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I. INTRODUCTION

EPA's Office of Solid Waste (OSW) is currently developinf; a frame- :
work for a regulatory program to restrict the continued land disposal of
bazardous wastes at facilities regulated under Subtitle C of the Resource
Conservation and Recovery Act (RCRA) of 1976, as amended by the Hazardous
and Solid Waste Amendments of 1984. Under OSW's proposed framework, EPA
will establish health-tased thresholds for individual chemical constitueats
in leachates emanating from land disposal units (or their equiv:lents for
release to air and surface water). The leachate thresholds will be estab-
lished through a back calculation that starts from a point of potential e.-
posure and estimates an acceptable leachate concentration at release from a
land disposal unit using fate and transport models. The data provide¢ from
the subchronic toxicity study with thailium(I) svlfate will assist in de-
veloping maximum acceptable concentrations for this compound in leachates
emanating from land disposal units.

II. OBJECTIVE

The primary objective of this range-finding study was to obtain
preliminary information on thallium(I) sulfate toxicity and to det:rmine
doses for the 90~day subchronic toxicity study.

III. MATERIALS AND METHODS

A. Test Compound

1. Source, receipt, and storage: Thallium(I) sulfate [CAS Fo.
7446~-18-6), Lot No. 03631JL, was purchased from Aldrich Chemical Company,
Milwaukee, Wisconsin, and Midwest Research Institute (MRI) received 500 g
on February 18, 1986. Upon receipt, the compound was stored at rcom tem-
perature. Later, however, the compound was transferred to refrigerated
conditions (v~ 4°C) due to a lack of information regarding thalliim sulfate
stability.

' 2. Identity analysis: Elemental analysis for thallium, sulfur,
and oxygen and analysis for water using Karl Fischer water analysis <on-
firmed the identity of the test compound.*

E "éﬁEﬁIcaikCh; rization and Dosage Formulation Studies for Thallium(I)
. fate," Midwest Research Institute, Project No. 8702-L{18), Final




3. Purity: BPurity of thallium sulfate was performed by spark
source mass spectrometry. The results indicated that the compousd was
greater than 99.9% pure,* consistent with the manufacturer's stated purity.
Since lead content was shown to be > 100 ppm; studies are underway to quan-
tify these amounts by inductively coupled argon plasma (ICAP) techniques.

4. Dose formulation: Dosing solutions were prepared by dissolv=
ing thallium sulfate in water, once per week. At each preparatiom, an =
appropriate auwount of the test compound was weighed into' a Volumetric flask,
dissolved in Milli-Q® purified water, and used as a stock solutior. Serial
dilutions were performed volumetrically to obtain the desired dose concen~
tration. )

5. Dose verification: Dosing solutions were analyzed using 2
titration methodology described in MRI report of April 22, 1986.%

B. Animals

1. Source: Male and female Sprague-Dauley rats were used in this
study. This species and strain was selected by the sponsor. The rats were
purchased from Charles River Breeding Laboratories, Portage Facility, Portage,
Michigan.

2. Arrival and guarantine: A total of 85 males and 84 females
were received March 25, 1986; they wers 30 days old upon receipt. All
animals were received in good condition and were immediately housed in
quarantine for a 2-week period. During the quarantine period, the animals
were esr-tagged with unique identification numbers. They were exami 1ed by
the attepding veterinarian and determined to be in good health as evide 1ced
by normal growth and appearance.

During the test period, the rats were housed individually in clear
polycarbonate cages (19 x 10.5 x 8 in.) containing Ab-SoEb-DriG (Ab-Sorb-Dri
Company, Garfield, New Jersey) hardwood chip bedding. Certified Purina Lab
Mash (No. 5002, Ralston Purina Company, St. Louis, Missouri) and tap water®*
were administered ad libitum. The animals were kept in environmertally con-
trolled rooms (temperature, 72 * 3°F; humidity, 50 % 10%) maintained cn a
12-hr iight/dark cycle.

General procedures for animal care and housing were in acco:dance
with DHEW Publication No. (NIH) 85-23, 1985, Guide for the Care and Uie of
Laboratory Animals, and MRI Manual for Animal Core. Cages, bedding, and

¥ TChemical Characterization and Dosage Formulation Studies for Thallium(I)
Sulfate,"” Midwest Research Institute, Project No. 8702-L(18), Fimai
“Report, April 22, 1986. :

#% Monthly records from the Kansas City Water aid Pollution Control Depart-
“ment are kept in the MRI Quality Assurance Office.




feeding containers were changed in accordance with MRI .una:a operating
procedures. : R T

C. Experimental Procedures

1. Randomization and group assigmment: In order to obtain groups
that were. comparable by weight, the rats were weighed and randomized fox
each test group using a computer-based body weight stratification procedure.
Randomization was performed 1 day before initiation. of dosing. One addi-
tional group (10 males and 10 females) were randomized and kept nontresated.
These rats were to have been used if an additional dose group had been
needed. All rats were 45 days old at the ipitiation of dosing;. The males
weighed 161 to 209 g and the females weighed 132 to 160 g.

2. Dosing procedures: Ten rats per sex were assigned to one of
five dose groups and one vehicle control group (VCTL). The five doses used
were 9.1, 1.0, 2.5, 5.0, and 10.0 mg/kg/day. These dose levels were se-
lected by the sponsor based on available literature information. Each ve-
hicle control animal received doses of Milli-Q® purified watex.

The compound was administered daily by gavage for 14 days a.d the
dose volume was based on body weights taken or Days 0, 3, 7, and 10 of the
study. A dose volume of 5.0 mL/kg body weight was used for all rats.

3. Clinical cbservations: Animals were checked twice daily
{morning and afternoon} for viability. A detailed clinical observation was
performed at dosing and at approximately 1 hr after dosing. Observations
were recorded once per day.

4. Body weights and food consumption: Body weights were deter-
mined on Days 0, 3, 7, 10, and 15 (termination) or when found d:ad. Brdy
weight changes were computed. Food cousumption was measured duciz; the
following intervals: Days 0-3, 3-7, 7-10, and 10-15 and ti.e grume corsumed
per rat per day was calculated. When an animal was found dead, the feeder
was weighed.

5. Necropsy: All animals dying spontaneously and those sacri-
ficed at the scheduled necropsy were subjected to detailed macroscopic
examinations. All necropsies were performed under the supe:nision of a
pathologist. For the scheduled necropsy, the rats were sacrificed on study
day 15 using carbon dioxide gas.

6. Organ weights: After examination of the animal, the liver,
kidneys, brain, gonads Etestes or ovaries), spleen, heart, and zirenals
were excised and weighed.

7. Histopathology: Tissues showing gross lesions were preserved
for microscopic ‘evaluation. These tissues were fixed in 10X neutral buf-
fered formalin and were sectioned, mounted, stained with hematoxylin and
eosin (H&E) and examined by light microscopy.




8. Statistical analyses: Body weights, body weight gain, find
consuaption, absolute organ weights, and relative organ weights were siu-
tistically evaluated using the Dunnett'’s t-test. For evaluation of mean L
differences, a level of probability of p < 0.05 was used. 1‘

IV. RESULTS =

A. Dose Concentration Analyses ﬂ“

Table 1 shows the results obtained from analyses of dosing solu-
ticns used for this study. The results indicate that the nominal and analyt-
ical values did not differ hy more than * 7.5%.

Daily cumulative mortality is shown in Table 2. Total mortality
occurrad in male and female rats treated at the 10 mg/kg dose lesel. These
; animals died after receiving six to eight doses of the test compound. Nine
- of the ten males treated with the 5 mg/kg dose died before study terminatisn;
seven were found dead after the 11th dose, one after receiving 12 doses and 7}

l
B. Mortality 1
i

one following the 13th dose. Only two females treated with ths 5 mg/kg dose Y
died during the course of the study; one after the 10th dose and one after -
the 13th dose.

C. Clinical Obgervations

The clinical observations are summarized in Table 3.

CEa Vehicle controls (0 mg/kg dose group): Some of the rale rats ex-

: ; hibited a slight decrease in grooming behavior which was reflacted in reddish
staining around the eyes and nares thought not to be related to treatment cr
handling. The partial closure of the eyes in three rats, the piloerection
in one rat and the rough coat in one rat were all slight in severity.

¢

The female rats treated with the vehicle showed no clini:al sigus.

0.1 mg/kg dose group: The major ciinical signs observed iz male
rats of this dose group were lacrimation, exophthalmos, and piloerection.
These signs became evident between Days 4 and 6 of the study. As dosing
continued, these signs became less apparent and dryness or erythema around
the eyes, partial closure of the eyes and rough coat became more frequent.
Two animals showed signs of shedding.

The female rats showed similar signs as the males, i.2., lacrima-
tion and exophthalmos, but displayed less incidence of piloerectioa.
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1.0 mg/kg dose group: The male rats of this dos2 group showed
similar signs as those described for the males treated at the 0.1 mg/kg
dose level. Additional observations included rales, unstable gai%, hypo-:
activity, and self-biting behavior in one animal.

All the female rats of this dose group displayed lacrimation ard
piloerection early in the study. Four rats showed erythema arovad the eyes
and one rat showed hair loss.

2.5 mg/kg dose group: The male rats of this dose group displayed
lacrimation and piloerection early in the study. Exophthamos was observed

in eight of the ten rats. Lacrimation progressed to a higher incidence of
erythema or dryness around the eyes and partial closure of th: eyes. Pilo-
erection also progressed to rough coat, balding in spots, and the deve op-
ment of areas of erythema on the skin.

All female rats of this dose group showed lacrimation, exsphthal-
mos, and piloerection early in the study. The progression of erythema
around the eyes, discharge, and closure was less apparent than in the males.
Seven animals displayed sheddirg and two showed late signs of erythema in
patches on the skin.

5.0 mg/kg dose group: Male rats of this dose group showed similar
early signs (lacrimation, exophthalmos, and piloerection) as described for
the 2.5 mg/kg males. Progression of these signs, however, was more severe.
All of these rats showed shedding and balding with areas of ery hema on the
skin. Death was usuvally preceded by severe diarrhea. Other sins observed
occassionally were hypoactivity, hunched posture, cyanosis in the limbs,
tremors, and decreased body temperature.

The female rats showed similar signs as the males but displayed a2
higher incidence in self-biting behavior and changes (either increases or
decreases) in body temperature. Only one animal had diarrhea.

10.0 mg/kg dose group: Males showed a very rapii omset of lacri-
mation and piloerection, progressing to rough coat, diarrhea, and death.
Clinical signs in the females were similar to those observ:d in males. Of
interest was the higher incidence of self-biting behavior in the female rats.

D. Body Weights and Body Weight Changes

Average body weights and body weight gains are shown in Tabl:s &4
and 5. Individual animal data are contained in Appendix I, Tables I-i to
I-4. Significant decreases in body weights were apparent in the :urviving
male rats treated with the 10 mg/kg dose on Day 7 and in males receiving .he
5 mg/kg dode on Day 10 (Tzble 4). Weight loss, however, was demonstraied in
males treated with the 5 mg/kg dose between Days 3 and 7 {Table 5). Signi-
ficant weight losses were also apparent in males treated at the 2.5 mg/kg
dose level between Days 10 and 15.

A AR A S A i Vi o bt g oA




Surviving female rats treated with the 10 mg/kg dose showed sizni-
ficant decrcases in body weights and body weight gain between Days 3 and.7.
Females receiving the 5 mg/kg dose showed these changes between Days 7 and
15. Between Days 0 and 3, females treated with the 0.1 mg/kg dose showed a
significant increase in body weight; this, however, is considered incidental.

E. Food Consumption

Average amounts of food consumed by rats treated wita thallium sul-
fate are shown in Table 6. Individual food consumption data are coatained in
Appendix I, Tables I-5 and I-6. Significantly decreased fool intake was ap-
parent in male and female rats treated at the 10 mg/kg dose ilevel between
Days 3 and 7 and in male and female rats treated with the 5 :ag/kg dos. be-
tween Days 7 and 15.

F. Absolute and Reiative Organ Weights

Absolute ovgan weights are presented in Table 7 while relative
organ weights, expressed as percent of organ to body weight, are shown in
Table 8. Individual animal data are contained in Appendix I, Tables I-7 to
I-10. Organ weight data from only those aniinals surviving the study were
uvsed for statistical amalyses.

For absolute organ weights of males, only one rat su: vived the
5 mg/kg and none survived the 10 mg/kg dose, therefore, no statistical
analyses could be performed on these groups of data. The only other find-
ing was that males treated with the 2.5 mg/kg dose showed a signifi~ant ue-
crease in absolute liver weight.

No females survived the 10 mg/kg dose. However, foll wing t:eat-
ment with the 5 mg/kg dose, significant decreases were observed in liver,
ovaries, spleen, and heart weight and an increase in kidney weight  Females
treated with the 2.5 mg/kg dose also showed an increased :hisolute kidney
weight.

Relative organ weights of rats treated with thallium suifate are
shown in Table 8. Of the surviving males, no significant differences from
controls were observed. Females treated with the 5 mg/kg dos:: showad a sig-
nificaot decrease in liver and an increase in kidneys, brain, and adrenals
relative weight.

G. Gross Pathology Findings

The gross lesions observed in rat: following trcatment with thal-
lium sulfate are summarized in Table 9.
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With the exception of darkening of various organs, the lesions’
observed were randomly distributed and appeared to be incicental. . The srange
hue detectad in the lungs of two rats treated with the:10 ug/kg dose was un-
usual but its significance is:not known.. Mottling or-dark foci in the: luvngs
of several rats in the 5.0, 2.5, and 1.0 mg/kg groups could be the result
of CO, euthanasia. The red areas or foci in the thymus of four rats in the
0.1 mg/kg group could also be related to CO, euthanasia. The occurrence of
this lesion in only one rat in higher dose groups (5.0 mg/kg) suggests that
it is not a dose-related lesion-and probably not a chemical-related lesion.
Although a few samples of skin from rats with alopecia were takrn, this
lesion was not consistently recorded at necropsy as it was reco:ded in
detail as a clinical sign.

A note of caution is warranted in interpretation of organ colox
changes in "found dead" animals. The color of organs, especially abduminal
viscera, may intensify or darken as a result of post-mortem pooling of bleod.
The actual length of time between death and necronsy was unknown in most
cases and the degree of color change owing to posi-mortem change; can not
be exactly assessed. In early death rats, this was taken into account and
only distinct changes were recorded. Darkening of organs usually indicrtes
vascular congestion and, when multiple organs are involved, indicates gen-
eralized congestion associated with cardiovascular weakness or collapse.
These ars rather non-specific changes. Other findings occurring in only
one rat in a group should certainly be considered incidental find ngs.

H. Histopathology

Microscopic lesions detected in tissues are summarized in Table 30.
All tissues examined for histopathological changes are shown in Apjendix I,
Table I-11.

The degeneration of heart muscle observed in one wiie treated at
the 5.0 mg/kg level was minimal and may be treatment-related. Although
several lung lesions were present, none are likely to be toxic effects.
Congestion and alveolar edema in rats treated with the 5.0 and 10.0 mg/kg
dose probably resulted from cardiovascular compromise or collapse. The
perivascular edema is likely to have resulted from the method of sacrifice
or the lung perfusion technique. The interstitial inflammation is equivoral
as it occurred in lungs that were incompletely inflated, thus making inter-
pretation difficult. Other minimal lesions of the lung are incidental.

The adrenal lesions of congestion and hemorrhage occurred in one rat treated
with the 5.0 and one at the 10.0 mg/kg doses. These lesions are pribably
reflective of cardiovascular collapse in these rats (both early deaths)
rather than of a direct toxic effect of thallium sulfate.



i Lesions occurred in several organs of the lymphopoiet .c usystem
(thymus, spleen, lymph nodes), but none were considered a toric chang ..

Plasma cell hyperplasia of lymph nodes can occur as a response to locilized

inflamuations, and thymic hemorrhage is a relatively common agonal effect

of C0z sacrifice. There was no apparent. dose relationship. Marked Jymphuid
} depletion of the spleen occurred in one female rat (early death) treated

i with the 5.0 mg/kg dose and was most likely associated with the stress of

] dying. Lywphoid depletion can occur in stressful conditions associated with ‘}
increased glucocorticoid secretion. More commonly, the thymus is involved;
however, the thymus was not sampled from this rat.

Acute necrosis of renal tubules occurred in the kidney: of two o
rats treated at the 10.0 mg/kg level. The necrosis was very receat, lave
elicited little or no response, and may have contributed to the early i
deaths of these rats. The necrotic tubules were in the inper cortex or at S
the corticomedullary junction and were probably the distal straight portion
(pars recta) of the proximal convoluted *ubule. This lesion :/as not seen 9
i in lower dose groupe even though kidneys were also examined f.om two rats A
v : i in both the 5.0 and 2.5 mg/kg groups. A subtle increase ip czlls in t e -
el interstitium of the medulla was noted in two rats in the 5.0 mg/kg group -
and was diagnosed as inflammation, interstitial. Although the latter ;I
lesion is somewhat equivocal, the tubular necrssis is not and, therefore, E
S the kidney is concluded to be a target orgzan. The presence of a mucous
Lo plug in the urinary bladder is comsiderad to be incidental even though it f}
s occurred in a high dose rat. Similar plugs are common backgrcund findings = =
in rats, therefore, it is not considered to be chemic:l-related.

Liver lesions occurred only in rats treated at the 5.0 and
1.0 mg/kg doses. However, most of these lesions are occasionally seen as
background lesions in rats and may or may not be chemical-related. The
liver of cne male rat treated with the 5.0 mg/kg dose had necrcsis,
fibrosis, and mineralization. These are less frequently occurring lesions
and should be suspected of being treatment-related.

The ceca of two females receiving the 5.0 mg/kg dose had listinct
inflammatory lesions which should be considered treatment-related. Other
parts of the intestinal tract were not sampied but they should lsn be con-
sidered as potential target organs. All sections of skin examiued (three
animals treated at the 5.0 mg/kg level and one at the 2.5 tg/kg lerel) had
some degree of alteration of hair follicles. Much lesser imnvolvement of
the surface epithelium (acanthosis of epidermis) was notel in two of the
rats. These lesions correspond to the grossly described alopecia and are
treatment~related.

Most lesions, especially those thought to be related to thallium
sulfate toxicity, occurred in the two highest dose groups (5.0 and 10.0 mg/kg).
Sampling of tissues for microscopic examination was of gross lesioms only,
therefore, those microscopic lesions that were not visible grcssly might
pot be fairly represented. Further, all gross lesions did not nncessarily
have a corresponding microscopic lesion especially when the gros., lesiors
were marginally present, when the gross lesion was related to blucd supply,



or when the tissues were autolytic. Fortunately, none of tle rats that w.re
found dead had severe post-mortem autolysis although some degree ¢ f change
was noticed.

V. 'SUMMARY AND CONCLUSIONS

A range-finding study was conducted to obtain preliminary informa-
tion on the toxicity cf thallium(I) sulfate and to determine doses for the
subchronic study. Six groups containing 10 male and 10 female Sprague-lswley
rata each were treated with 14 daily oral deses of the test ccmpound at levels
of 0 (vehicle comtrel), 0.1, 1.0, 2.5, 5.0, and 10.0 mg/kg.

Daily oral administration of the compound at a dose of 10 mg/kg
caused total mortality in male and female rats following 6 to § doses.
Doses of 5 mg/kg caused death in 9 of 10 male rats and 2 of 10 female rats.
Deaths in this group occurred following 10 to 13 doses. No¢ mortalitv oc-
curred in the lower dose groups or in the vehicle control group. Ho rever,
animals treated 3t levels of 0.1, 1.0, and 2.5 mg/kg showed clinical sigas
of toxicity including varying degrees of lacrimation, exophthalmos, znd
piloerection. These toxic signs, which were most apparent in the 2.5 mg/kg
dose group, progressed to erythema around the eyes, partial closure of the
eyes, rough coat, shedding, and areas of erythema on the skin where ’oss of
hair had occurred. In general, male rats were more severely affected than
females.

Significant body weight losses were observed in males and females
treated at the 10 mg/kg level and in males treated at the 5 mg/kg level be-
tween days 3 and 7 of the study. Males treated at the 2.5 mg’kg level showed
significant weight loss between days 10 and 15. In general, -lecreased food
consumption paralleled the weight losses.

Since all males and females treated with the 10 mg/kg dose an'
nine of ten males treated with the 5 mg/kg dose were found dead, differ-
ences in absolute and relative organ weights could not be assessed. In
females treated with the 5 mg/kg dose, significant decreases i1 relat ve
liver weights and significant increases in kidney, brain, and .dz:nals
weights were demonstrated. Most gross tissue lesions detrcted at necropsy
were randomly distributed and were considered incidental. However, upon
microscopic examination of these lesions, direct toxic eifects of thallium
sulfate were detected in the kidneys, cecum, and skiz. 2robable toxic ef-
fects also occurred in the heart. In addition, the liver lesion:s may possi~
bly be related to thallium sulfate toxicity. Other lesions were considered
incidental or related to cardiovascular compromise rather thin direct tox-
icity.

Based on the preliminary results of this study, daily doses for
the subchronic: (90~day) toxicity study were selected to be 0.25, 0.05, and

6.01 se/he, with & conteol Breun rechiving the ihiele un v



0.01 mg/kg, with a control group receiving the vehicle as well £s.a non-
treated control group. The subchronic study, which was initisted on
April 30, 1986, is now in progress.
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UE-DAWLEY RATS TREATED
RANGE-FINDING STUDY

Number of Doses Received

WITH THALLIUM SULFATE IN THE
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TABLE 3

INCIDENCE OF CLINICAL OBSERVATIONS IN SPRAGUE-DAV.EY RATS
TREATED WITH THALLIUM SULFATE IN THE RANGE-FINDING STUDI®
e o SR M OTEANE N 1R SANGE-FINDING STUD/

Observation

Lacrimation/Eye discharge

Excphthalmos

Dryness/Erythema around eyes

Partial closure of eyes

Discharge frem nose/mouth

Rales

Erythema around nose/mouth

Piloerection

Rough coat

Shedding/Balding/Erythema
of skin

Hunched posture

Unstable gait

Tremoxrs

Cyanotic limbs

Paralysis in limbs

Hyperactive

Hypoactivity

Walking backward

Couvulsions

Self-biting

Diarrhea

Iacreased body temperature

Decreased body temperature

0.1

Dose (mg/kg)
1.0 2.5

5.0

10.0

3(8)  10(4)
1(12) 9(6)
3(8) 8(8)
3(8) 7(8)
0 1(5)
0 0

1(8) 0

1(12)  10(4)
1(9) 4(6)
0 2(9)

COOCOOO [~E-N- NN~
coocooo [~ R~ NN NN

TABLE 3 (Coucluded)

Malis

10(5)
7(6)

8(8)
7(8)
2(6)
1(12)
1(8)
10(3)
3(7)
2(13)

0
1(13)
0

0
0
0
1(13)
0

0
(")
0

0
0

10(4)
8(6)
7(6)
7(6)
3(4)
0
1(4}

10(3
8(6.
8(7)

= - A-E-E-N-N-N NN

16(4)
9(6)
6(7)
3(%)
6(5)
0

3(10)
10(3)

(7"
10(8)

2(12)
1(12)
1(12)
2(11)
0
0
1(:13
0
0

0
8(9)
0
1(16)

10(2)
0

0
2(73
4(s)
1(6)
¢

10(3)
8(5)
2(6)

2(6)
1(6)
1{6)
2(6)
1(8)
[/}

2(6)
1(7)
0

3(s)
5(3)
0

2(6)




Obsexrvation

Lacrimation/Eye discharge

Exophthalmos

Dryness/Erythema around eyes

Partial closure of eyes

Discharge from nose/mouth

Rales

Erythema around nose/mouth

Piloerection

Rough coat

Shedding/Balding/Erythema
of skin

Huncked posture

Unstable gait

Tremors

Cyasnotic limbs

Paralysis in limbs

Hyperactive

Hypoactivity

Walking backward

Convulsions

Self-biting

Diarrhea

Increased body temperature

Decreased body temperature

Vaginal discharge

once.
served.

TABLE 3 (Concluded)

a Listed as the number of animals that were observed with the sign at least
Numbers in parenthesis indicate the first day the sign was ob-

Dose (mg/kg)
0.1 1.0 "éTg 5.6 10.0
Females

0 10(6) 10(5) 10(3) 104 3) 10(2)
0 10(6) 0 10(6) 19(6) 0

0 2(8) 4(8) 4(8) 4(8) 1(8)
0 1(8) 1(8) 0 0 1(8)
0 Q 0 2(8) 6(10) 6(51
0 0 0 (V] 0 0

0 1(8) 0 (/] 3(8) 4(7)
0 6(6) 10(3) 10(3) 10(3) 16(3)
0 1(6) 0 1(7) 9(8) 10(6)
(1] D} 1(13) 7(10) 9(7) 2(7)
0 0 0 0 2(10) 2(N
0 [ 0 0 1(10) ]

0 ] 0 0 0 2(8)
0 0 0 0 1(10) 3(73
0 0 0 0 1(10} ]

0 0 0 0 0 1(6)
0 0 0 0 0 (7
V] 0 1] 0 0 3

0 0 0 0 V] 2(7)
0 0 0 0 3(10) 3(5)
1] 0 0 0 1(7) 6(6)
0 0 0 0 3(13) 0

0 0 0 0 3(10) 2(7)
4] 0 0 0 2 1(7)
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BODY WEIGHT GAIN IN SPRAGUE-DAWLEY RATS TREATED WITH

THALLIUM SULFATE IN THE RANGE-FINDING STUDY

Day of Study

Dose Level
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a Mean % SD (in grams) of 1{ rats per group except as indicated in parentheses.
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Day of Study

05) from the control group.

THALLIUM SULFATE IN THE RANGE-F

t (p <O0.

<5

Zfer

n grams per rat per aay) of 10 rats per group except as indicated in parentheses.

a Mean % SD (i
b Significantly di
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GRAMS) OF SPRAGUE-DAWLEY RATS TREATED

Adrenals

STUDY

ABSOLUTE ORGAN WEIGHTS (IN

WITH THALLIUM SULFATE IN THE RANGE-FINLING

w
Q
“
U
p-
el
=
]
1=3
L3
(-1
o
Kl
-}
&
Lol
3
v
s
<
(=3
=
w
L ]
-
2
[V
13
LN
3
£
)
<
-
o
-
[
Qe
0
-
o
¥
=
-
L)
Q
)
3
+
2
jg
e

B
3
o
1o
0
-
o
54
b
o
o
v
L]
r-
]
-]
o
St
v
>
(%23
=3
<
v
o
~’
-
[
[
M
Q
Nt
Yt
e}
<
L
L
P
2
[
o
Nad
o]
g
hn)
wn
-

e i i ittt




RELATIVE ORGAN WEIGHT (IN PERCENT OF BODY WEIGHT) OF SPRAGUE-DAWLEY RATS

- TREATED WITH THALLIUM SULFATE IN THE PANGE-FINDING STUDY
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Females

2 Mean t SD of 10 rats per g.vip except as indicated in parentheses.

b Significantly differsnt (p < 0.05) from the control group.




TABLE 9

GROSS PATHOLOGICAL OBSERVATIONS IN TISSUES OF SPRAGUE-DAWLEY RATS
TREATED WITH THALLIUM SULFATE IN THE RANGE-~FINDING 3TUDY

Dose (mp/kg)

Lesion

Heart, Atria

Enlarged and/or black
Lungs

Orange

Firm

Mottled

Red or darkened foci

or areas

Yellow area
Adrepals

Enlarged

Dark
Thymus

Red area or foci
Spieen

Small
Mandibular lymph node

Enlarged or red
Kidneys

Dark and/o>r mottled
Bladder

Plug
Liver

Dark

Yellow foci
Small intestine

Distended with red-

brown fluid

Cecun

Small
Brain

Dark .and/or bloody
Skin

Alopecia
Fat

Scant

a Includes 11 early deaths.
b All early deaths.
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APPENDIX I
INDIVIDUAL ANIMAL DATA

Table I~1 = Individual Body Weights (in grams) of Male Sprague-Dawley Rats
Treated with Thallium Sulfate in the Range~Finding Study

Table I-2 ~ Individual Body Weight Gains (in grams) of Male Sprague-Dawley
Rats Treated with Thallium Snlfate in the Range-Finding Study

Table I-3 - Individual Body Weights (in grams) of Female Sprague-'lawley Rats
Treated with Thallium Sulfate in the Range-Finding Study

Table I-4 - Individual Body Weight Cains (in grams) of Female Sprague-Dawle;
Rats Treated with Thallium Sulfate in the Range-Finding Study

Table I-5 ~ Food Consumption (g/day) of Individual Male Sprague-Dawley Rats
Treated with Thallium Sulfate in the Range-Findiig Study

Table I-6 - Food Consumption (g/day) of Individual Female Sprague-Dawley Rats
Treated with Thallium Sulfate in the Range-Finding Study

Table I-7 - Absolute Organ Weights (in grams) of Male Sprague-Dawley Rats
Treated with Thallium Sulfate in the Range-Finding Study

Table 1I-8 - Relative Organ Weights (inm Percent to Body Weight) of Male
Sprague-Dawley Rats Treated with Thallium Sulfate in the Range-Finding
Study

Table I-9 - Absolute Organ Weights (in grams) of Female Sprague-Dawley Rats
Treated with Thallium Sulfate in the Range-Finding Study

Table I-10 -~ Relative Organ Weights (in Percent to Body Weight' of Fem le
Sprague-Dawley Rats Treated with Thallium Sulfate in the Raage-Finding
Study

Table I-11 - Individual Organs and Tissues Examined for Histopathological
Changes from Male Sprague-Dawley Rats Treated with Thallium Sulfate in
the Range-Finding Study

Table I-12 - Individual Organs and Tissues Examined for Histopathological
Changes from Female Sprague~Dawley Rats Treated with Thallium Sulfate i
the Range-Finding Study
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Hyperplasis, Flasss Cell, Marked

Alveolar Histiocytosis, Minimal
Iaflsomation, I al, Minimal (4
MSL (Mo Significsot Lesion)

NSL

NSL

Congestion, Acuta, Minimel
Infl 1 tial, Minim:l

Hyperplasia, Plasma Cell, Mild
Congestion, Acute, Minimal
»sL
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g Acute, Nod
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Inflssmation, Interstitial, Medulla, Mild
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TABLE I-12

INDIVIDUAL ORGANS AND TISSUES EXAMINED FOR HIéTOPATHOLOGJCAL CHANGES FROM
FEMALE SPRAGUE~DAWLEY RATS TREATED WITH THALLIUM SULFATE
IN THE RANGE-FINDING STUDY

Diagnosis

Thymus Henorrhage, Acute, Minimal
Thymus Hemcrrhage, Acute, Minimal

Lungs Edema, Perivascular, Moderate
Hemorrhage, Acute, Minimal
Lurgs Edema, Perivescular, Minimal

Lungs NSL
Skin Dystrophy, Hair Follicle, Modarate
Acanthosis, Epidermis, Minimal

Liver Inflammation, Subacute, Multifocal, Minimal
Congestion, Acute, Minimal

Kidneys Inflammation, Interstitial, Minimal

Cecum Inflammation, Necrotizing, Mill

Brain NSL

Skin Dystrophy, Hair Follicle, Mild

Lungs Edema, Perivascular, Moderate

Cecua Inflammation, Necrotizing, Marked

Adrenals Hemorrhage, Acute, Moderate

Spleen Depletion, Lymphoid, Marked

Skin Dystrophy, Hair Follicle, Mode: ate
Acanthosis, Epidermis, Minimal

Liver Inflammation, Subacute, Multifocal, Mild
Congestion, Acute, Minimal

Skin Dystrophy, Hair Follicle, Moderate

Lungs Congestion, Acute, Minimal
Edema, Perivascular, Mild

Thymus NSL
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Kansas City, Missouri 64110

Project No. 8702(18)

Work Assignmeant No. 111148-008

Study Protocol

Range-Finding (14-Day) Toxicity of Thallium(I) Sulfate
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Prepared for

U.S. Envircnmental Protection Agency
Office of Solid Waste
401 M Street, S.W.
Washington, DC 20460

Through
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11140 Rockville Pike

Rockville, Maryland 20852

March 28, 1986




I. Introduction
EPA's Office of Solid Waste (OSW) is currently devoloping a frame-
work for a regulatory program to restrict the continued land dispcsal of
hazardous wastes at facilities regulated under Subtitle C of the Fesource
Conservation and Recovery Act of 1976, as amended (RCRA), by the Hazardous

] %% and Solid Waste Amendments of 1984. Under OSW's proposed framework, EPA
i will establish health-based thresholds for individual cherdcal constituents
in leachates emanating from land disposal units (or their equivalents for
o release to air and surface water). The leachate thresholis will be estab-
g% lished through a back calculation that starts from a point of poten.ial

exposure and estimates an acceptzble leachate concentration at releise from
a land disposal unit using fate and transport models. The data provided
from this study will be used to determine doses for the subchronic toxisity
study which will assist in developing maximum acceptable concentrationt for
thallium(I) sulfate in leachates emanating from land dispcsal units.

A brief literature review on the mammalian toxicity of thallium
is included in Appendix I.1!

T
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II. Objective

To obtain preliminary information on thallium(I) sulfate toxicity
and to determine doses for the 90-day subchronic toxicity study.

ey
[P
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Eé III. Test Procedures
A. Animals
Pod
g% Species/Strain: Rats, Sprague-Dawley.

8 Number/Sex: One hundred twenty (120), equal number of males and

Ly females. Additional animals {40) will be purchased to ensure

b the availability of enough health animals for the study. Twenty
) rats (10 males and 10 females) will be kept for 14 days after

gﬁ study initiation. These animals will be usec as an additional

L3 dose group if necessary. Disposition of unused animals will be

documented.

Age: Approximately 6 wecks at initiation of dosinj.

Source: Charles River Breeding Laboratories. Procurem:nt records
will be preserved.

Identification: Metal ear tags.

T B, L. Carson, H. V. Ellis III, and .T. L. McCann, Toxicology and Biolog-
" ical Monitoring of Metals in Humaus, Lewis Publishers, Inc. (1986).



Acclimation: About 2 weeks under test conditions. An agtending
veterinarian will examine and release the animals for the study.
Documentation regarding the health examination and pertinen:
details of the quarantine period will be retained.

B.. Animal Care

General procedures for animal care and housing will be im acco:-
dance with DHEW Publication No. (NIH) 85-23, 1985, Guide for tbe Care and
Use of Leboratory Arimals, and MRI Manual for Animal Care. (Cages, vacks,
bedding, and feeding containers will be changed in accordance with &I
standard operating procedures.

1. Rooms: Air conditioned rooms with 10 to 15 air changes/ar
maintained at a temperature of 72 % 3°F and a relative humi dity of 50 * 10%.
The rooms will be mzintained on a 12-hr light/dark cycle per day.

2. Caging: The rats will be housed individually in clear poly~
carbonate cages (19 x 10.5 x 8 in.).

3. Bedding: Sterilized Ab-Sorb-Jri® bedding will be used. The
bedding will be changed twice per week.

4. Diet: Certified Purina Lab Mash No. 5002 will be administered
ad libitum.

S. Water: Municipal tap water will be available ad libitum in
water bottles. Records are obtained once 2 month from the Kansas City Water
and Pollution Control Department and are maintained by the MR{ Quality Assur-
ance Unit. Copies of these records will be included in the final report.

C. Test Compound
1. Name: Thallium(I) sulfate (CAS No. 7446-18-6).

2. Source: Aldrich Chemical Company, Milwaukee, Wiscousin.

3. Identity analyses: Will be performed by el:mentul analysis
for thallium, sulfur, hydrogen, and oxygen. Water analysis will also be
performed. Analysis will be performed prior to the ranje-finding study.

4. Purity: Purity analyses will be performed by spark source
mass spectrometry. This type of analysis is semiquantitative but has the
advantage of detecting most common elements simultageously. If coataminants
are detected at levels greater than 100 ppm, the elements will be quautitated
by inductively coupled argon plasma (ICAP) or atomic absorpticn (4A) anaiysis.
The analysis will be performed prior to the range-finding study and zepeated
after the 90~-day subchronic study.

5. Stability/storage: Stability determination on buik chemi:al
will not be performed. However, titratioa methods daveloped in tiiis labora-
tory for dose solutions (see below) can be employed if necessary. The bulk
chemical will be stored refrigerated (v 4°C). :

40
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D. Dose Formulation

1. Preparation: Thaliium(I) sulfate will be prepared a5 solitions
in water, once per week or more often depending on results from stabiliuvy
studies.

2. FHomogeneity: Will not be determined du¢ to solubility iu water
of the test compound.

3. Analysis methods develogggnt: Dosage analysis will be performed
The

using titration with potassium bromate. titration assay is spucific
for the thallium(I) ion and therefore is a stability indicating analysis.

The method will be validated by linearity studies at five concen-
trations (including the matrix blank) and precision studies by analysis of
four replicates at a low and high concentratiocn within the range of the
linearity concentrations.

4, Stability: Formulated solutions will be analyzed after storage

for 0, 7, 14, and 21 days at refrigerator (v 4°C) and room temperature {+ 21°7).

5. Dose verification: Dose solutions will be analyzed in dupli-
cate for each preparation. Analyses will be performed immeciately atter
preparation and prior to admimistration to the animals.

E. Study Design

All animals selected for use in the study will be examined and
determined to be in apparent good health, as evidenced by nor sal growth and
absence of clinical signs during the quaraatine period.

1. Randomization: Following the quarantine period, the rats will
be assigned to treatment groups using a computer-based body weight. stratifica-
tion procedure. Body weights of rats selected for use in the study will
not vary by more than * 20% of the mean weight.

2. Experimental groups: The study will be performed +ith 120
rats divided into 6 groups, each containing i0 males anl 10 fema.es. One
additional group (10 males and 10 females) will be randowly selected and
kept nontreated for 14 days after study initiation. Th:se animals will be
used as an additional dose group if necessary. The compound will be admin-
istered by gavage daily for 14 days. Rats surviving the treatment will be
sacrificed on study day 15. ’

—— . . . .
T. M. Kolthoff and P. J. Elving (Eds.), Treatise on Analytica! Chemistry,
Vol. 2, Part II, Interscience Publishers, New York, NY, 1962, pp. 64, 92.




TABLE 1
STUDY DESIGN

Dose® Numb :r
Grou (mg/kg) Males Females

High 10 10
Mid 1 10 10
Mid 2 10 10
Mid 3 10 10
Low 10 10
Vehicle control 10 p1l]

60 6}

2 To be d2termined.

3. Dose levels: Will be selected by the sponsor based on availsble
literature information.

F. Aniwmal Observations

1. Cage-side and clinical observations: Animals will be checked
for viability twice daily (morning and aftermoon). Detailed clinical obser-
vations (Table 2) will be performed before dosing and approxima’'ely 1 hr
after dosing. Signs of toxicity will be recorded daily. Anima. handling
and positive identification are required during observations.

2. Weight gain: Body weights will be determined twice werkly.
Weight gains will be computed.

4. Food consumption: Will be measured twice weekly.

G. Gross and Microscopic Examination

1. Necropsy: All animals dying spontaneously cr killed in extremis
and those killed at the scheduled necropsy will be subjected to detailed
macroscopic examinations. Necropsies will be performed under the supervision
of a pathologist.

2. Organ weights: The following organs will be removed, trismed,
and weighed immediately after dissection: liver, kidneys, spleem, heart,
brain, adrenals, and gonads (testes or ovaries).

3. Histopathology:* Only tissues that show gross lesicas will be
examined microscopically. They will be preserved in 10% neutral tuffered
formalin, then sectioned, mounted, stained with hematoxylin and ecs’n (HSE),
and examined. The same pathologist will examine all slides.

% Tissue processing and evqluition will be performed by Pzthology Associates,
Inc. (FAI), 10075 Tyler Place, Hyatt Park II, [jamsviile, Maryland.

0
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TABLE 2
CLINICAL OBSERVATIONS

Behavioral Gastrointestinal, Urinary
Adipsia Anuria
Anocexia Constipation
Ataxiz Diarrhea
Body position Hematuria
Clonic convulsion Polyuria
Gait Salivation
Hyperactivicy
Lethargy Skin
Moribundity Alopecia
Paralysis Cyanosis
Restlessness Erythema
Respiration Necrosis
Tonic convalsion Cout condition
Tremor

Respiratory
Eyes Apnea
Conjunctivitis Cheyne~Stokes
Corneoiritis Dyspneic
Exophthalmos Epistaxis
Exudate Polypnea
Lacrimation Rales
Miosis Rhinorrhea
Mydriasis
Opacity Miscellaneous
Palpebral closure Edema
Photophobia Hyperthermia

Hypothermia

Piloerection

H. Statistical Evaluation

The data obtained will be statistically evaluated by analysis oif
variance; mean differences will be assessed by appropriate intra-group com-
parisons. Nonparametric statistical methods may be substituted if hetero-
genicity of variance is found. The distribution properties of the data will
be examined to ensure that the statistical methods used are appropriate.

For evaluation of mean differences, a level of probability of p < 0.05 will
be used.

Body weight gains, organ weights, organ/body weight ratio:, and
food consumption will be evaluated by analysis of variance or covariance as
appropriate. If significant F-ratios are obtained, the Dupaett's t-t.st
(or the Williams' test) will be used to determine the significance of the
differences between all test groups and the control.




Frequency data such as mortality or gross lesions will be analyzed
using the regression methods of Mantel and/or by an appropriate Chi square
analysis. .

IV. Reporting

1. Progress reports: Status reports summarizing the progress of _!
the study will be provided at weekly intervals. The report will indicate -
the number of surviving animals in each group and other dati as needed. In
addition, the sponsor will be immediately informed of any remarkable treatment- fl
related changes at any time during the study. i

2. Final report: A draft final report will be submittad 2 weeks
after study termination. The final report 1ill be submitted 2 weeks later.
This report will accurately and completely describe the study design, prece-
dures and findings, analyses and summary of “he data, and a statement of
the conclusions derived from the analyses. ‘[he summary will highlight any
deviations from control data which may be indicative of toxic effects.

The report will include the folluwing:

Information on the test chemical: description, sou-ce, composi-
tion, purity, storage, etc.

Information on experimental animals: species, strain, sex, number,
source, age, body weights, identification, and randomization.

Information on animal care: housing, caging, bedding, food, and
water.

Information on dose preparation: dose levels, frequenc ' of prepa-
ration, sampling, analyses, and storage.

A description of the methods used in the study.
The results of the study including a description of toxic symptoms,

clinical signs, effects on body weight and food consumption, organ weights
and organ/body weight ratios, and gross necropsy.

A description of all calculations performed on the data, znalyses
of the data, and a statement of the conclusions derived from the amalysis.

The following information will be presented graphically amd/o ia
tabulated form.

Body weight changes and weight gain
Food consumption

Mortality data

Organ weights and organ-to-body weight ratios
Toxicological signs

Gross pathology
Any bistopathology g



Data from individual animals (body weight, organ Weights, clisical
observations, etc.) will be incorporated in the appendix.

The report will also include the dates on which the-study was ini-
tiated and completed and names and' responsibilities of the personiel involved
in the study. A statement prepared and signed by the quality assurance unit
will be incorporated in the report.: This statement will refer to wher: the
ravw data records, reports, samples, and shipments are stored.

V. Personnel Safety

The general safety policies of MRI will be followed. A chemi -
specific safety plan is attached to this protocol as Appendix II.

VI. (Quality Assurance

These studies will be monitored by the MRI Quality 4ssurance Jnit.
All testing will be done in accordance with EPA Good Laboratory Practice
standards (FIFRA or TSCA, November 29, 1983). QA aspects of the activities
performed at PAI will be monitored internally by PAI Quality Assurance staff
or externally by the MRI Quality Assurance manager.

After study completion, records will be stored im the MRI archives
and retained for the period specified by the sponsor (January &, 1988).

VII. Study Personnel

The studies will be conducted in the Pharmacology and Toxicology
Section of MRI.

Task Manager/Toxicologist: Monaem El-hawari
Study Director/Toxicologist: Maxine Stoltz
Toxicologist/Pathologist: Debra Barrett
Veterinarian: Elizabeth Smith
Pathologist: Michael Stedham (PAI)
Chemists: Evelyn Murrill
Frank Pallas

Animal Care Supervisor: Edward Williams
Histology Supervisor: Fred Argilan (PAI)
Quality Assurance Manager: Eugene Podrebarac
Research Staff: Diane Czarmecki

Patricia Alm

Larry Litle

Leigh Laber

Lisa Brown

Tammy Brown

Ronnie Francis




VIII. Study Schedule

March 25, 1986:
April 9, 1986:
April 23, 1986:
May 7, 1986:
May 21, 1986:

IX. Protocol Approvals

Prégram Director

Receive rats, quaranptise
Initiation of dosing
Terminal sacrifice
Interia report

Final ‘report

3-24-7¢ Mo nssy Et- hawrars

2/ &

Date Task Mavager (MRI) .
; /7




ISSUED BY: Midwest Research Institute PROJECT X0.: 8702(i8) :
425 Volker Boulevard WORY ASSIGNMENT NO.: 111148-008
Kansas City, MO 64110 PROTOCOL: Range-Finding : .
DATE: April 8, 1986

PROTOCOL AMENDMENT NO. 1

TO: 8702(18) File, Range-Finding (14-Day) Toxicity of Thallium(:) Sulfate
(CAS No. 7446-18-6) ir Spragua-Dawley Rats.

SPONSOR: U.S. Environmental Protection Agency through Dynamac Corporation.

PART TO BE CHANGED/REVISED: (E.) Study Design, Doze Levels.
CHANGE/REVISION: The dcses are 10, 5, 2.5, 1.0, 0.1, and 0 mg/kg.
REASON FOR CHANGE/REVISION: Doses were selected by the sponsor based on a pilot

experiment performed at Midwest Reseurch Institute.

APPROVED:

dav ¥-1p-3¢ ieyssm  EC- bansriom /12 (24
Study Director (MRI Date Task Manager (MRI) Date

oassay Manager (D

Program Director (




ADDENDUM
to
FINAL REPORT

TOXICITY OF THALLIUM(I) SULFATE
(CAS NO. 7446-18-6) IN SPRAGUE-DAWLEY RATS

VOLUME ONE: RANGE~FINDING (14-DAY) STUDY

Project No. 8702-L(18)

Work Assignmeant No. 111148-008

Study Imitiation: April 8, 1986
Study Termipation: April 23, 1986

By:

M. L. Stoltz, M. A. Stedham,* L. K. Brown,
L. Laber, and A. M. El-hawari

Midwest Research Institute
425 Volker Boulevard
Kansas City, Missouri 64110

*Pathology Associates, Inc.

Prepared for

U.S. Environmental Protection Agency
Office of Solid Waste
401 M Street, S.W.
Washington, DC 20460

Through
Dynamac Corporation
The Dynamac Building

11140 Rockville Pike
Rockville, MD 20852

February 24, 1987
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ADDENDUM
to
FINAL REPORT

TOXICITY OF THALLIUM{I) SULFATE
(CAS NO. 7446-18-6) IN SPRAGUE-DAWLEY RATS

VOLUME ONE: RANGE-FINDING (14-DAY) STUDY

1. Paxt to be revised: IV. Results, D. Body Weights and Body Weight
Changes

"Weight loss, however, was demonstrated in males treated with the 5 mg/kg
dose between Days 3 and 7 (Table 5). Significant weight losses were also
apparent in males treated at the 2.5 mg/kg dose level between Days 10 and
15."

Revision: "Significant decreases in weight gain were also demonstrated in
males treated with the 5 mg/kg dose between Days 3 and 7 and in ma .es treated
at the 2.5 mg/kg level between Days 10 and 15 (Table 5)."

Reason for revision: Animals did not lose weight during the perioeds indi-
cated; they did, however, show decreased weight gain.

2. Part to be revised: V. Summary and Conclusions

"Significant body weight losses were observed in males and fewmi les treated
at the 10 mg/kg level and in males treated at the 5 mg/kg levei between

days 3 and 7 of the study. Males treated at the 2.5 mg/kg level showed sig-~
nificant weight loss between days 10 and 15. In general, decreased food
consumption paralleled the weight losses."

Revision: "Significant body weight losses were observed in males and females
treated at the 10 mg/kg level. Males treated at the 5 mg/kg level showed
decreased weight gain between days 3 and 7 of the study. In addition, males
receiving the 2.5 mg/kg dose showed decreased weight gain between days 10

and 15. In general, decreased food consumption paralleled the lack ¢f weight
gain."

Reason for revision: Animals did not lose weight during the periods iadi-
cated; they did, however, show decreased weight gain.




3. Part to be revised: Table 9

Dose (mg/kg)

[4] 0.1 1.0 2.5 .0

|

. [ g Lesion

=3
L]

Heart, Atria
Enlarged and/or black

~
[

Revision:

Dose (mg/kg) .
o

) 0_ 0.1 1.0 2.5 5.00 10.0°
Lesion HWEHEHNEHNTEHMTEHE
Heart, Atria c
Enlarged or filled with black biood 2 2

a Includes 11 early deaths.

b All early deaths.

¢ One heart not examined microscopically; black blood in atria due to the
time period between death and necropsy.

-
1 o o g N w2

Reason for revision: A discretionary decision was made by the pathologist
that the dark blood was present only because the animal had been found dead.

4. Part to be revised: Table 9

Dose (mg/%s) "
N0 0 0.1 1.0 2.5 5.00 18.00
Lesion HEMEMNEHN MEHNE
Skin
» Alopecia 1 0 3

Revision:

Lesion

Skin
Alopecia

Reason for revision: The "0" entry was inconsisteant with the table format.



Approvea for:

MIDWEST RESEARCH INSTITUTE

Hnvined-STe 05 . foforravy 241757
Study Director/Date - v
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Copince L fodnbonse 7ol 2 r9P7

Quality Assurance Manager/Date
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