Dow AgroSciences April 2004 Sulfuryl fluoride Doc II1-A6
RMS: Sweden April 2006

Conc. Ibs/100 | Exposure Sex | No. Died/ No. Response - Remarks
(ppm) 0 i Duration (hours) Exposued
8000 2.1 0.3 M 18/18 Tremors started after about 8
minutes of exposure. Rats were still
able to crawl around after 15
minutes of exposure. All became
F 10/10 convulsant and died in less than 2.5
hours.
8000 2.1 0.2 M 1/18 Slight weight loss. Rapid recovery.
F 1/10
4000 1.05 1.0 M 19/20 All animals were weak on removal
- 10710 but appeared to be conscious. Half
were dead in less than 2 hours.
Three rats died before moming,
One rat died 4 days after exposure.
4000 1.05 0.5 M 5/20 Essentially no weight loss.
F 7/10
2000 0.52 2.0 M 12/18 All alive but drowsy on removal.
Two hours after exposure, rats were
F 10/10 . :
very sick, slow moving and had
slight tremors. One rat died 2 hours
after exposure. Recovered
appreciably in 2 days.
2000 0.52 1.0 M 1/18 Rats were only slightly effected,
T /10 including only a slight weight loss.
1000 0.26 6.0 M 4/8 No unusual response 1.5 hours after
56 M 510 exposure started. After 4 hours of
exposure, tremors and slight
56 F 2/10 convulsions occurred. The tremors
and convulsions increased in
4.0 M 4/10 frequency and intensity during the
40 F 2110 remainder of the exposure. The first
death occurred after 5 hours of
exposure. Four rats were dead at the
end of the exposure. Survivors were
sick and trembling but lost only a
small amount of weight.
1000 0.26 3.0 M 0/8 Possibly slight tremors after
20 M 010 exposure. Only slight weight loss
occurred.
2.0 F 1/10
Conclusions: The 4-hour L.Cs, for rats was ca. 1000 ppm (4.7 mg/L). Based on this result,

sulfuryl fluoride is classified as Xn; R20 “Harmful by inhalation”
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Survival, mean body weight and clinical signs of the mice exposed to SO,F, 1s
summarized below.
SO,F; (ppm)
596 692 806
Survival Mean body | Survival | Mean body | Survival Mean
(No. alive | Weight(g) (No.alive | weight(g) {No. alive body
ftotal No) ftotalNo) ftotal Noy | weight
®
During SI5( S50 2/5 (&
SXPOSUIE | 5/5 (%) 5/5(2) 3/5(9)
2 mice: body tremor 1 mouse: body tremor
5 mice: lethargy
1* | 5/5( 33.4(5H 45 344 (&) 2/5 () 34.0 ()
55 (D) 253 (%) A5() 28.0 (¥) 2/5(P) 26.4 (%)
2 mice: body tremor
All mice
2 | cuvived | 3230 /5@ | 3210 25 (&) 30.1 ()
totheend | 25.4 (%) 45(D) 245(9) 2/5(9) 253(9)
of the test
1 mouse: body tremor
3 No record 1/5 (& Norecord | 1/5(3) No
4
3/5() 2/5(Q) record
4 33.2( 5@ | 305 29.7 (&)
25.7(Q) 35(9) | 2099 Same 26.2(9)
number of
5 No record 1/5 (& No record mice No
1/5 () swrvived to | record
the end of
6 No record 1/5 (& No record the test No
= record
g 1/5 (&)
g 7 No record 1/5 (& No record No
é 1/5(9) record
5
I8 31.9(5H 0/5 27.0(9) 31.4 (&)
£ 24.9( 1/5(%) 27.0(%)
9 No record No record No
Same record
number
10 No record SR No record No
survived record
11 256 (%) tO(tihef 279 (Q) 31.0 (&)
end o
22.8(9) o 27.6 (9)
12 No record No record No
record
13 No record No record No
record
14 No record No record No
record
15 3415 28.1 (%) 322
27.6 () 28.1(9)
*Body weight was recorded prior to the exposure to sulfiryl fluoride on day 1 (exposure day).
Conclusion The applicant’s version 1s adopted.
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Groups of rats exposed to unlabelled sulfuryl fluoride had blood, brain and kidney
tissues collected during and following the exposures and analysed for fluoride ion.
During the non-radiolabelled portion of the study, in order to obtain a volume of
plasma large enough for fluoride analysis, groups of three rats were sacrificed at -2
hour (during exposure), at 0 hour (end of exposure), and at 2, 4, 8 and 20 hour
post-exposure. Sham-cxposed control animals in groups of two were sacrificed at
-4, 0, 4 and 8 hour. Blood was obtained at sacrifice via cardiac puncture. The blood
was centrifuged to separate plasma and plasma analysed by fluoride-ion specific
probe for fluoride ion content and a fluoride ion concentration-time course was
constructed. Plasma was not pooled for fluoride analysis.

Urine voided during the study was collected in dry-ice cooled traps. The urine traps
were changed at the end of exposure (0 hour) and at 6, 12, 24, 48, 72, 96, 120, 144
and 168-hour post-exposure. The cages were rinsed with water at the time the traps
were changed and the rinse collected. Each urine specimen and urine/cage rinse
were weighed, and a weighed aliquot of cach sample was analysed for radioactivity
by LSC. Equal volume aliquots of urine samples from the 0—6 hour and 6—12 hour
post-exposure collection intervals were pooled and stored at -80 °C and selected
urine samples underwent radiochemical profile analysis.

Faeces were collected in dry-ice chilled containers through the exposure period (0
hour) and at 24, 48, 72, 96, 120, 144 and 168-hr post-exposure. Aqueous
homogenates (~25% w/w) were prepared and weighed aliquots of these
homogenates were placed in scintillation vials, solubilised and quantitated for
radioactivity by LSC. In addition, equal volume aliquots of faccal homogenates from
each animal were taken from the 0-24 hr post-exposure collection interval and
pooled. These pooled samples were stored at -80 °C prior to radiochemical profile
analysis.

Air was drawn through the metabolism cage at approximately 500 ml/min. Upon
exiting the cage, volatiles in the expired air were trapped on charcoal by passage of
expired air through a charcoal trap. The charcoal was then desorbed with toluene
and aliquots analysed for radioactivity by LSC. No radioactivity was detected in the
0-24 hr post-dosing charcoal traps following the 300 ppm exposure. Therefore,
expired air was not scrubbed through charcoal for the remainder of the 300 ppm
sample collection intervals nor for any of the sample collection intervals for the

30 ppm exposure.

At 168-hr post-exposure, the animals were anaesthetised with CO; and sacnificed by
exsanguination via cardiac puncture. Following sacrifice, the Roth cages were
washed, and the cage wash analysed for radioactivity. The brain, GI tract plus
contents, kidneys, liver, lungs, carcass and spleen were collected, homogenised
individually (~33% homogenate), and a weighed aliquot solubilised and analysed for
radioactivity by LSC. Blood was obtained at sacrifice via cardiac puncture and an
aliquot also assessed for radioactivity by LSC. The skin was removed from the
carcass and a representative skin sample was solubilised and analysed for
radioactivity by LSC. Perirenal fat and the nasal turbinates, both olfactory and
respiratory, were directly solubilised without homogenisation.

For the non-radiolabelled fluoride ion portion of the study, homogenates of brain and
kidney from groups of three rats sacrificed at -2 hr (during exposure), 0 hr (end of
exposure), 2 hr and 4 hr post-exposure were analysed for fluoride ion by fluoride-ion
specific probe.

Following the terminal sacrifice of the animals, a final cage wash was performed.
The final cage wash and contents were collected and the weight of the sample was
determined. A weighed aliquot of the final cage wash was analysed for
radioactivity.

Control urine and facces were collected in dry-ice cooled traps from male rats not
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Findings:

exposed to sulfuryl fluoride. During the non-radiolabelled fluoride ion portion of
the study, a control group of rats was sham exposed to dry air using a nose-only
mhalation chamber. Two rats were sacrificed at each sacrifice time. Animals were
sacrificed prior to the sham exposure (-4 hr), at 0 hr (end of exposure), and at 4 and
8 hr post-exposure. Blood was obtained at sacrifice via cardiac puncture. Plasma
was analysed by fluoride-ion specific probe for fluoride 1on content and a fluoride
ion concentration-time course was constructed. Plasma was not pooled for fluoride
analysis. Brain and kidney tissuc were also analysed for fluoride ion as stated
above.

The *S-sulfuryl fluoride was analysed for radiochemical purity and structural
confirmation. The radiochemical purity of **S-sulfuryl fluoride, with retention time
confirmation using an authentic standard of sulfuryl fluoride, was determined using
gas chromatography with flow radiogas monitoring (GC/RAM) and thermal
conductivity detection (GC/TCD). The structural confirmation was accomplished
using gas chromatography/electron impact ionisation/mass spectrometry
(GC/EI/MS).

3

°S Analysis: Radioactivity was quantified in a liquid scintillation spectrometer.
Counts per minute (cpm) were corrected for quench and background, and converted
to disintegrations per minute (dpm). At least one scaled *C-standard was counted
with each group of samples to monitor the performance of the liquid scintillation
counter (LL.SC). Samples with dpm less than twice the concurrently run background
(blanks) were considered to contain insufficient radioactivity to reliably quantify.
Samples were counted as soon as possible after collection, therefore no correction
for radioactive decay was performed (half-life **S = 88 days).

The LSC data were used to generate reconstructed radiochromatograms and these
radiochromatograms were integrated to determine peak area response of the
radiolabelled peaks. The concentration of sulfate and fluorosulfate in these samples
were estimated from the calculated specific activity of sulfate and fluorosulfate and
the total radioactivity in the radiolabelled peaks.

The concentration of fluoride ion in the urine of rats exposed to both concentrations
of **S-sulfuryl fluoride was determined by ion selective electrode (ISE). Also, ISE
determination of the fluoride ion concentration in the plasma, and the brain and
kidney tissue homogenates, of rats exposed to both concentrations of
non-radiolabelled sulfuryl fluoride was conducted.

The target exposure concentration of 300 ppm **S-sulfuryl fluoride had an actual
time-weighted average (TWA) of 274 ppm through the 4-hr exposure period and a
»S concentration of approximately 2.8 pCi/L of atmosphere (specific activity 0.25
mCi/mmole). The non-radiolabelled 300 ppm sulfuryl fluoride exposure had a
TWA of 312 ppm. The target exposure concentration of 30 ppm **S-sulfuryl
fluoride had an actual TWA of 28.4 ppm through the 4-hr exposure period and a **S
concentration of approximately 0.26 nCi/I, of atmosphere (specific activity 0.22
mCi/mmole). The non-radiolabelled 30 ppm sulfuryl fluoride exposure had a TWA
of 31.2 ppm. Sulfuryl fluoride was not detected in any of the analyses of the control
chamber atmosphere at a level exceeding the lowest level quantified (~1 ppm).

All animals survived the 4-hr sulfuryl fluoride exposure. Those animals exposed to
30 and 300 ppm radiolabelled sulfuryl fluoride were maintained for 1-week
post-exposure prior to sacrifice. Animals exposed to non-radiclabelled sulfuryl
fluoride were sacrificed at the specified times pre-, during and post-exposure.

Radiolabelled sulfuryl fluoride was rapidly absorbed via inhalation exposure,
achieving maximum concentrations of *S-sulfuryl fluoride-derived radioactivity in
both plasma and red blood cells near the end of the 4-hr exposure periods. Once
absorbed, the **S was rapidly excreted, primarily via the urine. Absorbed *S was
excreted in the urine even during the 4-hr nose-only exposure.
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Recovery: Plasma Radiocactivity

During the 30 ppm exposure period, radioactivity derived from **S-sulfuryl fluoride
achieved quantifiable plasma levels by 15 to 30 minutes after initiation of the
exposure (-3.75 to -3.5 hr). Plasma levels of radioactivity continuously increased
throughout the exposure period, ultimately achieving a peak mean plasma
concentration of 5.2 pg-equivalents/g (g-eq./g) at the end of exposure. Plasma
levels of radioactivity during the 4 hr exposure never reached steady-state conditions
most likely because of rapid elimination of radicactivity from the plasma.
Following termination of **S-sulfuryl fluoride exposure the plasma radioactivity
decreased rapidly during an initial (o) phase with a half-lifc of 2.6 hr. A second
phase beginning about 24 hr post-exposure was observed with a half-life calculated
as 82.7 hr. The AUC 4y, . for the 30 ppm exposure of **S-sulfuryl
fluoride-derived radioactivity was calculated as 96.7 pg-hr ml™.

During the 300 ppm exposure period, radioactivity derived from *S-sulfuryl
fluoride achieved detectable plasma levels in all rats by 15 minutes after initiation of
the exposure. Plasma levels of radioactivity rapidly increased throughout the
exposure period and, similar to the 30 ppm exposure, never reached steady-state
conditions. A peak mean level of plasma radioactivity of 37.7 ng-eq./g,
approximately 7-fold higher than obtained during the 30 ppm exposure, was
obtained by 15 minutes after termination of **S-sulfuryl fluoride exposure. As
observed with the 30 ppm exposure, plasma radioactivity decreased rapidly
following termination of exposure. During an initial o-phase, a plasma radioactivity
half-life of 2.4 hr was calculated. Similar to the lower concentration, a longer
B-phase beginning about 24 hr post-exposure was observed with a half-life
calculated as 56.2 hr. The 300 ppm exposure AUC4 1y oy of *S-sulfuryl
fluoride-derived radioactivity was calculated as 756.3 wg-hr m1*, nearly 8-fold
higher then that obtained for the 30 ppm exposure.

RBC Radioactivity:

RBC kinetics were similar to that of plasma in uptake and initial distribution phases
but a longer terminal half-life for the climination of RBC radicactivity was
observed. Peak RBC radioactivity was measured at the end of the 4-hr exposure
period for both 30 and 300 ppm **S-sulfuryl fluoride exposures. Immediately
following the **S-sulfuryl fluoride exposures, mean peak RBC radioactivity reached
4.7 and 40.3 ng-eq./g RBC for the 30 and 300 ppm **S-sulfuryl fluoride exposure
concentrations, respectively. The similar peak concentration of radioactivity
measured with plasma and RBC suggests the >°S initially was evenly distributed
between these two compartments. Following the peak RBC-radioactivity levels at
termination of exposure, an initial o elimination phase half-life of 2.5 and 1.1 hr was
calculated for the 30 and 300 ppm exposure levels. This o-phase was similar to that
observed with plasma. But, the RBC terminal 3-phasc beginning about 12-hr
post-exposure was approximately 2.5 times longer than that calculated with plasma
for both sulfuryl fluoride exposure concentrations. Following the 30 ppm exposure
the B-phase was estimated to be 222 hr and following the 300 ppm exposure the
B-phase was estimated at 139 hr. These longer terminal half-lives may be a result of
cither non-specific incorporation of the S radiolabel as the radiolabel becomes
available through the sulfate pool, transulfuryl fluorideormed into amino acids and
incorporated into tissues, or a result of binding of some unknown **S-containing
component to RBC. Radioactivity remained at measurable, albeit small,
concentrations until the time of terminal sacrifice, 168-hr post-exposure. The
AUC 4 ..oy values for RBC, 863 and 5492 ug-hr ml™ for 30 and 300 ppm exposure
concentrations, respectively, are 9- to 7-fold larger than the AUC obtained for
plasma.

Absorption: Summation of the recovered radioactivity from urine, facces and
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tissues gives an estimate of the total absorbed radioactivity (Table 5.1a/b/01-1),
giving an estimate of the amount of sulfuryl fluoride that became systemically
available during the 4-hr exposures. Following the 30 ppm exposure, 581, 73, and
35 ug-eq. sulfuryl fluoride (5.7, 0.7, and 0.34 pmole-eq.) were recovered in the
urine, facces and tissues, respectively. Therefore, about 688 g-eq. sulfuryl fluoride
(~0.7 umole-eq.) was absorbed during the 4-hr 30 ppm exposure and ~85% was
eliminated in the urine. Following the 300 ppm exposure, 4618, 777, and 298
ng-eq. sulfuryl fluoride (45, 7.6, and 2.9 pmole-eq.) were recovered in the urine,
facces and tissues, respectively. Therefore, about 5690 pg-eq. sulfuryl fluoride (~55
pumole-eq.) was absorbed during the 4-hr 300 ppm exposure and 81% was
climinated in the urine. The 5% of the *°S radiolabel recovered from tissues 7 days
post-exposure is likely due to non-specific incorporation of the **S radiolabel as
absorbed radiolabelled sulfur compounds are transulfuryl fluorideormed into amino
acids and become incorporated into tissues.

Excretion: Urinary Exeretion (Table 5.1a/b/01-1)

Once absorbed, the **S-sulfuryl fluoride-derived radioactivity rapidly appeared in
the urine and faeces. Urine contained 88.9 and 85.6% of the total excreted
radioactivity through 7 days post-exposure. The **S absorbed from inhaled sulfuryl
fluoride was excreted even during the exposure, with the majority of the
radioactivity recovered in the urine during the nose-only exposure period (-4 to
0-hr). These urine samples contained 273 and 2766 pg-eq., or 47 and 60% of the
total urinary radioactivity, for the 30 and 300 ppm sulfuryl fluoride exposures,
respectively. The 0 to 6-hr interval urine samples collected immediately following
the end of the exposures contained 167 and 936 pg-eq., or an additional 29 and 20%
of the total urinary radioactivity, for the 30 and 300 ppm sulfuryl fluoride exposures,
respectively. Conversion of the amounts excreted to elimination rates to correct for
unequal collection intervals enabled estimation of half-life of elimination. Initial
urinary elimination rates of 68 and 691 pg-eq./hr for 30 and 300 ppm exposures,
respectively, rapidly decreased through subsequent collection intervals. An initial
urinary half-life for **S-sulfuryl fluoride-derived radioactivity was estimated as
approximately 4 hr at both exposure concentrations. This was followed by a second
urinary elimination phase with a half-life of approximately 40 hr. Radioactivity
remained detectable in the urine through 7-days post-dosing.

Faecal Excretion (Table 5.1a/b/01-1)

Faecal excretion data is presented as pg- and pmole-eq. sulfuryl fluoride for each
collection interval and as cumulative pg- and pmole-eq. sulfuryl fluoride.
Radioactivity was detected in facces collected during the exposure period, probably
from contamination of fecal pellets with radioactive urine which may have occurred
during the exposure period. Separation and collection of urine and faeces during the
nose-only exposure period was difficult due to the animal restraint device used with
the nose-only exposure chamber. Following the exposures, when cleaner separation
of urine and facces was possible, less than 10% of the total radicactivity recovered
in the urine and faeces was collected with the faeces. Through 48 hr post-exposure,
70 and 704 pg-eq. of sulfuryl fluoride was collected in the facces from the 30 and
300 ppm exposures, respectively, representing 91-93% of the total amount of
radioactivity recovered in the facces. In total, through 7-days post-dosing, 73 and
777 ng-eq. sulfuryl fluoride were recovered in the facces from the 30 and 300 ppm
exposure groups, respectively.

Distribution: The highest concentration of radioactivity was detected in tissues at
the site of first exposure to the gas. Following both the 30 and 300 ppm exposures,
the lungs had the highest concentration of radioactivity, 0.77 and 6.30 pg-eq.
**S-sulfuryl fluoride/g tissue. With the 30 ppm exposure, the lung radioactivity
concentration was followed by spleen, kidneys, nasal turbinates (respiratory and
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olfactory), brain, skin, carcass, liver, GI tract and fat. The rank-order following the
300 ppm exposure was similar to that obtained with the 30 ppm exposure except that
the regpiratory and olfactory turbinates followed the lungs in the concentration of
radioactivity in the tissues. In general, the concentration of radioactivity in the
tissues was 7- to 11-fold higher following the 300 ppm exposure than the 30 ppm

CXposurc.

Table 5.1a/b/01-1: Excretion data

Excretion after inhalation exposure (lLg.eq sulfuryl fluoride)
Group Low dose High dose
30 ppm 300 ppm
Urine (+rinse) 2729 2766.0
0-6h 167.4 935.6
6-12h 54.2 429.4
12-24h 43.2 198.9
24-48h 20.1 123.5
48-72h 8.6 55.7
72-96h 53 392
96-120h 39 347
120-144h 2.9 21.4
144-168h 2.0 13.6
subtotal 580.6 4618.1
Faeces -4-Oh 9.6 324.7
0-24h 324 221.6
24-48h 21.8 158.0
48-72h 5.8 383
72-96h 21 19.4
96-120h 1.0 9.4
120-144h 0 0.6
144-168h 0 4.4
subtotal 727 776.5
Expired air = c
Cage Wash e 4
Tissues (Day 7) 35.0 297.6
Total Recovery 688.3 5692.2

Metabolism: Chemical Analysis — Blood

Blood extract samples showed only two radiolabelled components, tentatively
identified as sulfate and fluorosulfate. No analysis for parent sulfuryl fluoride in
blood was performed because methods development work previously done in this
laboratory showed, in vitro, rapid removal of sulfuryl fluoride from rat blood
fortified with high levels of sulfuryl fluoride. The identification of fluorosulfate
was confirmed by “F NMR spectroscopy. The amount of fluorosulfate is
approximately 2-fold higher than sulfate at all sample times post-exposure,

33(336)




Dow AgroSciences April 2004 Sulfuryl fluoride Doc II1-A6
RMS: Sweden April 2006

except 15 minutes after the beginning of the 300 ppm exposure where the
concentration of fluorosulfate is 6.5-fold higher, and 4 hr after the end of the

300 ppm sulfuryl fluoride exposure where only a small amount of fluorosulfate
was detected. At all sample times, sulfate and fluorosulfate are approximately 3-
to 5-fold higher following the 300 ppm exposure than following the 30 ppm
exposure. Based on the limited amount of data available, a half-life for
fluorosulfate elimination from whole blood was calculated to be 48 to 73 minutes
while the half-life for sulfate elimination from whole blood was calculated to be
50 to 64 minutes.

Chemical Analysis — Urine

Two radioactive peaks tentatively identitied as sulfate and fluorosulfate were
detected in urine. Analysis for parent sulfuryl fluoride in urine was not
conducted as sulfuryl fluoride has been shown to be rapidly hydrolysed in
aqueous solutions. During the exposure, the amount of fluorosulfate eliminated
in the urine was 3- to 3.5-fold higher than the amount of sulfate (Table
5.1a/b/01-2). Following the exposures, the amount of sulfate recovered in the
urine was greater than fluorosulfate recovered in urine. By 12 hr post-exposure,
5-to 7-fold more sulfate was being recovered in the urine than fluorosulfate. The
total umoles of sulfate plus fluorosulfate recovered in the urine as determined by
HPLC/RAM compares well with the pmole-eq. sulfuryl fluoride in the urine +
rinse as determined from the radiolabelled portion of this study.

Conversion of sulfate and fluorosulfate urine concentrations to rate estimates to
correct for unequal collection intervals allowed calculation of half-lives for the
elimination of sulfate and fluorosulfate in urine. Sulfate was eliminated in the
urine with a half-life of 2.2 and 3.8 hr for the 30 and 300 ppm exposure groups,
respectively. Fluorosulfate was eliminated slightly faster with a half-life estimate
of 1.2 and 2.4 hr for the 30 and 300 ppm exposure groups, respectively.

Fluoride Analysis

Elevated levels of fluoride ion were detected in urine during and after the sulfuryl
fluoride exposures (Table 5.1a/b/01-2). Non-exposed control rats had
concentrations of fluoride ion of approximately 2.5 pg/g urine. By the end of the
4-hr 30 ppm exposure the urine levels of fluoride 1on reached a maximum
concentration of 9.3 pg/g urine. This concentration was maintained through 6 hr
post-exposure. By 12 hr post-exposure the concentration had diminished to near
background levels, 2.7 ug/g urine. In a similar fashion, by the end of the 4 hr
300 ppm exposure the urine levels of fluoride ion reached a maximum
concentration of 76 lg/g urine, about 8-fold higher than that obtained following
the 30 ppm exposure. But this concentration diminished through 6 hr
post-exposure to 32 pg/g urine and by 24 hr post-exposure to 5.0 ng/g urine. The
overall shape of the three curves for urine HPL.C and ISE data during and
following the sulfuryl fluoride exposures are quite similar indicating that the
kinetics of formation and elimination of the three metabolites (urine sulfate,
fluorosulfate and fluoride) are similar or are interrelated.

ISE analysis of plasma and tissucs was conducted with rats exposed to
non-radiolabelled sulfuryl fluoride and with control rats exposed to clean air
(Table 5.1a/b/01-3). Levels of plasma fluoride ion in control animals ranged
from 0.430 to 1.338 ug/g plasma throughout the 24 hr cycle. An apparent slight
elevation of plasma fluoride from control levels was observed during the 30 ppm
and 300 ppm exposures that rapidly returned to control levels by about 2 hr after
exposure was terminated. Plasma fluoride was 1.6- and 5.4-fold higher than
control levels at the end of exposure for the 30 and 300 ppm sulfuryl fluoride
exposures, respectively. The maximum concentration of plasma fluoride
measured at the termination of the 4-hr 30 ppm sulfuryl fluoride exposure is
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similar to that reported by Eisenbrandt and Nitschke (1989; study ref. D04)
following six hr/day, five days/week for 13 weeks exposure to 30 ppm sulfuryl
fluoride, although considerable variation is reported. The plasma concentration
reported here following the 300 ppm exposure is nearly twice as large as that
reported by Eisenbrandt and Nitschke (1989; study ref. D04). But, our data
indicate a rapid clearance of fluoride from the plasma and a return to background
levels by roughly 2 hr after termination of exposure. Because fluoride is rapidly
cleared, a delay in sacrificing the animals afier exposure by Eisenbrandt and
Nitschke (1989; ITA 5.3.3.2a/01, D04) may have resulted in measurements of
fluoride that were below peak levels. As seen with urine, the overall shape of the
three curves during and following the sulfuryl fluoride exposures are quite
similar indicating that the kinetics of formation and elimination from plasma of
the three metabolites (urine sulfate, fluorosulfate and fluoride) are similar or are
interrelated.

Fluoride levels in kidney tissue during and after exposure to 30 and 300 ppm
sulfuryl fluoride were roughly 2- to 2.5-fold higher at all collection times than
control rats. Control rats had mean fluoride levels of 2.2 ng/g (0.12 umole/g)
kidney tissue while both 30 and 300 ppm exposure levels achieved
concentrations of about 5 pg/g (0.26 umole/g) kidney tissue. These levels were
measured by the second hour of exposure and were maintained through 4 hr
post-exposure.

A slight 1.5-fold elevation in fluoride levels in brain tissue relative to control rats
was observed during and after exposure to 30 ppm sulfuryl fluoride. Control
brain tissue fluoride ion concentrations were roughly 0.6 pg/g (0.03 pmole/g)
tissue at all sacrifice times, increasing to 0.8 pg/g (0.04 umole/g) brain following
the 30 ppm sulfuryl fluoride exposure. At the termination of the 300 ppm
exposure, a range of 1.3 to 3.7 pg/g (0.05 to 0.12 pmole/g) tissue (mean of 2.3
ng/e) was measured, 2- to 5-fold higher than controls. These concentrations of
fluoride approached the control levels by 4 hours post-exposure.

Seven days post-exposure, the **S was not localised to any specific target or
non-target tissue but small amounts of radiolabel were evenly distributed among
the tissues, possibly a result of incorporation of the **S into amino acids. The
highest concentration of radioactivity was detected in portal of entry tissues. The
lungs had the highest levels of radioactivity 7 days post-exposure and the nasal
turbinates also had detectable radioactivity. Radioactivity associated with the red
blood cells (RBC) remained elevated 7 days post-exposure and highly perfused
tissues such as the spleen and kidneys had higher levels of radioactivity than
other non-respiratory tissues, probably due to the radioactivity in the blood.
Radioactivity was cleared from plasma and RBC with initial half-lives of ~2.5 hr
following the 30 ppm exposure and 1-2.5 hr following the 300 ppm exposure.
But the terminal half-life of radioactivity was ~2.5-fold longer in RBC than
plasma. Although not directly assayed, there was no evidence of parent
**S-sulfuryl fluoride in the blood based on the radiochemical profiles. The
identification of fluorosulfate and sulfate in blood and urine suggests that sulfuryl
fluoride is first hydrolysed to fluorosulfate, with release of fluoride, followed by
further hydrolysis to sulfate and release of the remaining fluoride. This is
supported by the increases in fluoride detected in the blood following exposure of
rats to sulfuryl fluoride.
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Table 5.1a/b/01-2: Metabolism in the rat - urinary metabolite profile
wmole Metabolite recovered 1g Fluoride ion/g urine
in urine

30 ppm 300 ppm 30 ppm 300 ppm
Metabolite Fraction S FS S FS F F
Non-¢xposed - - - - 2.23 2.55
During exposure: -4-0h 055 | 168 6.35 2236 9.33 76.25
Post-exposure: 0-6h 064 | 046 | 538 3.96 9.21 31.90
6-12h 037 | 0.06 | 2.59 0.59 271 6.34
12-24h - 1.43 0.22 - 5.04
Total 1.59 | 2.2 | 15.76 27.14 1.119 6.29

S:sulfate; FS: flucrosulfate; I: fluoride ion

Table 5.1a/b/01-3: Metabolism in the rat — fluoride ion levels

Sacrifice Hg Fluoride ion/g tissue
fime Plasma Brain Kidney
0 30 300 0 30 300 0 30 300

ppm ppm ppm ppm | ppm | ppm ppm ppm ppm
Pre-exp | 0.631 - - 0.460 - - 2.254 - -
osure:
-4h
During - 0.867 2514 - 1.106 | 1.475 - 4.815 5.354
exposur
e: -2h
End of 0.461 | 0.757% | 2.506% | 0597 | 0.791 | 2.268 | 2.251 | 5.378% | 5.538%
exposur
e: Oh
Post-exp - 0.562 0.864 - 0.776 | 1.323 - 5.375 4.884
osure:
Zh
4h 0.443 | 0.534% | 0.708% | 0457 | 0.798 | 0.983 | 2.464 | 5.694% | 5.038%
8h 1.239 | 0.375% | 0.553* | 0.755 - - 1.909 - -
20h 0.564 | 0.471 0.518 - - - - - -

* Significant

Conclusions:

difference from control at the indicated sacrifice time; alpha = 0.05

Radiolabelled sulfuryl fluoride was rapidly absorbed via inhalation exposure,
achieving maximum concentrations of **S-sulfuryl fluoride-derived radioactivity in
both plasma and red blood cells near the end of the 4-hr exposure period. Once
absorbed, the **S was rapidly excreted, primarily via the urine. A large portion of the
absorbed **S was excreted in the urine even during the 4-hour exposure period.

Radioactivity was rapidly cleared from plasma and RBC with initial half-lives of ~2.5
hr following a 30 ppm exposure and 1-2.5 hr following a 300 ppm exposure, but, the
terminal half-life of radicactivity was ~2.5-fold longer in RBC than plasma. The
identification of fluorosulfate and sulfate in blood and urine suggests that sulfuryl
fluoride is first hydrolysed to fluorosulfate, with release of fluoride, followed by
further hydrolysis to sulfate and release of the remaining fluoride. This is supported
by increases in fluoride in blood and urine following exposure of rats to sulfuryl
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fluoride.

Seven days post-exposure, the **S was not localised to any specific target or
non-target tissue but small amounts of radiolabel were evenly distributed among the
tissues, suggesting incorporation into the tissues of **S that had been transulfuryl
fluorideormed into amino acids, but the exact chemical composition was not
determined. Radioactivity was recovered mainly in tissues at the site of first
exposure to the gas.

The data suggest that the systemic toxicity elicited by sulfuryl fluoride may be
due to the release of fluoride ions, rather than a direct toxic action of sulfuryl
fluoride.

During the 98/8/EC completeness check for P18, the Rapporteur Member State Sweden (Keml) asked:

The total uptake of sulfuryl fluoride was not presented. There was no exhalation measurement data
mentioned in this study. Explain the total excreted radioactivity. Is it possible that sulfuryl fluoride
excreted via expiration? What is the total recovery of radicactivity concerning the exposure
concentrations?

Time period expression in table 5.1a/b-1 and -2 should be more accurate, ¢.g. should be 0-4h, 5-12h instead
of 0-4h, 4-12h, etc.?

Waiving of repeated dose exposure via inhalation routes results in missing data of F bioaccumulation in
connection to the exposure to sulfuryl fluoride. Waiving can be considered unless the applicant can
abstract the relevant information by using published data.

Dow AgroScience answer:
1) The total uptake of sulfuryl fluoride was not presented.

The animals were exposed to measured concentrations of sulfuryl fluoride in a 2-liter nose-only
chamber for 4-hr. The majority of the test material passed through the flow-through chamber, the
actual amount of sulfuryl fluoride removed from the airstream by the animals is not known.

Several assumptions would have to be made to estimate total uptake from the inspired air, including
the minute volume and the percent of sulfuryl fluoride in the atmosphere that would be utilized
during respiration. After removal of the animals from the nose-only chamber, expired air was
passed through charcoal traps to capture expired volatiles. Post-exposure, no radioactivity was
detected in these traps. Total absorption was estimated by summation of radioactivity from urine,
feces and tissues. Therefore, the total uptake is likely comparable to the total amount absorbed,
which was 11- 14%.

2) There was no exhalation measurement data mentioned in this study.

As indicated in the Specimen Collection section of the report, after removal of the animals from the
nose-only chamber, expired air was passed through charcoal traps to capture expired volatiles. No
radioactivity was detected in these traps — also refer to the answer number 4, below.

3) Explain the total excreted radioactivity.

Unlike oral gavage or intravenous administration, the actual “dose administered’ in this and all
inhalation studies is not known. Therefore, urine and fecal data are presented as pg and umole
equivalents. Total absorption was estimated by summation of radioactivity from urine, feces and
tissues and, from this estimate of total absorption, 81-85% of the radicactivity recovered from the
animals was eliminated in the urine.

4) s it possible that sulfuryl fluoride excreted via expiration?
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histologically. Samples of blood, urine (male), kidney, lung, liver and bones were
collected and analysed for fluorides from all rats killed at 30 days.

Table 5.3. 1a/01-1: Fluoride (ppm) in Diets Fumigated with Vikane for Use in Ruat

Dietary Feeding Study
Rate of Fumigation with Vikane Average ppm Fluorides
(Ibs/1000 cu. ft) Total Net
Control Diet (no fumigation) 36 36
2 35 19
10 89 33
100 386 350
200 740 704

See Table 5.3.1a/01-2 for overall results. There is no statement about what the
fluoride added to the diet really is, in terms of molecular identification.

Findings:

Table 5.3.1a/01-2: Overall Results

Diet (net ppm | Growth Fluorosis Organ Wt. Microscopic
fluoride) (teeth) Examination
19 None None noted | None noted None noted
noted
53 Slight 4 in | Early Slight T in None noted
final mean | indications | relative liver wt
body wts. | (whiter) (males)
350 Retardatic | Darkening/ | T in relative None noted
n (males) Banding testes wt.
704 Severe Darkening/ | Tinrelative liver | Glomerular
retardation | Banding and testes wt. involvement' of
(males) kidneys

Mortality: There was no mortality reported.

Clinical signs: No findings were given in the report.

Body weight: Growth was retarded in a dose-related manner in all but the lowest dose (19 ppm
fluoride) group. There is no tablular body weight data, only a graph which is not
included here for technical (computer memory) reasons.

Food There is no food consumption data or statement about it in the results.

Consumption:

Ophthalmology:  Not conducted.

Haematology: No treatment-related effect.

Clinical Not conducted.

chemistry:

Urine & organ
fluoride content:

Urinalysis was not conducted. Fluoride content in urine and bone increased in
dose-related manner, as shown in Table 5.3.1a/01-3. Tissue fluoride content could
not be correlated with dose.
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Table 5.3.3.1a/01-2: Haematology
Dose (ppm) | UN (mg/dl) SGPT Glucose Albumin Globulin
(mU/ml) (mg/dl) (g/dl) (g/dl)
0 19 37 123 3.5 1.6
100 21 39 115 3.4 11
300 17 41 126 3.3% 2.0
600 213% 132% 1483% 2.9% 2.3

*Statistically identified difference from control mean by Dunnett's test, alpha = 0.05.

No changes specifically identified in survivors.

Data for heart and kidney weights are shown in Table 5.3.3.1a/01-4. There were
some very slight increases in male rat kidney weight at the 300 ppm dose level and a
statistically significant increase in relative kidney weight in female rats at the top 2
doses. The heart weights of rats were variable but no treatment-related explanation
was possible for males. The relative heart weight was elevated for females at 300
and 600 ppm though the absolute weight was significantly reduced for the surviving

Urinalysis:

Organ weights:

female at 600 ppm.
Table 5.3.3. 1a/01-4: Organ Weights
Sex Dose No. Terminal Heart Kidney
(ppm) Body
Weight (g) (2 (g/100g) (2 (g/100g)
0 5 173.7 0.617 0.355 1.452 0.834
g 100 5 167.7 0.637 0.380% 1.443 0.861
g 300 5 172.3 0.614 0.356 1.545 0.896
600 0 -- - - - -
0 5 112.2 0.459 0.409 1.071 0.955
iz 100 5 109.4 0.467 0.427 1.123 1.023
é 300 5 107.6 0.471 0.438% 1.155 1.075%
600 1 67.6% 0.313% 0.463% 0.961 1.422%

*Statistically identified difference from control mean by Dunnett's test, alpha = 0.05.

A summary of the findings in the rats is given in Table 5.3.3.1a/01-5.

Decedents had severe microscopic kidney lesions that included papillary necrosis
as well as degeneration and regeneration of collecting tubules and proximal
tubules. Numerous microscopic pathologic observations in thesc rats were
considered secondary to the renal effects or terminal changes. The single female
rat that survived until termination had moderate degenerative and regenerative
changes in renal collecting tubules, hyperplasia of renal papillary epithelium and
basophilic epithelial cells in the proximal tubules. This rat also had severe
inflammation of the nasal mucosa and slight bronchicalveolar inflammation. In
addition, this female was in poor condition and had a variety of secondary
changes. Five of 10 rats exposed to 300 ppm sulfuryl fluoride had minimal renal
changes.

Histopathology:
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Findings:

Mortality:
Clinical signs:

Body weight:

brain, liver, kidney and respiratory tract (nasal tissue, trachea, larynx, and lungs) was
conducted on all animals. Tissues examined histopathologically were processed by
conventional techniques, sectioned at approximately 6 mm, stained with
haematoxylin and eosin and evaluated by light microscopy.

Groups of 5 male and 5 female mice were exposed to analytically measured time
weighted average (TWA) concentrations of 0, 30.3, 99.7 and 301.5 ppm SO,F,,
which corresponded to target concentrations of 0, 30, 100 and 300 ppm,
respectively.

Chamber airflow, temperature and relative humidity values were comparable.
At 300 ppm, all male and 4/5 female mice died during the second week of the study.

Decedents were thin and many had roughened haircoat and body tremors (males
only). All animals exposed to lower concentrations of SO,F, survived to the end of
the study with no overt signs of toxicity or changes in demeanor.

Body weights of mice exposed to 300 ppm were decreased from control values and
statistically identified (Table 5.3.3.1¢/01-1). Mean body weights of male and female
mice exposed to 30 or 100 ppm SO, F, were comparable to control values.

Table 5.3.3. 1¢/01-1: Mean Body Weights (g)

Sek Test Day Concentration (ppm)
0 30 100 300~
1 332 321 31.2 32.8
3 303 31.8 30.5 302
o
é 5 328 329 315 279
8 342 334 319 24.4
11 33.7 32.8 311 205
1 253 252 254 245
P 3 252 234 26.1 222
Té 5 259 259 26.8 20.2
>
= 8 26.5 26.2 27:2 20.7
11 26.7 26.3 26.6 20.2
*Time-dose interaction was highly statistically significant for males and females at the high dose,
alpha = 0.05.

Food intake: Not conducted.

Ophthalmology:  Not conducted post-cxposure.

Haematology: Red blood cell counts in male mice and haemoglobin concentrations in male and
female mice exposed to 100 ppm SO,F; were clevated from control values and
statistically identified. However, these values were within the range of the historical
control data from this laboratory. Consequently, the red blood cell counts in male
mice and haemoglobin concentrations in male and female mice were considered to
be within the range of normal. All remaining haematological parameters in male
and female mice exposed to 30 or 100 ppm SO, F, were comparable to control
values.

Clinical All clinical chemistry parameters measured in mice exposed to SO,F, were

chemistry: comparable to control values.

Urinalysis: Not conducted.
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