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Washington, D.C. 20450

Attention: Section 8{s} Coordinator

Supject: TSCA Section 8le) Submission

Dear Sir/Miadam: 899600069185

£If Atochems North Armerica, Inc. (Bl Atochem) has received the final report of a
micronucleus study in mice and is submitting the results of this study to the
Envirnnmental Protection Agency (EPA) pursuant to Toxic Substances Controi Act
(TSCA} Section Sle). Preliminary resuits from this study were submitted 1o the
Agency by Elf Atochern en January 25, 1996, This study provides information on
methyl mercaptan {CAS Mo. 74-93-1) and does %t aswe:a%ve affects in humam The
title of the &tudv report is Boneg : ) '

=

Nothing in this letier is considered to be confidential business information of Eif
Atochem.

In this study, mice were exposed 1o methyl mercapten for six hours by nose-oniy
inhalation at 114, 258 or 512 ppm, and ware saciificed at 24, 48 and 72 hours after
axposure for evaluation of micronucieus formation in the bone marrow. Although &
statistically significant increase in micronucleated erytivocytes was cbserved in male
mice 24 hours after exposure to 512 ppm methy! mercaptan, the biological
significance of this increase is considered equivocai since tha increass was slight, the
control group had a micronucleus frequency lower than the historical control mean at
the laboraiory, and the response was cbserved at a levsl that was lathal.
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in conclusion, although the increases in micronucleus frequency cbisarved were weak,
methyl mercaptan met the criteria esteblished in the protocol for & positive response
in the rmousse hone marrow erythrocyts micronucleus assay.

Resuilts from the study renort will be incorporeted into the Eif Atochern Material Safaty
Data Sheet for mathyl mercaptan.

Further questions regarding this submission may be directsd to me at {215) 419-5880.

Sinicerely,

4 Yl /
Q}é ,&f\ﬁ, %@'w&{@éi{

Debra Randali, D.A.B.T.
Product Safaty Manager
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Conflict of Imterest Striement

The Quality Assurance Unit of SRI International assures thai the stady-- Bose Marrow Micronucleus
Assay in Male and Female Swiss-Webster Mice following Acute Nose-Only Inhalaion Exposure 1o
Metiiyl Mercapt:, Stugy No. MO20-95-- has been reviewed for adherence to Good Laboratory
Pracuioe regulaiions as st forth by the US. Environmental Agency (40 CFR 792} and the
Organization {or Bronomic Coopcration and Development.

The following inspections were conducted during this swdy:

Exnosure 10-05-95 18-10-95

Raw Data and Drafi Repori 0i-21-86 04-04-96
04-02-96 (4-04-96
84-03-96 04-04-9%
Final Report Verification 07-09-96 07-09-96

This statement certifies that the p@m@m@ﬁ listed below participated in the inspections and audit of this
study. These personnel have not been involved in the genesation or evaiuation of the data.
Participation by the individuals listed below poses no conflict of interest.

Ann Griffin William P. Opsahl

Mamgﬂ, SRI %&h&y Assurance Unit
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GOOD LABCRATORY PRACTICE STAND/

)8 COMPLIANCE STATEMENT

The study described in this report was conducted in compliance with the Good
Laboratory Practice (GLP) regulations snecified in 40 CFR 792 for the Toxic Substances
Control Act, with the following sxceplions:

1. The analyses of contaminant levels in the animal feed and animal droking waier wes
conducted oniside of SRI and thus were beyond SEI’s con airol. SRI i assure that
those analyses were conducted according to GLP -
for those analyses have been archived.

2. The Standard Operating Procedures for the use of the gas chromatograph ased to
determine the concentrations of the test article in the inhalation exposure cnvironments
nad been written but not yet received final approval at the time the study was
conducted.

3. Purity, identity, and stability were the responsibility of the Sponsor (for the test article)
and are not included in this report. The supplier (for the control articie) provided
characterization of the positive control.

4. The computer hardware and sofiware used for determination and recerding of
environmental conditions were not validated. During the course of the defimitive
experiment, there 'was a failure of the computer system that resulted in the imeversibie
loss of data. There was also a hu ¢ that resulted in the unrecoverable loss of
environmentz} conditions data previously collected.

5.
cylinder would not be an indicator of the amount of test article contained i
cylinder. Thus, the cylinder pressure was neither messured nor recorded.

6. No characterization or analysis of the negative control air was performed at SRI.

Dt 7/9/2¢
Rickard Wi ‘%zwgag‘ Date

Study Dhrector
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SUMMARY

The genotoxic potential of nose-only inhalation exposwre of methy] mercaptan to
induce micronucleus formation in bone mamvow erythrocytes was deiermined in Swiss-Websier
mice,

A dose range finding experiment was performed at doses of 112, 374, or 570 ppm
methyl mercaptan for a single 6 hour nose-only inhalation exposure, and sacrificed
approximately 72 hours after exposure. Clinical signs observed included shallow breathing
- 112 ppm, and shallow breathing and hyposactivity at 374 and 570 ppm. Two male mice were
found dead at 570 ppm during the exposwre period. No statistically significant polychromatic
erytkrocyte (PCE) suppression was observed in any dose group in either bone marrow or
peripheral blood. Based on the data, the following target exposure concentrations of methyl
mervcaptan were chosen for the definitive experiment for both sexes: 125, 250, and 500 ppm.

In the definitive experiment, 15 mice per sex per treatment group were exp
methyl mersaptan by nose-only inhalation at 114, 258, or 512 ppm. Five mice per sex per
group were sacrificed 24, 48, and 72 hours after the single & hour exposure and bone marrow
was evaluated for cytotowicity and micronucleus formation. An air-exposed control group of
male and female mice and a urethane positive control group of male mice were treated
similarly and svaluated concurrently with the methy! mercaptan-treated groups. Clinical
observations included shallow hmmmg and hyposctivity at 258 aﬁd 512 ppm in all mice.
Three female and two male mice were found dead at 512 ppm methyl mercaptan.

A statisticaliy significant increase in micronucleated PCE was obs
at 24 bhr after exposure to 512 ppm of methyl mercaptan. Although stati
the biological significance of this increase is equivocal sis oup | ~
micronucleus frequency lower than the SRI historical (0. @g% vs. the Eab@m&m’y T
historical frequency of 0.21%). Using the Coc tage tesi for a trend in bm@mmﬁ
proportions, statistically significant increases in micronucleate i e
mice at 24 and 48 br and in female mice at 48 hr afier ex

In conclusion, although the increases in micronucleated fireg Ty
methyl mercaptan meets the criteria established in the protocol for a positive ¢
the mouse bone marrow erythrocyte micronucleus assay.
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INTRODUCTION

STUDY OBIEC

VE

The objective of this study was to evaluate the ability of a single 6 hour nose-only
inhalation exposure of methy! mercaptan to induce chromosomal or mizotic spindle
abnornalities in bone marrow cells of treated mice, as indicated by an increased incidence of
micronuclei in newly formed ENA-containing erythrocytes.

REGULATORY COMPLIANCE

Tesiing Guidelinss: -

TSCA Cuideline 40 CFR 798.1150, Subpart B for the inhalation exposure activities
(where applicable), end TSCA Guideline 46 CFR 798.53%5, Subpart F for the micrenuscieus
sampiing and evaluations.

OFCD Guideline No. 402 for the inhalation exposure activities, and OECD Guideline
No. 474 for the micrenuclens sampling and evaluations.

GLP Regulations:

EPA, TSCA; 40 CFR 792

OFECD, Good Laboratory Practice in the Testing of Chemicals (1982)
Animal Husbandry: NIHE9-344

TEST SYSTEM BACKGROUNG

The micronucicus assay is an in vivo genotoxicity assey used to assess the clastogenic
(i.e., chromosome-breaking) or mitotic spindle-damaging potential of cliemicals. The target
cel! population is erythroblasis undergoing final DNA replication and mitosis before the main
nucleus is expelled. The newly formed erythrocyies that resuit from this division can be
identified and scored in smears prepared from either bone marrow (Schmid, 1976; Heddle et
al., 1983; MacGregor et al., 1987) or peripheral blood (MacGregor et al., 1983).

Newly formed ervtirocytes can be distinguished from mature erythrocytes by their
higher RNA conteni, which fluoresces orange when stained with pyronin Y or acridine orange
(MacGregor et i., 1983b; Hayashi ei al,, 1983). When chromosomes break oz spindle
abnormalities occur during the division of erythroblasts, acentric chromosomal fragments and
shnonaal and detached chromosomes lag behind during anaphase and aze left in the cytoplasm
of the davghter cells in the form of "micronuciel.” Thus, scoring micronuclei in erythrocyies

{omad
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after dosing the animal with a chemical provides an assessment of the chemical’s ability
induce these tvpes of damage (Heddie et al., 1983).

The aporopriate doses ussd in the micronucleus assay should include a maximum
tolerated dose (MTD) for the duration of the treatment that is determined by toxicity and the
ratio of polvchromatic erythrocytes (PCEs) to total erythrocytes (RBCs) (MacGregor et al.,
1987; WHO, 1985), unless solubility or dosing volume limits are reached. Moreover, the
assessment of micronuclei should take into account any potential time lags caused by
metabolic activation of the test article.
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TEST ARTICLE

Name:

CAS No.:

Lot MNe.:
Production date:
Physical properties:

ensity:
Source:
Date of Keceipt:
Expiraticn date:

Purity and Stability:

Storage conditions:
Amount received:

Disposition:

Narme:
CAS No.:
Lot MNo.:
Puirity:

SRI Study M020-95

MATERIALS AND METHODS

Methyl mercaptan (MeSH).

74-93-1.

449 BM 95B.

5/8/95.

Extremely disagreeable odor; vapor pressure approx. 11 psig at
7G°F.

0.89, as per supplier.

Elf Atochem North America, Inc.

6/7/95

5/8/96, as per supplicr.

The identity, purity, stability, and composition of the test article
is the responsibility of the Sponsor.

Building T, Room 4: 18-22°C; Room 12: 18.6-44.7°C.

Two steel cylinders containing an unspecified amount
(approximately 150 ml/container, as per supplier).

Remaining unused portion of the test article will be returned to
the Sponsor at the end of study. who will be responsible for
maintaining an archive sample.

POSITIVE CONTROL ARTICLE

Urethane.

51-79-6

123H0858.

99.9%, as per supplier.

Appearance and physical state at rcom temperature: White powder.

Stability:

Received:
Expiration:

Storage conditions:

Supplier:
Disposition:

Stable, as per supplier.

Movember 3, 1994,

November 3, 1999,

Stored at room temperature {18-28°C) in a light proof plastic
secondary container at the SRI Chemical Repository, Building
M, Room 217.

Sigma Chemical Company

Retained as positive control at SRI Chemical R
Building M, Room 217.
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LATION EXPOSURE EQUIPMENT

52-port, stainless steel, non-recirculating, rose-only, "flow-past” exposure units (Lab
Products, Inc., Maywood, NJ; Model No. 70052-8). Described by W.C. Cannon, er al. 1983.

Animal resiraining twbes obtained from CH Technologies (Westwood, NI}, Model
CHT-247 for mice.

GENERU/

ATION AND CLEAN UP OF THE EXPOSURE ATMOSPHERES

The desired concentrations of the test article in air were achieved by directing
metered flow rates of the test article and compressed air into the opposing arms of a stainless
steel tee. The gas mixture exiting from the side arm of the tee was directed into the top inlet
of an inhalation exposure unit. The compressed air used to expose the negative control
anirnals and used to dilute the test article was provided by an sir compressor dedicated to
supplying air to the inhalation exposure facility at SRI, Before initiation of animal studies in
the laboratory, the compressed air supply was iested to determine the ievel of carbon
monoxide, the most likely contaminant and the contaminant of most concern, in compressed
air supplies. No carbon monoxide was detected at 2 minimum detection level of 5 ppm by
use of Drager air sampiing tubes.

MONITORIT

i EXPOSURE CORDITIONS

An IBM compatible Personal Computer with a 486 DX2 66 MHZ microprocessor
using Microsoft WINDOWS, V3.1 (Microsoft Corp., Redmond, WA) was used with the
software and hardware described below to monitor and record environmental data.

EXCEL for Windows, V5.0 was used for calculation of relative humidity from
temperatures monitored by WorkBench PC for WINDOWS, V2.04 and Model D5-12-8-TC
DAT Ashuttles {Strawberry Tree, Inc., Sunnyvale, CA)

A Model 605-3C Magnahelix (Dwyer Instruments Co., Michigan City, IN ), reporting
pressure differential gauge was used to monitor the difference in pressure between the intericr
of each nose-only exposure unit and it’s swrcunding cnvironment.

Temperature and relative humidity were monitored by using pairs of Type J
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Eh::ﬁ‘%@@@lﬁgﬁ@ﬁs (Omega Model No. 5TC-TT-J-20-72, Omega Engineering, Inc., Stamford,
CT). One thenmocouple wes used as is (i.., dry); a sscond thermocouple (i.e., wet) was
mvmed with cotion wicking that was kept wet by deionized water provided from z dedicated
reserveir. The difference in teraperatures between the wet and dry thermocouples and the dry
temperature werc used (o determine the relative humidity by reference to a iable of values

derived from CRC (1955).

The temperature of the wet and dry ih@mmcmapieﬁs aﬁd the pressure differential were
monitored every 2 sec. The value for each sensor was saved in the computer memory until
306G values had been collected {i.e, 10 min) from all sensors. From each block of 300 values,
the mean, minimum, and maxirmun were determined and those statistics and the starting time
of each 1f-minute interval were saved to a permanent computer file. The monitoring
procedure was begun before the first animal was connected to an exposure unit and continued
uniif the next 10-min calculation period was completed after the last animal was removed
from an exposure unit,

Because of the extremely low odor detection threshold of the test article and the
absence of a chemical scrubber on the exhausi from the exposure unit enclesures, tesi article
leakage around the animals produced by the small positive pressure inside each exposure uni
had to ve controlled. The leakage was controlled by enclosing each restraining tube
connected to an exposure unit within a polyethylene bag (i.c., Ziploc Brand Storage Bag,
DowBrands L.P., Iadianapolis, IN} sealed to the exposure uait with viny! electrical tape.
Because of a concern about the possibility of heat build up inside the bags, an asddiiional
thermocoupie was installed for each of the exposure units; this Q}Mﬁm@@@i@ was held in
place inside the plastic bag and above the restraining tube of one | on each exposure
unit. These thermocouples were monitored according to the same s¢ e used for the
thermocouples described above,

The concentration of the test article in the exposure atmosphere was determined
by collecting 0.5 mL-sampies of the gaseous atmosphere by using 1.0-mL Pressure -Loc®
gas-tight syringes (Precision Sampling Corp., Baton Rouge, LA). The samples collected were
injected individuaily into the injector poit of a gas chromatograph. The details of the analysis
and calibration procedures are described in Appendix A.

The concentration of the test ariicle was determined in samples collected from a
port in the top level of each exposure unit. Before introduction of animals, the h@m@g ity
of the test article concentration was determined by analysis of samples collected i irom one of
the four ports at each of the nine exposure-unit levels used for either monito
environment or exposure of anim
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LATION EXPOSURE PROCEDU

The nose-only exposure units were configured so that the top nine levels of ports
(4 ports per level} were used. The ports on the bottom four levels were sealed with rubber
stoppers, and the supply tubes in those ports were replaced with stzel rods; by eliminating
exposure atmosphere supplied to those unused ports, the exposure atmosphere was provided
only to those ports nsed for exposing animals or for monitoring the exposure smosphere.
When not in use, ports in the top nine levels were alsc sealed with rubber stoppers.

Shortly before initiation of inhalation exposures, eacii of the preselected mice was
placed into an individual restraining wbe. After a group of animals had been restrained, the
animals in their tubes were tranusported to the nearby inhalation exposure room. The flow rate
of the exhaust air was increased to produce a net negative relative pressure inside the
exposure unit to minimize outward flow of the test article and potential contarnination of the
environmeni cutside of the laboratory building during the anima! loading process. At the
appropriate times, a rubber stopper was remeved from: an exposure port, and & res ng tube
containing a mouse was inserted rapidly. During the dose range finding assay, esch tube and
animal was sezled inside a plastic bag as they were inserted into an exposure port. During the
definitive experiment, all animals in an exposure group were inserted into their respective
ports before the process of sealing the bags was beg The difference in procedures was
necessitating by the different logistic constrainés of the larger group size used in the definitive
assay. The time of insertion of each animal or group of three or four animals was recorded.
After all of the bags had been sealed for an exposure unit, the exhaust flow rate was reduced
o produce 2 slight net positive pressure inside the exposure unit. Amnimals were ¢ ned at
least hourly and a gas sample was collected approximately once per hour during the 6-hr
exposure periods. Because of the logistic limitations of placing mice in restraining tubes
sealing the tubes on the exposure units into plastic bags, there were often significant time
differences between the exposure initiation of one group and the next; thus each treatment
group was exposed according to its own schedule.

At the end of the 6-Iir exposure period for each |
was again increased to produce a negative pres
immediate external air pressure. The plastic bags were ope;
mmmng tebes were removed from the exposure umit am@
the animals in a treatment group had been removed, they : med to their (mgm@
animal holding room and placed into clean cages. Animals were housed no more five of
the same sex per cage until sacrifice.

ient group, the €
ide an exposure unit com
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&

IMi&L HUSBANDRY

TEST SYSTEM SPECWFICATION

Doze Range Finding Experiment

Swiss- Webster mice, 16 males and 16 E&xmaiﬁﬁ born or August 1, 1995, were received
by the SRI Laboratory Animal Medicine rtm AMID)} from Simonsen Laboratories on
September 19, 1995. On arrival, mice of the same sex were randomly placed in animal cages
(10 per cage). The weights of the male mice ranged from 23.9 1o 25.0 g, and those of the
fernale mice ranged from 24.5 to 25.8 g at the time of treatment. Twelve male twelve
female mice, 7.5 weeks of age, were ws@d for the dose range finding experiment initiated on
September 22, 1995,

Definitive Experiment

Swiss-Webster mice, 78 males and 62 females, born on August 14, 1995, were
received by the SRI LAMD from Simonsen Laﬁmatowes on October 2, 1995, On arrival,
mice of the same sex were randomly placed in animal cages (10 per cage). The weights of
the male mice ranged from 22.9 to 28.1 g, and those of the female mice ed from 22.6 to
26.7 g at the time of treatment. Seventy-five male and 60 & e mice, & weeks of age, were
used for the definitive experiment initiated on October 9, 1995,

TEST 5YSTEM [DER

[FICATION

Animals were randomized by mmg an IBM ?L
randomization form (definitive ex ent only) uni ,
Before inhalation exposures, the aﬁﬁmﬁs were consecutively assiy to
animals numi one through eight were the firsi eight ani ‘

mﬁy} A color-

coded card attached tc the cutside of m&g m&ge Eﬁsi@é ﬁk %‘%ﬁy.ﬁ ber, sex, nuinber,
test article, mms,m&%mm level, start date, and ‘ . In order 1o be able to identify

of

= also wri

animals during the inhalation exposure periods, tification m

on their tails in indelible ink.
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Simonsen Labcratories
1180C Day Road
Gilroy, CA 95020.

study on epi&mb@r 25, 1995 by Director of the SRI L.., ). Mice r@c@nv&% on @cmb@f 2,
1995 were quarantined for 7 days and released to the sméy on October 9, 1995 by Director of
the SRI LAMD. Composite parasitology examinations performed by CVD, INC.
(Consolidated Veterinary Diagnostics, Inc., 2825 KOVE. Dr., W. Sacramento, CA, 95605) on
September 20, and October 3 1‘395 WETE mgaﬁavg and no evidence of adverse clinical signs
was coserved during the quarantine period.

ANIMAL ROOM ENVIRON

TONS

Rooms: SRi %midmg ’E R@@m Tﬁﬁ (d@se range ..:
CHper
Temperature range: 68-79°F (du

(i g, not @xp@sum)
Humidity range: 18-65% (during not exposure).
Light cycie: 12 hours light/12 hours dﬁé&
Ventilation rate; 10 room volumes per hour.
Degree of recircelated air used:  None.

Cage specification: Mice were housed
exposure and than
22" x E2 5" X g” p@év

There were no alterations in environmental conditions that could be e
adversely afffect the resulis of this study.
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FEED ANE WATER SUPPLY

Feed: Puring Certified Rod
inhalation exposures.
Furina Mills, Inc., St. Louis, MO.
Lot Nos. MARZ0952A, JUNE28933A, and }

nt Chow #5002 ad libitum, excegt during

Water:

filed by SRI LAMI.

Feed and water were withheld during the time the animals were in restrai
Based on the rosults of the feed snd water analyses, there were no known conts
water or feed that could be expected to alter the results of this study.
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S

'Y DESIGN

Y DATES

Study initistion: June 9, 1995.
Smdy completion: July 2, 1996.

Experimental start date: September 25, 1995.
Experimental end date: October 12, 1995

ENT AND SACRIFICE
Dose Range Finding Experiment

This preliminary dose range finding experiment wes perforined to determine the
appropriate concentration levels for the definitive expe ¢ and tc define the effects of
methyl mercaptan on the development of ervthrocytes in b@m marrow. The route of ox
models a potential route of human exposure io the test article.

Mice were treated with a single 6 hour nose-only inhalation exposure to met) ‘VE
mercaptan. Three mice per sex per treatmoent group were m@ﬁmﬁm&w w&g ? 3
to test-article concentrations of 112, 374, and 570 (target con
or 600 ppm, respectively). An air-exposed control g@up, Q@ZL%S@?E?% @f three m&@@ m
female mice, was treated similarly and concurrently with the test
Approximately 72 howurs after the inhalation expmzﬁ@

peripheral bloed was sampled and smears pr d
intraperitoneal injection of sodivm pentoba
cervical dislocation. Bone marrow was collecte
surviving mouse.

Based on the results of the dose range finding ex;
the definitive experiment was selected based

1. it was to be the minimum concentration which ca
PCE/RBC ratio relative to the negative conirol,

or if no suppression of the PCE/RBC ratic was of
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2. it was to be the minimum concentration which caused anin
sigus of toxicity,

or, if no death or observable signs of toxicity cccorred,

3. it was to be the maximum practical concentration that could be 2
gotermined by physical bulk and solubility.

Defimitive Experizaent

The treatment groups for the definitive experiment are shown in Table i. Mice were
exposed for a single 6-hour nose-only inhalation period to the test m’&?cie Five mﬁm per sex
per treatment level were weighed individually and exposed tic
184, 258, or 512 ppm (target concentrations were 125, ”PS&, and 500 ppm, res
vehicle control gioup was exposed similarly and mmumﬁ v 1o comp!
SAMe Source m‘ppﬁyﬁ% the dilution: air used for the three test article-expused groups. A group
of 15 male mice was treated by gavage with 300 mg/kg of urethane in water on the same day
as the inbalation exposure was conducted. Urethane was diluted in sterile water b@?ﬁm dose
administration. Animals were anesthetized by carbon dioxide inhalation and eu

rvical dislecation. Bone marrow smears then were prepared from each mouse.

Table 1
, DESIGN OF T
Treatment Total No. Mice Treated/(Sacrificed)®
, Male Female

Air Control 15(15) 15(15)
Methy! mercaptan

114 ppm 15(15) 15(15)

258 ppm AS(ES) 15(15)

512 ppm 15(13)P 15(12)°
Urethane

300 wg/kg 15(15) 0(15)

: Fﬁw mice were S@mﬁ&@d 72 Eﬁ@m
c?Fmr ()ﬁ" five mice were sacri
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Pesitive Comtrel: Urethane (300 mg'kp in sterile water) was administered to male
mice only. The purpose of the positive control was to ensure that the assay procedures were
properly performed.

PERIFPHERAL BLOOD ANALYSIS

Peripheral blood smears were analyzed from the dose range finding exp@nmem Blood
samples were obtained by snipping approximately 16 in. off the izp of the animal’s tail. The
blood from each mouse was blotted on three clean, prelauemd microscope slides, spread, air-
dried, fixed in absolute methanol for 5 minutes, and stored until coded sud stained. Slides
from each test animal were examined visually, and the two slides with the most uniform
preparation were coded and one coded slide was then stained with acridine orange {(Hayash et
al., 1983). Unstained slides were filed but not used.

BONE MAR

ROW ANALYSIS

Bone marrow smears were analyzed in both the dose mﬁgg finding and the derinitive
experiments. Femurs from each mouse was E’eﬂwwd and flushed gently with 0.2 mi of fetal
bovine serum (FBS) into 0.5 mL of FBS in a 1.5-mL conical ?.u&}@ Cells were concusdrated
by centrifugation, then ?%ags;efvdﬁd 1 a volume of sy - @mﬁ, approximately equal to the
peliet volumes. The sample from each mouse was t | to three clean, prelabeled
microscope slides, spread, air-dried, fixed in absokute m nol for 5 minutes, and stored untit
coded and stained. Slides from each test animal were vi y examined, coded, and the one
stide with the most uniform preparation was stained with acridine orange (Hayashi et al.,
1983). Unstained slides were filed but not used.

DATA COLLECTION

Slides for micronucleus @’vama@mn WEre ¢
micrascopic evaluation using rand o
package on an IBM PC pro
cosaputer.

by an individual not mwgv&d in the
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nizi in the bone
per animal,
which provides an index of chromosomal damage, and (2) the number of PCEs in at least
1600 erythrocyies per al, which provides an index of cytotoxicity.

The criteria vsed for identifying micromucle: are those described by Schmid (1976),
with the additional requirement that the micronuclei exhibit the bright vellow fluorescence
characicristic of acridive orange stain. The data from a given slide were registered directly 1o
an IBM PC data file during scoring (using the SRI-developed software package MNSCORE).
After amalysis, the slides were decoded and the data summarized by using a decoding program
in an IBM PC (using the SRI-developed software package MNSUM). Individual animal data
summsaries for the definitive experiment are included in Appendix B.

DATA ANALYSIS 4

Criterin for a Va

The data from this assay were considered accepiable if (1) the frequency of
micronucleated cells in the air conteel group was within the normal historical range, {2) the
administration of the urethane positive control article resulted in a statistically significant
elevation of micronucleated cells, and (3) av least three surviving animals of each sex in two
or more treatment groups showed a ratio of PCEs to total erythrocytes in bone marrow sreater
than or equal to 0.1.

Statistical Tests

The resulis of the analyses of the exposure concentrations of the test articles were
analyzed usiog means and standard devistions caloulsted by use of EXCEL 5.0¢ for Windows
(Microsofi Corporation, Redmond, WA). The resulis of G analyses of the gas standards
were evalusted using linear regression analysis (EXCEL 5.0¢) with the concentration as the
independent variable and the peak aren as the dependent variable.

For analysis of micronuciens frequency, the data were analyzed separstely for each
sex. The ratio of micronuclested PCEs to total PCEs and the ratio of PCEs to total
erythrocytes in percentages were calculated for each animal.

The statistical significance of diff
exythrocytes among methyl mercsp

cs in the percentage of PCEs to total
ted and air conirol groups evaluated

13
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the Kouskal-Wallis analvsis of variance on ranks (calculated by using the SRI-developed
sofiwaie program KRUSKAL in an IBM PO).

The frequency of micronucicatsd FCEs statistically anal
Armitage test (using the SEI developed software COCHRA
proportions, tc detcrmine if a significant dose-response relationship was present, and the
normal iest for equality of binomial proportions (Kastenbaum and Bowman, 1970) 1o
determine if individual treatment groups were statistically different from those from controls
(using the SRI-developed software package MNSUM). These tests and their rationale are
discussed in the ASTM standard Guide for Conduct of Micronucleus Assays in mammalian
Bone Marrow Erythrocytes and other publications (ASTM Committee, 1988; Margolin et al.,
1983).

Interpretation of Response

Pasitive. The test article was considered positive if the incidence of micronucleated
PCEs was significantly higher than thet in the air control group (p < 0.05) in either (1) two
different treatment groups from one experiment, (2) at a single treatment level if confirmed by
a separate experiment (e.g., an increased frequency of micronucleated cells in the dose range

finding experiment), or (3) a positive, dose-related increase in the incidence of micronucleated
cells.

Negative. The test article was considered negative if the criteria for a positive or
inconclusive response were not met.

Inconclusive. The results were considered inconclusive if there was reason to believe
that the concentrations of the test article selected for evaluation were inappropriate (e.g.,
excessive toxicity) or if a statistically significant elevation in the frequency of micronucleated
PCEs was observed in only one treatment group and the dose-response trend was not
significant.

AMENDMENTS TO

PROTOCOL

Two modifications were made to the original protocol. Protocol Amendrocent
Mumber 1 modified the following items: storage conditions of the test &r&clﬁ, method for
assuring correct dosing, proposed study schedule for the dose range finding e ]
record retention at SRI. Protocol Amendment Number 2 add d the smd
definitive experiment, and specified the target concentrations for ex
experiment. The study protocol and amendments are included as Appe

14
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DEVIATIONS FROM THE FPROTOCOL

Dwring the dose range finding experiment, the coefficient of variation (CV) for the low
conventration axceeded 10%, and the ranges for the low and mid concentrations in the
definitive experiment exceeded 1G%.

The data system collected and snalyzed environmental conditions every 10 minutes
rather than every 15 minutes.

Becasse of logistic limitations, the exposure stmospheres in the dose range finding and
definitive experiments couid not be sampled and analyzed at least hourly.

In the animal rooms, the humidity ranged from 18-65%. Humidity excursions
oceurred beyond those recommended by the NIH Guideline (40-70%) for approximsately 117
bours. -

In the definitive experiment, mice were euthanized by carbon dioxide inhalation rather
than sodiuvm pentobarbital overdose and cervical dislocation.

No guarantine necropsies were performed on either shipment of mice for preliminary
bealth evaluation.

During the exposure, plastic bags were used to control leakage of the test article in the
animal resiraining tubes (see Monitoring Exposure Condition: above).

These deviations should have no affect on the outcome of the study or the integrity of
the data generated.

KEY PERSCNNEL

Richard Winegar Program Director, Study Director
Robert Baldwin Program Director, Inhalation Toxicology
Kathleen O’Loughlin Cell Biologist

Kathieen Stewart Microbiclogist

Carolyn Reed Divestor LAMD

OUTSIDE SCIENTISTS

Mo outside scientists were uged in the conduct of this study.
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PORTS TO BE

CHIVES AND |

The criginal copy of the Final Report and the bound study records, including ali raw
data, computer-generated data sheets, the protocel, data disk, relevant commmnications and
supporting decuments will be stored at the SRI Records Center, located in Building B, for the
period of time required by the applicable regulatory guidelines. Microscope slides will be
retained in the SRI International Tissue Archive until submission of the final report.
Following that time, the slides wiil be transferred to CVD, and will be stored there for ai leas:
ten years. Parasitology records will be stored in the archive facility of the performing
laboratory (CVD, INC. 3911 West Capital Ave., Sacramento, CA 65606) for at least 10 years.
The Sponsor will be asked about further storage or disposition of the retained materials after
the ten-year storage pericd.




CLIENT PRIVATE

Bone mamow erythrocyts micronucleus sssay in Swiss-Webster
mice following acutz cose-only inhalation exposure 1o methy! mex
SKI Smdy M026-95

RESULTS AND DISCUSSION

DOSE RANGE FINDING EXPERIMENT

For this experiment, three mice per sex per freatment group received a single 6-hour
nose-only inhalation exposure to methyl mercaptan at 112, 374, and 570 ppm. A control
group, consisting of three male and three female mice, received air only. Mice were observed
daily from the start of treatment untii death or sacrifice. The concentration ranges for the
low- and mid-concentrations exceeded the protoco! criterion of 10%. These deviations are
judged not 1o have had a significant adverse effect on the study (See Table A-2).

The mean body weights recorded immediately before exposure and immediately before
euthanasia are summarized in Table 2. Comparing the differences between terminal and pre-
exposure bndy weights of each of the treatment groups at each of the sacrifice times reveals
no significant differcnces.

linical signs observed included shallov breathing at the fourth hour of exposure at
112 ppm, shailow breathing at the third hour of exposure at 274 and 570 ppm with
hypoactivity at tie mid and high dose levels in all mice when observed after completion of
exposure. Two male mice were found dead near the end of the second hour and during the
sixth hour of exposure at 370 ppm. Any mouse showing clinical signs appeared normal on
Day 2. Surviving mice were sacrificed approximately 72 hours after the inhalatiou exposure,
and cytotoxicity was determined based on the ratio ¢f RNA-positive erythrocvtes (PCEs) to
total red biood cells (RBCs;).

The number of PCEs among total RBCs was counted in both peripheral blood and
bone marrow smears to estimate the frequency of PCEs among erythrocyies. These data are
suminarized in Tables 3 and 4, respectively. No significant PCE suppression was observed in
any of the methyl mercaptan treatment groups when compared to the air control group in
either peripheral blood or bone marrow.

Based on the criteria specified in the study protocol, the target concentrations selecied,
in consultation with the Sponsor, for the definitive experiment were 125, 250, and 550 ppm of
methyl mercaptan for both sexes.

17
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Ceonditions of Exposure

For this experiment, fifteen mice per sex per ¢ ent group were treated with a
single 6-hour nose-only inhalation exposure to - an at 114, 258, or 512 ppm.
An air-exposed contro! group and a uret ! positive control gmu@ {m@k mice only)
were treated similarly and evaluated concurrently with the meth rcapian-exposed groups.

Mice were observed daily from the stam of treatment until ¢

Across the 6-hr exposure period for each treatm there was no noticeable
trend in the test ariicle concentrations {Table A-6). The c@@f%iems oﬁ" variation across time
were 7.1, 4.3, and 3.0% for the low, mid, and high concentrations, respecti
of variability is within the + 10% specified in the protocol. Logistics Emi@d the frequenc
gas sample collection and analysis during the first part of the exposure session. As a result.
the sampling frequency deviated from the hourly requirement of the protocol. This deviation
did not substantially affect the validity of the study.

In-Life Responses of the als

Clinical observations in this experiment inch aliow breathing and hy jm&cawm' at
the fourth and fifth hours, respectively, of exposure at 258 ppu in all mice. All mice at 2
ppm appeared normal on Day 2 and on 2ll subsequent _xperiment days. Shallow %ma&hmg at
the third and fourth hours of exposure, and hypoactivity at the fifth hour of exposure were
observed at 512 ppm in all mice. One fermale mouse was found dead afier 2 hours of
exposure at 512 ppm, and two female and two male mice were found dead at 532 p@m on
Day 2. All surviving mice at 512 ppm appeared normal on Day 2 and on all subseg
experiment days. Mice treated with 114 ppr methyl mercaptan, air control, or urethane
appeared normal throughout the experiment.

Post-Mortem Evaluations

Mice were evaluated for toxicity and micronucleus formation in bone marrow
erythrocytes. Erythrocytes in bone marrow from treated mice were examined, m&i the
of PCEs among wmi RBCs and of micronucleated PCEs amoug PCEs were deie

results from the definitive experiment are presented in Tables 5 and 6.

The percentages of PCEs among RBCs in groups t d with methyl n "
not differ significantly from those of the air control groups in any of the dose groups for

18
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either sex by the non-parametric Kruskai-Wallis analysis of variance on ranks. Analysis of
ranks compares all methyl mercaptan treatment groups and controls together; therefore
individual treatment groups were not compared io their specific controls.

In bone mairow, male mice treated with air control averaged background ﬁucmm‘,ﬁgus
incidences at 0.08, 0.20, and 0.12% at the 24-, 48-, and 72-hr harvests, respectively. Femal
mice treated with air control averaged background micronucleus incidences at 0.16, @.&@, and
0.16% at the 24-, 48-, and 72-hour harvests, respectively. The percentage of micronucleated
PCEs of male mice treated with urethane were appmmmteiy , 3, and 2 times greater,
respectively, than that of the air control groups at the 7 -, 48-, .msfé 72-hoar harvests.

The binomial proportions test (Kastenbaum and Bowman) found a statistically
significant difference between male mice treated with 512 ppm methy]l mercaptan when
compared to the respective air contro! group at the 24-hr harvest. Although statistically
significant, the biological significance of this increase is equivocal since the control group had
a micronucleus frequency lower than the SRI historical mean (0.08% vs. the laboratory mean
historical frequency of 0.21%). Additionally, it is important to note that at 512 ppm methyl
mercaptan five out of thirty mice died.

Using the Cochran-Armitage test for a frend in binomial proportions (p < 0.05),
significant increases in micronucleated PCE were observed in male mice at 24 and 48 hr and
in female mice at 48 hr after exposure to methy! mercaptan.

The binomial proportions test found statistically szmﬁcam differences betwszen
urethane-treated groups when compared to their respeciive air control groups at the 2@«»
48-hour harvests. At 72 hours, urethane showed a slightly elevated freq
micrenucleated PCEs when compare to the air control group.

The data from this assay was considered acceptable because the freguency of
micronucleated PCEs in the air control groups was within the SKI normal historical range (see
Appendix D), the aéministration of urethane positive control resulted in a statistically
significant elevation of micronucleated cells, and there were at least three surviving animals of
each sex in two or more treatment groups with a PCE/RBC or equal to 0.1
in two or more tizatment groups.

In conclusion, althiough the increases in micronucleated frequencies @b%weé are w
methyl mercaptan meets the criteria established in the protocol for a positive respo
mouse bone marrow erythrocyte micronucleus assay.
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DOSE RANGE
SWISS-WEBSTER MICE TRE/

OF METHYL ﬁ?ﬁﬁﬁ??y :

MALE MICE
Initial Body Final Body Weight Gain®
Conc. Time b Wt (g) Wt (g) (%)
Treatment (ppm)  (hr)® (m)® Mean £ S.D. (N Hean + S.D. Mean + S.D
Contwg} 0.0 72 3 296+ 1.6 3 307+ 1.3 3.66 + 2.05
MeSH 112.0 72 3 30.2x 17 3 298+ 2.7 -1.21 % 3.57
MeSH 374.0 72 3 317+ 066 3 3.7+ 19 -295+524
MeSH 570.¢ 72 3 30.72+ 11 1 3.1 -1.88
FEMALE MICE g
Initial Body Final Body Weight Gain
Conc. Time Wt (g) Wt {g) (%)
Treatment (pomy  (hr)® (n)® Mean % J.D. (n3® Mean + S.D.  Mean + S5.D.
aontru! 0.0 72 3 266z 1.0 3 282+ 16 5.96 + 2.04
MeSH 112.0 72 3 279+ 0.2 3 278+ 1.3 -0.35%4.72
MeSH 374.0 72 3 8.3+ 05 3 276+ 0.9 -259+1.79
MeSH 570.0 2 3 285z 03 3 292+ 08 2.46 + 2.80

dAin surviving wice
PNumber of treated animals.
“Number of surviving animals.

were sacrificed 72 hours after exposure.

“we?ght Gain (%) = 100 x (Finai weight-Initia? weight)/Initial weight.
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Table 3

DOSE RANGE FIMDING EXPERIHENT IN MALS
SWISS-WEBSTER MICE TREATED WITH A S

OF METHYL WMERCAPTAN: PERIPHE

Concentration Time PCE/RBC® (%)
Treatment (ppm) Sex (hr3®  (n)®  Mean & S.E.
Control, air 6.0 Male 72 3 213 %043
MeSH 112.0 Male 72 3 1.84 £ 0.14
MeSH 374 .0 Male 72 3 3.05 2 0.13
MeSH 570.0 12 1 2.21
Control, air G.0 12 3 1.33 2 0.41
MeSH 112.0 72 5 1.77 ¢ §.54
MaSH 374.0 7e 3 2.12 + 0.34
MeSH 570.0 72 3 3.02 £ 0.28

SSurviving mice sacrificed approximately 72 hours after exposure.
Number of surviving animals.
“PCE/RBC = polychromatic erythrocyte/red blood

cell ratio.

%ﬁ
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Table 4

RANGE FINDING EXPERIMENT IN
SHISS- WEBSTER MICE TREATED WITH A SINGLE

METHYL MERCAPTAN:
Concentration Time_
(ppm) Sex (hr)°
°°°°°°°°°°°°°°°° 0.0 Male 72
112.0 Male 72
374.¢ Maie 72
570.0 Male 72
air 0.0 Female 72
112.0 Female 72
374 .0 Female 12
570.0 Female 72

*Surviving mice sacrificed approximately 72 hours after exposure.

surviving animals.

(n)®

3
3
1
3
3
3
3

polychromatic erythrocyte/red blood cell ratio.

24

PCE/RBC® ()
Mean + S E.

49.44 £ 1.35
51.50 + 5.04
54.88 + 5.26
56.85
56.52

55.97 =

4

2.57
4.78

54.47 + 3.69
54.78 + 4.
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Table 5

DEFINITIVE EXPERIMENT IN MALE
REATED WITH A SI

Conc.  Time PCE/RBCE (%) MNo. of ~--vmomoocccnoionnns
Treatment (ppm)  (hr)® (P Mean = S.E.  PCE & No. (%) Mean + S E
Contrel, air 0.9 24 5 57.10 + 4.18 5012 4 0.08 £ (.02
MeSH 114.0 24 5 57.61 £5.09 5014 10 0.20 £ 0.06
MeSH 258.0 24 5 52.27 £7.70 5011 10 0.20 £ 0.06
MeSH 512.0 24 5 4546 +5.45 5012 13 0.26 = 0.07¢
Urethane' 300.0 24 5 5284+ 5.69 5011 38 (.76 £ ¢.14°
Control, air 0.0 48 & 51.31 +£4.83 5007 10 0.20 £ 0.05
MeSH 114.0 48 5 52.93+6.80 5009 4  0.08 £ 0.02
MeSH 258.0 48 5 47.05+ 3.88 5010 9 0.18 = 0.09
MeSH 512.0 48 5 49.25 % 2.22 5010 19 0.38 % 0.11
Urethane' 306.0 48 5 40.09 + 3.66 5008 27  0.54 % 0.10°
Control, air 0.0 72 5 52.76 + 4.12 5012 6 0.12 % 0.05
MeSH 114.0 72 5 44.16 £ 5.90 5011 6 0.12 + 0.05
MeSH 258.0 72 5 42.56 % 6.87 5012 6 0.12 +0.02
MeSH 512.0 72 3 E2.35+ 2.47 3007 4  0.13+0.03
Urethane' 300.0 72 5 42.54 + 3.0B 5008 8 0.16 x0.05

§A11 surviving mice were sacrificed 24, 48, or 72 hours after exposure.

Number of surviving animals.

EPCEiRBC = poiychromatic erythrocyte/red biood celi ratio.

Statistically different from control (p < 0.05) by test for binomial propertions.
jStaiéstéﬁaily different from control (p < 0.01) by test for binomial proportions.
Urethane was administered to mice at 300 mg/kg body weight.
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Table 6

DEFINITIVE EXPERTMENT IN
WICE TREATED WITH A
HETHYL MERCAPTAl : WIC

= PCE with Wi

Conc.  Time PCE/RBCC (%) Wo. of ----- mmm e
Treatment {ppm} thr? (P Mean = S.E, PCE No. (%) Mean z 5.E
Control, air 0.0 24 5 47.39 + 4.67 5005 a 0.6 £ 0.05
MeSH 114.9 24 5 52.83 + 4.60 5010 6 0.12 + 0.0¢
MeSH 258.0 24 5 53.68 £ 3.04 50605 9 G.18 = 0.07
MeSH 512.0 24 4 49.9¢ ¢ 2.07 4006 i1 0.27 £ 4.09
Control, air 0.0 48 5 4906 x 2.24 5010 13 (.20 = 0.09
MeSH 114.0 48 5 56.58 + 2.60 5009 6 0.1z = 0.06
MeSH 258.0 43 5 58.73 £3.76 5006 8 0.16 + 0.04
MeSH 512.0 48 5 56.07 £ 3.96 5007 15 0.30 + 0.08
Control, air 5.0 2 5 59.41 £ 7.54 5008 8 0.16 + 0.05
MaSH 114.9 72 5 5566 4.10 5007 8 0.16 £ 0.06
MeSH 258.0 72 5 52.46 % 3.85 5009 9 0.18 = 5.06
MeSH 512.0 72 J 51.96 £ 4.98 3005 5 0.17 £ 0.03

ié?l mice were sacrificed 24, 48, or 72 hours after exposure.
Number of surviving animals.
“PCE/RBC = poiychromatic erythrocyte/red blood cell ratio.
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i. Introduction

In order to confirm the concentrations of the test article in the inhalation exposure atmospheres to
which the animals were exposed, samples of the aimospheres were collected and the concentrations of
the test article determined. In order to verify the accuracy of those analyses, standard samples of known
concentrations of the test article in air were prepared.

The temperature and relative humidity of the exposure atmospheres were detenmnined over 10-
runute increments beginning before the first animal was inireduced to the exposure atmosphere and
continued until after the last animal was removed. Because the protoco! specified the number of
determinations over 1S-minute increments, the use of 10-minute increments constitutes a technical
deviation from the protocol.

In order to assure that external “clesn” air was not drawn into an exposure unit from around an
anmal and thereby possibly diluting the desired exposure atmosphere, the rates of supply apd exhaust for
cach exposure unit was centrolled to produce a net slight positive pressure inside each exposure unit
compared to the surrounding environrent. The pressure differential of each EXPOSUre unii was
determined over 10-minute increments beginning before the first animal was introduced to the exposure
atmosphere and continued until the last animal was removed.

HE N Materials and Methods
A. Gas Chromatographic Conditions
Tnstrument: Varian Model 3400 gas chromatograph (S/N 5627) equipped

with a thermal conductivity detector and a Hewlett-Packard
Model 3390A integrator

Detection: Electron capture

Temperatures: Colurnn:30°C
Injector:156°C
Deetector:150°C

Currier pas: Nitrogen v

Flow rate; 32 ml./min at & column bead pressure of 32 psig. Flow rate
was measured with a digital flow meter

Column: 1/8" X 10’ aluminum packed with Haysep DB, 100/120 mesh

(Alltech Associates, Inc., Deerfield, IL). Support
received in bulk, and the column was packed st SRI

A-l
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injections: 0.5 mL using a 1.0-mL gas-tight syringe (Precision Corp.,
Baton Rouge, LA)

B. Preparation of Methy! Mercaptan Standards

Samples of known concentrations of the test article in air were prepured fresh daily by injecting
measured volumes of undiluted test article into sealed glass vessels of known volume. The giass vessels
had been previously calibrated so that their volume was known to at feast £0.1%. The vessels were
sealed with Teflon® valves and were equipped with injection ports sealed with Teflon-lined silastic
septa,

Before a sample of the test article was injected, each vessel was flushed with a stream of air to
remove all detectable traces of any previous injections of ihe te<t article. Periodically, samples of the air
i the standards vessels were analyzed for detectable levels of test article. If any level of test article
were detected, the flushing procedure was repeated.

Sampies of the test article were collected with either 2 1.0-mL or 100-ul gas xight syringe
(Precision Sampling Corp., Baton Rouge, LA) from a metered siream of the test article. Sample
volumes and standards vessel were selected t¢ obiain test article concentrations ranging from 46 to 879m
{v/v} for the definitive assay. The resulting concentrations are summarized below.

Volume (nl)

MeSH Dil. Vessel

0.25 5382.0

0.10 1009.0

0.20 345.1 580
0.10 361.2 277
0.30 341.3 879

Samples (0.5 mL) were collected from the vessels containing the gas lards and injected into
the GC. The resulting peak areas (the dependent variable) and the calculated concenirations (the
independent variable) were analyzed by linear regression anslysis (Microsoft EXCEL 5.0, Microsoft
Corp., Redmond, WA) with the intercept assumed to be zero. A series of gas standard samples were
prepared and analyzed with each group of samples collected and analyzed from the exposure units.
gas standard was sampled and analyzed in duplicate and sometimes in triplicate.

A=
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)

- Determination of Test Article Concentrations in Expusure Atusospheres

Samiples (0.5 mL} of the exposure atmospheres were collected from a sampling port on Level |
(top most) of each exposure unit. These samples were injected inte the GC and analyzzd as described
above. From the slope (units of peak area units per ppm) of the linear regression analysis of the gas
standards and the peak areas of samples from the exposure atmospheres, the test article concentrations
were caiculated.

Conc. of MeSH = (peak area)/(regression slope)

The results of the individual analyses of the exposure atmospheres are sum ed in Table A-1.

D. Determination of the Homogeneiiy of Tes: Article Concentrations in the Exposure Units

During the animal exposure sessions, the concentration of the test ariicle was determined in
sarnples collected from a port in the top level of each exposure unit. However, before introduction of
animals, the homogeneity of the test article concentration was determined by analysis of a single sample
coliected from one of the four ports at each of the nine exposure-unit levels to be used for either
monitoring or exposure of animals. The resuits of those determinations are summarized in Tables A-2
2nd A-6.

E. Determination of Temperature and Relative Humidity in Expo

ure Atmoespheres

Temperature and relative humidity were monitored by using pairs of Type J thermocouples
{Omega Model No. 5TC-TT-J-20-72, Omega Eng
used as is (i.e., dry); a second thermocouple (i.e., wet) was covered with cotion wicking that
wet by deionized water provided from a dedicated reservoir. The difference in temperatures ,
wet and dry thermocouples and the dry temperature were ased to determine the relative humidity by
reference to a table of values derived from CRC (1955).

The cutput signais from the thermocouples were monitored by esing y monitoring
collection software (WorkBench PC for Windows, V2.04, Stra r Tree, Inc., Sunnyvale, CAj
analog to digital conversions units (Model DS-12-8-TC DAT Ashuttles, Strawberry
on an IBM-compatible Personal Computer with a 486 D32 66 microprocessor. Relative
was calculated by using direct data links to Microsoft EXCEL V5.0 (Microsoft Corp., Redmond, WA).
Doth EXCEL and WorkBench operated under Microsoft WINDOWS, V3.1(Microseft Corp.).

The temperature of the wet and dry thermocouples were monitored every 2 sec. The values for
each sensor was saved in the computer memory until 300 values had been collected (i.e., 10 min) from

A-3
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a1l sensors. From each block of 300 values, the mean, minimum, and meximum were determined and
those statistics saved to a permanent computer fite. The monitoring procedure was b&gma before the first
animal was introduced to an exposure unit and continued until the next 10-min calculation period was
completed after the last animal was removed from an exposure unit. The mean temperatures and relative
humidities experienced by the animals are swmmarized in Tables A-3, A-4, A-7 and A-8.

At a time not recorded, it was noliced that the humidity data display was not being vpdated.
Upon investigation, it was discovered that for an unknown reason, the data link hetween WorkBench and
Excel had been lost, and the Excel file that calculated relative humidity had been corrupted. F@
uncorrupted copy of the Excel file was loaded, but the data link could not be re-established
halting the data collection. Because the temperature of the wet and

d dry thermocouples was %@aﬁg
monitored and recorded independently froin the humidity dats, data collection was continued with the
knowledge that the relative bumadﬁty could be calculated later. However, at some ti r 3 hr 40
into this first data collection session, data collection was hal@d as a result of some as yet undeter
problem with the software or hardware. The computer was restarted, the first set of data ﬁ@m@@ files
was saved, and a second mositoring session was initiated. §§iﬁ sysism halted again approximately 1 br
20 min later. After an approximsate 17-min delay during which time the cause of the ?iﬂﬁ!fé‘m was
investigated unsuccessfully, the systera was restarted, and the second set of data files was saved as just
described. The third data collection session lasted approximately 1 br. Because of the very late hour
(20:30 br) and the leve! of fatigue of the staff, it was decided that the third set of data files would be left
in their original state until the next morning in order to reduce the possibility of loss due to human error.
However, upon attemnpting to exit the WorkBench data collection software, the wrong icon was activated.
Instead of activating the upper left most icon to exit ﬁl@ pro the &@j%@@iﬁ icon to start
collection was activaied. The error was noted almost immediately, data collection was halted wit
1 sec. Nevertheless, restarting data collection irreversibly deleted the last Emm of data collected duri
the exposures.

The lost humidity data was replaced by using the mean dry and wet thermocouple data and an
mtacﬁc copy of the Excel file to calculate relative humidity. Because only mean wet temperat
ecorded, only mean relative humidity values could be calculated. During this @M'@ﬁm it was
dgscovemd that temperatures were not recorded for a 2 hr 46 min period begi ¢ BpProxXime
40 min intc the first data collection session; the reason for this data loss is u
values and the environmentel data lost at the end of the study could not be r
These deviations from the protocol ave judged mot to have had a significant adverse effect on the
scientific integrity of the study, because during the time thst the environmenta! data were being r
reliably, there was relatively little v&ma&uiﬁy in the values. During the times that
were no known alterations in the operating parameters of the supply or exh
units. It is reasonable, therefore, to ex ate the conditions 1o the lost fine
across the missing 2 hr 46 min. On this basis, the exposure environment for the air-exposed
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conirol group remained at, but did not exceed 70°F for mosi of the EXPOSE

posure period; none of ihe o
groups exceeded the temperature or humidity limits specified in the protocol.

F. Detes

pination of Pressure Differenticls in Exposure Units

The difference in pressure between the interior of a n@gee@niy exposurs unit and the surro
environment was measured by using a Model 605-3 C Magnahelix® {Dwyer Instruments Co., Ma@m n
City, IN) Differential Pressure Indicating Transmitter. The electrical signal from each Magnahe
monitored by using the hardware and software system described above for temperature monitoring. Tﬁm
magnitude of the pressure differential is not important as long as the differential is greater than zer
the pressure inside each exposure unit containing a concentration of the test mtmﬁa is greater
pressure of the external environment. As long as the pressure differential is greater than zere, the
direction of air flow around each animal will be fmm the interior of the @xposim* unit out towards the
external environment. If the direction of “leakag then external air would
dilute the exposure atmosphere and the exposure concentration experienced %y the amma%s would not be
known. The pressure differentials measured during the animal studies are summarized in Tables A-5 an
A-9.

G. Clean Up of the Exposure Atmospheres

Because of the very low odor detection threshold of
to information provided by the Sgwma’), the @xﬁz&m@ from the exg
environment without treatment. Based endation %f,r ﬁw S@@ﬁ%ﬁ‘ an éxﬁmufzi cé
was deve&amd and used on the @mm from e@sc}a @ﬁ the three

polypropylene spheres. The ex]
of the caustic. The exhaust from the scrubber e
approximately 800 to 1000 mL of 316-in. alumina
Air Filtration Media, Carus Chemical Co., 'LaS&EE@, IL). 7
the facility’s air exhaust system where i i
exiting the laboratory building. The caustic g@ﬁm&ﬂ i 1
before the range-finding assay and

to determine exposure concentrations
limnit of visual detection of a gas ch
method would not be applicable to

clesn up system was op
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r unit. The dle
expelled. No

MeSH, a 1-mL sample was collected fiom the air exnausting the at
from the end of the gas-tight syringe and the gasesus contents of the syringe 3
mercaptan odor could be detected, indicating that the MeSH concentration raust be in the low perts
billion range. With the additional subsequent dilution of this air siream, it was decided that the cl
system was acceptably effective.
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Tahle A-1
Concentrations of MeSH ot the E:
Perts Used to Lxpose Animals and M

[

1A 128 355

2A 116 340
34 122 338
7 123 344
5A 119 360
6A 123 340
7A 123 347
8A 129 340
9A 124 355
Mean ~ 1230 3466
SD 40 8.2
CV* 33%  24%
Min. 116 338
129 360

searet o g balit. Lavel 9 s the bowent lovel waed sad mosmnt o oo esbovst. The
fam of e radle] pooltion of eash pavnt.

6. Couffindont oF vasiation « 1093 & 8D/ mosn,

4. Range » 1996 x (man - wele)/ menn,
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Table A-2

Groap 1 Group 2
m@ g m g
0:60 URLCH

140 0O 199 79 0:17 353 134 3559
438 @ 43 108 254 379 117 598
6:06 2:50 83 2069 391 2:19 575
320 136 201 383 534 374
349 134 350 361 426 527
441 103 4:39 389 438 578
5:49% 133 3:19 362 542 377

G:06 6:05 6:06
RMesa g 1§ ¥ 374
) ] 24 15
cv 25.6%
N Z 7 7 7

a time (b ia) froso st of Bn ¢
Car os of BEsSH ks pues (viv).
¢. Casificint of Viviativn » 165% &
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Grosp 4

96 194 200 0:03 404 205 203

26 945 213 @65 206 204 208 @5 202 198 206 ¢06 205 203
198 156 261 ¢1s 207 204 209 6.1 203 201 268 G:l6 2035 203 .
8§ %6 201 §:25 T 204 209 835 203 200 2066 026 205 W02 208
9.7 195 209 035 206 203 209 635 203 189 20§ @36 207 204 209
98 1935 200 %45 205 292 209 45 204 201 206 | 066 207 04 209
17 135 201 055 206 203 219 G5 204 200 206 @56 207 204 208
98 194 202 RS s 204 208 oS 204 201 207 B0s 208 205 218
198 195 200 Iis 206 203 309 115 205 203 208 6 208 2S5 g
22 96 201 125 206 202 2089 128 205 202 287 136 208 303 211
199 95 201 138 207 204 210 135 08 202 @09 36 207 205 209
200 197 203 i-45 207 205 219 145 205 202 206 146 207 205 2072
200 197 202 55 209 204 203 135 208 203 208 1:5¢ 207 204 208
200 197 203 288 208 205 2190 85 205 201 207 206 W7 304 2id
268 198 204 215 W8 s 219 215 205 202 209 216 207 205 210
21 1992 203 225 208 AWs 212 225 205 W02 207 226 207 04 210
201 1929 204 235 268 206 213 235 205 202 207 236 207 204 219
01 198 203 245 20% 3206 212 245 205 101 208 246 207 205 210
202 199 203 2:55 268 206 211 2455 38 202 N8 2:8¢ 208 205 211
201 198 2064 305 209 286 212 308 206 A3 209 306 207 M4 W9
262 199 205 315 & 205 210 38 204 203 206 316 204 94 208
201 198 204 325 208 205 20 325 205 24 207 33 W7 204 210
02 199 205 335 268 204 211 335 205 203 203 3% 307 2835 214
202 199 W4 345 209 207 212 345 205 A2 B3 346 208 206 210
282 200 203 355 210 206 213 355 205 203 207 56 208 WS 210
03 18% 166 405 209 6 201 485 205 202 208 4066 307 204 W05
201 1% 03 485 208 2035 210 415 204 202 203 4316 207 W3 09
2.0 158 204 425 28 205 211 425 205 W1 1208 426 206 204 213
208% 199 204 £:35 208 305 211 438 203 200 205 £36 206 203 208
20.1 198 203 443 208 206 210 443 202 O 205 446 205 201 209
201 198 204 455 20% 206 212 455 203 199 06 436 205 202 06
Wy 198 204 505 208 205 29 508 202 WA 204 586 205 202 208
200 198 203 215 208 205 212 515 202 199 105 S:16 207 204 219
200 128 205 525 W06 203 09 3325 204 3L WS 53 205 W3 28T
200 197 202 $:35 206 203 203 535 203 204 2035 $36 05 203 203
%9 197 202 543 205 200 208 5:45 204 202 0% 246 W6 W3 219

129 195 203 5:85 203 555 205 223 e i N
gl 191 202 | 505 203 605 206 W2 2L
19.7 e 2.7
19.4 ‘ 0.1 128 0.9

M. 213 203 21.8 . a3
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-0:07
¢:03
G:13
0:23
0:33
0:43
0:53
1:03
1:i3
1.23
1:33
143
1:53
2:02
2:13
2:23
2:33
2:43
2:53
303
333
323
3:33
343
3:83
4:03
413
4:23
4£:33
4:43
4:53

63.1
63.0
63.1
63.0
63.0
62.9
G2.%
62.7
63.5
62.9
62.8
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62.8
62.4
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628
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6.9
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0.6
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0:15
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1:05
1:15
1:25
§:35
1:45
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204 209 (@19 214 211 2l (018 216 213 218 (018 213 210 216
28.58 211 020 214 212 217 (G328 218 215 220 | 9:28 215§ 213 218
207 213 %39 215 212 219 (@38 219 216 221 0:38 217 214 239
207 213 | G:4% 218 21.6 220 [1GAR 219 216 222 [ 048 216 215 218
208 212 159 216 214 220 | 0:58 219 217 222 I 0:58 216 214 218
207 2113 1206 217 214 220 | 1:08 220 218 222 b
207 212 159 216 214 218 | 1118 219 2185 222 344 212 209 218
208 21.3 120 216 214 218 | 128 216 214 220 | 3:34 211 209 213
207 212 1239 214 2101 237 C 1:38 218 212 287 14404 210 208 213
Z20.8 213 149 214 212 207 | 1:48 214 212 217 | 4:14 210 208 213
208 213 1:59 215 213 218 [ 1:58 214 213 216 | 424 219 208 213
20.8 213 | 209 213 213 217 (268 2:5 213 217 434 209 207 211
206 212 %19 214 211 217 b 444 209 206 21.1
207 212 1229 214 212 217 [ 454 214 21.% 217 1 4:54 218 2097 213
209 213 12239 215 213 217 | 506 214 212 217 : b
207 213 (249 215 213 218 | 5:34 215 213 217 ¢
1.k
1.3

207 212 1 2:39 2.5 212 217 | 524 214 211 218
. 1.3 21.7
209 214 [ 545 213 209 216 | 544 2.8 213 217
209 215 [ 5:85 213 211 2206 | 5:54 214 201 216
210 215 (605 214 211 217 | 604 215 210 218
6:15 212 209 215 | 614 & -

282 2L% 1625 211 208 213
214 2135 21.2

19.8 205 0.5 20.6

‘ 232 219

Max.
N 24

6 Blogeed Thes freis) s




CLIENT PRIVATE

63 &6
59 66
59 63
0:33 55 &0 g8 GO
G:41 &0 &0 &38 60
a5t 70 945 64 943 60 eag &0
1:0: 70 039 64 | 058 GO a5 &0
118 T 1oy 64 188 60 ¢
] 121 70 119 64 158 60 344 64
’ 13t 70 129 66 ;128 60 | 356 ek
14 TG 139 63 138 60 494 64
| 158 70 149 63 148 63 414 64
| 200 70 |19 64 | nss 63 | a2 @
| 211 70 208 64 28 60 | 434 64
* 228 TG 21 63 ¢ 444 64
: 230 TR 23 63 %56 62 458 63
| 241 0 | 239 64 | w06 6 | S04 63
251 70 49 64 514 51 4
30 70 250 64 524 6
3t 70 ¢ 8§34 60
321 7O 543 64 5:44 60
338 TG 5:45 ¢4 534 59
361 70 605 &0 608 59
&

o Appres, 1538 ved 1556 beuse PUIT.
& Ao ey wwonr b i & e sellentad §




CLIENT PRIVATE

Bene mamow ervihirocyle micronucleus sssey in Swiss-Webster
mice following acute nose-only inhalation exposure (o methyl mer
SRI Stedy M020-95
Table A-S
Pressure Differential (in. H,0) of Exposure Eavironment During
the Definitive Study
Graap 1 Group 2 Groap 3 Greap 4
TEI® Mea® Mim. Mav. | EL  Miesn Mim. [Mar, | EL  een Wi ban | BL M Bin.  Maz

9:01  -0.11 015 004 | 001 001 044 004 | 002 006 009 005 | 002 005 008 002
C:ll 002 015 004 | 009 006 009 004 | 268 005 006 005 | 008 -0.03 003 002
623 042 05 006 | 0:192 607 008 -005 | 018 006 006 005§ 018 003 004 003
031 012 045 005 | 029 008 010 506 | 028 006 -006 065 | 028 004 005 -0.03
241 003 005 009 | 035 006 -0l 007 | (38 803 007 049 | 038 001 665 019
@51 006 006 068 | 049 005 003 007 | 0428 004 008 021 | 648 004 003 008
101 006 004 009 ] 0:3% 067 005 097 § 0:585 017 008 021 | 0:58 004 003 006

21 007 005 0Ly | 102 006 005 088 F 108 D37 63t 022 | 108 085 0085 006
B2 008 005 010 | 1119 006 £04 067 ] 18 009 @13 022 | 18 005 004 005
230 000 007 013 | 129 006 064 097 | 128 019 014 022 | ©:2R 005 044 006
41 040 009 612§ 135 045 004 006 § 138 022 047 625 | 13% 505 503 008
LSE 010 008 012 ] 149 005 005 007 | 148 019 007 023 | 1:48 003 003 006
201 016 607 Gl ] 159 005 005 607 | 1:58 ©20 017 022 | 1:58 004 003 005
211 009 007 012 [ 269 006 ©04 007 | 202 014 005 022 2:08 004 003 085
220 010 008 0J3 | 210 006 005 007 | 218 007 005 008 | 218 003 003 005
231 012 019 043 | 229 085 005 002 | 228 008 006 009 | 228 €03 002 008
2:41 011 008 013 | 232 0487 005 608 ] 238 068 006 019 | 238 043 203 005
251 009 005 004 249 088 007 008 | 248 008 0066 0.0 | 248 003 003 004
36: 005 003 0648 | 259 007 006 008 | 258 008 007 06 | 258 603 003 004
31 006 003 063 | 309 008 007 009 | 308 007 605 009 | 308 003 083 0905
328 007 0685 009§ 319 007 005 G100 | 318 0069 697 009 | 318 0684 003 005
331 008 006 019 | 329 097 006 G669 | 328 668 COS GH9 | b
341 008 005 010 | 339 006 004 011 § 338 0058 007 010 ] 344 004 002 605
350 006 003 609 | 349 008 G056 CID { 348 067 003 009 | 154 004 0504 008
401 005 003 009 [ 339 067 005 009 | 3858 007 005 008 | 404 005 004 003
411 007 G064 609 | 409 008 005 010 | 408 006 605 009 | 414 004 004 005
421 007 005 069 | 412 006 005 008 ] 48 004 002 006 | 424 004 003 0.0¢
431 009 607 011 | 429 065 005 66T | 428 005 003 006 § 434 004 003 005
441  G10 00R 012 | 430 0087 066 083 | b 444 004 003 005
451 910 GO8 012 | 449 0066 005 007 | 454 905 002 G605 | 454 004 Q08 008
501 069 0066 011 § 439  GO05 624 008 | 504 602 001 086 | 504 004 004 005
511 0.67 0084 009 | 509 005 684 006 | S14 003 002 004 | ¢
521 007 006 009 | 19 624 003 026 | 524 60l 000 083
531 007 005 089 | b $34 080 001 002
541 007 004 009 | 545 005 004 006 ¢ 544 005 001 011
551 008 0686 009 | 555 601 016 006 § 55 409 006 013
6:0i 007 015 009 | 605 004 N0 004 | 604 008 007 004

b
6:27 003 404 003

Mesn 0.05 0.04 6.07 0.03
Min. «0.15 -0.14 £.09 408
Mag. 0.14
N 38




CLIENT PRIVATE

Bone mammow gryihrocyte mzs;mﬁwm ¥ in %wm«‘%i

mice following acute nose-only int
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Expt. #: MO20

Study No.: M020-85

Treatment: Control, air
Sacrifice: 24 hrs

§lide

Code
AN
TOTAL

ZL
TOTAL

WD
TOTAL

ne
TOTAL

AY
TOTAL

Dese group tetals Hes

al #3M020M-95-1

M 1004 58

#:M020M-35-2

imal #%:M020M-95-3

M 1001 652
imal #:M020M-95-4

[ 1602 580
imzl £:M020M-95-8

88

Treatment : MaSEH
Sacrifice: 24 hrs

Siide

Ccde

ZH

TCTAL for Ani

ES

TOTAL feor Ani

EK

TOTAL for ani

DJ

TOTAL for Ani

KY

TOTAL for

Dome gr

-85, Data Flle "M020K-88

1004 643

1003 420

Dose:

Vehicle: alyx

. of pCE/

RBC (%)

- > @ om we W

Dosge:

Vehicle: aix

No. of No. of ECE}

Sex ° RBC PCE

o ey = = e oe v w9 s " o wn @

M 1610 570
1 #:4020%~-95-6

M 1006 T08
mul $:M0204-985-7

M 1005 583
i $%:M020M-95-8

M 1018 648
1 $:M020¥-95-9

M 1003 398
al #:3020M-95-10

oup total: Means
8k

oa

Page 1 of 14

6.0 ppum
WMo, of BCE
PCE with MW
‘1003 1
1002 0
1003 i
1602 1
1302 -
5012 4
114.0 ppm
No. of BCE
PCE with MHN
‘1006 0o
1002 2
1002 2
1004 2
1002 4
10

5014

% PCE
with My

- TS Y B a6




INDIVIDURL:, AMNIMAIL

DATA 8

Expc. #: HM020M-35, Data File "M0I0M-85.
Study Ho.: M020-95

Treatment: MedH Rope: 458.0 ppm

Sacrifice: 24 hrs Vehicle: air
glide Ho. of No., of PCE/ Wo. of % PCE
Code Sex RBC . BCE RBC(%) BCE

T 1004 481 47.9%1 1002
To mal $:24020M-95-11 47 .91
EY 303 30.12 i001 3
TOTAL M020K-~-95-12 30.12
ED M 1004 462 46 .02 1063 i 0.10
TOTRL for Animal $:M0Z0M-35-13 46.02 6.10
DE M 1002 | 759 75.75 1003 G 0.00
TOTAL for Animal £:2020K-95-14 75.75 - g.00
D8 M 1004 618 61L.55 1602 2 0.30
TOTAL for Animal #:M020M-95-15 61.58 0.30
Dose group total: Mean: 52.27 5011 10 0.29
88 7.70 0.06
Treatment: MeSH Dose; $12.0 p
Sacrifice: 24 hrs Vebicle: airx
Slide No. of No. of BCE/ No. of
Code Sex REC PCE RBC(%) PCE
BR M 1011 396 29.17 1003
TOTAL for Animal #:M0204-95-16 39.17
~ AS M 1602 495 49.40 1003
TOTATL for I £:M020K-95-17 49.40

M 1002 291 29.04 10602 1 0.10

?@T%& for Anj

$:2020¥-95-18 29.04 0.10
AR M 1054 650 61.67 1002 1 0.10
Animal #:M020M-95-19 €1.67 0.10
Z8 M 1004 482 48.01 1002
NE ' #:M020M-955-20 48.01
45.46 5012

Page 2 of 14



E #: HM020M-95, Deta File *MOZOM-93 .3
Study No.: H020-95

Treatment : Urethane

Dose : 300.9 wg/kg

Sacrifice: 24 hrs Vehicle: air
Slide No. of No. of PCE/ No. of
Cade Sex RBC BPCE RBC (%) BB with MM
M 1002 488 4% .41 1002 9
L for 2 1 £:020M-95-21 45.41
1002 22 72.06 1002 11
1 £:3020%-95-22 72.06
ZR 1008 442 43 .88 10062 & 0.60
TOTAL ral #:M020K-95-23 43.88 0.60
cC M 1002 432 43.11 1003 3 0.30
TOTAL for Animal $:8020M-95-24 43.11 0.30
oT M 1002 599 £9.78 1002 2] 05.906
TOTAL for Animal £:M020M-95-25 £5.78 0.90
bose group teotal: 82.84 S011 38 8.76
§.69 0.14
Treatment: Comtreol, air Dose: 0.0 ppm
Sacrifice: 48 hrs Vehicle: alz
Slide No. of Ho. of pCE/ No. of BCE
Code Sex REC PCE RE PCE with 3
TP i 1002 480 1002 2
TOTAL for 2 4:M020M-95-26
WR M 1013 708 £9.60 1001 S
TOTAL for Ani §:1020M-95-27 £%.60
DL M 1002 481 48.00 1060 & 0.40
TOTAL for I 2l £:M020M-95%-28 48,00 0.49
40.86 1002 i 0.18
40,86 0.0
50.20 1002 1
al #:M020M-95-30 B80.20
Dose group total: Mean: 54.33 $007 i0

) .83
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INDIVIDUOAL ANIMAL DATE

Exptc. #: M0208-95, Data Flle "MO20K-35.3
Study No.: M020-95

Treatment : HeSH Doge : 114.0 ppm
Sacrifice: 48 hrs Vehicie: aix
Slide No. of No. of PCE/ Wo. of PCE ¥ PCE
Code Sex RBC BCE RBC (%} BCE with My with MM
EP [ 1003 511 50.95 1002 3 4%?;%ns
TOTAL for A 1 £:4020-95-31 %0.95 0.10
AL M 1008 653 84 .98 1062 1 0.30
TOTAL fer An 1 $:8020M-95-32 §4.98 0.0
WB M 1002 708 TF0.66 1002 0 g.00
TOTAL for Animal #:M020M-95-33 70.66 6.00
TR M 1004 330 32.87 10031 1 C.1¢
TOTAL for An 1 8:4020M-95-34 32.87 0.10
AP M 1002 453 45.21 10902 3 0.10
TOTAL for Animael #:4020M-95-35 45,21 0.10C
Dose group total: HMean: 52.93 £0053 4 .08
ey 6.80 0.02
Treatment : HeSH Dose: 258.0 ppw
Sacrifice: 48 hrs Vehicle: air
Slide Ne. of No. of PCE/ No. of PCE
Code Sex RBC BCE RBC (%) BPCE with
WL M 101 589 59.2% 1002 i
TOTAL for Animal $:M020K-9%5-3%6 £9.25
BH 1002 423 42.81 1002 2
TOTAL pel $:M020H-98-37 42.81
DZ 1001 38 35.76 1002 i 0.10
TOTAL imal €:20201-95-38 35.76 0.10
TA 1005 481 47 .86 1002 ) @.ﬁ@
TOTAL for 2], $:40208-95-39 £7.86 0.30
Ca M 1003 497 49.55 1002 O ﬁqﬁﬁ
TOTAL for Animal #:M020K-95-40 49 .55 0.00

47.09 5010 2 6.18
3.88

Dose group total: M

@3

Page 4 of 14




IRDIVIDN

Bxpt. #: ¥ H~98, Data Pile *MO20M-95.:
Study No.: MO20-95

Treatment: MeSH Dose : 512.0 pom
Sacrifirce; 48 hrs Vehicle: aix
£lide No. of Ho. of PCE/S Ne. of PCE
Code Sex RBC BPCE RBC(%) BPCE with M
M 1004 8527 £2.49 1002 2
. for Animal %:M020M-95-41 £2.49
1062 439 43.81 10062 4 0.60
1 8:08020%-95-42 43 .81 D.40C
TW M 1004 5§58 £5.56& 1002 8 0.80
TOTAL 2] $:M020K-55-43 £5.58 6,80
TC M 1606 452 44,93 1061 2 0.20
TOTAL for Animal $#:M020M-$5-44 44 .93 8.20
BY M 10063 496 49 .45 1003 3 8.30
TOTAL for Animal £:M020M-95-45 4% .48 0.30

Dose gzroup total:s 49.25 5010 19 0.38
2.22 0.11
Treatment : Urethan Doae . 300.0 mg/kg
Sacrifice: 48 hrs Vehicle: alzr
slide No. of No. of PCE/ No. of PCE
Code Sex RBC PCE BEBC({%) PCE with MW
EW G2 406 40.52 1001 9
TOTAL £:M020M-95-46 40.52
ZK M 1004 324 32.27 1000 6
TCTAL ] $:020¥-95-47 12.27
TL M 1603 448 44,67 1002 3 ¢.30
TOTAZL i #:M020M-85-48 44.67
1004 321 31.97
nl #:M020K-95-45 31.97
512 £1.08
}M020i-95-50 5L.05
40.09
3.66
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Expc. #: HO20K-95,

Study No.: H020-38
Treatment: Coatyel, aizx Dose: 0.0 ppm
Sacrifice: 72 hrs Vehicle: alr
slide ¥No. of PCE/ Mo, of PCE
Code Sex BCE RBC (%) PCE with MY
BC M 1002 568 56.69 1003 é
TOTRL imal €:M020K-55-51 ES8.69
ch 1002 £9% 59.38 1062 2
TOGTAL mel $:M020K-95-852 §9.34
A M 1002 423 42 .22 10062 (]
TOTAL for Animal $#:M020M-95-83 42.22
cp M 1004 622 €3..95 1002 2
TOTAL for Animal £:M020-985-54 €1.85
CH M 1603 437 43.57 1003 0
TOTAL for 8]l %:M020M-95-55 43 .87
Dose group total: ¥eans 52.76 5012 6
8E: 4.312
Trectment : MeSH Dose: 124.0 ppm
Sacr.fice: 72 hrs Vehicle: air
Slide No. of Ho. of PCE/ Wo. of BCE
Code Sex 2CE RBC(%) : with MM
ZB M 430 4% .45 1003
TOTAL for | MO2A0M-95-56 €2 .45
JD M 1003 620 61.81 1002 1
TOTAL for . $:8020M-95-57 1.81
(v M 1004 288 28.69 1002 1
#:402000~-95-58 28,59
1003 356 35.49 1002 3
1 #:280200~-95-59 35.49
1003 525 82.34 1002 0
1 #:4020M-95-60 82.34
44.16 8611 &

% BCE

with MN

R R R PP me 3

0.00
0.00

0.20
0.20

9.00
0.00

0.12
0.05

with
0.10
0.10

6.10
0.10

0.10
0.10

0.30
6.30

0.00
%m@@;

6.12




THDIVIDURL ANIMAL DA

gmﬁg} No.: M020-85

Dome: 458.0 ppw
Vehicle: sir
Slide No. of No. of PCR/ No. of ECE %
Coda Sex REC PCE RBC{%) PCH with MN with %ﬂ
EZ M 1014 678 66 .86 1002 i Q»l@
TOTAL for Animal $£:M020-95-61 66 .06 0.18
Wk M 19063 425 42 .37 1LeG2 1 0.1%
TOTAL for #:20020-95-62 43 .37 0.10
BZ M 19408 308 30.356 1602 2 0.298
TOTAL for Animal £:4020M-95-63 30.8¢ 2.290
7T M 10G1 448 44.76 Leo3 1 .10
TOTAL for Animal £:M020-95-64 44 .76 0.18
&T M 1001 283 28 .27 1004 1 ¢.LQ
TOTAL for Animal $:M020M-95-65 28.237 g0.190
Dose group total: Mean: 42 .56 5913 é 8.12
EE: 6.68%7 0.02
Treatment: MeSH 512.0 ppm
Sacrifice: 72 hrs V@hx@]@ alir
Slide No. of No. of PCE/ ¥Mo. of PCE
Code Sex RBC PCE a*@é%) PCE with
ZM l@@ﬁ 4950 2
TOTAL 5l $:M020M-95-66
HZ M 1001 572 X 0.10
TOTAL : $:020M~-95-67 0.10
DR 1602 511 1 0.10
TOTAL imel $:M020M-55-68 9.10
TOTAL 1 8:M020M8-98-69
TOTAL for nl $:240208-95-70
Dose group total: HMaans 853.35 acoe” 4

BRs 2.47
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Treatment: Ure 5
Sacrifice: 72 hrs

W1 €:M020M-95-T0

M 1005 sae
$:0030M-55-723

1004 340
21 $:38020K-95-73

WY M 1009 423
TOTE £:M020M-95-74

| 1602 284
for An = &

Dose group total:

Wa. of Mo, of
REC PCE
1003 452

mﬁf

B o o WS W

Dose:
Vehicle:

o am w6 SS @ we

LC02

1001

500a

1
&

¢.03




:? 4 m@&

: MOZOP-95, Dabta Flle *"MOZ0F-985
.2 KO20-95

&

Treatment: Comtrol., alx Dose : 0.0 ppw
Sacrifice: 24 hrs Vehicle: alxr
Slide Bo. of Ho. of PCE/ of
Code Sex RBC PCE REC{%}
10090 £32 53.20 1@@%
1 £:M0207-95-76 £3.20
1003 384 38.29 1003 1 0.10
v R:MOR20P-985-F7 38.29 8.10
1003 407 40.58 1000 2 0.20
] B:MO20P-95-78 40.% 0.20
TX F 1009 423 41.92 1001 3 0.30
TOTAL B 1 €:1020F-95-79 41.92 ¢.30
ED 1002 631 62.97 1003 2 0.20
TOTAL for 1 §:1020P-95-80 €2.97 g.a¢
Dose group total: Mean: 47.39 5008 8 0.16
SE-: 4,67 0.08
Treatment: HeSH Dose : 114.0 ppm
Sacrifice: 24 hrs Vehicle: alr
Slide Mo. of No. of PCE/ No. of
Code Sex RBC PCE RBC (%)
WD F 1016 461 4% .37
TOTAL for Animal $:M020P-95-81 4% ,.3%
z8 F 1002 495 49 .40 1002
*OT and £:24020P-95-82 45.40
Bg F 1007 427 42 .40 1002 1 G.10
TOT . 2 £:2020P-95-83 42.40 0.10
1008 €72 66.67 10061 1
el $:0207-95-84 6€ .87
1003 605 60.32 1002 2
nl §:M020F-95-85 60.32
Mean: g£2.83 8010 &
88




INDIVIDUAL

Study Nu.:

te Fils *KOZ0F-33

Trea s oF ' 258,40
Sacrifice: 24 hrs Vahicle: sls
Slide Ho. of CR/
Cade Sex BCE C{%)
EH 14319 587 56.12
2L, for Anisnl $£:30299-58-86 58.12
= 1008 460 £45.63

for A 45.63
61L.74 1003 4 ¢.40
61.74 G.40
1003 479 £7.85 1002 i 0.20
1 #%:M020P-55-89 7.85 0.10
AR ¥ 1037 560 55.06 1001 3 0.30
v/ $5.06 ¢.30
$3.68 £005 g G.18
3.04 ¢.067

Treatment : He! Dose : 532.0 ponm

Sacrifice: 2% hrs Vehicle: ziz
Slide No. of Ne. of No. of
Code Sex RRC BPCE RBC (%)
TC F 1600 496 48 .60
TOTRL, for And 48 .60
1002 472 47.11% 1001
3 £:M020P-55-92 47 .11
1005 475 47 .26 1001 2 6.20
al £:0209-25-93 47 .26 0.28
1003 8561 55.93 1062 1 .10
w1 $:M020P-98-94 £8.%23 £.10

#:M020P-985-95

€9.98 4G06 1 0.37
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IV

Date Plle

“@%@?m%ﬁx

20998 .;

Treatment: Con
Sacrifice: 48 hrs

Slide No. of PCE/ No. of PCE % PCE
Code Sex RE RBC (%) with M with
B F 1019 S71 56.04 1002 | 5 £.80
TOTAL Ani , $:M020FP-95-96 56 .04 0.50
DB F 10315 433 42 .66 1003 3 8.30
TOTAL z £:M0207-95-97 42.66 0.39
1017 511 50.2% 1002 1 0.10
nal §:M030F-95-98 56.25 ¢.10
DT F 1000 462 46 .20 10¢1 1 0.310
TOTAL 2l $:M020F-95-99 46.20 0.190
ZR 50.18 1002 g 0.00
TOTAL ! 50.15 0.06
49.06 50.0 198 0.20
2.24 0.0%
Treatment: MeSH Doge: 1i4.0 ppm
Sacrifice: 48 hrs Vehicle: air
Slide of
Code Sex
538
iN20P-95-101
1001 632

1 $:4020F-95-102

1000 817 §1.70 1002 1 G.10
el $:M020P-95-103 £1.79 .10

1009 522 51.73 1002 3 0.30
i $:0020P-95-104 81L.73 €.320

1004 629 62.65 1002 4 0.20
1 #:M020F-95-103 62.65 @agg‘

) total: Mean 56.58 5009 & 0.12
SE: 2.60 0.06
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i, DRTA

Bxpt. #: M0302-55,
Study No.: #020-95

Treatment : i
48 hrs

Sacyrifice:
§lide ¥o. of Mo. of
Code Sex REC PCE
JR F 1602 £1%
» for I £:4020F-95-106
10C3 527
I $:3020¥-95-107
DX F 1031.8& 528
£:0020F-95-108
1615 736
lmal £:2020F-85-109
Ca F 10606 588
O £:380207-95-120
Hean:
88

Treatmant: He
Sacrifice:

48 bhrs

Slide No. of No. of
Code Sax RBC BCE
ZZ F 10608 554

TOTRL AT sl €:M020P-95-131

1007 541
mal $:M020F-95-112

1G04 603
el $:80209-9%-313

|3 100z 402
Animal #:3020F-95-134

414
020F-95-115

Date File *MO20F-9%5.:

Doge:

Vehicle: air

Doge:

258.0 ppm
No. of 2CE
E with Mi
001 2
1002 0
1600 2
1001 2
1002 2
5006 8

£12.0 ppw

Vehicle: aix

pPCE/
RBC (%)

- am B W@ @

40.12
46.12

€1.32
41.32

50.07
3.96

Mo. of

2CE

- e e am o =

1002

10032

1000

5007

- e e e R @D

[ V]

is

0.40



Study No.: M020-95

Treatment: Contrel, air

Sacrifice: 72 hrs
glide No. of No. of
Code Sest RBC PCE

NX F 1003 411
1;;$®$2EQQGF6§53115

1005 854
mal #:M020F-95-117

BC 1008 589
TOTAL animal #:M020P-95-118
BY 1005 487
TOTAL ma :M020F-95-119
AR 1006 646
TOTAL mal #:M020F-95-120
Dose group total:
SE:
Treatment : MeSH
Sacrifice: 72 hrs
Slide No. of No. of
Code Sex REBC PCE
Dz 1018 620
TOTAL al #:M020F-95-121
WZ F 1004 460
TOTAL imal £:M020F-95-122
CD 1000 67%
TOTAL imal #:M020P-95-123

F 1000 474
Animal #:M020F-95-124

AY F 1002 566
TOTAL for Animal #:M020F-95-125

Dose group total: Mean:
883
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. #: HMO200-95, Data Flle "HOZ07-95 .mau”

Dose: 0.9 pom
Vehicle: ailx
BCE/ No. of pCE
RBC(%) PCE with MN
40.986 1002 2
40.98
84.98 1002 1
84.98
58.43 1000 ]
§8.43
48 .46 1002 3
48 .46
64 .21 1002 2
64.21
§9.41 5008 8
7.54
Dose: 114.0 ppm
Vehicle: air
PCE/ No. of BCE
RBC (%) PCE with MN
61.08 1001 3
£§1.08
45 .82 1001 0
45.82
67.50 10062 1
67 .50
47 .40 10602 3
47 .40
56.49 1001 1
56 .49
85.66 007 8
4.10

e

0.00
0.00

6.30
0.30

0.20
0.20

0.16
6.05




INDIVIDUA

L DATA ST

Expt. #: MO20F-95, Data File "MO20F-35.msu®
Study No.: M020-95

Treatment: MalSH Dose: 258.0 ppm
Sacrifice: 72 hrs Vehicle: ailz
Slide No. of No. of PCE/ No. of PCE
Code Sex RBC PCE BB BPCE with M
EC F 1004 651 64 .84 1401 1
TOTRL for al #£:M020F-95-126 €4 .84
AK F 1003 417 431.58 1002 2 0.20
TCTAL And $:H020F-95-127 41.58 Q.20
CJ F 1006 540 £3.68 1002 1 8.10
TOTAL for 2]l $:M020F-95-128 £3.68 0.10
WR F 1003 481 47 .96 1002 i 0.0
TOTAL for Animal #:4020F-95-129 47 .96 0.10
Wi F 1003 544 54 .24 1062 4 6.490
TOTAL for Anim £:180209P-95-130 54 .24 0.49
Dose group total: Mean: 52.46 5009 9 6.18
SE: 3.88 6.06
Treatment : MeSH Dose: £12.0 ppm
Sacrifice: 72 hrs Vehicle: alzx
Slide No. of No. of Wo. of BCE & PCL
Code Sex RBC PCE PCE with My with MW
TR F 1002 847 1001 1 0.10
TOTAL for Animal #:M020F-95-131 0.10
TOTAL for 1 £:M020F-95-132
BB 1009 598 58.97 1002 2 g.2¢
TOTAL 1 #:M020¥-95-133 88.97 0.20
TOTAL ]l §:M020P-95-134 o data fer this h
1016 430 42 .32 1002 2 g.20
1 $:24020P-95-135 42.32 0.20
Dose group total: Mean: 81.96 3008 8 0.17
g@z %cgg @@@%

@
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These sﬁaﬂsuczﬂ tests are based
Margolin et al., 19€3).

nce of micronucleated PCE is significant]
n@gaﬁve comml group (p < 0.05) in em@g' 1) two different dose gmups Ex@m
if con d by a separa :
=d frequency of mzcrmmcﬁ%am cells in the
rease in the incidence of micronucleated
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M@'&h@d for Assuring Correct Dosing
Pilot Study
. Record Retention

ﬁESCRE‘ ION OF THE CHAN
. The test art:cle wﬂi be stored ai c@mmﬂ@d room t

9/19/95
9/25/95
9/25/95

Date of i mm&mn of tre
Date of mﬁlwtmn of bone
9/2

cgmg)haM@ wam GLPS
Secti 11. In an effort to be concise, a statement tha
specified items was not included in the pm‘iﬁml
text brings the protocol into compliance with GLPS.

ity m}ﬁ @i‘ this




, d@ﬁ@ in any event; 'ﬁm&
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be as follows:

’E‘h@ scheduie for the definitive study will
S 10/02/95
10/09/95
10/09/95
10/12/95

protocol did not speci
The target comnc i
‘ on the results ﬁ‘@m %Ez% gﬂm st
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M- 155 -21
-15F-22
KuS0-156-23
KH9-155-26
H8i90- 155-25

KR90-158-30
M90-21F-1
MN90-21F-2
ES0-216-3
HNO0-21F-4

1290-296-23
HSg-215-26

KE00-298-4
H90-210-5

M &8

€
L
L
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B
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B
B
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B
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B
8
8
B
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Control fuater
Centrolfester
Control fuster
Cantrolfuster
Control fuater
Control /uater
Control /uster
Controlfuater
Controlfuater
Control fuater
Control /ueter
Control/uster
Centrol/uwater
Control/uater
Controt/water
Control/uater
Centrol fuater
Control/uster
Centrol fuster
Controlfuster
Contrel fuater
Control Juster
Control/water
Control fuater
Control/uater
Control/uater
Centrol/uater
Control/uater
Control/uater
Contral/uster
Control fuster
Control fuster
Control fwater
Centrol/uater
Control/uater
Control /uster
Control fuster
Contreol fuster
Control Juster
Cantrol fuater

nnnnn

0.8

0.9
0.0
0.0
0.0
€.0
9.0
0.0
0.¢
6.0
§.6
0.2
8.9
0.0
0.0
0.0
6.0
8.0
€.0
G.0
6.0
8.0
8.0
0.0
0.¢
9.0
0.8
0.0
6.0
6.0
§.0

FEFEE
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HNP0-260-30

00-260-54
D0~ 268855
90 24F-1
190 -24F-2
HO0-24F-3
KuSG-24F-4
HT0-245-5
HB0-24F-21
90-24F-22
0-26F-23
FUB0-246F-24
HHBO-24F-25
HS0-24F-41
END0-24F-42
b8IP0-26F-43
1BIS0-246F-44
[RI50- 24F-45

SRY YISTORICAL Be

TREATED WITH WATER:

B W T W WO W A D B R BN B BERBE B BEE LR E B EEEEDRRDEEREEZR

g »
= & R 3

i

@
k]
El

L BB ERERE
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Control fuster
Cantrol /uater
Control fuster
Control fuster
Control fuster
Control fuster
Control fuster
Contrel fuater
Control fuster
Control fuster
Control fister
Control fdater
Control flster
Control fdater
Control fister
Control /idater
Contrel filster
Cantrol fdater
Centrol flater
Control /deter
Controlfilater
Control flaser
Control fister
Centrol flater
Control/fidater
Controlfdater
Gontrol/dater
Centrolfiater
Control fMater
Control flater
Control fuster
Centrol fuater
Centrolfuster
Centrol fuster
Centrol fuater
Control/Mdeter
Control fdater
Control fleter
Control fiater
Control /Mater

IES oF Wice

0.0
8.0
8.0
@.0
0.0
€.6
6.0
6.0
8.¢
0.0
8.0
0.6
0.8
8.0
0.6
6.2
0.0
0.8
0.9
0.0
G.0
6.0
.0
.0
6.0
0.0
6.0
2.8
0.8
9.0
0.9
0.0

FEELEINIDIE

280
&0l
Pt
200
200
200
260
&00
£00
€00
%0
200
200
200
00




SR1 RISTORICAL W
TEEATRD WITH WATER:

nnnnn

L)
@
?

51.40

® Control fuater 0.6 4k 00 6.58
B Control flater 0.6 @b 260 59.29 8.36
L] Control filster 0.0 2¢h &3e %0.e7 ¢.10
o Control filater 0.0 2¢h &0 57.33 2.10
H Centrolfuster 8.0 @4k 260 %8.%3 0.29
H S Control fdater 6.0 48% 200 &T7.62 8.10
8 Control filster 2.0 48y 200 44.04 .20
8 Control filater g.0 &8y 200 85.72 8.10
M Contreol fater 0.0 48 & 59.42 0.39
M ControlfUater 6.0 4&8% 0t 56.65 .10
L Control fdeter 8.0 7 200 §57.62 6.20
] Gontrol/iater 0.6 ¥ah 220 50.46 8.19
] Control fiater §.8 T 20 2.5 .10
b Control/dster 8.0 7& : 47.83 8.38
5 Centrol fMater 8.0 7an 200 53.18 0.49
3 Control filster 0.0 24h 30 32.45% 0.40
F Central filster 8.6 2%% 54.75 0.20
F Cantrolf¥ater 0.0 24k §1.18 0.20
F Controlfieter 8.0 264 46.08 g.28
B Control fdater 6.0 2th 82.65 0.20
F 8 B Control/ideter 2.0 48 48.86 0.19
F 8B Controlfister 6.8 $.50
F 8 B Controlfdster 0.6 0.50
F 8B Controlflater 6.0 g.%¢
F &8 B Control/Uater 2.8 .49
F &8¢ B Controlfater 6.0 .40
70-25F-42 F S B Controlfieter 6.0
FD0-25F-43 F 1 B Controlfilater 8.0
F & 8 Controlfilster 0.6 8.80
F S B Controlfilster 0.0 .40
M B Controlfuater 2.0 6.9
B & B8 Centrolfuster 6.0 .59
H & B Controlfuster 8.6 0.30
8B Controlfuster 6.0 0.%0
B8 E Controlfuster 8.0 8.20
B8 Ee Controlfuster 0.0 8.60
8B Controlfuster 2.8 §.28
H 8B Controlfwater 2.6 0.4%
M EN B Controlfvetsr 8.¢ ©.98
M8 Controlfuster 2.6 0.39

2af &
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F & B Controlfuster 0.6 a4k
F 818 Controlfuster 9.¢ b
F S B Controlfuster 0.0 2¢h
F % 8 Control/uater 0.8 24&h
F 5 8B Centrel/uster 0.6 @&
B91-5F-21 F S8 B cControl/uster 6.0 A&
Hu91-5F-22 F 9 8 Contrelfuster 8.0 48
91-5F-23 F Comtrol /uster 8.0 48
§ Contrel fuater 0.0 &8
F Control fuater 9.0 48
® Cantrol fuster 8.0 &b
® Control funter 0.0 &&h
! Centrol fuater 8.0 2k
[ Controlfuster 2.0 a4b
B Control fuster 8.0 a&h
8 Control fuater ¢.0 &%
® Control/uater 8.0
] Control fuster 2.0 484
M Control /uater 3.0 48
| Control fuatar 0.2 4Bh
F Control fuster 8.6 24b
F Control /uater 8.0 244
F Control /uater €.¢ 24h
E Centrol fuster €.6 &&
F Control fuater : 8.6 248
¥ Controlfuster .0
3 Centrel fuater 8.8 48
F g Control /uster 6.8 4%
F Contrel fuater 8.6 48
F Control fuster @.6 &8
8 Control fumter 6.0 &%
#8 e Controlfuster .6 & £4.95 0.59
M %8 8 Controlfuater 0.0 24h 5.7 6.2
H a8 Controlfuatsy 8.0 24h 5.9 0.28
#SM B Contrelfuster 0.0 245 %6.93 6.50
HElE Controllester 8.8 50.99 8.1%
e B Controlfuater 8.0 5754 8.40
B &% B Controlfuster 8.0 0.8 £.49
B84 8 Controlfuater 8.0 45,97 8.10
e Contrelfuster 9.8 86.00 &.39




AL RISTORICAL ¥ smE
TREATED BITH WATER: 8

RCIES OF MIcE
RARROM SHMEAR BEYALLATIONG

<
§§ E

Animal E® L Bose € PoRs # e

#o. ¥ E L Chewmical mgfkg Tise 84C 8BC PECE Elie ]
En91-12F-1 F SM B Controlfwster 6.0 2¢h e00 %6.81 1090 £.3¢
EN91-12F-2 F SN B Control/uster 8.9 26k 200 65.00 1000 0.%9
MND1-12F-3 F S% B Control/fwater 8.8 24k &8 46.57 1900 0.20
M9-12F-4 ¢ S8 B Contrel/uster 8.6 2&h 208 51.85 w000 .49
HN91-18F-5 F M 8 Contrsi/uster 0.0 2¢h 00 57.40 9090 $.39
MNDPI-12F-21 F SM B Controlfuster 0.0 48 200 56.56 1008 8.e9
MUPT-12F-22 F SM B Control/uster 0.0 48h 200 63.60 1000 ©.59
¥NP1-12F-23 F 88 B Controlfwster 0.0 &8k it 53.82 9099 0.20
HNS1-120-26 F S B Control/uster 0.8 48h 200 66.83 w40 .30
RHD1-12F-25 f S B Control/uster €.0 48h 200 0.20
BHDT-168-9 M SM B Control/uster 0.9 200 0.3¢
EDI-148-2 W ¥ B Control/uster 2.8 260 ¢.09
MN91-148-3 M SM B Control/water .0 260 0.70
MN9T-148-4 8 S¥ B Controlfwster 2.0 260 0.20
HiD1-148-5 ® sH B Contrel/water 0.0 ) .20
HP1-14K-286 H SM B Control/uster 8.0 200 0.69
MuS1-16M-27 ® S8 8 Controlfuater a.4 200 0.10
Bu971-14K-28 ® 58 B8 Comirol/fuster 6.0 200 8.59
WP1-168-29 W M B Control/usetar 0.0 200 £.60
BN91-148-30 W SH B Control/ueter 6.0 200 0.30
Hi91-16F-7 F M B Contral/uater 8.0 208 8.10
K¥D1-148-2 F 3H B Centrol/fuster 0.0 200 0.20
M®1-16F-3 F SH B Controi/uater 0.0 200 £.50
MHD1-94F-4 F 8¥ B Control/uster 0.0 £00 0.40
M¥P1-16F-5 F SM B Control/uster 0.8 200 .10
H21-146F-21 F 39 Control/uster 0.6 200 G.16
MU91-14F-22 F S¥ B Controifester 6.0 ai ] .20
HU91-94F-23 F &8 8 Control/uster .9 260 0.539
MUD1-14F-24 F M B Centrol/uster 5.9 280 .80
WP1-16F-25 F €M 8 Controt/wetsr 0.9 Fatal .40
MOS8~ MSMB Control/soft water 0.0 206 0.20
HN9S-818-2 M8 8 Controls/soft water 2.0 209 .20
ME03-84-3 M &N Controlssoft water ¢.0 é €.20
MNOS-88-4 8 B Control/soft water 6.0 &4h 8.20
G385 818 Control/ecft water 0.0 24k G.18
MHOZ-8M-26 M SM B8 Control/soft water 0.0  48h 0.40
MIO3-81-27 M M B Control/zoft weter 0.6 484 256 37.%0 W10 0.23
HUOS-BH-2B M 86 B Controlfsoft water 0.8 48h &26 87.%9 W 9.1
M93-84-29 © SH B Control/soft water 9.8 &8 224 &5.82 012 0.50
MHUE-BH-30 M M B Control/soft uater 0.6 48h 201 69.1% 1008 8.0
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BUY3-BE-23
#R93-85-2
ENOB-8F-25
HOLDAEHN- |
KuOLD4EN-2
MHOLDEEN-3
HUDEDEBH-4
HUSEDLEN-5
MUTSDLBN- 26
@D4D48Y- 2T
ERIDGO68H- 28
faseM 25
A LLAEN-30
HRPLDEBN-51
HUGDEER-CE
ENBLDEEH-57
HUDLIAEN- 54
BRBCSLEN-55
HHPLDTEN- 1
HHSGDSEN-2
HNOLADSE-T
ANPEEEEN -4
HHPAD5EN 3
BNPGDSEB-29
HELDERN-T2
HiLDERE-23
HNDLDEER - 24
HNDLDEBM-2T
HNP4ADESR- 41
HUDLDEBR-42
PNPEDEM-43
HUGEDSEN-44
HERGO%RN-45
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WEVE WATER: BONE &

Chemical

----------------

P

Cantrol/aofe water
Control/eoft water
Sontrolfeoft waver
tontrol /aoft water
Control/eoft water
Contrel /eoft weter
Control/sofy water
Cantrol/eofe ueter
Control/eoft water
Control /eoft water

Control /uster
Control fuater
Control fuster
Control fuster
Lontrol /ugtsre
Centrol funter
Controt fueier
Controlfuaice
Contirol fuatsr
Control fuater
Control fuater
Control fuuter
Contrel fuster
Corzrol fuater
Conzrol/uater
Contyol fuater
Centrel/vater
Control fuater
Contro: fustar
Controt fuater
Control /uatar
Control fuater
Control fuater
Control/weter
Corrol /uater
Control fuater
Control funter
Contre! fuster
Contral fuater
Control/uater

Minimm 78 valuss 0.

Sauioe M velue:
¥ BVOTERS

0. 70%
mivgs 0.21%

& of &

6.0 246 231 45.89 1014
8.0 24h 213 68.3¢ 1063
6.0 &h 206 &4.20 1008
6.0 26k 263 54.19 9015
0.0 26k €5 41.33 1015
6.0 48% 203 %8.62 WM
0.0 48k &7 65.98 1815
6.0 48k 227 65.20 1015
D0 4fn #36 58.05 1016
0.0 48k 225 81.61 10%

0.0 26k 201 S6.72 2009
0.0 2&h 202 46.04 2009
4

(s3] 2

- 0w

8.0
6.9
0.0
8.0
©¢.0
6.9

6.9

0.0
6.9
8.0
8.9
8.0
0.0
8.0
@.0
0.0
9.9
0.8
0.8
0.0
0.0
5.0
8.0
0.9
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