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Histopathology:

were not due to sulfuryl fluoride exposure, but due to the spurious values of this
mouse with the liver abscess and the associated secondary effects.

There were a number of microscopic observations in mice from the various groups,
which were primarily due to the three mice which died during the study, and the one
mouse with the liver abscess. These observations were not considered
exposure-related. However, a target organ effect was observed in the brain and
thyroid gland of 100 ppm exposed mice, as shown in Table 5.3.3.2d/01-5.

Brain: In the section of brain taken from the cerebrum, microvacuolation in all 10
female mice and 9 of 10 male mice was observed in the external capsule and the
caudate putamen. The lesion was bilaterally symmetrical and was very slight or
slight in severity. There were no recognisable inflammatory or degenerative
changes associated with the microvacuoles. The single male mouse from the

100 ppm exposed group without microvacuoles in the brain was the mouse which
died during the course of the study. The section of brain taken from the region of
the thalamus/hypothalamus also contained microvacuoles of a very slight degree
mvolving the external capsule. In this region of the brain, the microvacuoles usually
extended from the external capsule and involved the adjacent amygdaloid region.

As in the cerebral section, there were no inflammatory or degenerative changes from
the region of the thalamus/hypothalamus, containing the microvacuoles. There were
no special stains utilised on these brain sections since they were previously
extensively evaluated in the rat, with identical microvacuoles, without obtaining any
additional useful information (Eisenbrandt and Nitschke, Fund. Appl. Toxicol., 12:
540-557, 1989).

Thyroid: The microscopic changes in the thyroid gland were characterised by
hypertrophy of the follicular epithelial cells associated with a decrease in the amount
of colloid present that stained less intensely. The changes in the thyroid gland were
very slight in degree and affected slightly more males than females. There were no
degenerative or inflammatory changes present in the thyroid gland of these mice.

Salivary Gland: Microscopic changes in the salivary gland of 100 ppm male mice
were characterised by a very slight decrease in secretory content. They were not
considered a target organ effect, but rather reflective of the decreased weight gain.
These minimal effects were not present in the female mice of this group.

Nervous System/Special Process (see Table 5.3.3.2d/01-6): Tissues were
examined from the nervous systems of the mice which were whole-body perfused
for neuropathology assessment in accordance with the EPA (1991) test guidelines
for neurotoxicity screening. The sections from various regions of the brain were the
same as for the mice in the general toxicity portion of the study, except that the
olfactory lobe was not evaluated in the neurotoxicity study, since it was not affected
in previous studies and was located in the nasal turbinate section which was not
decalcified and prepared for examination. The initial evaluation of the brain
sections consisted of three sections from each of the various regions (see Methods).
To maximise the detection of possible changes in the perfusion fixed tissue, in
contrast to the immersion fixed tissue, a total of nine sections of brain were prepared
from cach mouse from regions 3, 4 and 7 (Figure not shown in this summary; sce
below). Despite the additional evaluation of extra brain sections, the microvacuoles
in the various affected regions appeared less prevalent in the perfusion fixed than in
the immersion fixed tissue. Whether this was an artifact or due to fewer mice being
evaluated was undetermined. There were no other nervous system tissues affected
in the perfusion fixed mice, and these findings were consistent with the absence of
observed effects in other parts of the nervous system following immersion fixation.

Section 3: Corpus callosum, caudate putamen, globus pallidus, optic chiasm, cortex
(frontal & parietal), lateral ventricles

Section 4: Hippocampus, thalamus, hypothalamus, cortex (parietal & temporal),
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weeks.

Approximately the same time as the concentration was reduced from 600 to
300 ppm sulfuryl fluoride, the (non-measured) food consumption of male and
female rabbits at this concentration was decreased and remained decreased for
approximately 4 wecks. The decrease in food consumption was based on visual
inspection and was most likely due to previous exposure to 600 ppm sulfuryl
fluoride.

Body weight: The body weights of male rabbits exposed to 300 ppm sulfuryl fluoride were
statistically significantly decreased from control values from days 11 to 60 and
remained slightly decreased until termination; the body weights of females were
slightly decreased from control values also (Table 5.3.3.2¢/01-1). Body weights of
male and female rabbits exposed to 100 ppm sulfuryl fluoride were slightly
decreased from control values at the end of the 13-week exposure period. Body
weights of rabbits exposed to 30 ppm sulfuryl fluoride were comparable to control
values throughout the 13-week exposure period.

Table 5.3.3.2¢/01-1: Summary of Body Weights (g)

Conc (ppm) Males Females
0 30 100 | 600/300 0 30 100 | 600/300

- -1 3318 | 3329 | 3322 3334 3255 | 3273 | 3301 3333
2

i 4 3338 | 3358 | 3329 3346 3275 | 3283 | 3351 3363
g 11 3481 | 3499 | 3408 3254% | 3368 | 3408 | 3476 3378
% 25 3712 | 3714 | 3674 3323% | 3646 | 3662 | 3699 3555
3 88 4139 | 4109 | 3963 3823 4564 | 4591 | 4383 4301

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

Food Not conducted.

consumption:

Ophthalmology:  Not conducted.

Haematology: The white blood cell counts for male rabbits exposed to 300 ppm sulfuryl fluoride

were statistically significantly increased from control values (Table 5.3.3.2e/01-2.
The differential counts for these animals were normal. All other haematologic
parameters were unaffected in rabbits exposed to sulfuryl fluoride.

Table 5.3.3.2¢/01-2: White Blood Cell Counts (Males)
Conc. (ppm) 0 30 100 300

WBC x 10%/cu. mm 76 7.8 75 9.9%
*Statistically different from control mean by Dunnett's test, alpha = 0.05.

Clinical Several clinical chemistry values from rabbits exposed to 30, 100 or 300 ppm

chemistry: sulfuryl fluoride were statistically significantly different from control values (Table
5.3.3.2¢/01-3). The statistically significant decrease in total protein, albumin and
globulin observed in males exposed to 300 ppm is most likely due to the decreased
nutritional status. None of the remaining statistically significant parameters
occurred in a concentration-related manner and/or were observed in only one sex.
Thus, these were considered to be due to normal variation and not a result of
exposure to sulfuryl fluoride. No other clinical chemistry parameters were affected
in rats exposed to sulfuryl fluoride.
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Findings:

Mortality:

Blood samples were obtained for haematologic (HCT, Hegb, RBC, WBC/diff,
platelets) and clinical chemistry (AP, ALT, creatine kinase, UN, creatinine, total
protein, albumin, globulin, glucose, cholesterol, triglycerides, total bilirubin, Na, K,
P, Cl and Ca) determinations from 10 animals/sex/exposure level at approximately
6, 12, 19 and 21 months, and from 20 animals/sex/exposure level at the 24-month
necropsy. Urinalyses (pH, bilirubin, glucose, proteins, ketones, occult blood,
urobilinogen, colour, appearance and specific gravity) were evaluated from the same
animals at approximately the same time intervals as for haematology and clinical
chemistry.

At scheduled necropsies a full range of tissues was collected and major organs
weighed. All tissues from control and 80 ppm exposed rats were examined
histopathologically from the 12-month necropsy. Target tissues and grossly visible
lesions were also examined from intermediate exposure levels. Because all of the
80 ppm exposed rats in the 2-year study were removed moribund or dead prior to
study termination, a complete set of tissues from all groups was prepared and
examined microscopically, per agreement with California Department of Food and
Agriculture (CDFA) toxicologists.

Animals were exposed in 14.5 m’ stainless steel and glass chambers under dynamic
airflow conditions. Sulfuryl fluoride concentrations were generated using the J-tube
method and analysed using a Miran 1A IR.

Appropriate statistical methods were employed.

The chambers ran at target measurements. Analytical concentrations were:
5.1, 20.2 and 79.6 ppm.

Cumulative mortality data are given in Table 5.5a/01-1. Satellite Group: A single
male control rat from the 12-month interim scheduled necropsy was found dead on
day 198. He may have died of choking on food.

Oncogenicity Group: Only a small number of male rats were removed from study
prior to day 519 in any of the exposure groups; however, increased morbidity and
mortality was readily apparent thereafter in the 80 ppm cxposed males. By day 665
only a single male rat was alive in this group and was removed from study by day
707. The mortality rates m the 5 and 20 ppm male exposure groups were not
statistically identificd as different from the control group.

A slight increased mortality rate in female rats of the 0 and 5 ppm groups was
apparent by day 519, in contrast to the lower rate in the 20 and 80 ppm exposed
groups.

It was not until day 560 when the mortality rate in the 80 ppm group was equal to
the controls; however, during the remainder of the study, excessive morbidity and
mortality increased rapidly in the high exposure group in contrast to any other group
of females. Similar to 80 ppm exposed male rats, only a single female was alive by
day 665, and was removed from study by day 701. The mortality rates of the 5 and
20 ppm exposed groups of females were lower than the controls and statistically
identified.

Cause of Death/Moribund Condition. The expected disease conditions routinely
observed in chronic toxicity/oncogenicity studies using Fischer 344 rats were noted
in this study. However, 80 ppm exposed male and female rats were removed from
study primarily due to advanced chronic renal disease as a result of sulfuryl fluoride
exposure. There were also many changes in other organs and measured parameters
secondarily affected by renal failure. A spectrum of age-related external and
internal neoplastic and non-neoplastic changes were also observed in rats that were
removed from study. In the 5 and 20 ppm exposed rats, there were no significant
exposure-related effects on morbidity or mortality due to renal disease.
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Table 5.5.a/01-1:Summary of Percentage Cumuilative Mortality--24-Month Study

Conc. Males Females
(ppm)
Test Days 0 5 20 80 0 5 20 80
1-63 0 0 0 0 0 0 0 0
64-70 2 0 0 0 0 0 0 0
204-210 2 0 0 2 0 0 0 0
337-343 2 0 0 2: 2 0 0 0
351-357 2 2 0 2 2 0 0 0
414-420 2 2 0 2 2 2 0 0
421-427 2 2 0 4 2 2 0 0
435-441 2 2 0 4 2 2 2 0
449-455 2 2 0 4 2 4 3 0
456-462 2 2 2 4 2 4 2 0
477-483 2 2 2 4 2 6 2 0
484-490 4 2 2 4 2 6 2 0
498-504 4 2 4 4 6 6 2 2
512-518 4 2 4 6 8 6 2 2
519-525 4 2 4 10 10 8 2 2
526-532 4 2 4 10 10 8 4 4
533-539 4 4 6 12 10 8 4 6
540-546 4 4 6 12 12 8 4 8
547-553 4 6 6 22 12 8 4 10
554-560 10 6 6 22 12 8 4 12
561-567 10 8 6 30 12 8 4 12
568-5374 10 10 6 36 12 8 4 14
575-381 10 12 6 38 12 8 6 18
582-588 10 14 6 46 16 8 6 26
589-595 10 16 8 52 18 8 6 28
596-602 12 16 8 62 18 8 6 38
603-609 14 16 8 66 22 10 6 48
610-616 14 16 8 66 22 10 10 54
617-623 14 16 8 72 22 10 10 54
624-630 14 16 8 76 28 10 10 58
631-637 16 16 12 86 28 12 10 70
638-644 18 18 14 86 28 12 12 82
645-651 20 20 14 90 30 14 12 20
652-658 24 20 14 92 30 14 12 20
659-665 24 22 16 94 34 14 14 94
666-672 26 24 18 98 34 14 14 98
673-679 28 26 20 98 36 14 14 98
680-686 32 26 29 98 40 16 18 98
687-693 32 26 24 98 42 18 20 98
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Conc. Males Females
(ppm)

Test Days 0 5 20 80 0 5 20 80
694-700 34 30 28 98 44 18 20 98
701-707 36 34 28 100 46 20 22 100
708-714 38 34 28 100 46 22 24 100
715-721 38 34 30 100 46 24 24 100
722-728 40 34 42 100 46 26 24 100
729-735 42 34 44 100 50 26 24 100

T36-73TM/T 42 36 44 100% 50 26 24 100%
38F

*Statistically different from control by Gehan-Wilcoxon, alpha = 0.05.

Clinical signs:

Palpable Masses:

FOB:

Body weight:

After day 374, the number of rats for which observations were made in the various
groups were fewer in number because 15 rats/sex/exposure group were removed for
the 12-month necropsy. A number of rats in each group had external mass/nodule
observations in various locations of the skin and subcutaneous tissue including the
mammary region. Preputial and clitoral gland swellings were frequently observed
which upon subsequent examination were no longer present. In all likelihood these
swellings were, for the most part, abscesses that drained to the exterior and rapidly
healed. In an occasional rat, vaginal bleeding was observed and was usually due to a
uterine endometrial stromal polyp.

Although nervous system effects were previously observed clinically in rats exposed
to higher concentrations of sulfuryl fluoride, none were seen in rats necropsied for
the 12 month neurotoxicity study nor in those from the 12- and 24-month
toxicity/oncogenicity study.

In general, the clinical observations were those commonly seen as age-related
observations in chronic studies with Fischer 344 rats and not due to sulfuryl fluoride
CXPOSUre.

Part of the in-life examinations consisted of detecting palpable masses that could
suggest an carly onset of an oncogenic effect. The location and date of initial
appearance of clinically observed masses, and their final outcome based upon gross
and histopathologic findings, were summarised in the report. In male rats, various
tumours of the skin, mammary gland and preputial gland were observed. A number
of these grossly observed mass/nodules were found microscopically to be
inflammatory reactions, abscesses and epidermal inclusion cysts, and not neoplasms.
In female rats, the majority of the mass/nodules were microscopically found to be
mammary gland tumours, galactoceles and cystic dilatations of mammary gland acini
and/or ducts.

See study summary III-A6.9/03, G06 for FOB, motor activity and neuropathology
data on 12-month rats.

Data are given in Table 5.5a/01-2.

Males: Although the body weights of all groups on day -5 were comparable, they
were slightly lower in the 5, 20 and 80 ppm groups compared to controls on the day
prior to study initiation. Sporadic differences were observed throughout the first year
of exposure and were occasionally statistically identified. Because of the lower
pre-exposure body weights, the changes during the first year were not considered
exposure related; however, after one year a statistically-identified progressively
lower body weight was seen in the rats of the 80 ppm exposed group. The male rat
body weights in the 5 and 20 ppm groups were unaffected by exposure. As a
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reflection of normal age-related changes, the mean weights of all groups of surviving
male rats at the end of the study were less than at approximately 12 and 18 months.

Females: The body weights of the 80 ppm group were minimally lower than the
other exposed groups and controls on the day prior to study initiation. Sporadic,
statistically-identified decreases in body weight were seen in the 5 and 20 ppm
groups which were not considered exposure related. However, in the 80 ppm
exposed group the decreased body weights were consistent throughout the study, and
as in the males, became progressively more severe after one year. In contrast to the
age-related decreased body weight of male controls and lower exposure groups
during the last 6 months of study, the females in these groups continued to maintain
weight during this time.

The body weights of female rats, as for males, in the 5 and 20 ppm groups were
interpreted to be unaffected by sulfuryl fluoride exposure.

Table 5.5a/01-2: Summary of Body Weights

Conc. Male Female

(ppm) 0 5 20 80 0 5 20 80
a4 | es1 | 977 95.8 96.1 84.4 84.9 84.7 83.9
5 |1218 | 1207 | 1193 1204 | 1005 | 1004 | 993 | 98.5*
12 | 1613 | 1588 | 1559% | 1569 | 1206 | 1205 | 1193 | 115.4*
26 | 2159 | 2118 | 2099% | 2111 | 1408 | 1408 | 1388 | 134.4°
89 | 3146 | 3079 | 3073* | 3074* | 1803 | 1803 | 1776 | 171.7°

2 | 173 | 3507 | 3615 | 3509 | 3584 | 2002 | 1997 | 1987 | 192.8%

f 369 | 4142 | 4142 | 4167 | 4070 | 2228 | 2200 | 2008 | 216.5%

o | ass [4321 | 4355 | 4343 | ar1a4x [ 2370 | 2318 | 2323 | 2253+

8 [ 537 | 4324 | 4201 | 4204 | 3849* | 2544 | 2450 | 2453* | 219.0%
621 | 4359 | 4304 | 4271 | 3475% | 2662 | 2632 | 2626 | 214.4%
649 | 4247 | 4228 | 4210 | 333.1° | 2607 | 2621 | 2606 | 207.6%
677 | 4244 | 2178 | 4134 | 3746 | 2622 | 2645 | 2602 | 2479
706 | 4118 | 4075 | 4001 - 2574 | 2657 | 2592 -
734 | 4017 | 3887 | 3787 - 2559 | 2654 | 2584 -

#Statistically different from control mean by Dunnett's test, alpha - 0.05.

$Statistically different from control mean by Wilcoxon's test, alpha = 0.05.

Food
consumption:

Ophthalmology:

Haematology:

Not conducted, as this is an inhalation study.

There were no pre-study eye abnormalities in any rats assigned to study. In addition,
there were no exposure-related ophthalmologic effects noted grossly or
microscopically, except for some secondary changes due to kidney failure in the

80 ppm exposed group.

Males: The 6- and 12-month samples were collected from the same rats that were
pre-designated for the 12-month necropsy. At each time-point, there were 10
rats/group, except for the control males with 9 at 12 months, due to a death prior to
this bleed. Collection of blood samples from the same rats at 6 and 12 months
allowed for comparison of time-related changes and correlation with other
toxicologic and pathologic findings at the one-year necropsy. The blood samples for
the 19 and 21 month intervals were collected from the first 10 surviving rats of each
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group, except for only 8 in the 80 ppm group at 19 months. At the 24-month
termination of the study, the first 20 surviving male rats of the 0, 5 and 20 ppm
groups were used for sample collection.

There were occasional statistically identified increased and decreased haematologic
values observed at various times that were not considered to be exposure related.
Most noteworthy of these were the apparent decreased erythroid parameters at 19 and
21 months in the 80 ppm male group. These were not considered exposure-related
because of high control male values at this time, when compared to their values at 6,
12 and 24 months.

Females: Prior to terminal sacrifice there were 10 rats/sex/group bled at each
time-point except for 9 (all survivors) in the 80 ppm group at 21 months. When the
study was terminated at 24 months, the first 20 surviving females in the 0, 5 and

20 ppm groups were bled for haematology.

As seen in male rats, some of the parameters in females were increased or decreased
relative to controls and were occasionally statistically identified. None of these
parameters showed a consistent pattern for an exposure-related effect and were not
interpreted to be biologically significant. Interestingly, the high control values for
the erythroid parameters of males at 19 and 21 months were not seen in the female
controls. Therefore, at these time intervals the erythroid values in the 80 ppm
females were not identified as statistically different from controls, as they were in the
males.

Ewvaluation of individual rat differential blood counts and morphology of blood
smears from the various time periods failed to detect an effect other than the expected
changes associated with degenerative and inflammatory conditions, blood loss, or
most commonly, changes due to Fischer rat leukaemia syndrome. Furthermore,
histopathologic evaluation of bone marrow sections did not reveal an
exposure-related effect.

Based upon the results of repeated evaluations of haematologic parameters
throughout the study, it was concluded that no adverse effects were observed in any
exposed group.

Data for RBC, haemaglobin and haematocrit are presented inTable 5.5.a/01-3.

Table 5.5a/01-3: Red Blood Cell Parameters (19, 21 Months for dosed rats and all time

periods for controls)
Cone. (ppm) and RBC x10%cu mm HGB HCT
Group g/dl %
Males

6 Month, 0 ppm 8.51 159 53.8

12-Month, 0 ppm 8.20 14.4 58.2
19-Month

0 10.10 16.1 59.8

5 9.44 15.4 56.1

20 9.67 15.7 57.6

80 8.92° 14.7 54.9¢
21-Month

0 10.19 17.2 61.7

5 9.25 155 359

20 9.09 153 55.0

80 9.14 15.4% 55.0%
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24-Month, 0 ppm 8.16 14.1 53.6
5 7.99 13.6 52.1
20 8.07 14.0 53.0
Females
6-Month, 0 ppm 1.67 15.6 52.7
12-Month, 0 ppm 8.30 14.5 57.5
19-Month
0 8.16 14.1 52.0
5 9.09 15.4 57.0
20 9.43° 15.9¢ 58.8°
80 8.21 14.2 51.8
21-Months
0 8.44 15.4 52.1
5 9.50 16.9 57.1
20 9.97% 17.7° 60.0°
80 7.53 13.4 449
24-Month, 0 ppm 7.78 14.0 53.3
5 8.09 14.4 55.1
20 8.40° 14.8 56.7

Clinical
chemistry:

Statistically different from control mean by Wilcoxon's test, alpha = 0.05.

Data arc presented in Table 5.5a/01-4 and 5.5a/01-5 for males and females,
respectively. A number of data points that lacked consistency in response with time,
sex, and exposure concentration were identified as statistically significant, but were
not considered relevant to sulfuryl fluoride exposure. However, the following
parameters in the 80 ppm group were affected by exposure: urea nitrogen, total
protein, albumin, cholesterol, triglycerides, creatinine, phosphorus and chloride.

The clinical chemistry parameters of kidney function that were statistically
identified were consistent with the gross and histopathologic renal toxicity observed.

Urea Nitrogen: There was a slight but statistically significant increase in urea
nitrogen in both sexes of the 80 ppm group at 12 months. Although these values
were statistically identified as increased, they were well within the normal accepted
range. The slight microscopically detected increase over the normal background
renal disease at this time would not be expected to result in a biologically significant
increase (generally considered 2x) in serum urea nitrogen. However, by 19 and 21
months, the abnormally elevated levels of urea nitrogen were reflective of the
increasing severity of renal toxicity in this group. For rats in the 5 and 20 ppm
groups, no toxicologically significant alterations in urea nitrogen were observed,
although occasional values were statistically significant.

Total Protein: Only male rat values were slightly decreased and statistically
identified at 12 months in the high exposure group. These minimal physiological
changes in the males were associated with slightly more severe histopathological
effects in this sex when compared to females. The decreased values in both sexes at
19 and 21 months were correlated with the abnormally elevated urea nitrogen and
were consistent with chronic renal disease and protein loss. The serum total protein
levels were unaffected throughout the study in the 5 and 20 ppm groups. The
decreases mn total protein were the result of decreased serum levels of albumin.
Albumin: Decreased serum albumin was present only in the high exposed group of
males by 12 months. During subsequent samplings albumin levels were decreased
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in both sexes of the high exposed group resulting in the decreased total protein
levels. A statistically-identified increased albumin level in the 5 ppm group of
females at study termination was inconsistent with the exposure-related decreases
observed in the 80 ppm group, and therefore, was not considered toxicologically
significant nor due to exposure.

Cholesterol: A slight increased serum cholesterol level was present in male rats by
12 months; however, levels in both sexes were abnormally clevated at 19 and 21
months. The serum cholesterol levels were unaffected in the lower exposed groups.

Triglycerides: The increased triglyceride values in the high exposed group of males
and females at 19 and 21 months were considered to be biologically affected by
sulfuryl fluoride exposure. The absence of statistical significance in the female
group was due to a single female control rat (90A5395) which had extreme outlier
values for albumin, cholesterol, triglycerides, total bilirubin, creatinine and
phosphorus at these time intervals. This rat was in a moribund condition and
necropsied on day 707 with advanced chronic renal disease, a complex adrenal gland
pheochromocytoma, a pituitary gland adenoma and a thyroid gland parafollicular
cell carcinoma which metastasised. Therefore, the triglyceride values in the 80 ppm
group were not statistically identified as increased because of this extremely
abnormal control rat which was not representative of the group. The triglyceride
values in the lower exposed groups were considered to be unaffected by sulfuryl
fluoride exposure, although a statistically identified value was observed in the 5 ppm
exposed male rats at 12 months.

Creatinine: Although statistically-identified increased values were present in male
groups during the first year, and decreased values in both surviving female groups at
the end of the study, none of these were considered toxicologically significant.
These slight physiologically increased and decreased values were well within the
range of accepted normal values and were likely due to variation in hydration status
rather than a meaningful toxicological event. The abnormally increased creatinine
values at 19 and 21 months parallel those of urea nitrogen. Serum urea nitrogen and
creatinine are both measures of glomerular filtration and would be expected to be
abnormally elevated in advanced chronic renal disease. In general, markedly
abnormal increased values for urea nitrogen and creatinine, as observed at 19 and 21
months, require approximately 70 to 75% or more of the nephrons in both kidneys to
be nonfunctional. The abnormal clinical chemistry results at these times were
consistent with the gross and histopathologic observations of renal failure in the
moribund and/or dead rats during the second year. There were no toxicologically
significant changes in creatinine in the 5 and 20 ppm exposed groups of rats.
Phosphorus: The hyperphosphataemia observed in 80 ppm exposed rats at 19 and
21 months was consistent with an interpretation of insufficient renal function
required to normally excrete this anion. The serum phosphorus values were
interpreted to be normal throughout the study in lower exposed groups; however, at
6 months the value for the female 20 ppm group was statistically identitied as
clevated.

Chloride: The chloride ion is normally passively absorbed by the kidneys and serum
levels are generally decreased in chronic renal failure, in order to maintain anionic
equilibrium associated with the hyperphosphataemia. The serum chloride levels in
the lower exposure groups were unaffected throughout the study.

AST/CK: The results for serum aspartate aminotransulfuryl fluorideerase (AST) and
creatine kinase (CK) were occasionally identified as statistically different from the
controls; however, they were not considered a toxicologically significant effect due
to sulfuryl fluoride exposure. The values for AST in male rats were identified as
statistically increased in the 5 ppm group at 12 months and decreased in the high
exposure group at 19 and 21 months; whereas, in the females the values were
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statistically significantly increased at 12 and 19 months. All groups showed
considerable variability in their values without a consistent pattern over time,
between the sexes or exposure concentration. This enzyme is found in many tissues
and is considered a marker of soft tissue damage but lacks organ specificity. The
absence of a correlation of these statistically significant values with other findings of
toxicity suggests they may be due to normal individual animal variability or a result
of blood collection procedures.

CK values also demonstrate large variability in all exposure groups and controls at
various sampling times. Although CK is found in many cell types, its highest
specific activity is found m skeletal muscle with serum levels generally increased in
degenerative muscle conditions. The large variations seen in this study have also
been observed historically in control rats and those receiving test materials. This, in
all probability, was associated with blood sample collection procedures from the
posterior orbital sinus used during the course of the study and at terminal necropsy.
This method of sample collection may result in significant tissue damage and
contamination of the serum by this enzyme. A decrease in muscle mass could also
be a possible explanation for the decreased values; however, this interpretation may
be appropriate for the 80 ppm exposed rats, but was not for the lower exposed
groups, since their body weights were normal and there were no histopathologic
effects in muscle. Another possible explanation for the decrease could be inhibition
of the enzyme by sulfuryl fluoride and/or metabolites during the assay. This would
appear to be unlikely since the results lack a good dose-response in each sex at
various sampling times.

In any event, significant known disease conditions are associated with increased
levels of this enzyme and not decreases as were seen here. Therefore, the statistically
identified values were not considered to be a toxicologically significant effect of
sulfuryl fluoride exposure.

Nearly all of the clinical chemistry measures of renal function were abnormal at 19
and 21 months in the 80 ppm group. These changes were consistent with
progressive renal damage which was the primary cause of morbidity and mortality in
this group prior to study termination. None of the other measured clinical chemistry
parameters were considered to be indicative of significant toxicity or organ damage
in tissues other than kidneys. There were no toxicologically significant clinical
chemistry changes observed in the lower exposure groups throughout the study.

Table 5.5a/01-4: Clinical Chemistry (UN, AST, TP, ALB, Cholesterol, Triglycerides, CK, Creatinine,

P, Cl) - Males
Conc. UN AST TP | ALB | CHOL | TRIG CK CREA P CL
(ppm) mg/dl | mU/ml | g/dl g/dl mg/dl mg/dl | mU/ml | mg/dl | mg/dl | mmol/L.
6-Mth
0 17 112 9.0 42 67 65 121 0.7 7.4 118
5 16 118 8.8 4.1 67 6l 67* 0.7 7.6 120
20 18 136 8.9 42 70 63 79 0.8% 73 118
80 18 113 8.9 4.1 65 63 3% 0/8 10.9 118
12-Mth
0 13 109 7.1 3.1 76 57 131 0.6 6.6 107
5 14 153%* 7.1 3.1 78 8 168 0.6 6.5 107
20 14 97 7.1 3.1 75 52 152 0.7 6.5 107
80 17% 105 6.8% | 2.8% 102% 098 88 0.7% 7.0 105
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Conc. UN AST | TP | ALB | CHOL | TRIG CK | CREA P CL
{ppm) mg/dl | mU/ml | g/dl g/dl mg/dl mg/dl | mU/ml | mg/dl | mg/dl | mmol/L

19-Mth

0 18 67 80 | 35 139 131 143 0.8 5.7 114

5 20 93 74 | 33 125 164 91 % 0.8 5.8 114

20 20 62 79 | 34 152 157 63% 0.8 5.9 115

80 62° 45% 7.4% | 2.6% | 319% 396° 47* 2.4% 9.6% 108

21-Mth

0 16 62 78 | 34 143 125 101 0.7 5.7 117

5 18 93 79 | 34 153 148 75 0.7 5.6 118

20 20 111 7.7 | 3.1 159 198 59% 0.8 5.9 117

80 78" 51 | 7.1% | 26% | 349% 432° 53% 28" 11.8° 111%

24-Mth

0 22 100 78 | 3.1 206 169 204 0.8 6.3 113

5 23 102 77 | 32 231 192 187 0.8 6.6 114

20 26 148 75 | 31 218 224 130 0.9 6.3 114

80 No animals remaining

*Statistically different from control mean by Dunnett's test, alpha = 0.05.
SStatistically different from control mean by Wilcoxon's test, alpha = 0.05.

Table 5.5a/01-5 Clinical Chemistry (UN, AST, TP, ALB, Cholesterol, Triglycerides, CK, Creatinine, P,
Cl) - Femuales

Conc. UN AST TP ALB | CHOL | TRIG CK | CREA P CL
(ppm) mg/dl | mU/ml g/dl g/dl mg/dl mg/dl | mU/ml | mg/dl mg/dl | mmol/L
6-Mth

0 71 78 8.5 43 101 42 158 0.7 6.2 118

5 20 75 8.7 42 102 46 114 0.8 6.6 120
20 24% 76 8.7 43 99 44 122 0.7 6.9% 119
80 20 83 8.9 43 105 46 109 0.7 6.5 119
12-Mth

0 15 65 7.4 3.6 107 47 124 0.6 6.3 108

5 14 66 7.4 35 99 48 141 0.6 6.1 107
20 14 69 74 3.6 105 44 111 0.6 6.1 107
80 17% 878 7.6 3.6 114 46 98 0.6 6.3 107
19-Mth

0 24 90 9.1 3.9 202 199 161 0.9 53 115

5 23 66 8.9 4.1 165 117 102° 0.8 49 116
20 208 69 8.4 39 151 127 T 0.8 5.6 116
80 69° 1% 7.8% 2.9° 362° 428 117° 1.9% 9.2 109°
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Conc. UN AST TP ALB | CHOL | TRIG | CK | CREA P CL
(ppm) mg/dl | mU/ml | g/dl g/dl mg/dl mg/dl | mU/ml | mg/dl | mg/dl | mmeol/L
21-Mth

0 20 75 7.9 3.6 193 134 68 0.7 50 109
5 20 58 8.1 3.8 156 80 61 0.7 5.0 109
20 23 70 8.0 3.8 148 74 54 0.7 5.1 110
80 111° 67 6.7* 2.6 310° 267 149 2.6% 12.0° 102°
24-Mth

0 22 108 8.2 3.7 185 117 198 0.7 5.9 109
5 20 95 8.4 3.9° 168 132 133 0.6% 5.6 110
20 21 86 8.0 3.8 166 110 11 0.6% 5.8 110
80 No animals remaining

*Statistically different from control mean by Dunnett's test, alpha = 0.05.
$Statistically different from control mean by Wilcoxon's test, alpha = 0.05.

Urinalysis:

Data arc presented in Table 5.5a/01-6. The 6-month repeat urinalysis was
performed approximately 2 weeks after the initial 6-month sample because of the
statistically significantly increased specific gravity observed in females in the 20 and
80 ppm groups, in contrast to the absence of a similar response in males. Evaluation
of the data following the 6-month repeat urinalysis for all groups showed the
specific gravity response in the 20 and 80 ppm groups to be statistically identified as
decreased in the males and unaffected in females as compared to the initial 6-month
samples. Therefore, it was concluded that the observed statistically-identified
specific gravity changes were a reflection of normal biological variability.

The number of female rats with a +1 protein in their urine was also increased
compared to the control group at 6 months; however, it was not observed in the
repeat sampling. The reason for the observation of protein in the middle and high
exposure groups from the first 6-month urinalysis was due to their higher specific
gravity and not due to sulfuryl fluoride exposure. As noted in the repeat sample, the
number of rats with a +1 protein was comparable in all of these rats and they were
similar to the initial results in the 20 and 80 ppm groups, due to their higher specific
gravity. The method for determining urinary protein is normally influenced by the
urine specific gravity, and the observed values reflected this normal variation.

In males, there were no significant observations at the 12-month interval. There was
an increase in urinary protein, when compared to the 6-month samples, which is an
age-related phenomenon normally more prevalent in males than females. The
female urine specific gravity was again increased in the 80 ppm group with the
expected concurrent increase in urinary protein as a reflection of their greater
specific gravity.

The results of repeated urinalyses and microscopic examination of urinary sediment
during the first year did not detect an exposure-related effect even though early renal
histopathologic changes were scen in these rats.

In contrast to the absence of an effect on urinalyses during the first year, the specific
gravity findings in male and female rats at 19 and 21 months clearly showed
significant biological effects which were identified as statistically significant. The
decreased urine specific gravity in males and females at each time interval in the

80 ppm exposed group was interpreted to be due to a loss of functional nephrons
associated with progressive chronic renal disease. The findings of a slight increase in
urinary blood may have been secondary to the renal histopathologic changes.

At the termination sampling, the statistically-identified increased urinary specific
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gravity in the 20 ppm group of males was considered a reflection of normal
variability as previously seen at the 6-month samplings. The expected response, if
exposure related, would be a decrease and not an increase in specific gravity.
Similar changes were not observed in the female rats, nor were there any other
toxicologically significant effects observed in urinalyses of either males or females
at this time.

Table 5.5.2/01-7 Urinalysis (Specific Gravity, Protein and Blood at specified intervals)

Male Female

Conc. Specific Protein Blood Specific Protein Blood

(ppm) Gravity Gravity

6-Mth

0 1.059 +(1) Neg (10) | 1.022 Neg (6) Neg (10)
+++(9) TRC (3)

+(1)

5 1.052 +(2) Neg (10) | 1.029 Neg (5) Neg (10)
++(5) TRC (2)
+++(3) +(3)

20 1.051 + (1) Neg (10) | 1.052* TRC(2) | Neg(10)
++(6) +(8)
+++(3)

80 1.048 + (1) Neg (10) | 1.046* TRC(3) | Neg(10)
++(3) +{7
+++ (6)

6-Mth Repeat

0 1.055 ++ (6) Neg (8) 1.043 Neg (2) Neg (9)
+++(3) |+ +(8) +(1)

5 1.051 + (1) Neg (10) | 1.038 Neg (1) Neg (10)
++(7) TRC (1)
+++(2) +(8)

20 1.035* +{4) Neg (10) | 1.048 Neg (2) Neg (10)
++(3) +(8)
+++(3)

80 1.038% +(1) Neg (10) | 1.041 TRC(3) | Neg(10)
++(2) +(6)
+++{7) ++(1)
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Male Female
Conc. Specific Protein | Blood Specific Protein Blood
(ppm) Gravity Gravity
12-Mth
0 1.054 +++(9) | Neg(8) | 1.041 TRC (1) | Neg (10)
+H1) +(2)
++(3)
(4
5 1.062 ++(10) | Neg (10y | 1.036 Neg (1) | Neg (10
TRC (1)
+(#
++(3)
+++ (1)
20 1.050 +++(10) | Neg (10) | 1.043 +(6) Neg (9)
++(2) +H1)
=+ (2)
80 1.051 4+ (10) | Neg (10) | 1.057* +H+ (10) | Neg (10)
19-Mth
0 1.047 +++(10) | Neg (10) | 1.044 +++ (10) | Neg (10)
s 1.042 +(1) Neg (8) | 1.045 ++ (3) Neg (10)
+++{9) +(1) ++ (7
+ (1)
20 1.042 +++(10) | Neg (10) | 1.045 + (1) Neg (9)
H+@ | (D
80 1.027% +++(10) | Neg (7) | 1.025% +++ (10) | Neg (3)
+(3) +(3)
+(2)
21-Mth
0 1.044 +HH(10) | Neg (10) | 1.046 + (1) Neg (8)
(@) |+
++ (1)
5 1.044 (1) Neg (10y | 1.046 +(2) Neg (10)
+++{9) +++ (8)
20 1.050 +{1) Neg (10) | 1.048 ++ (10) | Neg (9)
+++{9) +++ (1)
80 1.028% +++(10) | Neg (3) 1.025% H+(9) | Neg(3)
+(6) +(3)
=+ (1) +(2)
++ (1)
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Male Female
Conc. Specific Protein | Blood Specific Protein Blood
(ppm) Gravity Gravity
24-Mth
1.037 +++(20) | Neg (13) | 1.042 +(5) Neg (20)
+(7) +++(15)
1.039 +++(20) | Neg (193 | 1.040 +(2) Neg (19)
+(1) ++(18) | + (1)
1.044% ++ (1) Neg (16) | 1.038 +(2) Neg (17)
++{19) | +(3) +H+(18) | + (1)
+ (1) +(1)
+++ (1)
No animals remaining

(N) indicates number of animals with the stated value.
Specific gravity is the mean for the test group.
TRC: Trace; Neg: negative
*Statistically different from control mean by Dunnett's test, alpha = 0.05.

Organ weights:

12-Month Study: There were no statistically-identified differences in fasted body

weights of males or females even though the non-fasted mean body weights of the
65 female rats in the 80 ppm exposure group on day 369 were decreased. None of
the absolute or relative organ weights of sulfuryl fluoride exposed females were
statistically identified as different from the controls, as shown in Table 5.5a/01-8.
The relative kidney and liver weights of 80 ppm exposed male rats were higher than
for controls and were statistically identified. There were slight histopathological
changes in the kidneys, but not in the liver of these rats. The slightly decreased
fasted body weight in the 80 ppm exposed males likely contributed, as would be
expected, to the observed increased relative organ weights.

24-Month Study: A statistically-identified increased relative brain weight and
decreased absolute and relative testes weight were observed in the 5 ppm exposure
males, as shown in Table 5.5a/01-9. The interpretation of a decreased testes weight
was compromised by the presence of tumours, since nearly 100% of Fischer 344
male rats had multiple and variable sized Leydig cell tumours by the end of the
2-year study. Furthermore, the weights of these organs were unaffected at the
12-month necropsy. The relative brain weight in female rats of this group was
identified as decreased in contrast to the increase in males. The statistically
identified organ weight differences were considered normal variation in aged rats
and not exposure related.

Table 5.5a/01-8: Organ Weights—12-Month Study (Liver and Kidney)

Male Female
Conc. (ppm) | Final Body Kidneys Liver Final Body Liver
Wit. Wit.
(g) (g) (g/100g) (g) (g/100g) (g) (&) (g/100g)
389.1 2.462 0.634 9.606 2.470 2358 1.990 0.850
391.6 2.419 0.618 9.841 2.510 247.4 1.984 0.806%
20 402.1 2.491 0.619 9.780 2.429 240.0 1.980 0.831
80 385.8 2.627 0.681* 10.164 2.638* No animals

*Statistically different from control mean by Dunnett's test, alpha = 0.05.
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Table 5.5a/01-9: Organ Weights--24-Month Study/Males (Brain and Testes)

Conce. (ppm) Final Body Brain Testes
Wit.
(8) (2) (g/100g) (g (g/100g)
373.0 2.160 0.580 6.807 1.828
361.1 2.179 0.609% 5.206% 1.429*
20 356.6 2.158 0.609 6.376 1.792
80 No animals

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

Gross pathology:

12-Month Study: A single male control rat (90A5187) was found dead prior to the
scheduled necropsy with generalised visceral congestion and self mutilation or
cannibalisation of a hindlimb. The microscopic findings in this rat indicated death
was due to choking and asphyxiation associated with the distended oesophagus
containing feed. All of the other rats survived to the scheduled necropsy. An
exposure-related effect was observed in the lungs of both sexes in the 80 ppm group,
as shown in Table 5.5a/01-10. The pulmonary changes were characterised by
multiple, small pale coloured foci scattered subpleurally and located primarily in the
diaphragmatic lobes. Afier formalin fixation of tissues the labial surface of the
incisor tecth of all 80 ppm exposed rats were found to be discoloured with a
repetitive pale and slightly darker coloured horizontal line. None of the molar teeth
were similarly affected after formalin fixation. The observations on the incisor teeth
were not included in the gross pathology table, nor in the individual necropsy
pathology sheets, since they were only observed in the fixed tissue.
Exposure-related changes in other organs of the 80 ppm exposed rats were not
observed at necropsy or following formalin fixation. In addition, the 5 and 20 ppm
exposed groups of rats were unaffected by exposure.

In the liver, kidneys, spleen and lungs, there were adhesions observed in occasional
animals due to misplacement or migration of the microchip used for animal
identification. Apparently, the microchip was accidentally injected or migrated
within the abdominal or thoracic cavity, rather than remaining subcutancously, and
caused the adhesions of visceral organs.

24-Month Study: The most significant gross observations in these rats were related
to advanced chronic renal disease in the 80 ppm group, as shown in Table
5.5a/01-11. Due to renal failure there were many other observations in numerous
tissues which represent the spectrum of secondary uraemic changes. For some
tissues, the incidence of observations was decreased which was, in part, a reflection
of the early onset of morbidity and death. The salient findings of the grossly
affected tissues in the high-exposure group are listed in alphabetical order and are
shown in Table 5.5a/01-12 below.

The kidneys, lungs and incisor teeth were grossly affected and their identification as
target tissues was consistent with the 12-month necropsy observations. The
incidences of gross tumours for the most part were decreased in the high-exposure
group, while in the lower-exposed groups they were comparable to controls. The
numerous gross observations in other (non-target) tissues were considered to be
secondarily affected due to kidney failure.
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Sex Males Females
Exposure Conc. (ppm) 0 5 20 | 80 0 5 20 | 80
Fractured/missing teeth, upper incisors: 0 1 0 0 0 0 0
Malocclusion: 0 0 0 1 0 0 0
Malocclusion, tooth: 0 0 1 1 0 0 0 0
Mottled, tooth: 0 0 0 12 0 0 0 8
Overgrown incisors: 0 0 0 0 0 1 0 0
Overgrown incisors, lower incisors: 1 1 0 2 0 0 0 0
Overgrown incisors, upper incisors: 1 0 0 0 0 0 0 0
Ingesta present, oral cavity: 0 0 0 0 0 1 0 0
Mass/module: 0 0 1 0 0 0 1 0

Table 5.5a/01-12: Gross Pathologic Observations in 24-Month High Dose Group (alphabetical

order)
Tissue Observation
Aorta Increased incidence of mineralisation and/or firm, both sexes

Digestive tract

Increased incidence of decreased ingesta, both sexes

External and Skin Decreased incidence of mass/nodules, females

Eyes Increased incidence of comeal opacity, both sexes

General Increased incidence of decreased abdominal fat, both sexes
Decreased incidence of icterus usually seen in Fischer rat leukaemia
suggesting fewer leukaemic rats, both sexes

Heart Increased incidence of pale areas or foci in the muscle, both sexes

Kidneys Increased incidence of pale-coloured kidneys, both sexes
Increased incidence of roughened kidney surface, both sexes

Liver Decreased incidence of increased size of liver probably due to
lymphoreticular tumour, both sexes

Lung Increased incidence of pale foci, multifocal, in both sexes of

high-dose and middle-dose males

Oral tissues

Increased incidence of mottled teeth (fluorosis), both sexes

incisor teeth of males and females in the 80 ppm group, and in the teeth of several

Parathyroid gland Increased incidence of increased size, both sexes

Pituitary gland Decreased incidence of mass/nodule, both sexes

Spleen Decreased incidence of increased size probably due to
lymphoreticular tumour, both sexes

Stomach Increased incidence of mineralisation, both sexes
Increased incidence of erosions/ulcers, both sexes

Testes Increased incidence of a decrease in size, males

Uterus Decreased incidence of mass/module, females

Histopathology: 12-Month Study: Exposure-related effects were observed in kidneys, lungs and

20 ppm males, as shown in Table 5.5a/01-13.

Kidney: A very slight degree of chronic progressive glomerulonephropathy,
normally seen at this age in this strain of rat, was present in nearly all 0, 5 and

20 ppm males, and to a lesser extent in the 0, 5 and 20 ppm females. Male rats in
the 80 ppm exposure group were more severely affected with chronic progressive
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glomerulonephropathy, than control and lower exposure groups. The
exposure-related renal change in 80 ppm females paralleled the response in males,
except all females in the 0, 5, 20 and 80 ppm groups generally had less severely
affected kidneys than males. Only one female rat from the 80 ppm group was as
severely affected as were all of the males in this group.

The minimal exposure-related microscopic renal effects in the 80 ppm group of rats
were not associated with toxicologically significant alterations in clinical chemistry
parameters, urinalyses values, absolute and relative kidney weights, nor were they
grossly detected at necropsy. However, these early microscopic renal effects did
increase in severity with continued exposure and resulted in altered clinical
pathology parameters, morbidity and mortality due to renal failure during the second
year.

There were early changes suggestive of glomerular and tubular epithelial cell
damage more prevalent in the 80 ppm exposure group when compared to control and
lower exposure groups of rats. It was likely that increased protein loss through the
glomerular basement membranes occurred and exerted a secondary effect on the
tubular epithelial cells during protein reabsorption. These changes were identical to
the age-related changes which occur in control Fischer 344 rats, and to a much
greater degree in Sprague-Dawley rats, which generally have a significantly higher
incidence and severity of renal disease. In neither of these rat strains is the
mechanism understood for the normally occurring age-related
glomerulonephropathy. In any event, the background renal disease seen in control
rats was minimally exacerbated in the 80 ppm sulfuryl fluoride exposed male and
female rats after 12 months.

Lung: The lung changes were microscopically consistent with the gross
observations in the high-exposure group. In the 0, 5 and 20 ppm exposure groups of
rats, a very slight degree of alveolar histiocytosis was microscopically present in all
rats. These lesions consisted of single or multiple foci of individual cells, or
aggregates of alveolar macrophages within alveoli of the five sections of lung
routinely examined from each rat. The small microscopic foci of alveolar
histiocytosis seen in the 0, 5 and 20 ppm groups were generally not of sufficient size
to be grossly evident. In our experience, and the experience of others (Boorman et
al., Pathology of the Fischer Rat. Reference and Atlas, Academic Fress, Inc., San
Diego, CA, 1990; Mohr et al., Pathobiology of the Aging Rat, Volume 1,
International Life Sciences Inst., Washington, DC, 1992; Anver and Cohen, Lesions
Associated with Aging. In: The Laboratory Rat, Vol 1, Ed. Baker, Lindsey, and
Weisbroth, p. 394, Academic Press, 1979; Haschek and Witschi, The Respiratory
System. In: Handbook of Toxicologic Pathology, Ed. Haschek and Rousseaux, pp.
761-827, Academic Press, 1991), these are common incidental lung findings in older
rats. The lesions may be more extensive following infection by respiratory
pathogens or various experimental regimens (c.g., dietary lipid imbalances or
chronic exposure to airborne irritants) which lead to the presence of multiple
greyish-white plaque-like foci visible from the pleural surface. The lesion may
represent a continuum ranging from focal accumulations of alveolar macrophages
(histiocytes), through mixed inflammatory lesions in which large foamy
macrophages predominate, to lesions in which fibrosis is a major factor, often in
association with cholesterol clefts.

Microscopic changes in the lung of the high-exposed group of rats, diagnosed as
aggregates of alveolar macrophages, multifocal, very slight or slight, represent the
continuum described above for alveolar histiocytosis, and not simple alveolar
histiocytosis as was observed in the controls and lower exposure groups. These
minor pulmonary changes have previously been observed in the sub-chronic study
using Fischer 344 rats (I11-A6.4.3/01, D04) and in the reproduction study using
Sprague-Dawley rats (III-A6.8/01, FO1).
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The extent of involvement of the lung surface examined in the five sections, even in
the most severe case, was very minimal, and was likely not to be associated with
significant impaired function. There were no exposure-related pulmonary changes
observed in the 5 and 20 ppm exposed rats necropsied at 12 months.

Teeth: Dental fluorosis involving the upper incisor teeth of male rats was
microscopically very slight to slight in degree, while in females essentially all were
very slight. The incisor and molar tecth were examined as part of the evaluation of
the four decalcified sections of nasal turbinates (Young, Hisiopathologic
Examination of the Rat Nasai Cavity, Fund. Appi. Toxicol., 1: 309-312, 1981). The
most consistent finding was the formation of basophilic lines in dentin and enamel
which likely correlated with the formalin fixed tissue observations of alternating
pale and darker coloured horizontal lines in the incisor teeth. Significant changes in
ameloblasts, odontoblasts and dental pulp were not readily apparent. Furthermore,
the microscopic changes in the upper incisors were not detected in the molars. This
may be due to the fact that only the incisors erupt continuously and are maintained at
a constant length by attrition of the occlusal surfaces. Total renewal of incisors
normally occurs approximately every 40 to 50 days. Therefore, during the course of
the 24-month study the incisor teeth were renewed approximately 15 to 18 times
without significant clinical dental problems in any group. There were several male
rats in the 20 ppm group with very slight microscopic change in their teeth. The
toxicological significance, if any, of changes in the incisor teeth was equivocal and
best considered a biomarker of fluoride exposure in the rat.

There were a number of microscopic diagnoses in many tissues that represent the
normal age-related changes in rats of this strain. An occasional neoplasm was
present in some of these tissues. None of these tumours were interpreted to be
associated with sulfuryl fluoride exposure.

24-Month Study: Since there were numerous statistically-identified differences in
many tissue these findings are discussed in the order of their biological significance
as they affected the well-being of the rat. The kidneys, lung, and incisor teeth were
the only primary target organs affected after 24 months of exposure to sulfuryl
fluoride, as they were after 12 months, as shown in Table 5.5a/01-14.

Kidney: The grades of severe and very severe chronic progressive
glomerulonephropathy were used to describe the renal effects in 47/50 males and
45/50 females. In contrast, the kidneys of only 5/50 control males and 1/50 control
females were comparably affected. Since kidney toxicity caused by exposure to

80 ppm sulfuryl fluoride resulted in morbidity and death of most rats in this group, a
brief description of this disease process which normally occurs in aged rats is
presented below. The kidney changes in the 80 ppm exposed rats parallel the
normal disease process described by Boorman et al. (1990) and Mohr et al. (1992)
(ibid.), and only differs in that it was significantly exacerbated.

According to Boorman et al. (1990) and Mohr et ai. (1992) and the experience of
the author of this report, the following sequence of microscopic changes occur in
chronic progressive glomerulonephropathy in the rat. The carliest microscopic
changes consist of a few scattered foci of tubular cell regeneration. These tubules
usually have more cells with an increased intensity to their cytoplasmic staining.
Basement membranes surrounding these tubules and their associated glomeruli are
slightly thickened. As the discase progresses, the thickened tubular and glomerular
basement membranes become more pronounced. Some of the tubules become
dilated and contain proteinaceous casts, their epithelial cells accumulate
haemosiderin and lipochrome pigments, and interstitial fibrosis and inflammatory
cell infiltration occurs. Occasional tubules with thickened basement membranes
may be lined by multiple layers of cells while others may have a flattened
epithelium. The concurrent changes in the glomerulus are characterised by
increased mesangial cell proliferation with basement membrane thickening and
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