company, Freeport, TX 77541

TITLE OF REPORT: Evaluation of Sulfuryi Fluoride in the Rat
Hepatocyte Unscheduled DNA Synthesis (UDS) Assay

AUTHORS: B. Bashkar Gollapudi, Mary L. McClintock and
John A. Zempel

STUDRY NUMBER: K-016399-043

REPORT ISSUED: October 7, 1991

CONCLUSION - Executive Summary:

Doses tested: 0, 102, 204, 408, 612, 816, 1020 and 1530 ppn
(0, 0.43, 0.85, 1.70, 2.65, 3.40, 4.25 and 6.37 mg/l) sulfuryl
fluoride gas injected into primary male rat hepatocyte
cultures and exposed for 18 - 19 hr. Doses of 1530 and higher
were too cytotoxic to assay for UDS.

No evidence of increased unscheduled DNA synthesis over
negative controls was observed up to 1020 ppm.

This study appeared to have been performed properly. It was
submitted voluntarily by the registrant but would be

1l
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considered- acceptable for regulatory purposes if it were
required.

Core-Classification: Acceptable

A signed Quality Assurance Statement was present.

A. MATERIALS

1. Test Material: Sulfuryl Fluoride (technical)
Description: Colorless gas (MW 102)
Batch #: 874
Purity: 97.4%

Contaminants: not reported

Solvent used: none

2. Control Materials:
Negative: Air equivalent to largest volume of test material
used
]
Positive: 2-acetylaminoflucorene (2-AAF)
Solvent/Final concentration: DMSO (1% of culture media
volume) /2.233 ug/ml 2-AAF

3. Test Cells: Primary Male Rat Hepatocytes

Preparation: For each experiment performed in this report,
one acclimated male Sprague Dawley rat (outbred Crl:CD BR
strain, Charles River, Portage, MI) was used. Rats were
anesthe;}zed H}th methoxyfluorane and livers perfused in situ
with ca’™, Mg ‘-free Hank's balanced salt solution buffered
with 10 mM HEPES, pH 7.3, and containing 0.5 mM EGTA (4 - 5
min at 10 - 40 ml/min). Collagenase solution (Williams Medium
E supplemented with 2 mM L-glutamine, 50 xg/ml gentamycin,
buffered with 10 mM HEPES, pH 7.3 and containing 0.5 mg/ml
type IV collagenase, 395 units/mg) was perfused through the
liver for 15 min at 20 ml/min. Livers were excised and
incubated in 50 ml of the collagenase solution until cells
were dispersed. Dissociated hepatocytes were sedimented by
low speed centrifugation and resuspended in WME supplemented
with 10% fetal bovine serum. Viability of hepatocytes was
assessed by trypan bluesexclusion. Viable cells were counted
and diluted to 1.7 x 10" cells/ml in WE/10% FBS.

Maintenance: Dissociated liver cells were plated in WME at 5
x 10° cells per 15 x 93 mm clear polystyrene Leighton tube
containing a removable cell attachment surface (RCAS) of
polymethylpentene coated zwith Vitrogen 100 to facilitate
attachment of cells (5 cm® growth area). All cultures were
incubated at 37°C in humidified 95% air:5% CO, for 3 hrs to
allow attachment of cells. Quadruplicate cultures were used

2
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for each doss.
Cultures appeared to have been properly maintained.

4. Test compound concentrations used:

Basis for concentrations chosen: To provide a wide dose
range including cytotoxic doses.

Cytotoxicity evaluation (Trial 1): 610, 1020, 3060,
6120, 10,000, 31,000 and 61,000 ppm (2.65, 4.25, 12.8, 25.5,
41.6, 129 and 254 mg/l)

UDS evaluations (Trials 2, 3): 102, 204, 408, 612, 816, 1020
and 1530 ppm (0.43, 0.85, 1.70, 2.65, 3.40, 4.25 and 6.37
ng/l) .

B. TEST PERFORMANCE
1. Cell treatment

Following the 3 hr attachment period, medlazwas replaced with
1 ml WME (serum-free) containing 10 uCi/ml “~-thymidine (spec.
act1v1ty 20 Ci/mmol) . Caps were replaced with caps containing
a small hole and a teflon-faced silicone septum through which
gas could be injected or withdrawn and were kept tightly
capped during treatment.

A known volume of air equivalent to the volume of sulfuryl
fluoride gas to be added was removed from the culture tubes
using a gas-tight syringe and needle, then replaced with the
appropr1ate amount of sulfuryl fluoride gas. For negatlve
controls, air equivalent to the maximum volume replaced in the
sulfuryl fluoride treatments was withdrawn and replaced with
air.

Culture tubes were then placed on a tube rocker (American Tube
Rocker) perpendicular to rocking motion for 18-19 hr at 37 °c.
Each half of the cell cultures was exposed directly to air or
air plus sulfuryl fluoride as the rocker moved from side to
side.

2. Cytotoxicity Assay

The first trial was used as a cytotoxicity assay (treatment
levels described above). Treatment levels at which excessive
toxicity occurred were noted and the second and third assays
were repeated at lower doses for evaluation of UDS. Cell
culture and treatment for the cytotoxicity assay were
performed as described above.
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4.

5.

c.

Labelled treated and control cells attached to the RCAS were
washed in 3 changes of PBS and one plate from each dose group
was stained with trypan blue. The other 3 plates were swollen
in 1.4% sodium citrate for 10 min, then fixed in 3:1
ethanol:acetic acid (2 x 10 min) and cleared with 70% ethanol
(2 x 10 min). RCAS were dried and mounted on glass microscope
slides using Gel/Mount (Biomeda Corp.).

Each slide was coated with NTB-2 photographic emulsion
(Eastman Kodak), dried and exposed at 4°C for 9 days. Slides
were developed with D-19 developer (Eastman Kodak), fixed with
Kodak fixer and stained with Giemsa. Two slides per treatment
level were chosen for UDS evaluation.

Scoring:

Slides were coded and nuclear and cytoplasmic counts measured
by projection onto a television screen with a high resolution
camera mounted on the microscope. Nuclear and cytoplasmic
counts (counts over an adjacent area of cytoplasm the same
size as the nucleus visually determined to have the highest
number of silver grains) were determined manually. At least
25 cells per slide (total of 50 cells/treatment) were counted.
Net nuclear counts were determined by subtracting cytoplasmic
from nuclear grain counts. Pyknotic or darkly labelled cells
(S-phase) were not counted. Means and standard deviations were
calculated for each treatment group.

Evaluation of Results:

A treated culture with mean net nuclear grain counts of 5 or
more and also significantly (p < 0.05) greater than the
negative control value was considered a positive response.
Statistical analysis of data was only performed if net nuclear
grain counts exceeded 5, using a computer program that
performed a non-parametric Kruskal-Wallis one-way analysis of
variance followed by Wilcoxon's Rank Sum test with
Bonferroni's Correction.

RESULTS:

Cytotoxicity evaluation: Virtually complete cytotoxicity was
observed in cells treated with sulfuryl fluoride at 3060 ppm
or higher. At 1020 ppm, slight cytotoxicity was observed (%
viability relative to controls was not quantitated) and all
cells survived at 612 ppm. The positive controls showed no
cytotoxicity. UDS assays were repeated at 7 doses from 102 to
1530 ppm.

Unscheduled DNA Synthesis: Sulfuryl fluoride did not appear

4
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to cause an. increase in unscheduled DNA synthesis above
negative controls at any of the dose levels tested and none of
the test cultures contained cells in repair (tables from study
showing results of UDS asscy are appended to this evaluation).
The highest dose tested in the UDS experiments, 1530 ppm, was
too cytotoxic and UDS could not be quantitated. Cells treated
at 1020 ppm sulfuryl fluoride showed moderate toxicity in the
second UDs experiment but not in the first. This variability
may have been due to variability in the condition of the
individual hepatocyte cultures prepared for each experiment.
Mean nuclear counts were lower than cytoplasmic counts for all
doses tested. The positive control, 2-AAF, produced a marked
increase in nuclear grain count over negative controls and
100% of these cells were in repair. A DMSO negative solvent
control was not performed.

' CUS co :

Under the test conditions and up to cytotoxic doses (1020 -
1530 ppm), sulfuryl fluoride did not appear to cause increased
unscheduled DNA synthesis in male rat primary hepatocytes.
Negative and positive controls gave appropriate responses.
Although cytotoxicity was evaluated, no quantitation of
viability relative to negative controls was performed.

The actual volume of sulfuryl fluoride injected into each
culture tube per dose was not given. The exact amount of
sulfuryl fluoride that the cells were exposed is difficult to
determine from the information provided in this study.
However, since the assays were negative up to doses that were
apparently cytotoxic, TB-I believes that this chemical was
adequately tested for UDS in this assay. This study was
submitted voluntarily by the registrant but would be
considered acceptable for regulatory purposes if it were
required.

study Deficiencies: % relative survival not quantitated in
cultures with partial toxicity, volume of sulfuryl fluoride
injected at each dose not specified, no negative solvent
control for positive control.
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Kean Net Nuclesr Grain Counts (meec) - Trial 2, UDS Assey 1

Exposure Level
{ppe)

Negative Control
204
408
612
816
1020

Positive Control

Test Material:

—Slide 12
7.8 ¢ 4.8
-8.3 ¢ 6.0
-8.0 £ 6.8
-8.7 ¢ 4.2
-9.2 ¢ 6.0
-5.2 ¢ 3.5
76.1 £ 6.7

a Fifty cells wers evaluated per slide except {n positive controls wvhere only

25 cells ware evaluated/slide.
b The values are based upon a total of 100 cells except positive controls

where the total 1s 50 cells.
¢ Positive UDS response.

Sulfuryl Fluoride

'._51141.12
-5.8¢ 4.6

-9.3¢8.8
8.3¢5.3
-8.4 ¢ 5.1
-6.7 ¢ 4.7

's.s t ‘os

70.9 £ 5.8

Slide 1 5 20
-§.8 ¢ 4.8
-8.8 5.9
-8.2 ¢ 6.1
-8.5 2 4.6
-8.0 ¢ 5.5
-$.3¢4.0
73.5 ¢ §.7¢

21
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Nean Net Muclear €-sin Counts (BISC) - Trial 3, UDS Assay f2

Exposure Level

Negetive Control
204
L]
408
612
816
1020

Positive Control

Test Material:

—dlide 18
8.3 ¢ 4.4
8.9 ¢ 5.2
8.2 ¢ 4.8
6.0 £ 4.1
6.9 2 4.¢

's.s t ‘-’ 7

76.5 ¢ 5.9

3 Fifty cells were evaluated per slide except in positive contrels where only

25 cells were evaluated/s!ide.
b The values are based upom a total of 100 cells except pesitive comtrals

where the total is S0 cslls.
¢ Positive UOS respomse.

Sulfuryl Fluoride

_Slide 28
8.6 ¢ 4.3
7.6¢68
-71.62 3.9
-6.0 2 4.}
7.3 ¢ 4.}
-5.6 ¢ 4.4
5.8z 6.0

Slide 1 4 20

8.4 ¢ 4.4
-8.2¢ 8.0
-7.9 ¢ 4.2
-6.0¢ 4.1
-7.1 2 4.2
8.7 2 4.4
76.0 ¢ 7.0¢
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DATA EVALUATION REPORT
ATMRY TYPE: 90 dey rat inhalstien stuey ($1- ¢)
ERIR_NO2 4080909-02 IO CHEN N0 S16A
SXNONYN:  Vikene Ges Pumigant
SPONSOR, Dow Chemicsl Compesy
IRETING FACILIXYS Oow Chemicsl Compeny
ATURY_NO: K-016199-023R

ﬂlﬂhﬂm& Sulfuryl Piuvoride (Vikens Gas Pumigent): 13 wveek Iaholetion
fozieity Study with Rets.

AUTHORILLL K.D. Nitschke, D.A. Dittender, end D.L. Eisenbranst

BEPOST ISSURD: Movember 16, 1987,

»
The dats svbmitted suppoct o WOEL of 30 ppm end o AL of m{-m
s tenale Pisher 344 rete when Lhe srimals were sdministered indsistion
doses of O, 30, 100 and 300 of euvifuryl flworvide for 6 houce/day, (ive
days/week (o 1) weeks. The of 100 wes based on flucroeis of the teeth
in Dokl semees. IR addition, &t the hKigh ilevel there were sigaificent body
weight decronents, inflemmetion of the nsesl paseege, siveciar hist ie, and
SLETrOSCOPLE vasuOlation of the ceudate~putansn nucieus ond white ¢ teacts of
the iaternal capsule of the brein of ail enimels of Both senes. and very elight

lasia of the collecting ducts of the kidasy in $/i0 femeise. Gerva
tivor was incressed, bDut Aot significeantly ee, in &ll dosage groups.

It should be noted that inflesmation of the sassl Peseages ws in rate
ir. this study. The iacidences were 0, 2, 1 and 10 out of 10 in mseles, and 4, 3,
¢, and 10 out of 10 in femalees of the contrel, low, ®id and high €082 GUoups.
The inflammetion obeerved in the trested enimsis is consistent with salfuryl
tlvoride exposure. With respect to lung pathology, ell of the male rate and 6,
9, and § of the female rats &t the control, {ow, o¢nd aid 4OS0 Groups were

to be normel. All of cthe Righ doae rate were reported o have
histiocytosis of the lungs. Vacuolation wee preeent ia the braims of ell
animale of both souse. It was RiRimal Lo the 6red of the Coudats~Putamsk Ruclevs
and sore proaineat in the white fiber tracte of the intersal is than in the
sdjacent asurepil. Very slight etrophy was reported in iadiv L nephrons in
the kidney across all mon.‘mp Thie is not Likely Lo be & conseguence of
sdministretion of the chem s
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DATA EVALUATION REPORT
EIUDY TYPE: 90 Day rat inhalation toxicity .
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A
MRID No.:408909-02 )

TEST KATERIAL: Sulfuryl Fluoride

SXMONYMS: Vikane Gas Pumigant (Dow Chemical Company)
STRUCTURE: 802F2

SPONSOR:Dov Chemical Company A

TESTING FACILITX: Dow Chemical Company

SIUDY MO.: K=-016399-023R

REPORT TITLE: Sulfuryl Fluoride (Vikane*® Ges Pumigant): 1l-week
Inhalation Toxicity Study with Rats.

AUTHOR(S): K. D. Nitschke, D.A. Dittenber, and D. L. Eisenbrandt.
REPORT ISSUED: dNovember 16, 1987.

t Rats (10 per sex/level) were exposed to SF vapor
concentrations of 0, 29.8, 100, and 297 ppam 6 hr/day, S days per
vk for 13 wveeks. The reported MNOEL was 30 ppa and LEL = 100 ppa.
The rats exposed to mid dose and high dose showved
decreased veights, mottled testh (fluorcsis), decreased
specitic grav t{ of the urine; incressed serum fluoride;
increased relative testicul v_:‘&‘tght in the KD males’ vacucles of
the caudate--putansn mcloi, exudate, h lasia and
hmnrvph!. Liver functi (increased alkal phosphatase and
decreased blood protsins) vas seen in the HD animals.

CORE _GRADE: Care Minimum.

:. umcnhmx_“z_ Previous Dow studies have shown
adverse effects the rat, guinea pig, and mice exposed to 10

ppa or less for approximately ons year (reported by Dow on
Octcber 32, 1959). The organs involived included the lung
(pneunonitis); teeth (fluorcsis); elevated blood F and increased
P excretion in the urine; liver and kidney damage. The present
study had a number of deficiencies which would tend to obscured
adverse effects on target crgans in the LD group:
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a) Pulmonary System. The lung weights were not
obtained. A number of pathological conditions were found in all
test groups, including the controls, which may have obscured any
effects due to SF.

b) Rspal System, Renal disease permeated all test
animals.

c) Possible Fluorosis, All exposure groups showed an
increase in F exposures even though mottled teeth were noted only
in the MD and HD groups.

d) Nasal Irritation., Nasal irritation was seen in all
dose groups including the LD group assumed to be the NOEL group.

e) Food Consumption. Since there were significant
decreases in BW in the MD and HD groups, it might be informative
to determi:ie if the animals were ingesting less food or the
decrease vas due to general toxicity.

STUDY _DESIGN:

Groups of 10 rats/sex were exposed to target concentrations
of 0, 30, 100 and 300 ppm sulfury Fluoride (SF) for 6 hours/day,
S days/week for 13 weeks. The animals were observed daily and
body weights were recorded at weekly intervals. Routine
hematology, clinical chemistry, urinalysis, necropsy and
histology was performed at the end of the study.

MATERIALS AND METHODS

Material and Methods section from the report is attached as
Appendix A.

i. Test compound: Vikane gas fumigant. Description:
colorless, odorless gas. Batch FTWP-83019-408. Purity 99.8%.

2. Test animals: NMale and female albino rats. Strain:
Fischer 344. Age: 7 weeks. Source: Charles River Breeding
Laboratories, Kingston, NY.

3. Exposure Chambers: 4100 Liter stainless steel chamber
(S*' cube; with pyramidal top inlet, exhaust duct at the bottom).
Airstream at approximately 800 L/min. (12 air changes/hr.); temp.
22 degree C. and relative humidity, S5So%.

4. Generating Syatem: Metered into the chamber air stream
from SARAN bags using a RPG pump (Fluid Metering Inc., Oyster
Bay, NY). The chamber concentrations used in this study were
based on the concentrations used in a previous two week

v 25



S AU
® ® 009470

el 3

inralation range finding study in rats and rabbits (MRID #460086-
006) carried out by Eisenbrandt et al. (1985). This study
utilized concentrations of 0, 100, 300 and 600 ppm. The 600 ppm
caused server toxicity and was therefore not used in the present
study.

5. Chamber Monitoring: SF concentrations were determined
1-2 times/hour with a Miran 1A infrared spectrophotometer
(Foxboro/Wilks, South Norwalk, CT), calibrated at least once per
month with standards made by diluting measured volumes of SF gas
with measured volume of filtered compressed air. The analytical
system was evaluated with a least one standard prior to each day
exposure. The daily time-weighted average concentration was
determined using interpolation of the signal from the Miran using
a microprocessor (Instrument Applications and Communications, Dow
Chemical Company, Midland, MI).

6. Obs tions a Clinical ses. Clinical
observatiédns were made daily. Body weights were obtained on a
weekly basis. Routine hematology, urinalyses, clinical
chemistries, gross necropsies and histopathology were performed
at the end of the study. y

7. Quality Assurance was carried out as noted in the
report. .
RESULTS:

1. Exposures Concentrations/Conditions. The rats received
64 exposures over the 90 day period with averaged analytical

concentrations as follows:

Target Nominal Analytical Concentrations
- Control 4] 0
LDG mg/L 30 29.8 (23.7-33.6)
MDG 100 100 (81-120)
HDG 300 297 (231-314)

The temperature ranged from 23 to 25 degrees C. and the
relative humidity about 45 to 50%. When not in exposure
chambers, the rats were maintained in animal rooms under
unspecified controlled conditions.

2. Toxicity: There were no mortalities during the study.
There also were no signs of toxicity except for mottling
(fluorosis) of the teeth in the MD and HD groups.

3. Body Weight - BW of the LD and MD groups were similar to

controls. The BWs of the males in the HD group decreased
significantly from day 45 to the end of the exposure; the BW of
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the females decreased significantly from day 24 to the end of the
study; resulting in decreases of 16.8 § of the controls for males
and -14.7% of the controls for the females at day 87 of the
study.

4. f:g52g_ggx:;g;;mpt_;‘i_r,m_L Food consumption was determined not
determined.

5. Hematolod¥. Blood was collected by orbital sinus
puncture from rats anesthetized with carbon dioxide immediately
prior to necropsy. The CHECKED (X) paraneters were examined.

X Hematocrit (HCT) *

x Hemoglobin (HGB) * : X Leukocyte differential count

X Leukocyte count (WBC)* X Mean corpuscular HGB (MCH)

X Erythrocyte count (RBC)* X Mean corpuscular HGB conc. (MCHC)
¥ Platelet count* X Mean corpuscular volume (MCV)

Abnotmalities were observed only in the HD group and these
were not consistent: RBC decreased significantly in the males
and slightly in the females. The platelets were elevated in the
HD males and females but achieve gtatistical significance only in
the males.

The other parameters were not affected.
6. Urinalysis - Urine vas collected (method not specified)

from rats after 11 weeks of exposure to the test material. The
CHECKED (X) parameters were examined (NR, not reported) :

NR Appearance® X Glucose*®

NR Volume* - Ketones®
X specific gravity* X Bilirubin®

X pH X Blood*

NR Sediment (microscopic)*

X Protein#* X Urobilinogen

The specific gravity of the HD males (siqniticantly) and
females (not significantly). Trace amounts of protein, blood and
bilirubin and urobilinogen were seen in several animals from each
of the test groups.

7. gliniggl_gngniggzxL Blood samples were collected at the
terminal sacrifice from severed cervical blood vessels. The
following CHECKED (X) analyses were carried out:

Electrolytes: other:

X Calcium#* X Albumin®

- Chloride* X Blood creatinine*

- Magnesium* X Blood urea nitrogen®

I X
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X Phosphoruss = Cholesterols

- Potassiume X Globulins

= Sodiume X Glucose®

ENZYMES: - Total bilirubine
Alkaline Phosphatase (AP) X Total plasma proteins
Cholinesteras2 (CHE) = Triglycerides (TG)

Creatinine phosphokinase* (CP)

Lactic acid dehydrogenase (LDH)

Serum alanine aminotransferase (also SGPT)
Serum aspartate aminotransferase (also SGOT)

xR

Alkaline phosphatase vas significantly elevated in the HD
groups of both sexes. Calcium was decreased slightly (but
significantly) in HD females (not males) but there was no
relationship to SF level. Total protein and albumin was
decressed significantly in the HD females (only) and globulins
were decreased in the HD nales (only) no consistont changes in
blood proteins othervise.

8. Ssrum fluoride was measured in blood at the termination
of the study using a fluoride specific electrode (Orion Rrsuc.rch,
Cambridge) . »

The F levels in the males vere comparable in all exposures
groups ranging from 0.7 to 1.12 ug/ml. The F levels in the
fenales were comparable for the control, LD and MD groups
(ranging from 0.6 to 0.74 ug/ml) however, the HD female group was
about twice the level (1.37 ug/ml) but did not achieve
statistical significance.

9. ophthalmological sxaminations were not performed on live
animals. The corneal integrity was measured during necropsy
using a slide and fluorescent dye technique. All eyes weare
considaered to be normal.

10. Sacrifice and Pathology - Terminal sacrifice involved
the gross and histological examination of the following organs.
-RIGESTIVE SYSTEM

CARDIVASC. /HEMAT.
Ton?un Aortaw W Braine
Salivary glands* W Heart* Periph nerve+
Esophague® Bone marrove Spinal cord
(3 lesvels)
Stomache Lywph nodes* Pituitarye
Duodenun* Spleen® Eyes(optic
nerve)
Jejunum¢ Thymus+ GLANDULAR
Ileum* UROGENITAL Adrenale®
Cacune W Kidneys* Lacrimal glands
Colone Urinary bladdere Mammary glande
Rectun®* W Testes® Parathyroidse
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W Livere ; Epididymides* Thyroidss
Gall bladdert Prostate
Pancreast® Seminal Vesicle Bone*
RESPIRATORY ovaries Skeletal musc.*
Tracheat Uterus# . All gross
Lungs* lesions &
nasses.

The above organs marked with W (brain, heart, liver, kidneys and
testes) were weighed and compared to body weight changes.

a. QOrgan weights and body ratios. All of the organs showed
changes in absolute and/or relative weights in the HD groups. As
noted above, the BW of the HD animals vas significantly decreased
compared to the control animals. -

The brain vweights of the MD and HD females were
significantly reduced. The brain body ratio was increased
significantly in the HD females. The decrease in absolute waight
and increbse in relative weight was also seen in the HD males but
did not achieve significance.

The absolute wt of the kidneys of HD males and
females were decressed (without stat. significance) but the
relative weights vere increased significantly in both HD sexes.

The liver was reduced by weight and ratio in the HD females
and in the absolute weight of the liver in the males of the MD

group. ,

Testes. The testes of the HD males showed a decreased
without achieving stat. significance but the testis/body weight
ratio vas increase significantly.

The thymus was decreased statistically in the HD
groups and wvas accompanied by decreased relative wts. which did
not achieve significance.

b. Gross pathology - There were a minimal number of gross
abnormalities noted. luangs. Almost all of the HD animals had
multifocal pleural palensss. Teeth. All of the animals from
the HD and ND groups showed mottled upper and lower incisors.

c. Only the following organs showed
abnormalities:

Brain: all animals in the HD groups showed bilateral
cerebral, focal vacuoclation.

Kidneys: Very few of the males (0-3 of 10) in all dose
groups and only 1 of 10 in the control and HD females were
noreal. Multifocal tubular mineralization was seen in a number
of females throughout all experimental groups. Nine of 10 HD
fexales had hyperplasia of the collecting ducts. All 10 HD males
had decresased protein droplets in the cortex.

""‘-{7";6‘""“ O'F Thes (/:07' @n nol be J‘f'rmn;\.c; .
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. Lung pathology was seen throughout in all dose
groups with the females being effected more than the males.
pathological changes included alveolar histiocytosis, fibrosis,
hemorrhage, and inflammation. Subpleural alveolar histiocytosis
was seen in all animals of both HD groups. +biagneosis?y

All of the SF treated animals were adversely
affected in a dose response fashion. Only 6 of the 10 male rats
in the control group were considered normal. The females were
more adversely effected than the females: 10, 8, 9, 0 for
control, LD, MD and HD respectively, compared to 6, 6, 4, and O
for the females, respectively. Chronic inflammation of the
submucosa was seen distributed in all groups. Chronic and
subchronic inflamation was seen in all experimental groups
including the LD group (except the control males), with most of
the pathology centered in the HD animals.

D. DISCUSSION:

1. Authors Comments. The authors concluded that the NOEL
for this study was 30 ppm (LD group). They assumed a number of
the changes in organ weight and clinical chemistries were due to
the decrease in body weights seen in the MD and HD groups. They
concluded that the mottled teeth was due to the increase in body
fluoride derived from the absorbed SF. They noted that the
respiratory and renal changes seen here were also seen in a
previously run 2 week inhalation study carried out by Dow
(Eisenbrandt et al , 1985).

2. Reviewers Comments. From Dow studies and others it is
clear that the target organs for SF toxicity are the naso-
pharyngeal tract; the pulmonary system; the liver and kidney and
teeth. These effects are probably due to the conversion of SF to
F in the body. Short--term exposures to SF have resulted in
neurological (shaking and convulsions) and breathing . specicd b T prebably
difficulties. Humans exposed to SF and an irritant gas (Ef?) P
experienced nausea, vomiting, reddening of the eyes, nose,
throat and lungs. (Occupational Health Guideline for SF, NIOSHs,
1978) .

Previously reported studies by Dow (October 22, 1959)
jndicated adverse effects in several species exposed to 20 ppm or
less over a one year period. The species included rats, mice and
Guinea pigs. It was clear that a significant amount of F was
found in the blood, teeth and urine; the lungs (pneumonitis),
kidneys and livers were damaged.

The present studies had intercurrent pathology of the nasal,
pulmonary and renal systems which were seen in all test groups
makes it difficult to conclude that the LD group (30 ppm)
represented the NOEL for 13 weeks of SF inhalation exposure. The

30
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lack of lung weights is important.

The studies point to the need to fine tune the current study
and probably to extend the exposure time to 6 months or more. It
should be possible to use animals which have less intercurrent
pathology in the test groups and to expand the analyses of organ
changes. Beside the lung weights, it should be desirable to
analyze for blood gas changes, pH changes.

* Recommended by Subdivision F (Oct. 1982) guidelines for
subchronic studies.

SF90INH.Rat 4-1-92
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Reviewed by: Joyceélyn E. stewarﬁ, Acting Section Head b 4/ 74{ 9y
Section II, Toxicology Branch I

Secondary reviewer: Marion Copley % QZ 65\ %%{%L

DATA EVALUATION REPORT ADDENDUM
STUDY TYPE: 90 day rabbit inhalation study (33."/')

MRID NO: 4080909-01 TOX CHEM NO 816A
SYNONYM: Vikane Gas Fumigant

SPONSOR: Dow Chemical Company

TESTING FACILITY: Dow Chemical Company

%IHQX_EQ; K~016399-023R

REPORT TITLE: Sulfuryl Fluoride (Vikane Gas Fumigant): 13 week
Inhalation Toxicity Study with Rabbits.

AUTHOR(S): K.D. Nitschke, D.A. Dittenber, and D.L. Eisenbrandt

REPORT ISSUED: November 16, 1987.

CONCLUSIONS: The data submitted support a NOEL of 30 ppm and a LEL
of 100 ppm in male and female New Zealand White rabbits when the
animals were administered inhalation doses of 0, 30, 100 and 300
ppm of sulfuryl fluoride for 6 hours/day, five days/week for 13
weeks based on decreased body weights, decreased liver weight and
mottling of the teeth in both sexes and microscopic vacuolation of
the white matter of the brain in females. In addition, at the high
dose level there were significant body weight decrements, alveolar
histiocytosis, histologic changes in the nasal epithelium and
microscopic malacia to vacuolation of the internal and external
capsules, putamen and globus pallidus of the brain in both sexes.
Serum fluoride was significantly increased at all dose levels.

COMMENTS

Liver weight was decreased at the mid and high dose levels. In
males, absolute but not relative liver weight was significantly
reduced. In females, both the absolute and relative liver weights
were significantly reduced in high dose animals.

Histological changes seen which were attributable to compound
administration were nasal exudate, olfactory epithelial
degeneration, and hypertrophy and hyperplasia of the nasal
turbinates in high dose male and female rabbits, and in one mid
dose male. Additionally, brain lesions, including vacuolation of
the white matter (3/7 M, 5/7 F); malacia of the internal and
external capsules, putamen and globus pallidus (3/7M, S/7F);
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gliosis of—the=Cérébrum (2/7F) were reported in high dose rabbits.
one out of seven mid dose females also had vacuolation of the
cerebral white matter.

Histopathological changes seen in all treatment groups, including
the controls, were histiocytosis in the lungs, and mineralization
of the kidneys. None of these changes were consistent enough to be
attributable to administration of the chemical.
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DATA EVALUATION REPORI

Mackd addendum -
STUDY TYPE: 90 Day rabbit inhalation toxicity study. "*“‘ﬁcc“**“l)

TOX. CHEM. No.: 816A
MRID No.:408909-01
TEST MATERIAL: Sulfuryl Fluoride
SYNONYMS: Vikane Gas Fumigant (Dow Chemical Company)
STRUCT :  SO2F2
SPONSOR:D?w Chemical Company

TESTING FACILITY: Dow Chemical Company
STUDY NO.: K-016399-025B

REPORT TITLE: Sulfuryl Fluoride (Vikane* Gas Fumigant)ﬁ 13~-week
Inhalation Toxicity Study with Rabbits.

AUTHOR(S): K. D. Nitschke, M.A. Zimmer and D. L. Eisenbrandt.

REPORT ISSUED: November 16, 1987.

CONCLUSIONS: Groups of rabbits (7 per sex) were exposed to SF
vapor concentrations of 0, 29.8, 100 or 337 ppm, 6 hr/day, S5 days
per wk for 13 weeks. Initially the HD groups were exposed to 600
ppm for 9 exposure periods. When one male and one female
developed convulsions and a second female developed hind leg
paralysis, the concentrations were reduced to 300 ppm for the
remaining 11 weeks.

The HD female with the paralysis from the 600 ppm exposures
had to be euthanized. No other animals died due to exposures.
The only other toxic signs that were due to SF exposures were the
mottling of the teeth seen in the MD and HD groups.

The authors concluded that the LD (30 ppm) was the NOEL and
the MD group (100 ppm) represented the LEL. However, the serunm
fluoride was substantially elevated in all the treatment animals.
The HD and MD exposure animals experienced significant body
welght reductions, liver weight reductions, microscopic vacuoles
in caudate-putamen nuclei; respiratory 1rr1tat10n, inflammation
of nasal tissues and hyperplastic changes in the renal collecting
ducts.
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CORE GRADE: : Core minimum:

1. Previous Lower NOELs? Previous Dow studies have shown
adverse effects in the rat, guinea pig, and mice exposed to 20
ppm or less for approximately one year (reported by Dow on
October 22, 1959). The target organs involved included the lung
(pneumonitis); teeth (fluorosis); elevated blnod F and increased
F excretion in the urine; brain, liver and kidney damage. The
present study had a number of deficiencies which may have
obscured adverse effects of SF in the LD group:.

, a) Pulmonary System. The lung weights were not
obtained. A number of pathological conditions were found in all
test groups, including the LD groups.

b) Renal System, Urinalyses was not performed on
these animals. One to two females of all of the each of the test
grcoup had.renal lesions.

c). Possible Fluorosis, All exposure groups showed an
increase in serum F even though mottled teeth were noted only in
the MD and HD groups. In previous studies elevated blood F was
associated with increased urinary F and increased F deposition in
various tissues. .

d). Food Consumption., Since there were significant
decreases in BW in the MD and HD groups, it might be informative
to determine if the animals were ingesting less food or the
decrease was due to general toxicity.

e). Clinical chemistry. There was a wide random
variability in the clinical chemistry results which point to the
need to increase the number of animals or the number of samples
taken.

2. Choice of Rabbjts? It is not clear why the rabbit was
chosen for this study.

3. Expansion Study. Since previous older studies have
shown significant effects at or below 20 ppm in several species,
it would seem important to extend the duration of the subchronic
study (using rats) and to expand the study to include better
analyses of the effects on the target organs.

STUDRY DESIGN:

Groups of 7 rabbits/sex were exposed to target
concentrations of 0, 30, 100 and 300 ppm sulfury Fluoride (SF)
for 6 hours/day, 5 days/week for 13 weeks. The animals vere
observed daily and body weights were recorded at weekly
intervals. Routine hematology, clinical chemistry, urinalysis,
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necropsy and histology was performed at the end of the study.
Materials and Methods section from the report is attached as
Appendix A.

1. Igg;_ggmpggng: vikane gas fumigant. Description:
colorless, odorless gas. Batch #TWP-83019-408. purity 99.8%.

2. rggg_gnimglgz Male and female white rabbits. Strain:
New Zealand. Age: 5 months. Weight: 3000 gm. Source: Hazleton
putchland, Denver, PA. ‘

3. Expggg;g_ghgghg;g; 4100 Liter stainless steel chamber
(5' cube; with pyramidal top inlet, exhaust duct at the bottom).
Airstreanm at approximately 800 L/min. (12 air changes/hr.); temp.
22 degree' C. and relative humidity, 50%-

4. ggng;g;ing_&xg;ggi SF vapor was metered into the
chamber air stream from SARAN bags using a RPG pump (Fluid
Metering Inc., Oyster Bay, NY). The chamber concentrations used
in this study were pased on the concentrations used in a previous
two week inhalation range finding study in rats and rabbits (MRID
#460086-006) carried out by Eisenbrandt et al. (1985) . These
studies used concentrations of 0, 100, 300 and 600 ppm. The 600
ppm level caused convulsions in one rabbit and focal necrosis of
the brain.

5. gngmng_ugnigg;igg; SF concentrations were determined
1-2 times/hour with a Miran 1A infrared spectrophotometer
(Foxboro/Wilks, South Norwalk, CcT), calibrated at least once per
month with standards made by diluting measured volumes of SF gas
with measured volume of filtered compressed air. The analytical
system was evaluated with a least one standard prior to each day
exposure. The daily time-weighted average concentration was
determined using interpolation of the signal from the Miran using
a microprocessor (Instrument Applications and Communications, Dow
Chemical Company, Midland, MI).

6. Wmﬂmmmm Clinical
observations were made daily. Body weights were obtained on a
weekly basis. Routine hematology, urinalyses, clinical
chemistries, gross necropsies and histopathology were performed
at the end of the study.

7. Quality Assurance was carried out as noted in the
report.

RESULTS:
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1. Exposures Concentrations/Conditiong. The rabbits
received 66 exposures over the 90 day period.

Target Nominal Analytical Concentrations
Mean (Range)
- Control 0 o
LDG mg/L 30 29.8 (23.7-33.6)
MDG 100 100 (81-120)
HDG 300 297 (231-616)*

* The initial concentration of 600 ppm was reduced to 300 ppm
after 9 exposures because of severe toxicity in a number of
animals.

The temperature ranged from 23 to 25 degrees C. and the
relative humidity about 45 to 50%.

2. Toxicity: One male and one female rabbit had
convulsions following the ninth exposure to 600 ppm. A third
animal (a female) developed hind leg paralysis after the 8th 600
ppm exposure, suffered a broken back and was euthanized because
of her inability to get to food. There were no other signs of
toxicity except for tooth mottling (fluorosis) seen the MD and HD
exposure groups.

3. Body Weight. The BWs of the HD and MD groups were
depressed from week 11 to the end of the study, however, only the
depression in the HD males achieved statistical significance.

(It is likely that an application of ANOVA, instead of Dunnet's
test would show these weight reduction to all be significant).
The LD group was similar to controls.

4. Food consumption. Food consumption was estimated to be
reduced by observation only.

5. Hematology. Blood was collected by venipuncture from an
ear vein immediately prior to necropsy. The CHECKED (X)
parameters were examined.

X Hematocrit (HCT)*

X Hemoglobin (HGB)* X Leukocyte differential count

X Leukocyte count (WBC)* X Mean corpuscular HGB (MCH)

X Erythrocyte count (RBC)* X Mean corpuscular HGB conc. (MCHC)
X Platelet count* X Mean corpuscular volume (MCV)

The only statistically significant alteration was an
increase in WBCs in HD males. There was a decrease in platelets
in HD males and females but they were not statistically
significant. None of these changes were attributable to the
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exposures to SF. :

6. Urinalysis - No urinalyses were carried out in this
study.

7. Clinical Chemistry. Blood samples were collected at the
terminal sacrifice from severed cervical blood vessels. The
following CHECKED (X) analyses were carried out:

Electrolytes: Other:

X Calcium¥* X Albuminw

- Chloride* X Blood creatinine*

- Magnesium* X Blood urea nitrogen*
X Phosphorus#* - Cholesterol#

- Potassium#* X Globulins

- Sodium* X Glucose*

ENZYMES: ° - Total bilirubin*

X Alkaline Phosphatase (AP)

- Cholinesterase (CHE)

- Creatinine phosphokinase* (CP)
X

>

Total plasma protein*
Triglycerides (TG)

Lactic acid dehydrogenase (LDH)
Serum alanine aminotransferase (also SGPT)
Serum aspartate aminotransferase (also SGOT)

There were no alterations in clinical chemistry which were
attributable to SF exposures. There wide variability in the
results through out the test groups: for alkaline phosphatase,
the standard deviations ranged from 20 to 165 hu/ml and for
glucose SD from 12 to 87 mg/dl.

8. Serum Fluoride as also measured with the above clinical
chemistry using a fluoride specific electrode (Orion Research,
Cambridge).

The fluoride level increased consistently with increased
exposures in all exposure groups.

9. Ophthalmological examinatjons were not performed on live
animals. The corneal surfaces were examined post mortem using
the slide and fluorescent staining techniques. The eyes were
normal except in the case of one HD F who had unilateral opacity
of the lens.

10. Sacrifice and Pathology - Terminal sacrifice involved
the gross and histological examination of the following organs.

~DIGESTIVE SYSTEM CARDIVASC. /HEMAT. -NEUROLOGIC
Tongue Aorta* W Brains
Salivary glands#* W Heart¥ Periph nerve#*
Esophagus* Bone marrow* Spinal cord

45
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: (3 levels)
Stomach#* Lymph nodes* Pituitary»*
Duodenum* ; Spleen* ‘ Eyes (optic
nerve)
Jejunum#* Thymus*
— TIleunm* UROGENITAL Adrenal#*
Cecum* . W Kidneys* Lacrimal gland#*
Coclon* Urinary bladder#* Mammary gland#*
Rectum#* W Testes* Parathyroids*
W Liver¥* Epididymides* Thyroids* .
Gall bladder* Prostate OTHER
Pancreas¥ Seminal Vesicle Bone* ‘
Ovaries Skeletal musc.*
Trachea* Uterus#* All gross
Lungs#* lesions &
masses.

The above organs marked with W (brain, heart, liver, kidneys and
testes) wbre weighed and compared to body weight changes.

a. Organ weights Of the liver of the MD and HD animals showed
both absolute and relative reductions in weight. Statistical
significance for the liver changes was seen only in the HD males
and MD females. The rest of the organ weights were randomly
distributed among the experimental groups.

b. Gross patholodgy - There were a minimal number of gross
abnormalities noted. None were related to the SF exposures
except for the fractured vertebrae of the HD female which was
paralyzed during the initial 600 ppm exposures.

c. Microscopic pathology

: A series of lesions were seen in the HD males and
females such that only 1 male and 1 female was considered to have
a normal brain. The brain lesions included gliosis, endothelial
hypertrophy, cerebral malacia and vacuolation. Except for on MD
female, the other LD and MD animals had normal brains.

Kidneys: Multifocal tubular mineralization was seen in 1 to
2 females throughout all experimental groups. Only two males in
the MD group had this lesion. None of the lesions were relatable
to the SF exposures.

Lungs: The majority of animals in all dose groups had
abnormal lungs which included alveolar histiocytosis, fibrosis,
hemorrhage, and inflammation. There were no dose related
incidence to these lesions.

In all of the experimental groups, only 0 teo
2 of the 7 animals were considered normal. Chronic inflammation
of the submucosa was seen distributed in all groups. Exudate,.--
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hyperplasia and hypertrophy was seen primarily in the males and
females of the high dose groups.

only the testes of the control and HD groups were
examined. One of the HD animals had very severe atrophy of the
seminiferous epithelium, unilaterally.

: Very slight chronic inflammation of the submucosa
of one male of the MD group and one female of MD group.

control and HD Tissues. The following organs were
histologically examined for the control and HD animals: adrenal,
aorta, appendix, none, bone marrow, cecum, epididymides,
esophagus, eyes, gall bladder, heart, large intestine, larynx,
mammary glands, lymph nodes, ovaries, oviducts, pancreas,
parathyroids, peripheral nerves, pituitaries, prostate, sacculus
rotundas, salivary glands, skeletal muscle, skin and subcutis,
spinal cord, spleen, stomach, testes, thymus, thyroid, tongue,
urinary bladder, uterus and vagina.

None of these organs indicated SF exposure'relatable
diseases. )

DISCUSSION.
1. Author's Comments: The authors concluded that the NOEL

for this study was 30 ppm (29.8 ppm) and the LEL was 100 ppn.

The convulsions in the rabbits was in response to the 9 exposures
at 600 ppm. The body weight decreases seen in the 100 and 300
ppm groups was dose related. Brain lesion were dose related and
were consistent with a previous 2 week exposure study reported by
Dow (Eisenbrandt et al., 1985).

The inflammation of the nasal tissues and the purulent
exudate in the nasal passages and respiratory hypertrophy and
hyperplasia was a response to the SF exposures. The WBC
elevations were in response to these reactions.

Revievers Comments. The reviewer agrees with much of
investigator's comments, except for the conclusion that the NOEL=
30 ppm. From previous Dow studies (1959) and others, it is clear
that the target organs for SF toxicity are the nasal pharyngeal
tract; the pulmonary system; the brain, liver, kidney , bone and
teeth. These effects are probably due to the conversion of SF to
F in the body. Short--term exposures to SF have resulted in
neurological (shaking and convulsions) and breathing
difficulties. Humans exposed to SF and an irritant gas (CP)
experienced nausea, vomiting, reddening of the eyes, nose,
throat and lungs. (Occupational Health Guideline for SF, NIOSHSs,
1978). .
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Previously reported studies by Dow (October 22, 1959)
indicated adverse effects in several species exposed to 20 ppm or
less over a one year period. The species included rats, mice and
Guinea pigs. It was clear that a significant amount of F was
found in the blood, teeth and urine; the lungs (pneumonitis),

kideys and livers were damaged.

The present studies had intercurrent pathology of the nasal,
pulmonary and renal systems which were seen in all test groups.
These effects are frequently seen in these animals apparently due
to the effects of cage bedding (consultation with pathologist,
Lucas H. Brennecke, DVM, 3/18/93). The occurrence of these
lesion in the control animals make it difficult to show clearly
that the LD group (30 ppm) represented the NOEL for 13 weeks of
SF inhalation exposure. The lack of lung weights is important.

The studies point to the need to fine tune the current study
and probably to extend the exposure time to 6 months or more. It
should be possible to use animals which have less intercurrent
pathology in the test groups and to expand the analyses of organ
changes. Beside the lung weights, it should be desirable carry
out lung function studies and to analyze for blood gas changes,

pH changes.

* Recommended by Subdivision F (Oct. 1982) guidelines for
subchronic studies.

SF90DINH.RBT 3%79f92 SBG
Kl
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' DATA EVALUATION REPORT

STUDY TYPE: 90-Day Neurotoxicity Study in Rats Dosed by Inhalation
MRID NO: 408399-02
TOX, CHEM, NO.: 816A

TE : Sulfuryl fluoride (99.8 % pure; colorless, odorless gas; lot no.
TWP 830919-408)

SYNONYMS:« Vikane® Gas Fumigant
STUDY NUMBER(S): K-016399-026
SUBMITTED BY: Dow Chemical Company

TESTING FACILITY: Mammalian and Environmental Toxicology Research Laboratory,
Dow Chemical Company

. Neurological Examination of Fischer 344 Rats Exposed to Sulfuryl
Fluoride (Vikane® Gas Fumigant) for 13 Weeks

AUTHOR(S): J.L. Mattsson, R.R. Albee, D.L. Eisenbrandt, and K.D. Nitschke
REPORT ISSUED: November 21, 1986

CONCLUSIONS: Sulfuryl fluoride gas was administered by inhalation to rats at
concentrations of 0, 30, 100, and 300 ppm for 6 hours/day, 5 days/week for 13 weeks. At
the conclusion of dosing, each rat was subjected to a functional observational battery (FOB)
and electrophysiological testing including a visual evoked response (VER), cortical flicker
fusion (CFF), auditory brain stem response (ABR), somatosensory response (SER and
CER), and caudal nerve evoked action potential (CNAP).

The NOEL for both systemic and neurotoxic effects was 30 ppm. The LOEL was 100 ppm
for both systemic effects (fluorosis of teeth, pale foci in rleura) and neurotoxic effects
(slowing of VER and SER waveforms in females, and ABR waveform in males). The high-
dose produced in both sexes a significant decrease in terminal body weight, fluorosis of the -
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teeth, pale foci-in the pleura, poor grooming, excessive salivation, and a slowing of all
waveforms except the CNAP. There was also a decrease in the power of the ABR, and
vacuolation of the caudate putamen white matter. These electrophysiological and
neuropathological findings suggest that sulfuryl fluoride may have a generalized white matter
degenerative effect on the brain. The decreases in ABR (III-V) power suggests that the
upper brain stem may be affected more than the other structures.

STUDY CLASSIFICATION: This study is Core Supplementary, and thus does not satisfy
data requirement 82-5 for a 90-Day Neurotoxicity Study (new neurotoxicity guidelines, EPA
540/09-91-123; PB 91-154617, March 1991). This study received Quality Assurance review.

Each dose group consisted of 7 rats/sex instead of 10 rats/sex. Only 2 rats /sex/group were
used in the recovery period, which is too few for meaningful evaluation. Daily observations
of clinical signs (including prior to surgery), weekly observations of forced motor activity,
and functional observation batteries (required prior to dosing, and at weeks 4, 8, and 13)
were absent from this study. The lack of this information made it difficult to find a
correlation with the neurologic findings. Because brain lesions were found in the high-dose
group, sequential histopathologic evaluations should have been conducted in the mid and
low-dose groups as needed. Positive control and historical data should have been provided
to demonstrate the sensitivity of the electrophysiological tests.

3636 3% 36 35 36 3¢ 36 36 36 3¢ 3L 3L 3L 36 3¢ 3£ 3¢ 3L IEJLJLTLJCIEJL3L3E 343

PROTOCOL: Groups of 7 male and 7 female Fischer 344 rats were individually housed in
stainless steel cages with food and water available ad libitum. At study commencement, they
were 7 weeks old. The rats were dynamically exposed in 4.1 m’ stainless steel and glass
chambers to sulfuryl fluoride nominal concentrations of approximately 0, 30, 100, or 300
ppm. Chamber concentrations were measured one or two times hourly with a Miran 1A
infrared spectrophotometer.

Surgery:

Two months into the study, each rat was withheld from exposure for a day to permit surgical
implantation of epidural electrodes. Each rat was anaesthetized (zylazine and ketamine
1.M.), the cranial fur was clipped, and the head fixed in a stereotaxic apparatus. Epidural
electrodes (# 0-80, stainless steel set screws, 7 mm in length) were inserted into the skull.
The electrodes were held in place with dental acrylic, with a 3 mm length exposed above
the acrylic for connection to recording equipment. The somatosensory electrode was located
1.5 mm posterior and 3 mm lateral left of the bregma (coronal and sagittal suture
intersection). The visual cortex electrode was 6.8 mm posterior and 3 mm lateral right of
the bregma. The cerebellar electrode was 12 mm posterior and 0 mm lateral of the bregma.
The reference electrode was 7 mm anterior and 1 mm lateral left of the bregma. All the
implantations were completed within 5 days.
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Body weights were measured weekly. The rats were observed for clincal signs only at the
end of the dosing period.

Eight rats, 2 males and 2 females from the control and 300 ppm groups, constituted a
recovery group. They were sacrificed two months after exposures ceased. All other rats
were sacrificed immediately after the exposure period. Every rat was necropsied. Anin situ
examination of the eyes was performed using a glass slide technique with fluorescent
illumination. The following tissues were preserved:

HISTOPATHOLOGY
Liver Lacrimal glands Sebaceous gland
Pancreas Harderian glands Spleen
Sciatic rerve Oral tissues Pituitary
Tibial nerve Heart Bone marrow
Caudal'nerve Brain Stomach
Optic nerve Spinal cord Large intestine
Adrenals Kidneys . - Testes
Small intestine Cecum Coagulating glands
Mesenteric lymph node ~ Mesenteric tissues Ovaries
Epididymides ' Seminal vesicles Vagina
Prostate Uterus ~ Skeletal muscle
Oviducts Cervix Mediastinal tissues
Urinary bladder Lungs (infused) Esophagus
Salivary glands Thymus ' Trachea
Mediastinal lymph node  Aorta Mammary gland
Thyroid Parathvroid Nasal tissues
Larynx Skin Bone
Eyes Tongue

Of these tissues, only the liver, kidneys, testes, ovaries, lungs, eyes, oral tissues, external skin,
colon, and lymph nodes were evaluated histopathologically for all rats. Representative
sections of middle ear tissues were prepared (6 males and 1 female from the control group,
and seven 100 ppm males). Additional sections were prepared for 3 control males from a
previous study - a standard 13-week study (Study No. K-016399-025). These animals did not
have surgical implants. Cerebrum sections were prepared from a control male and a 300
ppm male that died during implant surgery.

The brains were histopathologically evaluated by Dr. Louis W. Chang of the University of
Arkansas (3, 6, 7, and 4 males, and 5, 7,7, and 5 females in the control, low-dose, mid-dose,
and high-dose groups, respectively). The right hemisphere was bisected longitudinally, and
the left hemisphere was cut into 5 equal cross-sections yielding 7 tissue specimens per brain.
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Ten pm sections.were stained with hematoxylin and eosin. Sections from the control and
high-dose groups were also prepared with three special stains, including gallocyanine for
detection of any changes:in the neuronal Nissl substance, Luxol fast blue for detection of
any changes in the myelin sheaths, and Bodian for detection of any axonal changes. Holzer
stain was uséd on sections from the long-term recovery animals to detect any scarring in
damaged brain areas.

Functional Observational Battery (FOB):

An FOB was administered to the rats once, 12 hours after the final exposure. The rats were
evaluated for evasive behavior (reactivity to removal and handling), hair condition,
salivation, lacrimation, urine and fecal staining, muscle tone, presence of tremors, open field
locomotion (gait, pattern, and intensity), and responses to sensory stimuli (touch, tail pinch,
and sharp noise). The evaluations were conducted in a blind fashion.

Electrophysiological T
The followingselectrophysiological tests were conducted after the 13-week dosing period:

Visual evoked response (VER) - Low intensity strobe flashes (0.300+/-0.003 cd-s/m?)
provided the stimuli for the VER at a rate of 0.9 flashes/sec.

Cortical flicker fusion (CFF) - The maximum rate of flashes that will produce a
synchronized cortical response (CFF) was determined by increasing or decreasing the
nominal flash rate of 48 Hz in 2 Hz steps. o

Auditory brain stem responses (ABRs) - For testing of cochlear function, the tone pips were
4 kHz (low frequency) and 16 kHz (high frequency). The pips (1.2 msec. rise/fall,
no plateau, 2.4 msec. total duration) were delivered at a rate of 19.1 pips/sec
(recording at 60 and 80 dB SPL). For testing of postcochlear auditory pathway,
clicks were delivered at the same rate.

Somatosensory evoked response (SER) - Stimuli for the SER were electrical pulses (3 mA,
50 usec., 1.1 pulses/sec) which were delivered to the ventrolateral caudal nerves at
the base of the tail via a small needle electrode.

Cerebellar evoked response (CER) - Response to stimulation of the ventrolateral caudal
nerves was also recorded with the cerebellar electrode.

Caudal nerve evoked action potential (CNAP) - Stimuli for the CNAP were electrical
pulses (3 mA, 20 usec., 10.1 pulses/sec) which were delivered consecutively as a
single and a pair of pulses (2 msec interval) via a small needle electrode inserted into
the tip of the tail.
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The rats were.restrained, but were fully conscious during the 35-minute battery of tests.
Their rectal temperatures were recorded prior to each test. The electrophysiological system
used to record and analyze the data was a Nicolet Path finder II (Nicolet Biomedical
Instruments, Madison, Wi).

Statistical Analyses:
The following were stated regarding the statistical analyses of the data :

nElectrophysiology data (optimal correlation, latency, and power) were
analyzed by a factorial multivariate analysis of variance (MANOVA), using
the REG procedure of SAS (SAS Institute inc., Carey, NC). The factor was
sex. The main effect (treatment), sex, and the sex by treatment interaction
were assessed by an F-test based on the Hotelling-Lawley trace statistics
(alpha = 0.05). If no meaningful interaction patterns were found, multivariate
contrasts of each treatment level versus control (using the overall pooled
variance) were further examined. The statistical procedure also provided
analogeus univariate analyses for the 3 dependent variables of the MANOVA:
optimal correlation, latency, and power. Single variables measures (body
weight, CNAP latency, grip strength, temperature) were similarly tested with
the factorial univariate analysis of variance (ANOVA). Analysis of covariance
(ANCOVA), with temperature as the covariate, were also used when
temperatures were significantly elevated. ’

Because numerous measurements were statistically compared in the same
animals, the overall false positive rate (type I error) was greater than the cited
alpha would suggest. For this reason, a firm statement of statistical
probability cannot be made. To assist in data analysis, however, an alpha =
0.05 was regarded as statistically suggestive and an alpha = 0.01 was regarded
as statistically significant®.

RESULTS: The rats received 71 exposures to the test article over 90-days. Although
chamber concentrations varied as much as + 23%, the overall mean concentrations were
very close to the nominal concentrations:

Nominal Concentration Analytical Concentration

mg/1/day mg/1/day
0 0
30 29.8 (23.7-33.6)
100 100 (81-120)
300 297 (231-314)
5
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Four male rats-died during the study - three due to anesthetic complications, and one
(control) due to a cage transfer accident. These rats were necropsied, but their eyes were
not examined. :

None of the rats were observed for clinical signs at any point in the study, including prior
to surgery. At the end of the dosing period, all rats appeared to be in good health, although
some of the high-dose rats had unkempt fur and excessive lacrimation. High-dose body
weights were significantly reduced compared to controls (¢ -15%; ? -22%). Body weights
in the low and mid-dose groups were not significantly different from control values.

All rats in the mid and high-dose groups had tooth mottling, presumably due to fluorosis.
Pale foci were seen on the pleura of all high-dose rats and one male and one female in the
mid-dose group. All of the high-dose rats in the recovery group had pale foci on their
pleura.

There was no mention of histopathologic lesions in any nervous tissues other than the brain.
The only lesion found in the brain was vacuoles in the white fiber tracts of the caudate-
putamen in al the high-dose rats (no other dosed groups were evaluated). There was no
evidence of necrosis or neuronal destruction. The vacuolation was absent in the high-dose
recovery group which suggests that the lesion was reversible.

Functional rvation F

Most of the abnormal changes were observed in the high-dose group; 3 out of 6 males and
4 out of 7 females had unkempt hair coat and 3 rats of each sex had excessive lacrimation.
One mid-dose male had decreased response to noise, but this was considered coincidental
because of a lack of dose-effect relationship. All other FOB parameters examined were
comparable between groups (See table 1 below).

.'"Hr!
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Observational Battery Summary
Observation Exposure Concentration (ppm)
0 30 100 300
MALES
Evasion 5 6 7 6
Muscle tone 5 6 7 6
Tremor 5 6 7 6
Coat 5 6 7 33)
Salivation 5 6 7 6
Lacrimation 5 6 4(3) 3(3)
Urine staining 5 6 7 6
Fecal staining 5 6 7 ]
Locomotion ' 5 6 7 6
Touch response 5 6 7 6
Noise response 5 6 6 6
Pinch response 5 6 7 6
FEMALES

Evasion 7 7 7 7
Muscle tone 7 7 7 7
Tremor 7 7 7 7
Coat 7 7 7 34)
Salivation 7 7 7 7
Lacrimation 7 6(1) 7 4(3)
Urine staining 7 7 7 5(2)
Fecal staining 7 7 7 7
Locomotion 7 7 7 7
Touch response 7 7 7 7
Noise response 7 7 7 7
Pinch response 7 7 7 7

Data excerpted from tables 5a and 5b of study.
Numbers represent the number of rats with normal responses.
() = number of animals with unkempt fur coat, excessive lacrimation, or urine staining.

o
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Most of the abnormal changes were observed in the high-dose group, including a statistically
significant lengthening of the latencies (i.e. slowing) of the VER, ABR (peaks III-V), CER
(4-25 msec and 25-70 msec), and SER (20-90 msec) waveforms, and a decrease in the CFF
in both sexes. The VER and SER waveforms were also statistically significantly slowed in
females of the mid-dose group, and the ABR waveform was slowed in the mid-dose males.
In addition, the ABR (III-V) power was slightly, but statistically significantly, reduced in the
high-dose male and female groups (see attached figures 1-4 of study and table 2 below).

All other electrophysiological parameters examined were comparable between groups.
Rectal temperatures in the high-dose group were stated to be slightly lower than that of the
control group during the VER, CFF, and ABR tests, but were back to control levels at the
end of the 35 minute testing period. The authors stated that statistical differences in latency
were still present after statistical analyses using body temperature as a covariate. The 4
recovery rats had control-like ABRs (see attached figure S of study).

. Table 2
Electrophysiological Changes

VER CFF ABR (III-V)' CER (Lat.) SER
Ppm Sex Lat. Hz Lat. Power 4-25 25-70 Lat.

0 o % 000 4747 000 115 025 051 017
SD 608 214 009 017 08 279 318
N 7 1 1 7 7 7 7

0 d x -018 4526 002 120 -007 -054 -036
sD 201 310 010 039 0.23 3.14 0.96

N 5 5 5 5 5 5 5
100 @9 x 119 4.44
sD 8.99 ' 3.32

N 7 7

300 © £ 109 4267 016 090 1.27 4.05 5.19
sOD 7.19 163 013 019 0.80 1.94 3.08
N 6 6 7 7 7 7 7

300 o X 591 4267 018 088 0.89 275 3.90
SO 708 163 011 026 0.48 141 2.61
N 6 6 6 6 6 6 6
Data “excerpted from table 4 of study. All values from treated groups are statistically
significantly different from control group at p< 0.01.
Lat.= latency measured in msec.
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uthor's Discussion:

»The findings of the current study were milder but consistent with rabbit data in a 2-week
probe study (Eisenbrandt et al,, 1985). These rabbits had vacuolation and malacia in the
basal ganglia, which was moderate at 300 ppm and severe at 600 ppm. Rats in the probe
study, however, did not have brain lesions.

All of the evoked responses in rats exposed to 300 ppm for 13 weeks were affected, which
suggested a widespread CNS effect. Vacuoles were limited to an area within the caudate
putamen. Therefore mechanisms other than vacuolation were considered responsible for
much of the electrophysiologic slowing. Differences in body temperature were excluded as
a cause by analysis of covariance. Statistical differences in latency were still present after
analyses using body temperature as a covariate. In addition, there were no significant
differences in temperature when ABR 's were recorded.

Minimal changes in evoked responses occurred at 100 ppm, and no treatment-related
changes were seen at 30 ppm. The recovery of ABR and brain histopathology of 300 ppm
rats indicated ¢hat the treatment effects were, to at least a great extent, reversible®.

B.W'D. ion:

The reviewer agrees with the authors that sulfuryl fluoride may have a widespread CNS
effect. The slowing of most of the evoked responses (VER, SER, CER, and ABR III-V)
suggests a deleterious effect on the brain white matte. (myelinated fibers) at the visual,
auditory, somatosensory, and cerebellar cortices. Additionally, since the power of the ABR
(I1I-V) waveform was also affected, and since ABR (III-V) are considered related to the
upper brain stem, it would appear that this site was more affected than the other areas
where the evoked responses were recorded. A decrease in power may be associated with
damage to nerve cells or nerve connections.

The caudate putamen is concerned with unconscious movements of the skeletal muscles.
It is curious that vacuolation in the white matter of the caudate putamen in the high-dose
group was not accompanied by any increase in tremor incidence. This suggests that either
the lesion was of insufficient severity to be expressed as tremors, or there was sufficient
neuronal reduncancy to preclude tremor expression. Because brain lesions were found in
the high-dose group, sequential histopathologic evaluations should have been conducted in
the mid and low-dose groups as needed.

Considering that the electrophysiological battery for each rat took 35 minutes to complete,
the testing must have been performed over the space of several days; the report failed to
mention the duration of the testing. This delay could have allowed time for reversal of the
brain lesions.
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The recovery éroups-éoﬁtiined too few ammals for meaningful interpretation. Considering
that the only electrophysiological test performed on these rats was the ABR, it is
inappropriate to claim that there was a complete recovery in these animals.

10
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