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| To: Mr. Ed Gnoss From: Ken Tanigawa
Fax: 1.202.260.0555 Pages: 1 |
Co: _EPA/ Information Management Div. Date: " October 21, 1997
Re: Potassium Octatitanate CC: Dr. Masatoshi Taniguchi

Dear Mr. Gross: }

- your inquiry, unfortunately | was unable to reply since l,was' out of the office on
business trips, | B L |

- please proceed with the report you presently obtain,

Secondly, in the future Otsuka Chemical Company may be in a possible position to
make a donation to EPA for your research on the environment and toxics, If this
becomes feasible for Us to do, could you please inform us of the standard procedure
We need to follow in.order to make a financial contribution? .

Thank you again for your time and effort conceming the above matters. Should you
have any other questions, please do not hesitate to contact me..

Best regards, o | ' | | 728/ S
)/W»\Z—M&c\ 2 - i |
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May 24,1997

A7 r-‘~. .
RIS :

‘ . :" . L ;-»'-:f'f "
Dr. Danessa 1. Uu -
U.S.EPA Office of Pollution

and Prevention-Togic Substances

vt soaranmen e oo ANATRRNENA

481 M Street, SW FYI-97-001310
Washington, DC 28460

RE: S'afetg Assessment: Potassium Octatitanate Fiber

Dear Dr. Du

Otsuka Chemical Co.,Ltd. is aware of the EPA's scientific
program to studgr toxicity issues and establish risk assessment
guidelines for fibrous materials. Even though Otsuka Chemical
Co.,Ltd. realizes that potassium octatitanate is listed in the TSCH,
we understand any manufacturers have to develop the latest
safety and technical information and offer it to customers.
Therefore we have been taking information from professional
documents and articles in journals and doing own safety tests at

public research laboratories. Otsuka Chemical Co.,Ltd. has decided

to share the enclosed study data with you for the enhancement of

EPA's occupational health and environmental toxicity information

database according to your desire and suggestion. Otsuka Chemital

Co.,Ltd. believes that the study data and the results of the ji

enclosed pre-chronic togicology test of inhaled potassium

octatitanate fiber are useful for you and customers.
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This experiment has done by Battelle Memorial Institutes and
we have some scientific advisers. If you have any questions
relating this data and experiment, please don't hesitate to contact

me. | will make an arrangement to have somebody contact you

immediately.

We have almost finished making the' protocol of long term

toxicity test and we are about to start the experiment at Battelle.

We wish to keep this document a secret from competitors, if

o

possible. We hope you will inform and take our agreement before

disclosure when someone wants to see this document, if possible.
Thank you for your attention and interest.

Sincerely Yours,

Dr. Masatoshi Taniguchi
Senior Executive Director

Otsuka Chemical Co.,Ltd.

Chemical Division

cc: Mr. Keijirou Tanigawa
New York Office of Otsuka Chemical
7417 Third Avenue, 26th Floor
New York, N¥Y 10017
TEL. #212-826-4374
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Study Completion Date: July 6, 1992

BATTELLE
Columbus Operations
505 King Avenue
Columbus, Ohio 43201




This study was conducted in compliance with EPA GLP Regulations 40 CFR, Part 792, the Japanese
Ministry of International Trade and Industry and OECD (Organization for Economic Cooperation and
Development). This study was conducted according to the study protocol and Battelle’s Standard
Operating Procedures and to the best of my knowledge the data presented accurately reflect the results®

of this study.
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Michael J. Brdoker
Study Director
Battelle Columbus Operations
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QUALITY ASSURANCE STATEMENT

This study was inspected by the Quality Assurance Unit and reports were submitted to the study

director and management as follows:

Phase
Inspected

Randomization/Identification

Body Weights

Animal Exposure

Filter Sampling

Clinical Observations

Fiber size and Count determinations
Study File Audit

Study File Audit

Draft Final Report Audit

Final Report

N/R = Not Required

Date Inspected/ Date of
Report to Report to
Study Director Management
1-6-92 N/R
1-6-92 N/R
1-7-92 N/R
1-7-92 N/R
1-9-92 N/R
1-17-92 N/R
1-20-92 N/R
2-24-92 2/28/92
3-19-92 3/24/92
7-2-92 N/R

To the best of my knowledge, the methods described were the methods followed and the data
presented accurately represent data generated during the study.

U

7-4 ‘?gv

Quality Assurance Unit
Health and Environment Group
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SUMMARY

Five male and five female Fischer 344 rats were exposed to an aerosol of potassium
octatitanate fibers. This was a single exposure, four hours in duration, with a gravimetrically
determined mean total mass concentration of 2.0 mg/L. The fiber concentration of fibers > 5 micron
in length was 5.3 x 10’ fibers/cc for the first sample and 7.3 x 10° fibers/cc for the second sample.
The concentration of fibers < 5 microns in length was 21.1 x 103 fibers/cc for the first sample and
21.7 x 10’ fibers/cc for the second sample. All fibers measured were less than 3 microns in width.

All animals survived the exposure and were necropsied after a fourteen-day holding period.
Gross necropsy results showed randomly distributed, minute, white, foci in all lobes of the lungs of

nine of the ten animals exposed.

viii
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INTRODUCTION

The purpose of this study was to evaluate the potential acute inhalation toxicity of

potassium octatitanate fibers in rats following a single 4-hour inhalation exposure at an aerosol
concentration of 5 mg/L, or the highest reasonably achievable concentration (Limit Test). During the
development phase of the project, a mass aerosolized concentration of 2 mg/L was determined to be

the highest reasonably achievable concentration and was considered appropriate for the purposes of

The Study Protocol was prepared by Battelle and approved by the Sponsor’s Project

Monitor, Mr. Junji Imada for Otsuka Chemical Co., Ltd. Protocol amendments to the Study Protocol
are presented in Appendix A. There were no protocol deviations. Michael J. Brooker was the Study

Director; Dr. Arthur Peters served as the Program Manager for Battelle.

This study was conducted under Battelle Study Number SC910187.




MATERIALS AND METHODS
Test Article

The test article for this study was TISMO®, a potassium octatitanate formulated as
fibers, Lot No. 1F81L, which was received by Battelle on June 26, 1991. Five bags of material were
received with a stated net weight of 10 kilograms per bag. Upon receipt at Battelle, the test article
was repackaged into one-gallon plastic containers and was stored in a controlled access area at room
temperature and humidity conditions, out of direct contact with light. The identity, purity and
stability of the test article were the responsibility of the Sponsor.

Test System

A sufficient number of 5-week old Fischer 344 rats were obtained from Charles River
Laboratory on December 27, 1991 to provide the required number of healthy animals for testing.

The rat was the test system of choice since it has been used historically for this type of study and is
considered an appropriate model for toxicity testing of materials having potential for human exposure.
The animals were held for an 11 day quarantine period before study initiation during which time they
were examined daily for ill health. The animals were individually housed in stainless steel wire cages
and were given Purina Certified Rodent Chow (pellets) and water ad libitum. Water was from the
City of Columbus. Feed and water were withheld during the 4-hour exposure period. There were no
known food or water contaminants that interfered with the conduct of the study or interpretation of
the results.

Animal room temperature and humidity ranges were 72 to 74 degrees Fahrenheit and
56 to 60 percent, respectively. Room light cycle was 12 hours light/12 hours dark each day. All
housing and care conformed to current ILAR standards as published in the “Guide for the Care and
Use of Laboratory Animals”, NIH Publication no. 86-23.

The animals were individually identified by tail tattoo and numbered cage cards. On
the day prior to exposure, the animals were assigned to the treatment group using a computerized
randomization procedure.

During the quarantine period, blood for serology evaluation was collected from the

orbital sinus of 5 rats/sex and sent to Microbiological Associates Inc, Rockville, MD. Tests for




antibodies to Kilham Rat Virus, pneumonia virus of mice, Sendai virus, sialodacryoadenitis virus/rat

coronavirus and Mycoplasma pulmonis were conducted. Positive titers were not detected in any of -
the serum samples. The animals were visually inspected by a Battelle Staff Veterinarian before they

were released from quarantine and found to be healthy and fit for study.

Biological M reme

Animal Survival and Clinical Observations

Observations for toxicity/morbidity were conducted twice daily (mornings and
afternoons) during the study. Abnormal clinical signs were recorded using the Xybion® system for

each animal; rats observed to be normal were also documented.

Body Weight Determinations

Individual animal body weights were recorded using the Xybion® system at random-

ization (Day -1), and on Dose Days 1, 8 and 15 (study termination).

Necropsy Methods

Fourteen days after exposure, all animals were euthanatized by sodium pentobarbital
overdose and a gross necropsy was performed on each animal. All gross lesions were preserved hut

histopathology was not completed on these tissues and no other tissues were collected.

Test Article Generation and Delivery System Description

The objective in designing the aerosol generation and delivery system was to provide 4
uniform concentration of respirable aerosol to the breathing zone of the animals. The test material
aerosol generator was designed as a two-part system; the first was a mechanism to feed test mater:al
at a constant rate into an aerosol generator, and the second was a high-energy dispersion device to
aerosolize the test material into a constant flow of entrainment air. The first component of the

generation system was an Accurate Model 300 Dry Chemical 'Feeder (Accurate, Inc., Whitewater,




WI) which accurately delivered preset amounts of potassium octatitanate fibers into the aerosol
generator. This feeder device employed a large capacity hopper with an auger type feed screw. This
feeder directed a continubus stream of test compound past the inlet of a one inch Fox Coaxial Eductor
(Fox Vaive Development Corp., Dover, NJ), which aspirated the material by venturi effect,
entraining it into the high pressure stream of air, then introduced it into a plenum chamber. Directly
in line with this inlet stream inside the plenum was an impaction plate to break apart the agglomerates
of test material that might remain after aerosolization.

The plenum chamber was supplied with High Efﬁciency Particulate (HEPA)/Charcoal
filtered carrier air and the aerosol was allowed to expand in uniform distribution in the higher
volume, lower velocity carrier air stream. Carrier air entered the plenum chamber near the bottom
and the air flow pattern was from the bottom to the top. This allowed any remaining agglomerates or
larger (highly non respirable fibers) to settle out at the bottom of the plenum.

From the plenum, the test atmosphere was directed to the exposure chamber through a*®
stainless steel duct. The exposure chamber was approximately 0.5 cubic meters in volume with all
animals exposed on a single plane within the chamber. Airflow through the exposure chamber was
from top to bottom. A schematic diagram of the entire system is included as Figure 1. All tables

and figures in this report are presented after the text, beginning on page 12.
Atmosphere Monitoring

Concentration Analysis

Exposure system aerosol concentrations were monitored by gravimetric
technique. Gelman #66075, 25 mm, glass fiber filters (Gelman Sciences, Ann Arbor, MI) were
placed into open-face filter holders and inserted into an exposure port. Calibrated air flow rates were
regulated, using critical orifice meters, to sample a known volume of test atmosphere through the
filters collecting the aerosolized fibers on the filter. Immediately after sampling, the filters were
weighed and the mass concentration of the total aerosol was calculated from the accumulated mass

and the sample volume.




Fiber Size Analysis

Fiber count and size measurements were determined twice during the four hour trial
run and the four hour exposure. Fibers were collected on a 0.2 um pore diameter Nuclepore filter
(Nuclepore Corp., Pleasanton, CA) by drawing test atmosphere through a filter for approximately
30 seconds. Random samples of the filter were cut and fixed on double-sided tape using colloidal
carbon. The samples were placed in a Polaron Sputter Counter and coated with gold. The filters
were analyzed by Scanning Electron Microscopy (SEM) at 1930X magnification. Three polaroid
photographs were taken; one of each mount. The photographs were converted to projection slides.

Slides were projected onto a Scriptel Graphics Tablet® and digitized to determine the
size and number of fibers per field. SigmaScan® software was used to collect the data. All fibers in
the field were counted to determine the number concentration of fibers (total fibers/Liter). The area
of the slide was measured and compared to the total collection area of the filter to determine a A
percentage of the total filter field. The percentage of the total field was multiplied by the volume of
air drawn through the filter sample to determine the volume of air passing through the measured area.

Fiber size measurements were made on all fibers on the slide that could be individuaily identified
(criteria were that both ends of the fiber must be visible). From these measurements, the aspect ratio
for each fiber was determined. Fiber concentration was calculated by multiplying the percent of
fibers in a length range by the total fiber count. The data from fxll three slides was summarized to
provide a single data set for each filter.

Bulk fiber samples were prepared for analysis by placing small amounts of bulk
material on 5 cm by 5 cm sticks of double sided tape. The samples were then placed in a Polaron
Sputter Coater and coated with approximately 20 nm of Gold. All samples were analyzed in an ISI
0S-130 Scanning Electron Microscope.

Bulk fiber size analysis wés completed using the methods described above for filter

analysis.

Temperature and Humidity Measurements

The chamber environment was controlled by controlling the exposure room environ-

ment. The test atmosphere was sampled in the exposure chamber during the actual exposure. A Cole




Parmer Tri-Sensor, thermo humidity measuring device, Model 37000-50 (Cole-Parmer, Chicago, IL)

was used to determine the temperature and humidity.

Chamber Uniformity

Chamber uniformity was determined by gravimetric concentration sampling on the
plane of the chamber where the animals were exposed. The sampling scheme included a reference
location to determine temporal uniformity as well as four locations within the plane for spatial
uniformity. The reference location was sampled before, during, and after other uniformity measure-
ments to assess the contribution of within-port variability to the uniformity determinations. The total
port variability (TPV) was estimated from the relative standard deviation of analyses from one
measurement at each location, and represented the sum of variability between ports (spatial), and the
variability within a port (temporal). .

The within port variability (WPV) was estimated from the relative standard deviation of
the concentration measured at the reference location. This variability included temporal fluctuations
as generator output.

The between port variability (BPV) represented the variability associated with spatial
variability of test article concentration within the exposure chamber. The BPV was calculated from
the total port mean (M,), total port standard deviation (S,), and the within port standard deviation (S,,)
by applying the following formula:

BPV = 100 - (S2 - S,»)!2 /M,

Because of random error, aggravated by the small sample size, the estimated WPV was
occasionally greater than the estimated TPV. In these cases, the BPV cannot be calculated directly.
Since the estimate of TPV is more reliable than the estimate of WPV due to its greater sample size,
and since BPV, by definition, cannot exceed TPV, BPV is reported to be less than the TPV for those

cases where it can not be calculated.




Statistical Methods and Data Management

In-life and postmortem data (necropsy findings) were collected using the Xybion
Path/Tox System, (Xybion Medical Systems Corporation, Cedar Knolls, NJ). This real-time
computer data capture system recorded body weights, daily clinical observations, and gross findings
on-line with Battelle’s VAX computer system. Data collected off-line were reviewed for accuracy of
transcription.

Individual animal body weight data was collected weekly and summarized by sex.
Clinical observations, and necropsy incidence data were not analyzed statistically since there were no

group to group comparisons.

RESULTS

Atmosphere Characterization Results

Pre-Study Exposure Chamber Uniformity Data

Chamber uniformity measurements were completed during the prestudy validation of
the inhalation system. The data show the between port variability (BPV) to be less than 4.89 percent.
These data are summarized in Table 1. Because the estimate of within port variability (WPV) was
greater than the estimate of total port variability (TPV) for the chamber, the BPV could not be
calculated directly. The BPV is presented as being less than the TPV since, by definition, it cannot
exceed this value. This prestudy analysis showed a completely uniform distribution of the atmosphere

within the chamber.
Bulk Fiber Size Distribution

Bulk fiber measurements were completed during the development phase of the project
to assure the fiber size distribution of test atmosphere generated was comparable to that of the bulk
material. Approximately 62 percent of the fibers measured were less than five microns in length. All

fibers measured were less than 3 microns in width with the greatest percentage of fibers between 0.25
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and 0.75 microns. Results of fiber length and width measurements are represented graphically in

Figure 2. Individual fiber measurements are listed in. Appendix B.

Trial Exposure Data

Characterization of the test article atmosphere in the four-hour trial run consisted of
chamber concentration analyses, fiber size distribution measurements, fiber count measurements and
temperature and humidity measurements. The mean chamber test article concentration was
1.83 mg/L with a Relative Standard Deviation (RSD) of 8.34 percent. These data are summarized in
Table 2. The mean fiber concentration was 2,778,041 fibers/cc for the first sample and 1,694,477
fibers/cc for the second sample. Fiber size distribution data are plotted in Figure 3 (Sample 1) and
Figure 4 (Sample 2). Temperature and humidity measurements recorded were 19.1°C and

55.7 percent RH, respectively.

Four Hour Exposure Chamber Data

Characterization of the test article atmosphere in the four-hour exposure consisted ot
chamber concentration analyses, fiber size distribution measurements, ﬁbe: count measurements .ind
temperature and humidity measurements. The mean chamber test article concentration was
2.01 mg/L with a Relative Standard Deviation (RSD) of 3.44 percent. These data are summurized in
Table 3. The mean fiber concentration was 2,639,638 fibers/cc for the first sample and 2.905 136
fibers/cc for the second sample. Approximately 80 percent of the fibers measured in Sample | .und
75 percent of the fibers measured in Sample 2 were less than five microns in length. The cal ulition
of fibers > 5 um in length is shown at the bottom of Figure 5. All fibers measured were [ess “hin
3 microns in th with the greatest percentage between 0.25 microns and 0.75 microns. bt e
distribution daté are'plotted in Figure 5 (Sample 1) and Figure 6 (Sample 2). Individual fibes
measurements are listed in Appendix B. Temperature and humidity measurements recorded w i«

22.8°C and 42.6 percent RH, respectively.
Animal Survival

All animals survived the four hour exposure and the fourteen day observation period

and were terminated in good physical condition on Study Day 15.




Clinical Observations

The individual animal morning (1st set/day) and afternoon (2nd set/day) clinical
observations are provided in Appendix A. Abnormal findings were recorded for all animals after
exposure and for 1 week post exposure. These findings included lethargic behavior, abnormal
(labored) breathing, and ruffled fur. All animals recovered to a normal clinical condition by Study
Day 8 and remained normal for the remainder of the observation period. Clinical observations are

summarized in Table 4.

- Body Weight Results

At randomization, the body weight of the males ranged from 133.1 to 138.0 grams and
the females ranged from 101.2 to 104.5 grams. Mean body weights for the male animals were 141 5‘
158.7, and 188.6 on study days 1,8, and 15, respectively. Mean body weights for the female animals
were 105.5, 114.7, and 125.3 grams on study days 1,8, and 15, respectively. These data are
summarized in Table 5. The individual animal body weight data are detailed in Appendix A. Mean
body weight gain data and individual animal body weight gain data are shown in Tables 6 and
Appendix A, respectively.

Necropsy Results

After a 14-day observation period, all ten rats were sacrificed and examined for gross
lesions. Lesions attributed to exposure to test article consisted of white foci, randomly distributed
among all lung lobes, and were found in all five males and in four of the five females. The foci were
minute, and were suggestive of foreign body presence and an alveolar macrophage response to a
particulate. The individual animal gross pathology observations are detailed in Table 7 and the
incidence of gross pathology observations is detailed in Table 8. No other exposure or incidental

lesions were noted.
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DISCUSSION

A four hour whole body inhalation: exposure to Tismo® Fibers at a concentration of
2.01 mg/L in Fisher 344 rats did not produce mortality. There was no weight loss in any of the
animals exposed, rather animals continued to gain weight. Non-specific clinical signs of lethargy and
ruffled fur and moderate dyspnea occurred after exposure and persisted for several days, disappearing
within a week after exposure in all animals. The necropsy findings of minimal discoloration and
white foci in the lungs of nine of ten animals exposed, is not unexpected and is typically seen at
necropsy in the lungs of animals exposed to high levels of particulates, including nuisance or inert
materials.

The comparison of the bulk test article fiber size distribution with the fiber size
distribution in the exposure atmosphere shows very similar fibers in length and width. There is a

slight enrichment of shorter fibers in the exposure atmosphere that is a naturally occurring process

due to sedimentation of very large fibers and line loss from the transport of fibers via an airstream.
RECORD ARCHIVES

All records required to reconstruct the study and to demonstrate adherence to the
protocol are maintained at Battelle Columbus Laboratories, 505 King Avenue, Columbus, OH. The
records are identified using a unique eight digit SC Number (SC'910187) assigned to the Study
Protocol. The test article (potassium titanate) is identified by a unique Battelle Assigned Substance
Number (873). Records will be maintained for five years following completion of the study. Battelle

may then contact the Sponsor to determine the final disposition of these materials.
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TABLE 1.
INHALATION TOXICITY STUDY OF FIBROUS AEROSOL
IN RATS: LIMIT TEST CHAMBER UNIFORMITY

1 (REF) 2.06
2 1.86
3 1.83
1 (REF) 2.12
4 1.85
5 191
1 (REF) 1.80
IIVariability (% RSD)
Total Port (TPV) 4.89
Within Port (WPV) 8.53
Eetween Port (]}_I:_\_/_} <4.89

1. Sample locations within the exposure chamber on a single

horizontal plane.

front
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TABLE 2.

INHALATION TOXICITY STUDY OF FIBROUS AEROSOL IN
RATS: LIMIT TEST-FOUR HOUR TRIAL EXPOSURE DATA

1 1.71

2,778,041

19.1

1.71

1,694,477

1.86

Sl W

2.03

% =183

RSD = 8.34%

*Fiber count based on Samples A and B.
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TABLE 3.
INHALATION TOXICITY STUDY OF FIBROUS AEROSOL IN
RATS: LIMIT TEST ANIMAL EXPOSURE DATA

1 1.96 2,639,638
2 1.95 2,905,946
3 2.02
4 210

% = 2.01

“ RSD = 3.44%

*Fiber count based on Samples A and B.
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VENTED ENCLOSURE

ACCURATE
FEEDER

AIR SUPPLY

PLENUM
EXPCSURE
CHAMBER
TO EXHAUST
1
—IHEPA/CHAR.

AIR INLET ——1FILTERS

-

-~ Fox Eductor Valve

P - Pressure Gauge

R - Pressure Regulator

FIGURE 1. SCHEMATIC DIAGRAM OF FIBER GENERATION AND EXPOSURE SYSTEM
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FIGURE 2. DISTRIBUTION OF POTASSIUM OCTATITANATE FIBERS - BULK FIBERS

PERCENT OF TOTAL FIBERS
Fiber
Diameter : - =
(pm) >3 0.00 0.00 0.00 0.00 0.00 0.00
2-3 0.00 0.00 0.00 0.00 0.00 0.00
1-2 0.00 0.00 1.37 0.00 | 0.00 0.00
0.75-1 2.74 0.00 1.37 1.37 1.37 0.00
0.5-0.75 6.85 9.59 8.22 6.85 4.11 0.00
0.25-0.5] 21.92 13.70 5.48 6.85 1.37 0.00
0-0.25 5.48 1.37 0.00 0.00 0.00 0.00
0-3 3-5 5-8 8-10 10-15 >15

Fiber Length (um)
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FIGURE 3. DISTRIBUTION OF POTASSIUM OCTATITANATE FIBERS
‘TRIAL EXPOSURE SAMPLE 1

PERCENT OF TOTAL FIBERS
Fiber
Diameter
(xm) >3] 0.00 0.00 0.00 0.00 0.00 0.00
23| 0.00 0.57 0.00 000 | 000 0.00
12| 170 1.14 1.70 0.00 1.70 0.00
0751 625 2.27 3.41 0.57 0.57 0.00
0.50.75| 17.05 11.93 10.23 1.14 227 0.57
0.25-0.5| 16.48 4.55 6.82 1.14 1.7 0.00
0-025| 5.1 057 | o057 0.00 0.00 0.00
0-3 3-5 5-8 8-10 10-15 > 15

Fiber Length (um)




FIGURE 4. DISTRIBUTION OF POTASSIUM OCTATITANATE FIBERS

Fiber
Diameter
(um) >3

0.75-1
0.5-0.75
0.25-0.5

0-0.25

23

TRIAL EXPOSURE SAMPLE 2
PERCENT OF TOTAL FIBERS
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.73 0.00 0.00 0.00 0.00
4.38 2.19 1.46 1.46 0.00 0.00
7.30 1.46 2.19 0.73 2.19 0.00
22.63 7.30 3.65 0.73 1.46 146
22.63 9.49 0.73 1.46 0.73 073
1.46 1.46 0.00 0.00 0.00 0 00
0-3 3-5 58 8-10 10-15 15

Fiber Length (um)




FIGURE 5. DISTRIBUTION OF POTASSIUM OCTATITANATE FIBERS

Fiber
Diameter
(um) >3

ANIMAL EXPOSURE SAMPLE 1

PERCENT OF TOTAL FIBERS!

0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00 -

2.13 0.00 0.53 0.00 0.00 0.53

4.26 2.13 1.60 1.06 0.53 0.53
19.15 6.91 7.45 1.06 1.06 0.53
30.32 6.91 1.60 0.53 1.06 0.53

6.91 1.06 1.60 0.00 0.00 0.00

0-3 35 5-8 8-10 10-15 >15

IPercent of Fibers > S um =

Fiber Length (um)

Total Fibers [100-(percent fibers 0-3 in length + percent fibers 3-5 in length)].

Percent of Fibers > 5 yum = 2639638 (100-79.78) = 5.3 x 10°
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FIGURE 6. DISTRIBUTION OF POTASSIUM OCTATITANATE FIBERS

ANIMAL EXPOSURE SAMPLE 2
PERCENT OF TOTAL FIBERS
Fiber
Diameter
(um) >3 0.00 0.00 0.00 0.00 0.00 0.00
2-3 0.00 0.00 0.00 0.50 0.00 0.50
1-2 4.95 1.98 1.98 0.50 0.99 0.00
0.75-1 4.95 4.95 1.98 0.00 0.50 1.49
0.5-0.75{ 20.79 5.45 446 | 1.49 297 1.49
0.25-0.5{ 21.78 6.44 1.98 0.99 0.99 0.00
0-0.25 3.47 0.00 1.49 0.50 0.50 0.00
0-3 35 5-8 8-10 10-15 >15

Fiber Length (um)
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A-1.

Protocol Amendment
Battelle Study Number SC910187
INHALATION TOXICITY STUDY OF FIBROUS
AEROSOL IN RATS: LIMIT TEST
Amendment Number 1 December 18,1991

Effective Date: December 18, 1991

1. Part to be Changed: Page 3, Section 2.0, Proposed in-life Starting and
Completion Dates, is to be changed as follows:

Quarantine Start: Week of 12/23/91
Exposure: Week of 1/6/92 ,
Final Scheduled Necropsies: Week of 1/20/92 “e

Reason for change: The study schedule was not properly updated when the
protocol was signed.

2. Part to be changed: Page 10, Section 10.0,C,4, Experimental Measurements,
is to be changed as follows:

Animals will be weighed prior to necropsy and killed by Sodium
Pentobarbital overdose.

Reason for change: Sodium pentobarbital is standard for inhalation
studies unless specifically deemed inappropriate.

APPROVED BY:

Mk Bomhie Mt \Smacfec

S;udy Dirgftor , onsgf's Representative

)8/ Lec. &%, 199/

Dat Date




. Protocoel Amendment
Battelle Study Humber $C910187

INHALAYION TOXICITY STUDY OF FIBROUS
AEROSOL IN RATS: LIMIT TEST

Amendment Number 2 July 2, 1992

Effective Date: July 2, 1952

1. Part to be Changed: Page 6, Section 7,0, Test Article, is to be changed‘
as follows:

A. Test Article

1. Fibrous Aerocsol: TISHO (Potassium Qctatitanate) .

Reason for change: The original designation of potassium titanate does
not refer to the specific compound that was used for this work.

APPRQVED BY:

OM \Soma e
?59“5°'2’ Representative

Eélw&t; & 1552 | D tJﬁ/g‘, 2. 1972
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APPENDIX B




Raw Data Listing of Fiber Dimensions (um)

- Len

BULK FIBER ANALYSIS
Data File: B:308.DAT

gth

(um)

o
WP = AP NAOAOVONNNOTPLPOO~WWONOTON W
e o o o » e e o o o o o o o o o o s o e e o

ONMNNNNOANTIWRNSNNNWRNWSNN S ON -0
e o o o o e o o s o e e o e o e e e o
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Aspect
Ratio

28.
8.
12.
15.
5.
26.
6.
6.
9.
19.
29.

— o
LW OO WN

pond

— [Serere
HLOHEOONONNNAVWPOAONIN— WO
o . .« o “ s+ e e e e o

— s




BULK FIBER ANALYSIS
Data File: B:308.DAT

Raw Data Listing of Fiber Dimensions (um)

Length Width Aspect

(um) (um) Ratio
1.19 0.40 2.96
4.88 0.73 6.70
2.33 0.49 4.75

12.17 0.56 21.71
3.37 0.62 5.42
3.29 0.42 7.78
5.52 0.71 7.77
3.27 0.46 7.12

11.81 0.88 13.39
8.76 0.62 14.05
1.94 0.20 9.52
2.90 0.62 4.70
1.67 0.70 2.39
2.01 0.35 5.69
9.69 0.50 19.54
3.85 0.47 8.28
3.40 0.72 4.74
9.52 0.61 15.74
2.23 0.33 6.65
2.67 0.84 3.16
6.70 0.49 13.79




TRIAL EXPOSURE SAMPLE 1
Data File: B:320A.DAT

Raw Data Listing of Fiber Dimensions (um)

Length Width Aspect

(um) (um) Ratio
2.56 0.94 2.73
0.66 0.50 1.32
3.09 0.48 6.49
1.76 0.98 1.80
1.10 0.63 1.73
2.43 0.33 7.38
2.23 0.56 3.95
1.61 0.42 3.83
1.96 0.52 3.78
7.59 0.45 16.99
10.18 0.63 16.22
7.51 0.40 18.91
7.86 0.32 24.50
6.70 0.31 21.63
6.38 0.62 10.32
1.88 0.07 25.93
3.71 0.66 5.63
2.11 0.67 3.13
8.11 0.49 16.50
7.27 0.71 10.24
1.31 0.22 5.98
10.76 0.30 35.89
2.00 1.20 1.67
1.40 0.71 1.97
1.37 0.82 1.68
1.77 0.78 2.28
11.21 1.08 10.39
4.89 0.56 8.71
0.89 0.44 2.01
1.75 0.24 7.24
7.12 0.69 10.29
1.43 0.50 2.86
3.48 0.41 8.58
1.97 0.46 4.27
1.79 0.46 3.85
1.94  0.44 4.41
0.51 0.54 0.95
1.68 0.53 3.19
1.45 0.83 1.74
1.94 0.43 4.48
1.41 0.48 2.93
0.64 0.56 1.14
1.66 1.30 1.28
6.89 0.25 28.02
1.15 0.34 3.37
0.48 0.41 1.16
4.92 0.65 7.56
1.05 0.65 1.61
5.48 0.32 16.92
2.10 0.36 5.88
1.24 0.27 4.54
2.08 0.77 2.70
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Raw Data Listing of Fiber Dimensions (um)

TRIAL EXPOSURE SAMPLE 1
Data File: B:320A.DAT

Length
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TRIAL EXPOSURE SAMPLE 1
Data File: B:320A.DAT

Raw Data Listing of Fiber Dimensions (um)

Length Width Aspect

(um) (um) Ratio
10.27 1.06 9.71
4.62 0.88 5.28
4.55 0.69 6.64
12.31 0.46 26.64
5.51 0.78 7.09
9.17 0.70 13.10
1.23 0.55 2.23
1.87 0.46 4.05
3.86 0.78 4.94
5.60 0.75 7.42
4.08 2.57 1.58
7.97 0.52 15.19
0.85 0.40 2.11
8.93 0.64 13.97
5.60 0.70 8.02
1.84 0.49 3.77
7.02 0.59 11.95
1.75 0.51 3.43
5.75 1.11 5.16
2.00 0.87 2.30
3.28 0.67 4.88
4.97 0.69 7.18
2.53 1.25 2.02
2.80 0.51 5.47
1.98 0.49 4.04
2.90 0.77 3.76
2.52 0.72 3.53
6.91 0.42 16.53
4.25 0.92 4.60
3.11 0.44 7.14
13.48 0.55 24.37
10.17 0.76 13.33
7.98 0.60 13.26
3.58 0.64 5.62
3.99 0.28 14.31
2.55 0.63 4.02
5.24 0.70 7.44
2.80 0.64 4.38
4.55 0.71 6.36
3.35 0.61 5.49
15.88 0.71 22.40
5.54 0.55 10.13
6.27 0.67 9.37
3.53 0.64 5.51
5.65 0.35 16.02
2.60 0.39 6.75
4.70 0.91 5.14 .
1.70 0.54 3.13
1.54 0.24 6.44
5.44 0.42 12.93
4.05 0.55 7.32
6.97 0.51 13.78



TRIAL EXPOSURE SAMPLE 1
Data File: B:320A.DAT

Raw Data Listing of Fiber Dimensions (um)

Length Width =~ Aspect

(um) (um) Ratio
5.79 0.52 11.02
3.99 0.38 10.61

11.32 0.36 31.21
6.82 0.61 11.10
2.84 0.45 6.27
9.39 0.83 11.32
1.61 0.30 5.41
3.50 0.63 5.54
1.27 0.21 6.12

1.28 0.25 5.13
6.71 1.41 4.77
2.05 0.91 2.26
2.74 0.52 5.26
5.61 0.39 14.52
3.40 0.56 6.07
3.62 0.68 5.32

12.16 0.51 23.93
2.52 0.98 2.57
3.29 0.63 5.22
3.18 0.31 10.12
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TRIAL EXPOSURE SAMPLE 2
Data File: B:320B.DAT

Raw Data Listing of Fiber Dimensions (um)

Length Width Aspect

~(um) (um) Ratio
1.47 0.75 1.97
1.92 0.48 4.00
1.69 0.48 3.56
0.90 0.34 2.66
3.61 0.59 6.14
2.77 0.51 5.43
1.79 0.61 2.96
0.96 0.59 1.62
4.11 0.47 8.74
1.43 0.59 2.43
2.18 0.57 3.81
3.58 0.56 6.34
2.25 0.72 3.11
3.83 0.74 5.19
1.97 0.16 12.70
2.00 0.39 5.15
1.15 0.77 1.50
3.52 0.19 18.85
1.70 0.79 2.15
2.23 0.46 4.85
0.85 0.59 1.45
0.75 0.33 2.26
2.84 0.74 3.86
0.47 0.50 0.93
0.65 0.52 1.24
2.11 0.56 3.78
16.42 0.47 35.07
5.78 0.32 18.04
2.10 0.54 3.88
1.22  0.73 1.67
1.67 0.35 4.83
4.57 0.52 8.83
1.00 0.31 3.22
2.67 0.34 7.95
12.23 0.79 15.44
2.25 1.05 2.13
2.28 0.36 6.31
4.23 0.43 9.82
1.06 0.84 1.26
3.85 0.29 13.12
3.47 0.88 3.93
5.06 0.60 8.48
0.88 0.44 1.98
1.61 0.44 3.67
2.298 0.31 9.58
4.60 0.42 11.07
4.25 0.46 9.26
0.63 0.26 2.40
2.19 0.56 3.88
3.87 1.21 3.21
3.02 1.23 2.46
4.92 2.22 2.22
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TRIAL EXPOSURE SAMPLE 2
Data File: B:320B.DAT

L

Raw Data Listing of Fiber Dimensions (um)

- Length Width Aspect
(um) (um) Ratio
3.53 0.38 9.36
9.92 1.39 7.13
3.25 1.07 3.03
4.85 0.46 10.54
1.85 0.40 4.60
1.30 0.75 1.73
1.42 0.44 3.21
1.90 1.17 1.63
2.77 0.53 5.27
1.49 0.88 1.68
12.23 0.65 18.76
39.19 0.69 56.61
7.03 0.63 11.15
5.93 0.81 7.34
5.10 0.94 5.40
2.18 0.70 3.09
4.15 0.68 6.08
3.70 0.57 6.48
7.20 1.16 6.22
1.21 1.05 1.16
4.72 0.51 9.27
2.92 1.27 2.30
1.29 0.91 1.41
2.26 1.06 2.12
1.23 0.47 2.64
30.45 0.51 59.94
1.43 0.77 1.85
1.10 0.84 1.31
3.97 0.62 6.41
2.54 0.58 4.35
9.81 1.02 9.59
6.60 0.58 11.37
2.58 0.38 6.77
8.29 0.27 30.72
1.04 0.62 1.69
8.61 0.98 8.78
3.83 0.75 5.12
3.62 0.87 4.18
2.80 0.75 3.72
1.51 0.79 1.91
12.05 0.60 20.13
4.94 0.40 12.33
1.00 0.48 2.10
0.55 0.68 0.81
2.26 0.35 6.51
2.22 0.91 2.43
2.48 0.73 3.39
5.86 0.51 11.52
0.88 0.26 3.36
2.36 0.56 4.24
2.39 0.58 4.15
0.51 0.41 1.25




TRIAL EXPOSURE SAMPLE 2
Data File: B:320B.DAT

Raw Data Listing of Fiber Dimensions (um)

Length Width Aspect

(um) (um) Ratio
0.59 0.29 2.05
2.40 0.44 5.50
1.48 0.72 2.06
1.32 0.67 1.97
1.85 0.51 3.61
1.46 1.16 1.26

13.10 0.47 27.66
3.05 0.37 8.23
3.13 0.44 7.16
4.20 0.28 14.83
1.02 0.54 1.89
0.70 0.30 2.37
4.09 0.23 17.51
8.07 0.36 22.63
2.21 0.22 9.84
0.72 0.35 2.05
4.02 0.35 11.40
1.05 0.43 2.45
1.51 0.25 5.98

12.05 0.92 13.14
0.57 0.56 1.03
5.11 0.56 - 9.14
1.56 0.39 - 3.97
2.47 0.31 7.96
0.69 0.56 1.22

14.39 0.77 18.75
6.84 1.01 6.77
3.51 0.53 6.62
3.05 0.48 6.31
1.29 0.35 3.66
8.95 0.72 12.38
6.04 0.77 7.86
1.95 0.69 2.82
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ANIMAL EXPOSURE SAMPLE 1
Data File: B:321A.DAT : B-10

Raw Data Listing of Fiber Dimensions (um)

Length Width Aspect

(um) (um) Ratio
7.85 0.57 13.87
3.39 0.39 8.70
3.39 0.59 5.71
1.95 0.34 5.66
0.75 0.16 4.58
2.07 0.35 5.92
0.58 0.24 2.40
1.37 0.23 5.89
4.23 0.66 6.42
1.12 0.67 1.69
1.95 0.41 4.78
2.74 0.33 8.33
4.82 0.27 17.71
2.60 0.81 3.21
4.35 0.67 6.46
1.22 0.29 4,22
1.83 0.27 6.72
2.22 0.31 7.14
0.31 0.26 1.22
1.30 0.37 3.47
1.58 0.28 5.63

11.31 0.71 15.91
0.55 0.29 1.88
6.44 0.33 19.73
0.84 0.43 1.95
6.16 0.64 9.66
3.79 0.33 11.37
0.39 0.37 1.08
1.93 0.81 2.37
5.16 0.37 13.98
2.51 0.26 9.47
2.53 0.52 4.85
2.75 0.37 7.35
3.94 0.45 8.79
4.96 0.54 9.16
2.61 0.32 8.23
2.98 0.34 8.63
4.64 0.21 21.68
1.70 0.70 2.43
0.98 0.36 2.73
0.71 0.38 1.86
4.59 0.36 12.91
0.94 0.34 2.75
2.11 0.85 2.47
1.56 0.44 3.53
2.39 0.07 36.00
2.33 0.28 8.29
1.42 0.23 6.09
1.91 0.22 8.80
1.73 0.56 3.10
0.92 1.14 0.80
0.64 0.22 2.87




ANI“AL EXPOSURE SAMPLE 1

Data File: B:321A.DAT

Raw Data Listing of Fiber Dimensions (um)

Len
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ANIMAL EXPOSURE SAMPLE 1
Data File: B:321A.DAT B-12

Raw Data Listing of Fiber Dimensions (um)

Length Width Aspect

~ (um) (um) Ratio
0.52 0.36 1.44
5.27 0.76 6.94
3.31 0.73 - 4.52
1.50 0.53 2.85
1.98 0.45 4.42
2.12 0.19 11.04
5.72 0.56 10.30
1.36 0.37 3.63
1.23 0.26 4.74
1.40 0.35 4.00
2.15 0.63 3.42
0.91 0.54 1.69
2.45 0.39 6.21
3.28 0.78 4.20
5.02 0.73 6.90
0.87 0.41 2.13
1.73 1.07 1.61 *
1.84 0.59 3.13
4.67 0.39 12.04
3.91 0.33 11.70
1.54 0.46 3.31
2.08 0.50 4.16
0.37 0.43 0.86
1.54 0.40 3.81
1.99 0.70 2.83
0.41 0.39 1.06
0.92 0.71 1.31
0.69 0.80 0.86
3.64 0.90 4.05
1.55 0.59 2.64
0.73 0.33 2.21
3.98 0.69 5.78
5.88 0.66 8.97
4.74 0.50 9.57
7.31 0.91 8.02
16.94 1.06 16.03
0.73 0.86 0.85
0.58 0.23 2.50
7.58 0.62 12.14
6.75 0.69 9.84
3.18 0.62 5.11
5.55 0.47 11.78
6.02 1.06 5.69
27.56 0.76 36.38
3.51 0.29 12.28
2.08 0.46 4.47
5.42 0.57 9.46
6.61 0.69 9.57
9.53 0.76 12.50
10.50 0.49 21.63
2.36 0.63 3.77
7.08 0.74 9.56




ANIMAL EXPOSURE SAMPLE 1
Data File:’B:321A.DAT B-13

Raw Data Listing of Fiber Dimensions (um)

Length Width Aspect

(um) (um) Ratio
5.53 0.64 8.64
2.98 0.65 4.60
5.14 0.52 9.88
8.20 0.59 13.82
1.83 0.53 3.48
4.75 0.36 13.14
1.45 0.38 3.79
8.03 0.45 17.79
6.05 0.75 8.04
11.19 0.78 14.41
1.29 0.58 2.24
0.74 0.52 1.45
3.76 0.72 5.19
11.04 0.51 21.74
0.89 0.32 2.82
0.50 0.18 2.83
0.82 0.51 1.61
1.77 0.52 3.40
3.89 0.67 5.77
1.34 0.39 3.47
11.29 0.37 30.46
8.16 0.51 16.15
1.68 0.66 2.53
4.19 0.33 12.62
2.09 0.68 3.09
5.40 0.16 33.22
15.66  0.53 29.35
1.73 0.49 3.51
0.78 0.44 1.80
4.66 0.72 6.49
1.13 0.41 2.76

- 1.52 1.20 1.27




ANIMAL EXPOSURE SAMPLE 2

Data File: B:321B.DAT

Raw Data Listing of Fiber Dimensions (um)
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ANIﬁAL EXPOSURE SAMPLE 2
Data File: B:321B.DAT _ B-15

Raw Data Listing of Fiber Dimensions (um)

Length  Width - Aspect

(um) (um) Ratio
1.60 0.48 3.32
3.08 0.48 6.45
9.41 0.42 22.29
2.04 1.26 1.61
1.01 0.42 2.41
3.40 0.32 10.64
1.17 0.28 4.12
5.27 0.54 9.75
2.60 0.56 4.68
2.12 0.49 4.36
1.68 0.18 9.18
4.89 0.97 5.05
2.05 0.47 4.34
3.47 0.57 6.11
7.60 0.59 12.86
3.74 1.07 3.51
12.32 0.33 37.36 e
1.27 1.03 1.23
0.92 0.51 1.80
1.03 1.16 0.89
12.32 0.72 17.09
3.45 0.33 10.31
1.75 0.64 2.75
6.05 1.23 4.92
2.15 0.50 4.31
2.56 0.41 6.21
2.69 1.51 1.78
10.86 1.00 10.88
5.20 0.15 35.19
2.74 0.33 8.18
1.84 0.43 4.30
3.16 0.63 5.02
8.54 2.15 3.97
2.74 0.66 4.18
4.97 0.89 5.61
1.17 1.13 1.04
10.06 0.68 14.89
0.65 0.43 1.50
3.44 0.73 4.74
2.95 0.36 8.14
3.51 0.88 3.99
1.45 0.69 2.12
1.43 0.44 3.24
1.16 0.48 2.41
0.78 0.39 1.97
3.12 0.84 3.70
0.71 0.32 2.24
0.99 0.56 1.76
2.76 1.40 1.97
2.11 0.51 4.12
2.23 0.65 3.45
4.86 0.40 12.28 -




ANIMAL EXPOSURE SAMPLE 2
Data File: B:321B.DAT B-16

Raw Data Listing of Fiber Dimensions (um)

Length Width Aspect

(um) (um) Ratio
3.15 0.35 9.11
1.53 0.39 3.98
0.70 0.39 1.81
4.05 1.32 3.06

19.66 0.81 24.29

16.23 0.83 19.61
2.85 0.63 4.53
3.07 0.60 5.12
3.48 0.36 9.64
1.75 0.49 3.59

22.49 0.65 34.82
7.96 0.71 11.24
3.59 0.45 7.93
4.20 0.66 6.40
9.98 0.71 14.11
4.38 0.47 9.34
6.79 0.49 13.84
3.71 1.73 2.14
8.12 0.68 12.02
4.23 0.49 8.63
6.92 0.63 10.94
1.67 0.60 2.80
0.49 - 0.49 0.99
0.63 0.31 2.01
1.92 0.37 5.26
3.79 0.61 6.24
1.14 0.17 6.56
2.85 0.70 4.06
0.96 0.65 - 1.47
0.95 0.59 1.62
1.28 0.24 5.43
2.93 0.50 5.90
1.35 0.85 1.58
1.40 0.48 2.90
1.94 0.46 4.27
1.68 0.32 5.33
4.28 0.45 9.43
1.57 0.41 3.80
0.84 0.44 1.92
1.88 0.65 2.89
3.39 0.82 4.12
1.44 0.45 3.20
1.74 0.45 3.87
2.80 0.31 8.90
1.58 0.49 3.20
1.38 0.44 3.11
1.39 0.54 2.59
1.26 1.13 1.12
0.89 0.19 4.66
1.02 0.88 1.16
3.69 0.55 6.74
1.02 0.37 2.78
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ANIMAL EXPOSURE SAMPLE 2
Data File: B:321B.DAT B-17

Raw Data Listing of Fiber Dimensions (um)

Length Width Aspect

(um) (um) Ratio
0.99 0.19 5.16
0.77 0.47 1.64
1.32 0.54 2.43
0.69 0.65 1.06
3.43 0.40 8.48
5.11 0.59 8.65
3.19 0.39 8.09
9.16 0.11 82.69

10.12 0.62 16.42
0.74 0.46 1.60
1.59 0.26 6.21
2.26 0.70 3.25
1.99 0.70 2.83
2.03 0.69 2.95
2.39 0.85 2.82
2.22 0.73 3.06
0.67 0.59 1.13 .
5.55 0.57 9.66
3.85 0.63 6.14
1.44 0.56 2.55

13.80 1.14 12.16
0.65 0.43 1.50
6.02 0.72 8.36
2.26 0.80 2.80
3.12 0.72 4.33

10.09 1.10 9.15
5.67 0.37 15.42
3.28 0.79 4.15
3.23 0.91 3.54
6.33 0.79 8.05
1.78 0.59 3.04
1.13 0.54 2.09
2.07 0.60 3.43

© 2,96 0.70 4.22
9.79 1.14 8.61
7.76 0.74 10.42
1.74 0.20 8.72
6.17 0.76 8.11

10.06 0.31 32.19
6.35 0.40 15.75
4.72 0.36 13.02
8.27 0.69 11.97
2.14 0.43 4.93
3.79 0.86 4.40

14.61 0.73 20.07
5.02 1.53 3.28
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QUALITY ASSURANCE STATEMENT

SC920040
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SUMMARY

The objective of this study was to evaluate the potential toxicity resulting from 10 days of
repeated inhalation exposure to fibrous aerosols of the test article (potassium octatitanate ﬁbet, trade
name Tismo®) and to select concentrations for longer-term subchronic exposure studies. For this
study, 30 male and 30 female Fisher 344 rats were exposed by whole-body inhalation to one of five
aerosol concentrations of the test article or to air filters. Animals were exposed for 6 hours/day,

5 days/week, for a total of 10 exposures conducted within 14 days. Animals were necropsied the day
following their last exposure. Twice daily clinical observations, body weight values, gross and
microscopic observation and organ weight measurements were used to assess the toxic potential of
exposure. |

Results of the pre-exposure and in-life exposure monitoring indicated that the generation
system performed as designed. There were no significant differences in fiber size distribution
between the distribution plenum or any exposure chambers. Therefore, there was no aerosol
concentration related difference in fiber size distribution between the chambers.

There were no deaths in this study. The most frequent abnormal clinical sign was thin
appearance seen in all male and female animals in the high concentration (1,000 mg/m>) group
beginning Day 5 and persisting until necropsy. The largest reduction in body weight gain occurred in
animals exposed to the high concentration (1,000 mg/m>). Male and female rats exposed to
330 mg/m3 gained weight throughout the study but the rate of increase was significantly less than the
air control animals. Animals in the 10 mg/m3, 30 mg/m3 and 100 mg/m3 exposure groups gained
weight throughout the study at a rate similar to the air control group.

Animals in the 1,000 and 330mg/m3 exposure groups showed significant increases. relat e o
controls, in all lung weight parameters. In addition, the kidney, liver and an occasional other roup
in the 1,000 mg/m3 exposure group were significantly decreased in weight compared to the .ur
control group. Also, the adrenal-to-body weight ratid was increased in animals exposed to
1,000 mg/m3.

Exposure-related macroscopic anatomical changes were observed in the lungs of all rats
exposed to 1,000 mg/m3 and in one 330 mg/m3 male rat. The changes consisted of a pale
discoloration of the normally pink surface. The pattern of discoloration was either diffuse (unit.r
or patchy in distribution. The discoloration was considered to be due to the presence of large

numbers of alveolar macrophages engorged with particulate fibers (based on microscopic evaluuticn:
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There was evidence of test article exposure in all concentration groups. Microscopically there
were increasing amounts of free fiber in lung tissue and fiber laden pulmonary alveolar macrophages
within the lungs of animals associated with exposure to increasing concentrations. The number of
fibers and total lung burden (based on microscopic evaluation) increased proportionately with
increasing aerosol concentrations. The mere presence of these fibers and pulmonary macrophage
response in the lower concentration groups was not necessarily considered a toxic response, but rather
represented normal lung depression patterns a/nde clearance mechanisms for inorganic materials.
However, there was evidence in the form of acute/chronic inflammation, supporting toxic responses
in rats exposed to 330 and 1,000 mg/m3 aerosol concentrations.

The histopathology of the lungs in the high concentration group indicated the animas were
severely compromised. In addition to the proportional increase in free fibers and fiber laden
pulmonary macrophages, there were additional inflammatory changes throughout the upper and {ower
airways of the respiratory track cf these animais. Many of the terminal bronchi were blocked
aggregations of organizing macrophages and proliferative inflammatory changes. These ch.unrves wcreg
often accompanied by mucinous exudates and orgamzed granulomas that obstructed many «
airways. It appeared that if this lesmn progressed it would likely be life threatening. Sim:i:r . ¢
inflammatory changes also ascended up the respiratory tract along the bronchi and extended -
nasal cavities, where an exudated rhinitis was observed in most animals.

Based on these findings, under the conditions used in this two-week study, a no-adsc: .«
level was estimated to be approximately 30 mg/my3 for male rats (due to relative increases .»
lung:brain weight values) and 100 mg/m3 for female rats. Animals exposed to both higher
concentrations of 330 and 1,000 mg/m3 showed concentration-dependent respiratory tract t -
in the case of the higher-exposure group, secondary-related systemic changes. Since fibers «
readily observable in animals in even the lowest exposure group, albeit this was considered
pulmonary alveolar macrophage respbhse’, th’éré was no absolute no-effect level determined -
study.

Based on the results of this range-finding study, it would be recommended that for
studies fiber aerosol concentrations not exceed a range of between 100 and 300 mg/m°> an¢
concentrations less than 10 mg/m also be included in the study design. Since the test matc-
inorganic based fiber and is not readily cleared from the respiratory tract, it is likely that si:+
lung burdens will occur even at lower concentrations with increasing duration of exposure.
term studies should be designed to identify the concentration at which normal clearance mech.

equal the deposition rate resulting from the inhalation of new fibers with repeated daily exposi-.

xi
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" FINAL REPORT
(Battelle Study Number SC920040).
on the

. Repeated-Exposure Inhalation Study of
A Fibrous Aerosol in Rats

to

Otsuka Chemical Company

by

 Michael E. Plaéke, MaryEllen Lynch,
Michael J. Brooker, and Allen W. Singer

1.0 INTRODUCTION

The objective of this study was to evaluate the potential toxicity resulting from repeated
inhalation of fibrous aerosols of the test article (6 hours/day, 5 days/week, for a total of 10 exposures
conducted within 14 days). The study was also conducted to select concentrations for a subsequent
91-day subchronic inhalation toxicity study. The test article used in this study was potassium
octatitanate fibers, trade name Tismo®. Otsuka Chemical Company was the Sponsor of the study.
The study was conducted in conformance with the Environmental Protection Agency (TSCA) Guide-
lines for Toxicity of Chemicals (1990) and the study was listed on Battelle’s Master Study Schedule.
The Study Protocol and amendments to the protocol are contained in Appendix A.

The study was conducted at Battelle Columbus Operations under the direction of Dr. Mich.el
E. Placke. The in-life portion of the study began on August 19, 1992 and ended on August 31. V9_.
This study was initiated on May 20, 1992 with the signing of the protocol and completed on
March 30, 1995 with signing of the final report.




2.0 EXPERIMENTAL DESIGN

For this inhalation toxicity study of Tismo® (Potassium Octatitanate), 30 male and 30 female
Fischer 344 rats were used. Five aerosol concentration levels of the test article and an air control
group were exposed by whole body inhalation as shown below. Animals were exposed for
6 hours/day, 5 days/week, for a total of 10 exposures conducted within 14 days. Animals were

necropsied the day following their last exposure.

Fiber Aerosol
Concentrations Male Animal - Female Animal
Group Number (mg/m3) Numbers Numbers
i Air Control, 0 101-105 106-110
2 10 201-205 206-210 2
3 30 301-305 306-310
4 100 401-405 406-410
5 330 501-505 506-510
6 1000 601-605 606-610

The parameters used to assess toxicity during the in-life portion of the study included clinical
observations (twice daily) and body weight measurements (Days'f, 5, 8 and at necropsy). Post-
mortem studies included a complete necropsy with macroscopic tissue evaluations and organ weight
measurements. Histopamoldgic assessments were performed on the entire respiratory tract of all

study animals.




3.0 MATERIALS AND METHODS
3.1 Test and Control Articles

The test article used for this study was Potassium Octatitanate, trade name, Tismo®,
Lot #1F81L. The test article was supplied by the Sponsor and was received at Battelle on June 26,
1991. Upon receipt, the test article was assigned Battelle Substance Control Number 873 and was
stored at ambient room temperature. The test article had no stated expiration date.

The control article in this study was filtered, conditioned room air.

3.2 Test Article Identity, Purity, and Stability Analysis

The test article identity, purity, stability, and methods of synthesis were the responsibility of “®

the Sponsor.

3.3 Experimental Animals

A total of 60 Fischer 344 rats (30 males and 30 females) were required for this study. A
sufficient number of animals were obtained from Charles River’s Kingston Laboratory, to provide the
required number of healthy animals for testing. Animals were 4 to 6 weeks old at the time of receipt
and no older than 6 to 8 weeks at the initiation of exposure. The rats were housed in Room 7C-401
during the quarantine and study periods. The rat was chosen as the test system because this species
has been accepted for toxicity studies to assess the safety of chemicals to which humans may be

exposed.

3.3.1 Animal Receipt and Quarantine

The animals were received at Battelle on August 4, 1992, approximately 15 days prior to the
initiation of exposure. During the quarantine period, the rats were acclimated to the animal room and
exposure chamber environmental conditions that were used for the study. Each animal was observed
daily during quarantine for clinical signs of abnormality that would make it unfit for study. Heaithy

animals were released at the conclusion of quarantine following examination by the staff veterinarian.
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At the time of réceipt, sera were randomly collected from 5 rats/sex for evaluation of selected
antibody titers. These animals were not used on study. Samples of sera were sent to and analyzed by
Microbiological Associates, Bethesda, Maryland for measurement of antibody titers to Sendai (Send),
Pneumonia Virﬁs of Mice (PVM), Rat Coronavirus/Sialodacryoadenitis Virus (RCV/SDA), Kilham
Rat Virus (KRV), and Mycoplasma pulmonis (MPUL). None of the sera samples tested had

significant titers to the infectious agents listed above.

3.3.2 Animal Housing and Environmental Conditions

All animals were individually housed in stainless steel, wire-bottom cages within the inhalation
. exposure chambers. All housing and care practices conformed to the requirements stated in the NIH

“Guide for Care and Use of Laboratory Animals”, National Institutes of Health Publication
No. 86-23. -

The environmental conditions of the animal study rooms conformed to the following: (1) the
light/dark cycle was held at ~ 12 hours of light and dark each day during the study using fluorescent
lighting, starting at ~6:00 a.m. each day, (2) the room temperature and relative humidity controls
were Set to 67 to 77°F and 40 + 70 percent, respectively, and were monitored twice daily for
conformance, and (3) fresh air was supplied to the room at a rate providing a minimum of ten
changes of room air per hour. All animals were fed, ad libitum, certified Purina Rodent Chow in
pelleted form (except during exposure). Contaminant analysis of each feed lot was supplied b: the
vendor and each analysis is maintained by the Battelle’s Animal Resources Facility. Water w s
provided ad libitum (during exposure) via an automatic watering system monitored daily. The w ver
source was the municipal city supply from the City of Columbus which conforms with the EP\ « wer
standards. There were no reported or known food or water contaminants that would intertere « 2

the purpose or outcome of the study.

3.4 Animal Randomization and Identification

Animals were randomly assigned to each study group on Prestudy Day -5 by sex and bou
weight using a computer software program (Xybion Medical Systems®, Version 3.1) that emplovet an
algorithm for selection of body weight, which pfovided for homogenous group mean body weights

During quarantine, animals were assigned prestudy cage numbers that were used to temporarii



BEST COPY AvAILABLE

identify the animals and reC(.)rd body weight data. Following randomization, the animals were
identified by tail tattoo and cage card. A cross-reference file of prestudy and study identification
numbers was maintained in the computer data base and study files. Animal numbers are listed in

Section 2.0.

‘ 3.5 Clinical Observations

The animals were observed twice daily during the quarantine period and study period for
mortality/moribundity (once in the morning and once in the afternoon). All animals were caretully
examined twice daily for clinical signs of toxicity (in the morning and afternoon, at least 6 hnﬁrs
apart) during the 14-day exposure period. Any clinical evidence of toxicity was recorded in the

Xybion® System.

3.6 Body Weight

Individual rat body weights were recorded once pretest (at randomization), on Day

exposures, and on Days 5, 8 and at scheduled necropsy.

3.7 Necropsy

All rats were necropsied the day following their final exposure. All rats were weig".
to necropsy and were killed humanely by exsanguination after administration of pentobarb - .
anesthesia.

Each necropsy included examination of the external surface of the body; all orifice-
liver, kidney, brain and heart; special attention given to the lungs and upper respiratory ir ..
collection of all tissues listed below.

The following tissues along with any identified gross lesions were preserved in 10 ; .
neutral buffered formalin solution, except eyes and testes, which were preserved in Bouin -
After the organ weight was determined, lungs were perfused with 10 percent formalin usir:
filling (25 cm hydrostatic pressure) device. The trachea was ligated after infusion to ensurc '

of fixative in airways and alveoli.
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Adrenals Ovaries

All gross lesions Pancreas

Animal Identification Peripheral Nerve

Aorta Pituitary

Brain Rectum

Cecum Representative Lymph Node
Colon Salivary glands

Duodenum Spleen

Esophagus Sternum/with Bone Marrow
Eyes Stomach

Heart Testes

Ileum Thymus

Jejunum Thyroid/Parathyroid
Kidneys Trachea

Liver Urinary Bladder

Lungs Uterus

Nasopharyngeal tissue Accessory genital organs (prostate, epididymis

and seminal vesicle, if present).
»

3.8 Organ Weight

Selected organs were weighed for all animals surviving to scheduled necropsy. Each of the

following organs were removed, trimmed of extraneous tissue, and weighed:

Lungs Adrenals
Liver Brain
Kidneys Testes or Ovaries

3.9 Histopathology:

The tissues listed below were embedded in paraffin, sectioned at approximately 5 um. stained

with hematoxylin and eosin (H&E), and submitted for light microscopic examination.

Lungs Trachea (cross and longitudinal
Nasal Cavity (four sections®) sections)

Nasopharynx Tracheobronchial lymph nodes
Larynx (2 cross-sections) Thymic lymph nodes

Gross lesions

*  The nasal cavity was prepared in four sections using the landmarks described by Young
(Fundam. Appl. Toxicol., 1:309-312, 1981).



3.10 Data Management and Statistical Analysis

In-life and postmortem animal data were collected using the Xybion® Path/Tox Data System
(Version 3.1), (Xybion Medical Systems Corporation, Cedar Knolls, NJ). This computer data capture
system recorded body weights, clinical observations, and organ weights on-line with Battelle’s VAX
Computer System. Data collected off-line (i.e. gross necropsy observations and histepathologic
findings) were key-entered into appropriate Xybion modules and reviewed for accuracy of
transcription.

All quantitative in-life and postmortem pathology data were statistically analyzed. Normally
distributed data (parametric) were analyzed for treatment effects by analysis of variance and pairwise
comparisons made between groups using Dunnett’s multiple-range t-test. Nonparametric data were
analyzed by the Kruskal-Wallis Test and by the Mann-Whitney U Test for pairwise group

comparisons. k]

3.11 Exposure System

3.11.1 Test Article Aerosol Generation
and Delivery System

The purpose of the aerosol generation system was to provide a uniform concentration of
fibrous aerosol, representative of the bulk test article, to the> breathing zone of the animals. The test
material aerosol generator was designed as a two-part system; the first was a mechanism to feed bulk
test material at a constant rate into an aerosol generator, and the second was a high-energy dispersion
device to aerosolize the test material and entrain the aerosol in a delivery airstream. The first
component of the generation system was an Accurate Model 300 Dry Chemical Feeder (Accurate,
Inc., Whitewater, WI) which accurately delivered preset amounts of potassium octatitanate into the
aerosol generator. The Accurate feeder employed a large capacity hopper with an auger type feed
screw. This feeder directed a continuous stream of test compound past the inlet of a Fox, one inch,
Coaxial Eductor Valve (Fox Valve Development Corp., Dover, NJ), which aspirated thebmaterial,
entrained it into a high pressure stream of air, then introduced it into a 1 m? volume plenum

chamber.




"

The plenum chamber was supplied with Hepa/Charcoal filtered carrier air and the aerosol was
allowed to mix inside the plenum chamber. Additional carrier air entered the plenum chamber near
the bottom of the chamber and the air flow pattern was from the bottom to the top. This allowed any
agglomerates that formed to settle out of the airstream at the bottom of the plenum rather than being
entrained in the air going to the delivery manifold.

From the plenum, the test atmosphere was ducted to the exposure chambers through stainless
steel delivery manifold. The test article aerosol was introduced into the manifold and mixed with the
manifold air to yield an aerosol concentration of ~ 1000 mg/m3 . At the lower concentration exposure
chambers, calibrated flowmeters removed appropriate aliquots of the manifold aerosol which was
further mixed with HEPA filtered room air to obtain the proper chamber concentrations. The
1000 mg/m3 chamber received manifold aerosol directly with no dilution. The air control chamber
received HEPA filtered room air only.

The chambers used for this study were Hazleton H1000 and H2000 stainless steel and glass @
exposure chambers. The number of animals required for this study was such that all animals were
housed on one level within each chamber. A schematic diagram of the entire system is included in

Figure 1.

3.11.2 Exposure Atmosphere Concentration Analysis

Exposure system mass aerosol concentrations were measured by gravimetric filter analysis.
Gelman, 25mm, glass fiber filters (Gelman Sciences, Ann Arbor, MI) were placed into open-face
filter holders and inserted into exposure ports within the chambers. Air flow rates were regulated,
using calibrated critical orifice meters, to sample a known volume of test atmosphere through the
filters. Immediately after sampling, the filters were weighed and the mass concentration of the total

aerosol was calculated from the accumulated mass and the sample volume.

3.11.3 Fiber Number and Size Analysis

Fiber number and size measurements were conducted during the prestudy validation of the
system and again during the animal exposure phase to determine the approximate number of fibers per
unit air and length and width of fibers in the exposure atmosphere. Fibers were collected on a

Nucleopore filter by drawing test atmosphere through a filter for approximately 30 seconds. The
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filters were examined by Scanning Electron Microscopy (SEM). SEM images of the fibrous material

were generated and recorded on an automated image analysis system to compute the length, width and

~ aspect ratio of the fiber. A TN-8500 Image Analysis System with a fiber size analysis program was

used to perform the measurements. The fiber analysis software package was written and distributed
by Noran (formerly Tracor-Northern) to be operated with the TN-8500 Image Analyzer and, more
specifically, the Battelle owned TN8502 mainframe, a light optics station, and a JEOL Microprobe
Analyzer (EPMA).

Selected samples were analyzed at 1000X and 2000X magnification with corresponding
resolutions of 0.085 microns and 0.04 microns, respectively. The 2000X images were taken of the
same total area as the 1000X analyses to determine if any smaller fibers existed in the same field
examined at the lower magnification.

The fiber number (fibers/cc) was estimated by counting the number of fibers in the field or
fields of view and multiplying the ratio of field size to the total collection area of the filter by the total |
amount of air drawn through the filter.

Fibers were also collected during the prestudy validation phase on double sided tape by
inserting the tape into the chamber and allowing the fibers to adhere to the tape. This was done to

verify the complete fiber size distribution was captured and represented on the filters.
3.11.4 Chamber Environmental Measurements

An inhalation chamber Environmental Acquisition System (EAS) was designed to measure and
record inhalation chamber temperature, humidity, and exhaust flow rates. The EAS consisted ot .in
IBM XT personal computer (PC), coupled with an A/D data acquisition board and associated
instrumentation. A QuickBASIC program was written to log chamber environmental data. genur e
hard copy of the data logged, and to store data to disk for subsequent statistical analysis. A PC N ANT
summary program was written to summarize the daily data generated by the EAS.

The PC hardware interface to the EAS consisted of two Model T11 terminal panels and .o
ACPC-12-16 data acquisition and control board (Strawberry Tree Computers, Sunnyvale. C\:

Temperature in each chamber was monitored using 20-gauge type T thermocouple protes
Each thermocouple probe was located at the top of each chamber approximately 2 feet from the
chamber inlet duct. The thermocouple probe exited each chamber at the top, and was connected o 1

quick disconnect type T thermocouple connector to facilitate easy removal of the probe during
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chamber change-out activities. Type T 20~gauge polyvinyl-shielded duplex extension thermocouple
wire (Omega Engineering, Stamford. CT) was used to connect the quick-disconnect coupling to the.
T11 terminal panels. The terminal panels contained isothermal plates and integral cold-junction
Sensors.

The dew point in each charber was measured using an Optical Condensation Dew Point
Hygrometer (General Eastern, Watérﬁ;oWg, MA). The hygrometer output was logged by the EAS as
an analog input channel. Sample lines were 0.25 inch O.D. polyethylene, and were installed near the
top of each chamber in the vicinity of the thermocouple probes. Each sample line exited the chamber
at the top. A Model ESC-10P Electronic Actuated Position Valve (Valco Instrument Co.. Houston,
 TX) was remotely located in the exposure room, and each chamber’s humidity sample line was
connected to a valve port via 0.25 inch polyethylene tubing. The valve was equipped with a “select”
and a “common” port. The common port allowed atmosphere from all chambers to be pulled through
the sample lines, thereby allowing a fresh supply of chamber atmosphere in the sample lines v il .
times. The select port was used to direct a single chamber atmosphere into the inlet of the Jew ;. int
hygrometer sensing volume. The flows through both the select and common ports were contr e by
calibrated flowmeters; a flow rate of approximately 200 cc/min was maintained through the c.vor o rt
and approximately 2 L/min was drawn through the common port.

All chambers were operated at 15 air changes per hour (either 250 or 500 L/min for v
Hazelton H1000 and H2000 chambers, respectively), with airflow rates controlled by calibr.c:
orifice plate flowmeters located on each chamber’s exhaust. The flowmeter’s upstream anu
downstream pressure ports were connected to an EST-10P Electronic Actuated Position V.-«
Instruments Co., Houston, TX) via 0.125 inch ID Tygon® tubing. The valve’s upstream .:".:
downstream exit ports were connected to a zero to 1.0 inch of water variable reluctance di'*.-
pressure transducer. A calibration of each flowmeter’s flow rate versus transducer output -
performed prior to exposures. The transducer output was logged by the EAS as an analoy

channel.
3.11.5 Chamber Uniformity
The uniformity of the chamber atmosphefe was determined by gravimetric concentrat. -

sampling on the plane of each chamber where the animals were exposed. The sampling scheire

included a reference to determine temporal uniformity as well as other locations within the pi:~o " -
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spatial uniformity. The reference location_ ‘was sampled before, during, and after other uniformity
measurements to assess the contribution of within-port variability to the uniformity determinations. The
total port variability (TPV) was estimated from the relative standard deviation of analyses from one
measurement at each location, and represented the sum of variability between ports (spatial), and the
variability within a port (temporal).

The within port variability (WPV) was estimated from the relative standard deviation of the
concentration measured at the referévrfcj‘e‘? location. This variability included temporal fluctuations as
generator output.

The between port variability (BPV) represented the variability associated with spatial
variability of test article concentration within the exposure chamber. The BPV was estimated from
the total port mean (M,), total port standard deviation (Sy), and the within port standard deviation (S,)
by applying the following formula:

BPV = 100 * (S - S, D2 /M, ]

Because of random error, aggravated by the small sample size, the estimated WPV was
occasionally greater than the estimated TPV. In these cases, the BPV can not be estimated directly.
Since the estimate of TPV is more reliable than the estimate of WPV due to its greater sample size.
and since BPV, by definition, cannot exceed TPV, BPV is reported to be less than the TPV for those
cases where it can not be calculated. The air control chamber was not sampled for atmosphere

uniformity.
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4.0 RESULTS
4.1 Animal Survival
There were no unscheduled animal deaths in this study.
4.2 Clinical Observation Results

The incidence summary of pertinent abnormal clinical observations are presented in Table 1
(morning, preexposure) and Table 2 (afternoon, postexposure). Individual animal clinical observation
records are contained in Appendix B. ,

The most frequent clinical sign of abnormality was thin appearance seen in all male and female
animals in the high concentration group (1000 mg/m3). This sign appeared on Day 5 and continued p
through necropsy. Rough coat was observed in the high concentration group on Day 12 (afternoon)
and was still present at necropsy. Labored respiration was observed in the high concentration males
(3 rats) and females (2 rats) on Days 8 and 10, respectively.

All other animals exposed to test article or the éir control were clinically normai throughout

the study.

-
-

4.3 Body Weight Results

A summary of group mean animal body weights are presented in Table 3. Graphs of group
mean body weight data are shown in Figures 2 and 3 for the males and females, respectively.
Individual animal body weight values are contained in Appendix B.

The body weights of male control rats increased at an expected normal rate during the 13 days
of the exposure period (25 percent from Day 1 to Day 13). Male rats in Groups 2 (10 mg/m3) and 3
@30 mg/m3) gained weight throughout the study at a rate similar to the air controls (27 to 28 percent
from Day 1 to Day 13). The male rats in Groups 4 (100 mg/m3) and 5 (330 mg/m3) gained weight
throughout the study, but the rates of increase were not as great as the air control animals (20 to
21 percent from Day 1 to Day 13). Male rats in Group 6 (1000 mg/m>) showed statistically

significant differences (p < 0.05) in group mean body weight compared to the air controls on
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Days 5, 8 and 13. This group of animals had body weight differences of 21, 17 and 29 percent less
than air control animals on Days 5, 8 and 13, respectively.

The body weight of female control rats also increased at an expected normal rate during the
13 days of the exposure period (13 percent from Day 1 to Day 13). Female rats in Groups 2
10 mg/m3), 330 mg/m3) and 4 (100 mg/m3) gained weight throughout the study at a rate similar to
the air controls (13 percent from Day 1 to Day 13). The female rats in Group 5 (330 mg/m>) gained
weight throughout the study, but the rate of increase was not as great as the air control animals
(11 percent from Day 1 to Day 13). Female rats in Group 5 (330 mg/m3) also had a statistically
significant difference (p < 0.05) in group mean body weight on Day 13 compared to the air control
group (7 percent). Female rats in Group 6 (1000 mg/m3) had statistically significant differences (p
< 0.05) in group mean body weight compared to the air controls on Days 5, 8 and 13. This group
of animals had body weight values that were 21, 16 and 28 percent less than air control animals on

Days 5, 8 and 13, respectively.

4.4 Necropsy

All rats survived to the scheduled terminal necropsy. Exposure-related changes were observed
in the lungs of all Group-6 (1000 mg/m3) rats, and in one Group-5 (330 mg/m3) male rat. These
changes consisted of a pale discoloration of the normally pink lung surface. The discoloration was
either diffuse (uniform) or patchy in distribution. The discoloration was considered to be due to the
presence of large numbers of alveolar macrophages engorged with particulate fibers (based on
microscopic evaluations).

The only other macroscopic alteration seen at necropsy was an incidental ovarian cyst, noted
in one Group-4 female. Macroscopic tissue changes are summarized in Table 4, with individual

animal data listed in Appendix C.

4.5 Organ Weight Results

Group mean absolute organ weight, organ-to-body weight, and organ-to-brain weight values
are summarized in Tables 5, 6, and 7, respectively. Individual animal data are included in

Appendix C.
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There were no statistically significant differences in absolute organ weights, organ-to-body
weights or organ-to-brain weight ratios in male and female rats from Groups 2 (10 mg/m3) or 3
(30 mg/m?). ,

The male rats in Group 4 (100 mg/m3) had significantly higher (p < 0.05) lung-to-brain
weight ratios compared to air controls. No other significant differences were noted in this group.

The male and female rats in Group 5 (330 mg/m3) had significantly higher (p < 0.05)
absolute lung weights, lung-to-body weights and lung-to-brain weight ratios compared to air contro!
rats. Female rats in Group 5 also had a significantly higher (p < 0.05) brain-to-body weight ratio
compared to the air control group. There were no other significant differences in this exposure
group.

Male and female rats from Group 6 (1000 mg/m3) had significantly lower (p < 0.05) absolute
organ weight, organ-to-body weight values and organ-to-brain weight ratios for the kidneys and testes
compared to the air controls. Absolute liver weight and liver-to-brain weight ratios were significantly's
lower (p < 0.05) in male and female rats of this group. Absolute lung weight, lung-to-body weight
and lung-to-brain weight ratios were significantly higher (p < 0.05) in male and female rats of this
group.' Male and female rats also had significantly higher (p < 0.05) adrenal-to-body weight ratios
compared to the air control values. In addition, the brain-to-body weight ratios for maie and female
rats were significantly higher (p < 0.05) compared to the air control values. There were no

significant differences in ovary weights compared to air controls.

g

4.6 Histopathology

The nasal cavity and turbinates, nasopharynx, trachea, larynx, lungs, respiratory lymph nodes
(tracheobronchial and thymic/mediastinal) and gross lesions were trimmed from fixed tissues,
processed, and examined by light microscopy. Microscopic lesions were graded when appropriate
using a semiquantitative scale where 1 = minimal change, 2 = mild, 3 = moderate, and 4 = marked
alteration (significant organ dysfunction possible). An incidence summary listing severity of lesions is
presented in Table 8; individual animal microscopic lesions are tabulated in Appendix D.
Representative photographs of lungs and lymph nodes are presented in Figures 4 through 11.

Lesions related to the fibrous aerosol exposure were found in the lungs of all rats (except the
air controls), and in the respiratory lymph nodes and nasal cavity of rats exposed to higher levels of

the aerosol, as shown in the table below.
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INCIDENCE OF MICROSCOPIC ALTERATIONS RELATED
TO EXPOSURE TO THE FIBROUS AEROSOL*

Sex Males -=--mecmmmeome----Females--------------
Group 1 2 3 4 5 6 1 2 3 4 5 6

Exposure Level 0 10 30 100 330 1000| O 10 30 100 330 1000
(mg/m>)

No.inGrop 5 5 5 5 5 5|5 5 5 5 s 5
Lung:

‘No. Examined 5 5 5 5 5 5 5 5 5 5 5 5
Paticle-Laden 0 5 5 5 5 5 |0 5 5 5 5 5
Macrophages ’

Proliferative 0 0 0 0 0 5 0 0 0 0 0 5
Bronchiolitis

Mucinous 0 0 0 0 0 5 0 0 0 0 0 5
Exudate '

Lymph Node(s): »
No. Examined 4 5 5 5 5 5 4 5 5 4 5 5

Particle-Laden 0 0 0 3 5 5 0 0 0 4 5 5
Macrophages

Nasal Cavity:
No. Examined 5 5 5 5 5 5 5 5 5 5 5 5
Exudate o o o o o 5|0 o o o o 4

*See Table 8 for severity code grades.

All rats exposed to the aerosol had fiber particles present within the cytoplasm of alveolar
macrophages. In the hematoxylin and eosin-stained lung sections, the fibers appeared as elongated
black spicules, approximately 1-10 microns in length. Occasional fiber spicules were seen free in
alveoli, small airways, or tracheal or nasal sections; these free fibers were not diagnosed as a lesion.
Fibers were also occasionally observed within the interstitial septae and at airway bifurcations. In an
attempt to better quantify the macrophage‘response in the lungs, a more detailed grading scheme was

used for this organ. A grade of 0.5 (trace or slight) was used to describe the lungs from the lowest
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level exposure group. In these lungs, fiber-laden macrophages were somewhat randomly dispersed
throughout the lung parenchyma with about 5-15 macrophages visible per high-power field (400-
500X). There was only a slight increase in the presence of macrophages from control rats.
Macrophages at this level usually contained only a few fibers each. In the lungs of rats exposed to
30 mg/m3 (graded “17), a few more alveolar macrophages were present in each high-power field
(approximately 10-20 phagocytes), and each macrophage tended to contain more particular material.
In addition, the macrophages had a tendency to congregate around terminal airways.

At 100 mg/m3, still more macrc;phages were present per high-power field (approximately
15-25), with their cytoplasm often packed with fibers. These lung lesions were graded “2” (mildly
affected). The lungs of rat§ exposed‘to 330 mg/m3 had 20-30 macrophages per high-power field,
with aggregates of fiber-filled macrophages collecting near some terminal airways. These lesions
were graded “3” or moderately affected.

Rats exposed to the high level (1000 mg/m3) had pulmonary macrophages which were densely®
packed with particles, and clumping of these cells in bronchioles and terminal airways created a
striking black spotting of the lung slide subgrossly. Quantitatively, the severity of this change was
coded as a “4” (marked). ’

Terminal bronchioles in lungs from these high-exposure-level rats were often blocked by

i

lumenal aggregates of fiber-laden macrophages or by an apparent proliferative inflammatory reaction
to fibers which had been incorporated into the submucosa of the terminal airway. This latter change,
diagnosed as “proliferative bronchiolitis”, consisted of focal rounded projections of an expanded
submucosa/interstitium, due to infiltrates of fiber-laden macrophages, lymphocytes and a few
neutrophils. As the terminal airways became marginally obstructed, a mucinous exudate containing
some fiber particles and cells was often present, and was separately diagnosed. Both the macrophage
aggregates and the focal bronchiolitis could be interpreted to be an early “granulomatous” response:
this term was not used, however, due to the paucity of multinucleated giant cells observed in this
acute study. |

In the respiratory lymph nodes, fiber-laden macrophages were observed at the higher-exposure
levels. No significant tissue response was noted to their presence. Due to the minute nature of the
bronchial and thymic lymph nodes, not all such nodes were captured on the microscopic slides for
examination. In allxbut three rats, however, at least one of the two nodes was observed
microscopically, and since they both drain respiratory tissues, it was not thought to be significant that

full recovery of all lymph nodes was nct achieved.
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Rats from the high-exposure group also had an exudative rhinitis. The exudéte consisted of
proteinaceous material mixed with varying numbers of fiber-laden macrophages and neutrophils.
Since the exudate was indicative of slight neutrophilic infiltration of upper turbinate or nasopharynx
mucosa, such infiltrates, when. observed, were not diagnosed separately.

Due to the apparent early obstruction of terminal bronchioles in rats exposed to
1000 mg/m? as evidenced by mucinous airway exudate (and possibly the nasal exudate), it is probable
that rats could not survive continued exposure to this level of particulate for a prolonged period of

time.

4.7 Exposure Results

4.7.1 Pre-Study Atmosphere Characterization Results

Chamber uniformity measurements were completed during the prestudy validation of the
system. The data show that the between port variability (BPV) was less than 9 percent in all
chambers. These data are summarizegi :‘in/‘Tat;le 9. The prestudy analysis showed a uniform
distribution of the atmosphere within thé chamber.

Three consecutive six hour trial exposures were completed prior to the start of the study
Fiber aerosol concentrations were generally within 20 percent of target values, with the greatest
variance from target at the lowest concentration (10 mg/m>). Operation of the system was considered
stable and suitable to conduct the range-finding animal exposures. The results of these trial exposures

are presented in Tables 10, 11, and 12.

4.7.2 Bulk Fiber Size

Bulk fiber size measurements 'wére conducted to assure that the fiber size distribution n "he
test atmosphere generated was comparable to the size of fibers in the bulk material. The bulk fite:
size analysis was conducted at a magnification of 1000X, with an image analysis resolution ot
0.085 microns. The mean fiber length in the bulk material was 3.16 microns and the mean w:dth i

10.34 microns. The detailed bulk fiber (lot number 1F81L) length and width measurements are listed
in Table 13.
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4.7.3 Presiudy Acrosol Fiber Size and Count Analysis

Fibers were collected during the prestudy validation phase to determine the length and width
distributions within the chamber atmosphere. Two filter samples were collected within each chamber
and a sample was also collected from each chamber on double sided tape. The second filter sample
was analyzed at both 1000X and 2000X magnification. The same total area was analyzed with both
magnifications to determine if any significant number of submicron fibers were not detected at the
1000X magnification. The mean fiber length for the first filter sample at 1000X magnification was
2.98, 3.15, 2.51, 2.61, and 2.70 um for the 10, 30, 100, 330, and 1000 mg/m3 chambers, -
respectively. The mean fiber width for the first sample at 1000X magnification was 0.32, 0.34, 0.32,
0.32, and 0.38 um for the 10, 30, 100, 330, and 1000 mg/m3 chambers respectively. The second
sample at 1000X magnification revealed similar lengths and width values. The mean fiber length was
3.01, 3.93, 3.53, 2.92, and 2.47 for the 10, 30, 100, 330, and 1000 mg/m3 chambers, respectively, .
while the mean fiber width values ranged from 0.31 to 0.33 microns for the same samples. The
second sample analyzed at 2000X over the same area resulted in very similar measurements. The
mean length for the 2000X analysis was 1.90, 2.83, 2.53, 2.33, and 2.48 for the 10, 30, 100, 330,
and 1000 mg/m® chambers, respectively. The mean fiber width values were only slightly smaller
than those reported at 1000X magnification. These values ranged from 0.22 to 0.26 microns.

The mean fiber length and width values collected from the double sided tape (analyzed at
1000X) were very similar to the measurements taken from the filters. The mean fiber length for the
tape samples was 3.43, 3.70, 4.30, 3.52, and 3.02 for the 10, 30, 100, 330, and 1000 mg/m?
chambers, respectively. The mean fiber width values for these samples ranged from 0.31 to 0.44
microns. These data are detailed in Table 14.

Fiber count measurements were completed on the same filters and the number of fibers per
cubic centimeter was calculated. The mean fiber counts determined from these samples were 17.000.
51,667, 273,667, 467,667, and 569,667 fibers per cubic centimeter for the 10, 30, 100, 330, and
1000 mg/m> chambers, respectively. These data are detailed in Table 15.

These pre-study data show that the aerosol generated had similar mean length and width values
as the bulk material and that the fiber size distribution was equally distributed across the exposure
chambers resulting in similar mean length and width values in all chambers (there was no
concentration effect on fiber size distribution). The double sided tape measurements verified that ali

of the distribution was being collected on the filters and the comparison of two magnifications
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revealed that there were few to no fibers in the small submicron size range. The mean fiber counts
(fibers per cubic centimeter) values increased with the mass concentration values as would be
expected as well, but not proportionally with incremented increases in mass concentration of the high
levels. This was likely due to sampling and fiber counting system errors at the high mass

concentrations.

4.7.4 Mass Concentration Data

The grand mean (mean of all samples collected) chamber mass concentrations were 10.2, 29.8,
114.1, 342.8, and 934.4 mg/m? for the 10, 30, 100, 330, and 1000 mg/m> chambers respectively.
These data along with the corresponding relative standard deviations and percent of target values for
the individual chambers are listed in Table 16. The daily mean chamber values and corresponding

relative standard deviations are listed in Table 17. ’ b

4.7.5 Exposure Environmental Conditions

The grand mean chamber temperature, percent relative humidity, and air flow rates are listed

in Table 18. All values were within the protocol specified range.

-

4.7.6 Animal Exposure Aerosol Fiber Size and Count Data

The mean fiber length for the first filter safnple at 1000X magnification was 2.90, 3.38, 3.27,
2.57, and 2.91 pm for the 10, 30, 100, 330, and 1000 mg/nil3 chambers, respectively. The mean
fiber width for the first sample at 1000X magnification was 0.33, 0.47, 0.34, 0.36, and 0.32 um for
the 10, 30, 100, 330, and 1000 mg/m3 chambers, respectively.

The first filter sample analyzed at 2000X with the same total area revealed mean fiber lengths
that ranged from 2.05 to 2.49 microns with mean fiber width values ranging from 0.22 to 0.38
microns. The second sample at 1000X magnification revealed similar lengths and width values. The
mean fiber length was 2.24, 3.01, 3.43, 2.66, and 2.16 for the 10, 30, 100, 330, and 1000 mg/m>
chambers, respectively, while the mean fiber width values ranged from 0.31 to 0.43 microns for the

same samples. These data are detailed in Table 19.
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The mean fiber concentration values (fibers per cubic centimeter) collected from the samples
are 60,549, 112,792, 340,228, 245,539, and 494,704 f/cc for the 10, 30, 100, 330, and 1000 mg/m>
chambers, respectively. The fiber count measurements are detailed in Table 20. All individual fiber
data is listed by sample in Appendix E for the pre-study development as well as the exposure data.
Additionally, Figures 12 through 17 graphically present the percent of total fibers by size category for
each of the fiber concentration levels and the bulk material.

These results again, as with the pre-study results, show that a complete accounting of all fibers
occurred at the 1000X magnification and that the fiber distribution was representative of the bulk

material and equally distributed within all chambers.
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5.9 DISCUSSION AND CONCLUSIONS

There were several objectives established for this study which included evaluating the
performance of a multi-concentration aerosol exposure system and also to assess the biological effects
in rats following inhalation exposure to fibrous aerosols of the test material, in order to characterize
the potential toxicity of the inhaled compound and to select concentrations for longer-term definitive
exposure studies. L

The inhalation generation and delivery system was designed to deliver, to the breathing zone
of the rats, aerosols of fibers generated from the bulk material, which had a size distribution roughly
equivalent to that of the bulk material. The system was also configured to deliver mass aerosol
concentrations over at least two orders of magnitude to multiple animal exposure chambers. The
generation component was designed not to cause any physical or chemical alterations to the bulk
fibers, rather only disperse the fibers into a large volume of air and then entrain those fibers into a
delivery air stream which would carry the aerosol to the animal exposure chambers. Therefore, any
significant changes in fiber size distribution, would likely be the result of sedimentation of larger
fibers and not due to shearing, tearing, or other physical modifications of the fibers caused by the
system. |

The results of the preexposure and in-life exposure monitoring suggested that the generation
system performed as designed. There were no recognizable differences in the fiber size distribution
between the bulk material, the aerosol in the distribution plenum, or the test atmospheres in any of
the five different concentration exposure chambers. These results suggested that virtually all of the
material in the bulk test fiber was easily entrained and readily transported, as an aerosol, through the
delivery and exposure system. Further, any sedimentation losses that occurred appeared to be
distributed consistently over all fiber size distributions. Therefore, there were no measurable
differences in fiber size between the distribution plenum or any of the exposure chambers. Therefore.
there was no concentration related difference in fiber size among the chambers. Under these
generation conditions, a concentration of approximately 1,000 mg/m3 was considered the highest
reasonable achievable value. This concentration was also considered (based on general experience of
inhalation toxicity and aerosol generation of other fibers and inorganic dusts) to be a suitably high
concentration value for the purposes of evaluating target organ toxicity.

There was biological evidence of test article exposure in all concentration groups. Micro-

scopically there were increasing amounts of free fiber in lung tissue and fiber laden pulmonary

R Y
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alveolar macrophages within the lungs of animals expoSed to each of the different concentrations.
The number of fibers and total lung burden (evaluated qualitatively) increased propertionately with . -
increasing concentrations. The mere presence of these fibers in the lower concentration groups was
not necessarily considered a toxic response, but rather represented normal lung clearance mechanisms
for inorganic materials. However, there was évidence supporting characteristic toxic responses at the
330 and 1,000 mg/m> concentrations.

At the 330 mg/m3 exposure l;velp,ﬁmale rats had a slightly slower rate of body weight gain
than the control animals and other lower exposure groups. In addition, the lung weight parameters in
both male and female animals in this group showed significant increases relative to controls
suggesting that lung fiber burdens and associated inflammatory responses were causing increased
tissue mass. This latter change is classically considered a lung-specific toxicity. Lastly,
microscopically the lungs of animals exposed to 330 mg/m3 had moderate lesions responding to the
fibers, characterized by aggregates of macrophages collecting in and around terminal airways. .

The most significant toxic effects occurred in animals exposed to the 1 ,000 mg/m3. The mean
body weight of both male and female ammals differed significantly with those of controls and the
magnitude of difference between the two respectlve groups increased throughout the two-week
exposure period. The lung weight parameters of those animals were also significantly increased
relative to controls; again suggesting a marked increase in tissue mass, likely the result of increascd
fiber lung burdens and associated inflammatory responses. In addition, there was evidence of 4
probable stress related effect in those rats, as the l;idneys, livers, and occasionally other organs were
delayed in development relative to those in the control animals, as evidenced by decreased organ
weight parameters. The adrenal: body weight ratios were also increased in animals exposed to this
high fiber aerosol concentration, suggesting that corticosteroid production and release were cley sted.
another good indicator of secondary stress related changes.

Most notably, the hlstopathology of the lungs in the hlgh concentration group suggesicd ‘it
the animals were severely compromised. In addition to the proportional increase in free fibers !
fiber laden pulmonary macrophages, there were additional inflammatory changes throughout the wpper
and lower airways of the respiratory track of these animals. Many of the terminal bronchi werc
blocked by aggregations of organizing macrophages and proliferative inflammatory changes. The«
changes were often accompanied by mucinous exudates and organized granulomas that obstructed
many of the airways. It was the pathologist’s opinion that if this lesion progressed, it would likelv be

life threatening. Similar acute inflammatory changes also ascended up the respiratory tract along the
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bronchi and.extended into the nasal cavities, where an exudated rhinitis was observed in most

animals.
Based on these findings, under the conditions used in this two-week study, a no-toxic effect

level was estimated to be approximately 30 mg/m3 for male rats (due to relative increases in

* lung:brain weight values) and 100 mg/m?> for female rats, where animals exposed to both higher
concentrations of 330 and 1,000 mg/m3 showed concentration-dependent respiratory tract toxicity and
in the case of the higher-exposure group, secondary-related systemic changes. Since fibers were
readily observable in animals in even the lowest exposure group, albeit this was considered a normal
pulmonary alveolar macrophage response, there was no absolute no-effect level determined for this
study.

| Based on the resuits of this range-finding study, it would be recommended that for longer-term
studies fiber aerosol concentrations not exceed a range of between 100 and 300 mg/m> and that lower
concentrations less than 10 mg/m3 also be included in the study design. Since the test material is an ®
inorganic based fiber and is not readily cleared from the respiratory tract, it is likely that significant
lung burdens will occur even at lower concentrations with increasing duration of exposure. Longer
term studies should be designed to identify the concentration at which normal clearance mechanisms

can keep up with the inhalation of new fibers with repeated daily exposures.
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6.0 SPECIMEN STORAGE AND RECORD ARCHIVES

Records of animal receipt, quarantine, animal exposure, body weights, and all other
information pertinent to the conduct of this study are contained in labeled binders. These and all
other raw data collected in this study will be maintained in Battelle’s archives, along with a copy of

the final report.
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TABLE 9.
REPEATED EXPOSURE INHALATION STUDY OF POTASSIUM OCTATITANATE
FIBROUS AEROSOL IN RATS: PRE-EXPOSURE, CHAMBER MASS AEROSOL

CONCENTRATION UNIFORMITY

mg/m n m?) | (1000 ?ng/mf*)"
Middle 8.6 33.7 112 353 947
Front 10.0 33.0 113 370 1040
Middle 9.6 33.3 109 350 940
Back 8.7 32.7 111 343 1040
Middle 7.7 31.0 109 343 1047
WPV! 11.0% 4.46% 1.57% 1.47% 6.12%
TPV? 8.58% 1.55% 0.89% 3.84% 5.32%
BPV? <8.58% <1.55% <0.89% 3.56% <5.32%

1. Relative Standard Deviation of all samples at the reference point (middle) is the Within Port
Variability (WPV).

2. Relative Standard Deviation of all locations using the first reference point is the Total Port
Variability (TPV).

YA

3. BPV is the Between Port Variability = 100" (Sz &,,) M,, where §, and S, are the
absolute standard deviations from the total and within port samples, respectively, and M, is the
mean of analyses from one measurement at each port.
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TABLE 10.
REPEATED EXPOSURE INHALATION STUDY OF POTASSIUM OCTATITANATE
FIBROUS AEROSOL IN RATS: VALIDATION EXPOSURE #1

mg/n /m: (o0 mgim?) | (32U mg/m (1000 r6ng/m3) A
1 12.6 33.7 129 404 1073
2 8.6 31.0 126 396 1053
3 7.7 28.7 111 328 947
4 5.1 24.0 79 328 953
5 8.4 26.0 101 - 356 940
6 7.1 31.0 NR! 340 980
X mg/m® 8.25 29.1 109.2 359 991
%RSD 30.0 12.3 18.6 9.40 583
% of Target 82.5 97.0 109 109 99

1 Sample collected improperly, N=35 for calculations.
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TABLE 11.
REPEATED EXPOSURE INHALATION STUDY OF POTASSIUM OCTATITANATE
FIBROUS AEROSOL IN RATS: VALIDATION EXPOSURE #2

gim?) | (30 mg/m®) (1000 ?ng/ms)
1 9.0 25.0 296 973
2! 5.3 24.7 296 807
3 5.0 24.7 287 767
4 3.3 21.7 296 767
5 3.0 31.0 154 404 833
6 1.3 14.7 123 280 713
X mg/m? 4.48 23.6 109 310 810
%RSD 59.1 225 22.5 15.0 11.0
% of Target 44.8 78.7 109 93.9 81.0

1. Problem developed approximately 100 minutes in run with exhaust filter loading up with
material resulting in decreased chamber concentrations.
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TABLE 12.
ON STUDY OF POTASSIUM OCTATITANATE
FIBROUS AEROSOL IN RATS: VALIDATION EXPOSURE #3

296

1013

1 7.9 26.0
2 7.0 31.0 312 920
3 5.3 23.0 83.0 308 833
4 5.1 23.0 90.0 320 960
5 10.6 26.7 87.5 300 900
6 9.1 23.7 104 320 840
X mg/m? 7.5 25.6 90.4 309 911
%RSD 28.7 12.1 7.89 3.24 7.63
% of Target | 75% 85.3 90.4 93.6 91.1
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TABLE 13.
REPEATED EXPOSURE INHALATION STUDY OF POTASSIUM
OCTATITANATE FIBROUS AEROSOL IN RATS: BULK FIBER
SIZE DISTRIBUTION LOT 1F81L

Total 565 ; 100.0

 Fberwigh

0.085-0.2 t | 0.2
0.2-0.5 517 91.5
0.5-1.0 - 7.6
1.02.0 4 0.7
Total 565 100.0

!Lowest resolution on Image Analysis System at 1000X magnification.

Mean Fiber Length 3.16 um
Mean Fiber Width 0.34 um
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TABLE 14.
REPEATED-EXPOSURE INHALATION STUDY OF POTASSIUM OCTATITANATE
FIBROUS AEROSOL IN RATS: PRE-ANIMAL EXPOSURE AEROSOL FIBER SIZE
DISTRIBUTION

10 mg/m® 2.98 3.01 1.90! 3.43
30 mg/m® 3.15 3.93 2.83 3.70
100 mg/m’ 2.51 3.53 2.53 4.30
330 mg/m® 2.61 2.92 2.33 3.52
1000 mg/m3 2.70 2.47 2.48 3.02
Mean Values 2.79 3.59
‘ Tape

ation . - (1000X)
10 mg/m 0.31 0.22 0.31
30 mg/m? 0.34 10.33 0.25 0.33
100 mg/m> 0.32 0.32 0.26 0.32
330 mg/m’ 0.32 0.33 0.26 0.34
1000 mg/m’ 0.38 0.32 0.25 0.44
Mean Values 0.34 0.32 0.25 0.35

10nly nine fibers in sample.
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TABLE 15.
REPEATED EXPOSURE INHALATION STUDY OF POTASSIUM
OCTATITANATE FIBROUS AEROSOL IN RATS: PRE-ANIMAL EXPOSURE
AEROSOL FIBER CONCENTRATION

5B

X = 17000

10 mg/m® 35 23,333
10B 16 10,667

30 mg/m® 4B 96 64,000 X = 51667
9B 59 39,333

100 mg/m® 3B 643 428,667 | X = 273667
8B 178 118,667

330 mg/m® 2B 841 560,667 | X = 467667
7B 562 374,667

1000 mg/m> 1B 650 433,333 | X = 569667
6B 1059 706,000

! Each filter was 25 mm in diameter with a collection area of 3.68 cm?.

Sample volume

was 25 cc in all samples. Each filter had 3 fields of measurement for a total of

21941 pum? area.

f/cc = (Number of fibers)/(Sample Volume)

Sample Volume = (0.00021941 cm?/3.68 cm?)(25¢c) = 0.0015¢cc
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TABLE 16.

REPEATED-EXPOSURE INHALATION STUDY OF POTASSIUM OCTATITANATE

FIBROUS AEROSOL IN RATS: GRAND MEAN CONCENTRATION

10 mg/m®

10.2

Mean

%RSD 33.9

n 60

% of Target 102
30 mg/m® Mean 29.8
%RSD 19.2

n 60
% of Target 99.3
100 mg/m® Mean 114.1
%RSD 18.6

n 60

% of Target 114
330 mg/m® Mean 342.8
- %RSD 14.4

n 60

% of Target 104
1000 mg/m® Mean 934.4
%RSD 9.8

n 60
% of Target 93.4
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TABLE 18.
REPEATED EXPOSURE INHALATION STUDY OF POTASSIUM OCTATITANATE
IN RATS: GRAND MEAN CHAMBER ENVIRONMENTAL DATA

R and Mean Chamber Enviro e
. : Temperature Air Fléw
Air Control Mean 74.4 52.8 ~505.3
%RSD : 0.8 8.1 0.9

n 118 118 118
10 mg/m3 Mean 73.9 56.6 500.7
%RSD 1.0 8.9 2.2

n 118 118 118
30 mg/m> Mean 73.3 59.0 491.8
%RSD 1.1 8.8 1.1

n 118 118 118
100 mg/m> Mean 72.9 59.2 492.2
%RSD 1.2 8.5 1.6

n 118 118 118
330 mg/m> Mean 72.6 58.7 242.0
%RSD 1.4 11.2 4.1

n 118 118 118
1000 mg/m> Mean 72.8 51.6 248.1
%RSD 1.4 9.8 2.7

n ‘ 118 118 118
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© SEM Analysis \ 11-1992 - 12-1-92 12193
Exposure Room Inspection - 12492 12492 12892
" Chamber Clean-out 122192 1493 1493 o *
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Urine Collection 12293 2293 . 2293 .
~ Clinical Pathology Blood Collection, TR AT L L
( Animal Anesthesia, Euthanasia -~ = 2493 -2-4-93 - 2-10-93.
' Clinical Pathology Evaluations, Base R Nt e SR
- Study Necropsy, Organ Weights c2-493 - 3-193 3-1-93
Lung Clearance Necropsy 2-4, 2593 34193 3-1-93
Body Weights' e 2-18-93 3193 3-1.93
Terminal Body Weights, Lung o 3-17-93 3-31-93 33193

Clearance Necropsy - e LS e
- Clinical Observations, Body Werghts S S DI
= ) 3-18-93. ‘3-'31-,9“3’1\ , - 3-31-93

~-Dry Lung Weights

o Urine Collection, Urlnalysrs o 42793 L5393 - 5393
_ Lung Clearance Necropsy , 428, 42993 ‘- 5-3-‘93‘ 5-3-93
'Clrm,cal Observations, Body Weights, ERNTEN s T L
- Clinical Pathology Blood Collection,

Animal Euthanasia, Necropsy, , L ‘ o R

. Clinical Pathology Evaluations: 5693 - 6-1:93 6-1-93
Clinical Pathology Evaluatxons e 51293 6193 6193
‘Hlstopathology « 52493 6193 . 6-1-93
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. The objectlves of tlns study were to characterrze the potentral toxlc effects of potassrum -
octatltanate fibers, trade name TISMO" as a result of mhalmg a range of concentratlons of fibers
r 1dent1fy1ng the specrﬁc effects on target organs, determmmg the potentral reversal or progressron of
these effects and estlmatmg the lung burden and rate of lung clearance of the test materlal that was
| ,' deposrted in the lungs over the 13 week exposure perrod The final objectlve was t0 provrde a
| suffic1ent data base to assist in- des1gn1ng a pos31ble future chromc study . i
For this study, 140 male and 140 female Flscher 344 rats were exposed by whole~body
1nhalat10n to one of three aerosol concentratlons of the test art1cle (l 10 and 100 mg/ ) and an. air
~ control group Ammals were exposed for 6 hours/day, 5 -days/week, for 13 consecuttve weeks, with

~ subgroups of ammals observed throughout a 13—week recovery perrod There were a total of three

| ~subgroups of ammals w1thm each test concentratlon group; a base study group, a recovery group, and

| article-related effects. o ‘ BRI : e

" a lung clearance group. The base study and recovery groups cons1sted of 10 rats/sex/exposure
concentratron Base study rats were. necropsred the day followmg thelr last exposure Recovery
group ammals were necropsred at the conclusron of the 13-week recovery pertod The lung clearance
group. consrsted of 15 rats/sex/exposure concentratron Five rats/sex/exposure concentration from the
lung clearance subgroup were necropsred at three dtfferent mtervals (1) at the end of the 91 day

| exposure perrod (2) after approxrmately 1. 5 months followmg the end of exposure ‘and (3) after :

‘approxlmately 3 months followmg the end of exposures Weekly cllmcal observatlons body welght :
/values clinical pathology evaluatlons organ werght measurements and gross ‘and mlcroscoplc '
| observattons were used to: assess the toxic potentxal of exposure :
- Results of the pre-exposure and m—hfe mhalatlon exposure system momtormg mdlcated that
. the generatlon system performed as desrgned A unlform and stable atmosphere of test compound
| was produced and was dellvered to the exposure chambers retammg srmxlar physwal and size
- d1mens1ons as present in bulk matenal ‘The mean ﬁber length for all samples collected was 2.8, 2 R,
'and 2. 8 mlcrons for the 1, 10 and 100 mg/m chambers respect1ver SR

k There were 1o unscheduled deaths in thls study There was evrdence of test article
o concentratlon related reductton in body welght “The largest reductlon in body werght gam occurred
m male anlmals exposed to the high concentratlon (lOO mg/m3) Clinical observatrons clmlcal

pathology and urrnalysrs determmatrons d1d not “evcal any srgmﬁcant changes that would suggest test

Exposure related macroscoplc tlssue changes characterrzed as dlffuse dtscolorauon of the |
'lungs followmg ﬁxatron was observed in all hlgh concentratron group rats (100 mg/m3) at the mtenm

.
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, necropsy All other macroscoprc observatlons were consrdered to be spontaneous 1nc1dental lesrors '
 that were not related to exposure. L :
| Exposure—related mlcroscoplc anatomlcal changes were observed m the lungs of all rats. Rats
at all concentrattons of test article had partlcle-laden macrophages in the lungs and reglonal lymph ‘
nodes (bronchral and thymrc) The amount of partlcles within the lungs Was concentratron—dependent
‘ ‘rangmg from a very slight trace amount (severlty grade 1)atl mg/m toa moderatc (severrt) grade
- 3)/severe (severrty grade 4) dlstrrbutlon at 100 mg/m Addrtlonal lung responses 1ncluded '
hyperplasia of type 11 pneumocytes and minimal ﬁbrosrs in groups exposed to concentratlons of -
10 mg/m or greater. , A L “ o
Ir-creased absolute lung werghts were noted in the 1 mg/m group males at mtenm necropsv
. (however were similar to the controls at final necropsy), in the 10 mg/m group males and females at
: interim and ﬁnal necropsy, and in the 100 mg/m group . males and females at mterlm and ﬁnal ‘
necropsy Increased lung-to-body werght and lung-to-brarn welght ratios were noted for both sexes in
the 10 and 100 mg/m groups at the interim and ﬁnal necropsy This demonstrated that the test
_compound deposrted m the lungs of animals resultrng in an rncreased mass.. ’ ’
 The recovery group animals. suggested that the lung and lymph node lesrons were nerthcr Vk
— reversrble nor progressive in nature after 13 weeks of recovery from the exposure to TISMO® Lung
| clearance animals showed a ‘well defined concentratlon relatronshlp in total Trtamurn burden in the
lung However the lung clearance data (Ti content) were less clear regardmg the magnrtude of ﬁber
,removal from the lung after either 6 or 12 weeks of recovery These data were hrghly vartable
., which drd not allow good quantrﬁcatlon of fiber clearance It is probable that some percentage of
- ﬁbers became lodged wrthrn tissue spaces and were not removed by normal clearance mechamsms
This is typrcal of a ﬁber of this chemical makeup and size drstrlbutron Hrstologrcal evrdence of fiber © -
k clearance was seen in recovery rats (macrophages contarmng phagocytlzed ﬁbers accumulated at or o
© near termmal alrways) It was specrﬁcally noted that most fibers hadv apparently been removed from
. alveolar spaces and major alrways ' S : ‘
;‘ L Based on these ﬁndlngs under the conditions’ used m thrs 13 week study, a no-toxrc effect
' levél was estlmated to be 1 mg/m for both male and female rats Ammals exposed to hrgher
* concentrations of 10 and lOO mg/m showed srgmﬁcantly mcreased lung burdens of test artrcle
| Frbers were readrly observed in anlmals in the lowest concentratron group as well and the tissue o
‘ responses observed were consrdered normal pulmenary - alveolar macrophage responses There was no

’ absolute no effect level determmed for this study.
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K ) INTRODUCTION ,
The objectlves of thls study were to characterlze the potentlal toxxc effects resultmg frorn
mhalatron of fibrous aerosols of the test artlcle durmg a subchromc exposure perlod 6 hours/day,
5 days/week for 13 consecutlve weeks) and to assess the rever51b111ty or progresswn of any toxic
’effects during a 13-week post—exposure recovery period.. The study was des1gned to deﬁne the toxrc
3 effects assocrated with 1nhalatron of the test artlcle ﬁbers as a functlon of concentratron ﬁber size -
| , dlstrlbutlon to 1dent1fy the target organs and the potentlal for reversal or progression in each specrﬁc -
organ, to estimate lung burdens and clearance rates of the effect artlcle ﬁbers and to select :
N concentratlons for poss1ble subsequent chromc toxrcxty and carcinogenicity studies. ‘The test artlcle |
| : used in this study was a potassmm octatltanate fibers, trade name TISMO® Otsuka Chemlcal
' “vCompany was the Sponsor of the study The study was: conducted in conformance Wlth the -
Env1ronmental Protectron Agency CTSCA) Gutdelmes for Toxrclty of Chemicals (1990) 40 CFR 792
~and the study was listed on Battelle’s Master Study Schedule The Study Protocol and amendments to )
| the protocol are contamed in Appendrx A . ; : L
. The study was conducted at Battelle Columbus Operatrons under the dlrectton of Dr Mlchael
 E. Placlce, D:A.B.T.. The 1n—ltfe exposure portlon of the study began on November 5, 1992 and _
- ended on February 3, 1993 The in-life recovery- portlon began on February 4, 1993 and ended on
' May 7, 1993. This study was mmated on October 20,1992 W1th the srgnmg of the protocol and
f completed on March 30 1995 wtth the 31gnmg of the final report




2.0 EXPERIMENTAL DE’S‘GNi e

For thrs mhalatlon toxrcrty study of TlSMO“’ (Potassrum Octatltanate), 140 ‘male and

140 female Fischer 344 rats were used. ‘Test groups of rats were exposed to one of three | mass

aerosol concentratxons of the test artlcle and an air control group were exposed by whole body

mhalauon as shown below Ammals were exposed for 6 hours/day, 5 days/week for 13 consecuuve

" ‘weeks, with subgroups of ammals observed throughout a 13-week recovery perxod There were a 7

: total of three subgroups of ammals thhm each test concentration group, a base study group,

'recovery group, and a lung clearance group. The base study group and the recovery group consrsted
of 10 rats/sex/exposure concentratton Base study rats were necropsred the day followmg their last

- exposure. Recovery group ammals were necropsred at the conclusron of the 13-week recovery :

' perrod The lung clearance group consisted of 15 rats/sex/exposure concentration. Frve N

' rats/sex/exposure concentratton from the lung clearance subgroup were necropsred at three drfferent
‘mtervals l) the end of the 91—day exposure perrod 2) after approxrmately 1. 5 months followmg the ‘

end of exposure and 3) after approxrmately 3 months followmg the end of exposures The study

desrgn is summarrzed in the table below

\

O

Group

TISMO® Exposure

Animal Study Numbers

Concentrattons . Sex - R Lung
.Nurnbert (mg/m) | Base Study Réc;\;ery - Clearance - |
- | | M | 101-110 C111-120 121-135
1 ~ Air Control . , TR 3 T S
" - KR F | 151160 | 161-170 < | = 171-185
. L M | 201210 | 211220 221-235
SO % F | 251260 | 261270 271285
- o M | 301310 311-320 321-335
T o F 351-360 361370 | 371-385
o : M| 401410 | 411-420 421-435
4 100 t R Gl s ~
: F 451460 |  461-470 471485

observatrons (once weekly), body werght measurements (Day 1 weeldy thereafter and at necropSV) '

The parameters used to, assess toxrcxty durmg the m—hfe portlon of the study mcluded cli mcal




| clmrcal pathology (at necropsy) and urmalysrs (Study Weeks 12 and 25) Postmortem studxes
~included a complete necropsy with deI'OSCOplC tissue evalLatlons organ wewht me“suremenfs and
-“lung clearance studres Hlstopathologrc assessments were performed on all tissues from the base

‘ study and recovery ammals in the high and air control concentratron groups Target organs were

" examined from the middle and low (oncenfratron groups




3.0 MATERIALS AND METHODS

' 3. Testand ‘Co‘ntr()l-y Artlcles

The test’ artrcle used for this study was Potassrum Octatltanate trade name, TISMO®, ‘

- Lot #2D93J The test artlcle was supplled by the Sponsor and was recerved at Battelle on. June 16
1992.. Upon receipt, the test article was assrgned lattelle Substance Control Number 873A and was
stored at ambient room temperature 1n the Animal Resources Compound Repos1tory ‘The test article
had no. stated exprratlon date ‘ o

The control artrcle in thlS study was ﬁltered condrtloned room air..

The test artrcle rdentlty, pur1ty, stablhty, and methods of synthesxs were- the responsrbrlrty of

the Sponsor
33 Experfirnental An;*mars |

, A total of 280 Flscher 344 rats (140 males and 140 females) were requlred for this study A

‘ sufﬁcrent number of ammals were obtamed from Charles River’s Ralergh Laboratorv to provrde the '
: requlred number of healthy ammals for testmg Ammals were 4 to 6 weeks old at the trme of recelpt '
- and no older than 6 to 8 weeks at the initiation of exposure. The rats were housed in Room 7C-41 9
durmg the quarantme penod and in’ Room 7C-307 durmg the study penod The rat was chosen as the ;

test system because this specres has' been accepted for tox1c1ty stud1es to.assess the safety of chemrcals o

to which humans may be exposed

The ammals were recerved at Battelle on Qctober 22, 11992, 14 days prior to the initiation of

e exposure Durmg the quarantme perlod the rats were acclrrnated to the ammal room and exposure

; j~'chamber envrronmental conditions’ that were used for the study Each ammal was observed darly




fdurmg quarantme for chmcal signs of abnormallty that would make it unfit for study Healthy

- 'ammals were released at. the conclusmn of quaamtme f’ollowmg exammatlon by the staff vetcrmarran

At the time of recexpt sera were randomly collected from 5 rats/sex for evaluatton of selected -
anubody titers. _These ammals were not used on study Samples of sera were sent to and analyzed by
Mlcrobrologrcal ‘Associates, Rockvﬂle Maryland for measurement of antlbody tlters to Sendai Virus :
'(Send), Pneumoma Virus of Mice (PVM), Rat CoronaVIrus/S1alodacryoaden1t1s Vrrus (RCV/SDA), ‘
‘Kllham Rat Vlrus (KRV), and Toolan s H-1 virus (H 1) None of the seta samples tested had .

: sngmﬁcant tlters to the mfectrous agents listed above

All amma]s were 1nd1v1dually housed in stamless steel w1re-bottom cages w1th1n the mhalatlon o
exposure chambers All housmg and care pracuces conformed to the requlrements stated in the NIH b
© “Guide for Care. and Use of Laboratory Ammals” Natlonal Instltutes of Health Pubhcatron -
‘N08623" | | SR R
Lo ’ The envnronmental condxtrons of the ammal study rooms conformed to the followmg @ the
lrght/dark cycle was held at ~ 12 hours of llght and dark each day durmg the study using ﬂuorescent
‘ 111ght1ng, startmg at ~ 6 00 a. m each day, (2) the room temperature and relative humrdrty cortrols
- were set to 67 to 77°F and 40 + 70 percent respectrvely, and were momtored twice darly for
: conformance and (3) fresh air was supphed to the room at a rate provrdmg a mmlmum of ten
. changes of room air per hour All ammals were fed ad libltum, certified Purma Rodent Chow in
‘;pelleted form (except durmg exposure) Contamxnant analysrs of each feed lot was supphed by the
: ‘vendor and each analysrs is maintained by the Battelle s Ammal Resources Fac111ty Water was |
provrded ad lzbztum (durmg exposure) via an automauc watermg system momtored darly The water -
source was the mumcxpal cxty supply from the Clty of Columbus whlch conforms with the EPA water |
~ standards. There were no reported or known food or: water contammants that would mterfere thh .

;o the purpose or outcome of the study

* 3.4 Animal Randomization ,and\ldentifica‘tion

Ammals were randomly assrgned to each study group on Prestudy Day -3 by sex: and body

' werght usmg a computer software program (Xyblon Medlcal Systems" Versmn 3 1) that employed an

\




algorlthm for selectron of body werght ‘which provrded for homogenous group mean body werghts
During quarantlne ammals were assrgned prestudy cage numbers that were used to temporarrly

identify the ammals and record body Welght data Followrng randomlzatton the anlmals were

identlﬁed by tail tattoo and metal cage tag A cross-reference file of prestudy and study 1dent1ﬁcat10n

numbers was malntamed in the computer data base and study files Ammal numbers are listed in

c ., Section 2 0.

3.5 Clinical Observations

The anlmals were observed tw1ce dally durmg the quarantme perlod and study perlod for

" mortaltty/morxbundlty (once in t.he mornmg and once in the afternoon at least 6 hours apart) All

ammals were carefully exammed once weekly for cllmcal signs. of toxrcxty Any clrmcal evidence of -

_ toxrcrty was recorded in the XyblonQ System

' 3.6 Body Weight

Individual rat body Weights were recorded within 48 ‘hours of 'receipt'and again on the dayof e

e randomlzatxon The 1nd1v1dual body welghts of the base study, recovery, and lung clearance group

Aammals were recorded on Day 1 at weekly mtervals thereafter ‘and at scheduled necropsy

3.7 ‘Clinical Patholo‘gy,_

Blood samples for chmcal pathology determlnatlons were obtamed from all base study

) (10/sex/group) and recovery group rats (IO/sex/group) at the time of thelr respectlve necropsies.

Animals were anesthetlzed Wlth propylene glycol-free sodium pentobarbltal prior to sample collectxon

‘Blood was obtained from each rat via the vena cava. Blood samples for hernatology were collected
‘ ', into tubes contarmng EDTA as the antrcoagulant Blood collected for serum chemlstry analyses were .
- collected into tubes wrthout antrcoagulant and the serum separated by centrxfugatton after clotting. ‘

The followmg chmcal pathology evaluatlons were conducted

‘ Hematology evaluatrons mcluded

- Red blood “cell count (RBC)‘
= _H,ema’tocrit (HCT):




Ll ,Hemoglobm (HGB) : L .
. - Mean corpuscular volume (MCV) SR
. = Mean corpuscular hemoglobin (MCH) '
- Mean corpuscular hemoglobin concentratlon (MCHC)
= White blood cell count (WBC)
- WBC differential count (Absolute and Relatlve)
‘-~ Percent reticulocyte count (RETIC)
- - Platelet count (PLT). :
e Clottmg tlme (Prothrombm times)

. Serum chemlstry evaluatlons mcluded

- Blood urea mtrogen (BUN)
- Creatinine (CRE) ‘
- Glucose (GLU)
- Total Protein (T P)‘
Lote Albumm (ALB) 5
- Albumin Globulm ratio (A: G)
- Alanine aminotransferase (ALT)
- Aspartate aminotransferase (AST)
- Alkaline phosphatase (ALP)
o= Lactate dehydrogenase @bH)
- Electrolytes (Na, K, Phosphorus, Cl Ca, Mg)
- Total bile acids (BSLT) - '
- -~ Gamma glutamyl transpeptldes (GGT)

3.8 Urinalysis

Urlne was collected overmght (12‘ 16 hour sample) from the base study rats durmg Week 1“/ e

| and from the recovery group rats during Week 25. Urme was collected from ammals mdw'dua

: housed in metabolism cages that facilitated separatlon of urine from possnble contammatlon by teca -

matenal During the tlme of urine collectxon ammals had ad ltbztum access to feed and water.
Preservatlon of the urme and retardatlon of evaporatlon was facxhtated by collectmg the urme samplt '

in ice-chilled vessels The followmg urmalys1s evaluatlons were performed

- Total Volume (VOL)
- Appearance (APPR)
- pH . ‘
- Spec1ﬁc grav1ty (SPG)
" - Glucose (UGL)" )
- Creatinine (UCR) e
= ‘Urea Nxtrogen (UUN) ' ;




- Urobilinogen (UBG)
-+ Occult blood (OB) :
- ‘ercroscopxc exammatron of urme sedtment

A complete gross necropsy was performed on all base study rats the day followmg thenr final

exposure and all recovery group ammals at the end of the 13-week recovery perrod All rats were

gt /welghed prior to necropsy and were kllled humanely by exsangumatlon after admxmstratlon ot

e pentobarbltal anesthesra. Each necropsy mcluded exammatlon of the external surface of the bodv :md
exammatlon of all requrred tlssues , PRy gy ) |
 The followrng tissues along W1th any rdentlﬁed gross lesrons were preserved in 10 pertc nt
neutral buffered formalm solutlon except eyes and testes, which were preserved in Boum s fix: m\ e
,,After the organ werght was determmed lungs were perfused w1th 10 percent formalm usmg 4 ora\ m
ﬁlllng 25 cm hydrostatlc pressure) dev1ce The trachea was. Ilgated after mfusron to, ensure tre 1pp ng

. of fixative in arrways and alveoh

Adrenals - ot Sl Nasal Cavrty @ levels)

All gross lesions Ovaries
~ Animal Identxﬁcatlon AT  Pancreas - e
Aorta - - R DU Perlpheral Nerve SN
‘Bone Marrow (evaluated only - Pituitary - ‘
if determined necessary by Rectum : T R
- the study pathologlst) ST b Representatlve Lymph Node o
- Brain R S 7; Salivary glauds
Cecum e e R Spleen : :
Colon . i Sternum/wrth Bone Marrow "
Duodenum . - Stomach G
‘ Esophagus el . Testes
. Eyes . Thymus
-~ Heart .o Thyr01d/Parathyr01d
~lleum ... Trachea - o
CJejumum . Urinary Bladder S
Kidneys e Uterus = : ‘
Liver =~ . . . Accessory gemtal organs (prostate epldndw T

~ Lungs " - and seminal vesicle, if present). -

R




310 Organ Weight

Selected organs were Werghed for all ammals survrvmg to scheduled necropsy; ‘E’achof the

followmg organs were removed tnmmed of extraneous tlssue and weighed:

’ Lungs ST Adrenals (palred) §
Liver - .~ . Brain B

‘Kidneys - TestesorOvarxes

3 lﬁstog‘athqlog‘yf

. Hlstopathologlcal exam1nat10n were conducted on all tissues from the base study group ammals
\. from the hlgh concentratron exposure group and the alr control group Exammatrons were also
“«conducted on tissues from the recovery group ammals from the hlgh concentratxon exposure group
and the air control group. Target organs were exammed from the mlddle and low concentrarxon
groups. e | RN ST T

The lungs Were 'Sectioned' to present'a maximal section of the mainstémbrdnchi and the nose

" and nasal turbinates were prepared in four sectrons usmg the landmarks descrlbed by Young :
(Fundam Appl Toxicol., 1 309 312 1981) e : ,
In addltron to the ﬁrst review of slrdes a blmd reevaluatlon of the target organ slrdes were -

: ‘performed

3.2 Lung Clearance Studies
i In order to estlmate the lung burden of potassrum octatrtanate ﬂbers and the rate of ﬁber .
, clearance followmg the end of the l3~week exposure perrod a subgroup of animals were used o
measure the total lung content of tltamum Trtamum (T 1) was used as the marker for ﬁber luno : "
’burdens Five rats/sex/group from the lung clearance subgroup were necropsred at the followmv

- mtervals wrthm 24 hours of thexr last exposure of the 91—day exposure’ perlod near the end of the 6-

- week post-exposure recovery, and near the end of the 12-week post-exposure recovery penod The o

- lungs from all rats were drssected and the fresh werghts determmed After the fresh (wet) welghrs
“were taken the lung was placed in a labelled megacassette and drred at approxrmately 47 Cina




, forced air oven ‘for a mmlmum of 24 hours and the dry werght recorded All lung samples were then

- kept. frozen ( -20°C) untll the an Jysrs for t1tan1um

‘Each lung was- then dlgested ln an ac1d solutron and forrnulated in an approprrate matrrx for

‘ atomlc absorptlon analy31s of Ti. The concentratlon of Ti per unit mass of dry lung and wet lung was :

g calculated -along with the total lung burden of Ti. . (Analytlcal method for titanium analysis 1s ;
» provrded in Appendrx B ) - . : : \

3.13 Data Mana ementzandrStatis“tical‘ Analysis

L In~llfe and postmortem ammal data were collected usmg the Xyblon® Path/T ox Data System
‘ (Version 3.1),- (Xyblon Medrcal Systems Corporatron Cedar Knolls NJ) Thrs computer data capture
’system recorded body werghts clmrcal observattons and organ welghts on-line with Battelle s VAX '
L Computer System Data collected of'f lme (1 e. clrmcal pathology, urmalysrs and gr0ss necropsy
observattons hlstopathologlc ﬁndmgs) were key-entered mto approprrate Xyblon modules and
revrewed for accuracy of transcrrptron o ' ; :
All quantrtatrve in-life and postmortem pathology data were. staustrcally analyzed Normally

' dlstrlbuted data (parametrlc) were. analyzed for: treatment effects by analysrs of varrance and palrwrse

E comparrsons made between groups usmg Dunnett’ s t-test Nonparametrrc data were analyzed by the

B Kruskal-Wallrs Test and by the Mann—Whltney U Test for pa1rw1se group comparrsons

3.14 Exg' osure system

RN

- 3.14, 1 Tost Artlcle Aerosol Generatron
4 nd Dellveg System

{
The purpose of the aerosol generatron system was to prov1de a representatrve umform \ B
o concentration of test artlcle aerosol with a defined resprrable fractron o the breathmg zone of the :
- animals. The test article aerosol generator was’ desrgned as a two- part system the ﬁrst was a-
‘mechamsm to feed test article matenal at a constant rate into an aerosol generator and the second
was a hrgh-energy dxspersron devxce to aerosolize the test materral The ﬁrst component of the
generatron system was an Accurate Model 302 Dry Chemrcal Feeder (Accurate, Inc., Whltewater

' '-‘WI) whrch delrvered preset amounts of potasslum octatltanate bulk ﬁber into the aerosol generator !

K



e

Thls dev1ce employed a large capac1ty hopper w1th an auger type feed screW' The feeder dlrected a

' )contmuous stream of test compound past the mlet of a'Fox, one mch Coaxial Eductor Valve {Fox"

5 Valve Development Corp., Dover NJ/East Hanover NJ), which aspirated the materral entramed it

into a hrgh pressure stream of alr then introduced it mto a plenum chamber A L
The plenum chamber was supplred wrth Hepa/Charcoal filtered carrrer air and the aerosol was
‘ allowed to mlx 1ns1de the plenum chamber Carrier air entered the plenum chamber near the bottom ‘
-and the arr ﬂow pattern was from the bottom to the top. Any large fibers on agglomerates that ‘
formed settled and were depos1ted at the bottom of the plenum rather than bemg entramed in the arr
: ,’rrsmg to the top of the. dellvery system ' o o
| The test atmosphere was ducted from the plenum to the exposure chambers through stamless
. steel dehvery mamfold The test artrcle aerosol was mtroduced mto the mamfold and mlxed wrth the’
mamfold air to’ yleld a mamfold aerosol .concentration of 100 mg/m At the lower concentration p
exposure chambers ﬂowmeters removed appropnate aliquots of the manifold aerosol which was '
further mixed with HEPA filtered room alr to obtaln the proper chamber concentratrons The '

100 mg/m chamber recelved mamfold aerosol dlrectly wrth no dllutron The air control chamber

- 'recelved HEPA ﬁltered room air only b R

The chambers used for this study were Hazleton HZOOO stamless steel and glass exposure .
' chambers - The number of ammals requrred for this study was such that ammals were housed on three - _“

- levels within the chamber. A sche\matlc diagram of the entire. system rs 1~ncluded in Figure 1.

3.142 Ex osuré'fAtmos here Concentration Analysis

Exposure system aerosol concentratlons were momtored by gravrmetrrc filter analysrs Gelman
‘#66075 25mm, glass fiber filters (Gelman Scrences Ann Arbor, MI) were placed into open- face ’
ﬁlter holders and inserted into exposure ports within the chambers Cahbrated air flow rates were
| regulated using crxtrcal orlﬁce meters, 10 sample a known volume of test atmosphere through the o
~\ ﬁlters Immedrately after sampling, the filters were wexghed and the mass concentratron of the total

aerosol was calculated from the accumulated mass and the sample volume




3.14.3 Fiber Analysis

p Frber count and ﬁber srze dlstrtbutlon measurements were completed durmg the pre-study

‘valtdatlon of the system and: weekly durmg the exposures to determme the length and width of ﬁbers
~in the exposure atmosphere Ftbers were collected on Nucleopore 25 mm ﬁlters The ﬁlters were
analyzed by Scanmng Electron Mlcroscopy (SEM) ltght mrcroscopy, and/or electron bearn ,

;techmques Images of the ﬁbrous material were generated and used to compute ‘the length wrdth and '
' aspect ratto of the fiber. ‘A TN- 8500 lmage Analysrs System w1th a ﬁber analyzer program was used

'to perform the measurements The fiber analysis software package was wrrtten and distributed by
Noran (formerly Tracor Northern) to be run with the TN-8500 Image Analyzer and the Battelle '
. TN8502 mainframe, a llght optics statton and al EOL Mtcroprobe Analyzer (EPMA)

Samples were analyzed at IOOOX magmﬁcatton with a. correspondmg resolutton of 0. 085

_microns. L : . AT R T : .

- The fiber concentratton (ﬁbers/cc) was calculated by d1v1d1ng the number of fibers present in. - |
the field or fields of view by the product of the ratio of ﬁeld size to the total collectron area ot the *

filter by the total volume of air sampled through the ﬁlter

E | ‘,3.1?4.4' C’ham‘ber Envirbnrnentgl Measurernents.

- An mhalatton chamber Envrronmental Acqutsmon System (EAS) was desrgned to measure and
record tnhalatton chamber temperatu,re hum1d1ty, and exhaust flow rates usmg an IBM XT persoml
- computer (PC), coupled w1th an A/D data. acqutsrtton board and associated mstrumentatton A
QulckBASIC program was wrttten to log chamber envrronmental data generate hard copy of the dam L
logged and to store data to dlSk for subsequent statlsttcal analysrs A PC- SAS® summary omgr im

was written to summarlze the datly data generated by the EAS. |
| - The PC hardware interface to the EAS consrsted of a Model Tll termmal panel and an \( P( ”
B 12 16 data’ acqutsrtton and control board (Strawberry Tree Computers Sunnyvale CA)
' Temperature in each chamber was monitored usmg 20- gauge type T thermocouple probes
Each thermocouple probe was located at the top of each chamber approxxmately 2 feet from the |
E chamber inlet duct. The thermocouple probe exrted each chamber at the: top, and was connected wa
| qurck disconnect type T thermocouple connector to facilitate easy removal of the probe dunng

'chamber change~out activities. Type T 20-gauge polyvmyl-shtelded duplex extenston thermocouple




wire (Omega Engmeermg, ctamford CT) was used to connect the qutck-dlsconnect couplmg to the ~
'\ T ll termmal panels The termmal panels contamed ‘sothermal plates and mtegral cold-'unctlon
sensors e ’, i . _ -
The dew pomt in each chamber was momtored usmg an 0pt1ca1 Condensatron Dew Pomt '
Hygrometer (General Lastern Watertown MA) The hygrometer output was logged by the EAS as
an analog input channel. Sample lmes were 0.25 inch O.D. polyethylene and were 1nstalled near the .
- top of each chamber 1n the vicinity of the thermocouple probes Each sample lme exited the chamber‘
’at the top. A Model ESC 10P Electromc Actuated Posrtron Valve (V alco. Instrument Co., Houston |
| TX) was remotely located in the exposure room and each chamber s humrdlty sample line - was I
‘ connected to a valve port via 0.25 inch polyethylene tubmg The valve was equlpped wrth a select
~anda‘ “common” _port. The common port allowed atmosphere from all chambers to be pulled throuoh .
'the sample lmes thereby allowing a fresh supply of chamber atmosphere in the sample lines at all”
' trmes The select port was used 0 drrect a smgle chamber atmosphere 1nto the 1nlet of the dew ‘poirt.®

’ _hygrometer sensmg volume. The- flows throuah hoth the select and common ports. were COI’I(FO”(d by

i callbrated ﬂowmeters a flow rate of approxrmately 200 cc/mm was mamtamed through the StlLLl port -

and approxrmately 2 L/mm was drawn through the common port ‘ o

- All chambers were operated at 15 air changes per hour (500 L/mm) controlled by calibr: utd .
: ’orrﬁce plate ﬂowmeters located on each chamber s exhaust.. The ﬂowmeter s upstream and :
/ downstream pressure ports were connected to an EST lOP Electromc Actuated Position Valve ¢ «\ alco
) . Instruments Co Houston X) v1a 0. 125 inch ID Tygorl® tubmg The valve’s upstream and :
downstream exit ports were: connected to a zero to 5.0 inch of water varrable reluctance dlﬁLle” ll '
: preSSure transducer (Battelle s Instrument Servrces) A callbratron of each ﬂowmeter s flow rate”
versus, transducer output was performed prror to exposures The transducer output was lO"Gu L

EAS as an analog mput channel

3145 Chamber Atmospherc Uniformity ~ .

The umformrty of the chamber aerosol atmosphere was determmed by gravrmetrrc
concentratlon samplmg on the levels of each chamber where the ammals were exposed “The
scheme mcluded a reference to determine temporal umformrty as well as spatlal um"ormed

determmatron of multlple locattons Wlthll‘l the exposure planes of the chamber The reference locdtien
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“was sampled before durmg, and after other umformlty measurements to assess the contrrbutron of - |
erhm port vanabﬂrty to the unlformtty determmatrons | ' :

The total port varlabrhty (T PV) was estimated from' the relatlve standard dev1at10n of analyses ;
from one measurement at each locatlon ‘and represented the sum of varxablltty between ports (spatral),
\ and the variability within a port (temporal)

~ The within port varlablllty (WPV) was estrmated from the relatlve standard devratron of the
;'concentratlon measured at the reference locatton Thrs varlabthty mcluded temporal ﬂuctuatrons as
. gemerator output. : SRy ' o

The between porttvarrablhty (BPV) represented the varrablhty assoc1ated wrth spatlal .
varrablhty of test article concentratlon w1th1n the exposure chamber The BPV was estlmated from
 the total ‘port mean (Mt) total port standard deviation (St), and the wrthm port standard dev1atron (S )

Hyby applymg the followmg formula [ '

TBPV"=5100’/- S2-sH2 M,
| Beeause of random error“ aggravated by the‘small‘sample size, the eStimated WPV was
occasronally greater than the esttmated TPV In these cases the BPV can not be estlmated dxrectly

‘ Smce the estimate of T PV is more rehable than the estlmate of WPV due to its greater sample size,
and since BPV, by deﬁmtron cannot exceed TPV BPV is reported to-be less than ‘the- TPV for those
i'cases where it can not be calculated The air control chamber was not’ sampled for. atmosphere

o umformrty




40 RESULTS
, _4».1‘1 Animal survrvag'
TherewerenOunschedmedanrmaldeaths mthlsstudy 5 | o S
| 42 ChmcalObservatlons L
, The rnc1dence summary of abnormal clrmcal observatrovns’ are presented in Table 1. All other
'fammals were observed as normal \Indwrdual ammal cllmcal observatlons are presented m : |

‘ Appendrx C.

The most ﬁ'equent chmcal sign ¢ of abnormalrty was eye dlscharge (red and/or clear) Eye |

o ydxscharge pers1sted 1nterm1ttently between female ammals in all groups: and the males in Group 2 ’

(1 mg/m3) begmnmg on Day 50. The sign appeared ﬁrst on Day 50 in Group 2 (1 mg/m3) males and :
: females and contmued to be observed sporadlcally untrl scheduled necropsy The other groups had

i sporadlc 1nc1dences of eye drscharge A second. abnormallty observed was opacity m the eye. Thrs

s1gn was observed in one female ammal in Group 2 (1 mg/m3) from Day 120 until scheduled

‘ necropsy

43 Body Weight

A summary of group mean ammal body werghts are presented in Tables 2 and 3 for males and

females respect1ver Graphs of group mean body weight data are shown in Frgures 2 and 3 for the
; 'males and females respectrvely Indrvrdual ammal body werght values are contamed in Appendrx D

There were no statlstlcally srgmﬁcant dlf‘erences in male group mear body welghts in Group 2

. (l mg/m3) or Group 3 (10 mg/n‘ ) compared to the air control group durmg the exposure or recovery

R perrods During the. -exposure perrod there ‘were mstances of statlstrcally s1gnrﬁcant lower (p .. 0. 05)

: .body welghts in Group 4 (100 mg/m3) males. compared to the air controls begmmng on Day 8 and .

B _contmumg until Day 85 There were several measurement perrods on Days 29, 43 64 and 71 where

. there were no statlstlcal 31gn1ﬁcance noted Durmg the recovery neriod, there were no. statlstlcally

srgmﬁcant dlfterences in any male group compared to’ the alr control group
’ There were no statlstrcally srgmficant clrfferences in female group mean body welghts in

Group 2 (1 mg/m3) compared to the air control group durmg the exposure or recovery perlods
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There were - 1solated mcrdences of statrstrcally sxgnrﬁcant lower body wexghts in Group 4 (100 mg/m3)
females on Day 36 (exposure) and statistically s1gn1ficant hxgher body wetghts in Group 3 (10 mg/m3)

on Day 134 (recovery) compared to the air. control group
4.4 Clinical?Pathology‘

Group mean clmlcal pathology data are presented in Tables 4 through 14: Indrvrdual ammal
results. are mcluded with Appendlx E ' ‘ ; , S
| ‘ There were several 1nstances in. whlch statlsttcal dlfferences occurred in hematologrc S
parameters between controls and one or more TISMO® exposed ; groups In females the 13-week /
, platelet counts of the 10 and 100 mg/m groups were decreased relative to controls on Day 93 (end
~of exposures), and the decrease was statrst1cally srgmﬁcant At Day 184 (end of l3-week recovery)
the 100 mg/m females still had a statlstlcally srgmﬁcant decreases in platelet counts. Platelet counts .
were also decreased relatlve to controls in all treated -groups of males at Day 92 (end of 13-week
~ exposure) and 1n 1 and 100 mg/m males at Day 183 (end of 13-week recovery), but without
: istatrstlcal srgmﬁcance The degree of platelet count decrease was minimal in clmlcal severlty and
would not be expected to produce any clinical srgns There were no s1gn1ﬁcant dlfferences in platelet
fcounts among male groups. While the decreased platelet counts may have been a result of exposure
- such an effect was of negllgrble toxxcologrc 51gn1f‘1cance All platelet values were near normal ranges

_ for rats. Hlstopathologrc examrnatron of the bone marrow of exposed anrmals showed no evrdence of

= treatment effects on platelet precursor number or morphology

There were also small but statlstlcally srgmﬁcant decreases in mean blood hemoglobrn

\ erythrocyte count and mean corpuscular volume at Day 93 (end of 13 week exposures) in the

‘,100 mg/m3 females mean corpuscular hemoglobm in the 100 mg/m males at Day 183 (end of l3-

~ week recovel'y), and mean corpuscular volume in the 10 and 100 mg/m males at Day 183 (end of

o 13-weck recovery) All RBC 1nd1ces were: near normal ranges for rats As was noted for the platelet B

' ,—count data c1ted above, these data may represent an exposure related effect but any effect would be
- of neglrglble clinical s1gmﬁcance , ’ , ' /
' , There were also some statlstlcally srgmﬁcant changes in relatrve numbers of varlous types of
: leukocytes in perlpheral blood at various times in. female treated groups but these seem. of no ;o
| partlcular significance in hght of the fact that total: whlte blood counts were qurte steady throughout '
“the study in control and treated rats " 7 ' ‘ '




There were several 1nstances in whrch mean values of Serum chemlstry parameters 1n treated

ammals dlffered statxs'xcally from contro! values ere the statlstxcally sxgnlﬁcant dxfferences crted

|

~ above in the dlscussxon of hematologlc data these data trends seem to represent changes of no clmtcal

- and probably httle toxrcologxc srgmﬁcance Values were near ormal ranges for rats and there was a

,lack of clear concentratton relattonshlp Statxstlcally s1gmfican decreases in total protem and albumm

~ were noticed in the 100 mg/m males at Day 92 (end of 13-w k exposures) but th1s tendency was

.

, rmmmal and dxsappeared at Day 183 (end of 13—week recovery1) The I8 and 10 mg/m males had
‘elevated bxle salt values compared to controls at Day 183 (end of 13-week recovery), but the mean:

values i in the 100 mg/m males was lower than the: means of. elther the 1 or 10 mg/m males An

/ 5 mcldental statlstxcall si nlﬁcant 1ncrease in blood urea mtroge was noted m I m /m males on Day -
— y sig g y -

e changes in ALP were very small and mterpreted to be within

183 (end of 13—week recovery) Serum alkalme phosphatase ( LP) and lactate dehydrogenase (LDH) ~
o | ; values were statlstlcally dlfferent frorn controls in a number of treated groups at various times. The \ |
| tlLe range of normal The LDH values A
lwere consnstently lowered but LDH values are generally only Lonsrdered to be a useful 1nd1ce ot ’
. organ damage when they are 1ncreased A small but statlstlcally srgmﬁcant mcrease m serum L
‘ ‘,morgamc phosphate was noted at Day 92 (end of 13-week exposures) in the 100 mg/m males, but T
. .dld not persist untll Day 183 (end of 13-week recovery) These altered phosphorous levels were not

e accompanled by any chnrcal or anatomi¢ pathology results. lndlcatlng dysfunctxonal calcmm/

phosphorous metabolism or altered renal functtons whtch are _'e two most: common dlsease states -

1nvolv1ng altered phosphorous levels

4.5 Urinalysis
‘ None of the results of urmalysxs were statlsncally dxfferent between ‘exposure groups nor Jid

‘ they mdlcate the presence of any toxnc effects on renal functlon.

4.6 Necropsy -

| Necropsy observatrons are summarlned for: the mterlm ecrbpsy conducted at’ the end ot 1 3

‘ ‘week‘s of exposure and the final. necrop.,y completed at the conclusion of the 13-week recovery perrod
1 'm Tables 15. and 16, respect1ver Macroscoplc ﬁndmgs for individual rats are presented in

“Appendlx F. An apparent exposure -related effect characterrzed as diffuse dlscoloranon of the | ungs

, followmg fixatton ‘was observed in all hlgh concentratron group (100 mg/m3) rats at the interim
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necropsy. All other gross observatxons were cons1dered to be spontaneous 1nc1dental lesions thaf :

were not related to exposurg, i
47 Organ Weight Results

- Group mean absolute organ weight values 'organ-to-body weight ratios and ’org’an-'to-brain“’ ,
- werght ratios are summarrzed in Tables 17 (male interim necropsy, after 13 weeks of exposure) 18
(male final necropsy, after 13-week recovery perlod) l9 (female mterrm necropsy, after 13 weeks of
,exposure) and 20 (female final necropsy, after 13-week recovery perlod) Indrvrdual ammal data are
included in Appendrx C. i : i
’ There were few statlsncally srgnlﬁcant dlfferences in absolute organ werght organ- to -body
werght or organ-to-bram werght ratlos m male or female rats from Group 2 (1 mg/m3) The male
'absolute lung werghts at the interim necropsy were s1gn1ﬁcantly hlgher compared to the air control e
group Absolute llver werght values were. srgnlﬁcantly hlgher in the Group 2 (l mg/m3) ﬁnax Sy
o vnecropsy males compared to the a1r controls In addltron female interim necropsy anlmals had
] srgmﬁcantly higher kmney-to-body wexght values compared to. the air control group ,
~ Male and female rats in Group 3 (10 mg/m®) had significantly hlgher (p < < 0. 05) abs: lute |
lung welght lung-to—body welght and lung-to-bram welght ratlos at both the 1nter1m and ﬁnal |
necropsy compared to the air controls There were no other srgmﬂcant dtfferences in this expo\u ¢
- group. » ~ _ :
| The male and female rats in: Group 4 (100 mg/m ) had srgmﬁcantly h1gher (p ‘O“ 05"
) absolute lung werght lung-to body welght and lung-to-bram weight ratios at both the 1nter1m And 72.\;‘«.\1]
, 'necropsres compared to the air controls Absolute bram weight values in females at the mtmm
necropsy were srgmﬁcantly lower than the air control ammals Krdney-to-body weight values .0 |
_ females at the. mterrm necropsy and absolute kldney werghts at the final necropsy were srgnmr. ,

- 'higher than the alr.control animals. No other s1gmﬁcant drfferences occurred in this group

4.8 Histopathology

Mrcroscoprc observatlons are reported as’ mc1dence summarles in Tables 21 (rntenm necre z Sy
after 13 weeks of exposure) and 22 (final necropsy, after l3-week recovery perrod) Al: mxcrost.
findings for individual rats are presented in Appendrx H Evaluatlon of target organs for. individual

:rats read w1th knowledge of ammal 1dentrﬁcatron/exposure (coded) and wrthout such 1nform:mon




| I(blmded) are presen.ed in Appendlx L Representatlve photographs of lungs and lymph nodes are
. presented in Flgures 4 through 3. Fe ‘
‘ Compound-related effects at the end of 13—weeks of treatment (“Intenm Sacrlﬁce v ) we‘re ~"‘
,xfound in the followmg organs lungs bronchlal lymph nodes and thymxc lymph nodes The lungs m
treated rats had mmlmal to shght thlckenmg of walls of the alveolar ducts and septae characterized by
| mcreased numbers of partlcle-laden macrophages (=1 mg/m3), hyperplasxa of type II pneumocytes
(=10 mg/m3) and some fibrosrs (=10 mg/m3) The occurrence of partlcle-laden macrophages was

nearly 100% in the affected dose groups while the severlty was exposure-related rangrng from :

by trace/mlmmal (severlty grade 1) to moderate (severity grade 3)/severe (severrty grade 4) mvolvement

: The partrcles w1thm the lungs appeared to be relatlvely inert because of the absence of any 51gn1ﬁcant g
' mﬂammatory response other than partrculate phagocytosxs and the multrfocal distribution of generally

- minimal pneumocyte II hyperplasxa Many of the 1nterst1t1al areas were thickened due to increased

o ‘f (numbers of ﬁbroblasts as seen with conventtonal hematoxylm and eosin (H & E) staining.  To better .

- characterlze the nature of the mterstltlal thlckemngs specral tr1chrome~stamed preparatlons were
obtained. Although mature collagen fibrlls were not readlly apparent the thlckened areas stained

- posmvely for collagen thh the special . stain and thus, it was. 1nterpreted that some collagen formatxon A

: (ﬁbrosxs) had occurred. ' ' s ‘ k

‘ Lymphatlc draxnage of the partlculate materlal was also apparent since the- reglonal lymph

, nodes (bronchlal and thymtc) had partxcle-laden macrophages ‘Like the lesions in the lungs ‘the

| vseverlty of the lymph node lesions was exposure»related All other ﬁndmgs at the end of treatment

~were mc1dental in nature and not compound-related : B ' .

Rats exammed mlcroscoplcally at the end of the recovery phase had compound mduced lesxons '

: ’of the lungs and lymph nodes that were srmxlar to those at the end of treatment Lesmns in: recoven |

- ammals were of comparable severlty to those necrop51ed at the termlnatlon of exposure thh no new

e | findings that suggested progresswe changes However the dlstrlbuuon of the particulate matena: o

appeared to be more localtzed in macrophages near the alveolar ducts, suggestmg some ongomg slow
~ clearance. Thus, these lung and reglonal lymph node lestons were neither reversrble nor progressne
in nature after 13 weeks recovery from exposure to TISMO® ‘ p

Whether the tissues were evaluated “blmded’” or w1th knowledge of exposure there was little

dlfference in severrty grades Thus, havmg access to exposure mformatlon did not blas the

o microscopic evaluatlon of the tissues. : Gl T L

‘Rats exposed to TISMO® at. exposures of 1 to 100 mg/m3 had partncle—laden macrophages in :

the lungs and the regronal lymph nodes (bronchial and thymlc) The amount of the partrcles was -



' , ‘exposure-related Langmg from a very sllght trace amount (severrty grade 1) at i ! mg/m to a -
moderate/severe dlstrlbutlon at 1OO rng/m Addmoral Tung responses included sl1ght hyperplasra of
~ - the type II pneumocytes and mlnlmal ﬁbr051s (> 10 mg/m3) The lung and lyrnph node lesions were ¢

nerther reversrble nor progresswe m nature after 13 weeks recovery from exposure to TISMO®

= 4 9 .Lim 1 Clear-ance‘ Resultsff"

The wet and dry lung werght values are presented in Table 23 (males) and Table 24 (females). S
The total Tltanrum (Ti) burden, dry lung welght values and Ti concentratlon per umt dry lung mass
' are presented in Table 25 (males) and Table 26 (females) The total utamum burdens are represented
f"graphrcally over time in Figure 14 (males) and Flgure 15 (females). There was a clear concentratlon
dependent increase in Ti concentratxon and total T1 lung burden with greater exposure concentratxons | k
» Rats exposed to 1 mg/m dld not have significantly dxfferent T1 levels compared to the baclfground hf |
' tissue levels measured in controls ‘However, rats exposed to 10 mg/m were 4 to 5 times greater e
4 than controls and the 100 mg/m rats had lung Ti levels a full order of magmtude greater than control
its: . S 1 | | _
k There was only a nommal decrease or. clearance of Ti from the lungs of exposed ammals o
: ,durmg the recovery pertod The total Ti burdens remamed relatrvely constant whlle the dry lung
_mass increased (presumably due to the growth of the' rats) Thls resulted in the concentratlon of Ti
decreasmg, but this was probably not due in any sxgnlﬁcant part of true clearance of Ti ﬁbers from -

- the lungs

B

Chamber umformlty measurements were completed durmg the pre study valrdatron of the C

: 1 system The data show the between port varlabrhty (BPV) less than 12 percent m all chambers

These data are summarlzed in Table 27. Thls pre-study anal ysis showed that there was a unlform

: ’drstrrbutron of the atmosphere within the chamber B AT T e o
- Three consecutrve six hour trxal runs were cotnpleted prior to the start of the study to confirm

Y the system was surtable to produce consrstent results on a dally basrs The results of these trial runs
are presented in Tables 28, 29,,and 30, ' .

L




| ,4.’10.2,/ Bulk Fiber 'Dis_‘tri‘but‘ion - |
Bulk ﬁber measurements were completed in earlier phases of work w1th this compound to0
i “assure that the test atmosphere generated was comparable to the bulk materlal The bulk fiber -
‘ 1analysrs was completed at a- magmﬁcatron of 1000X and an 1mage analys1s resolutlon of 0. 085 ,
’mlcrons The mean length of fiber: was 3.61 mlcrons and the mean width was- 0 35 mlcrons The
B bulk ﬁber (lot number 2D93J) length and w1dth measurements are detatled in Table 31, and ‘
) Flgure 16 ' '

4.10. 3 Pre-Studv Fiber Size and Count Analy\ sis

S Frbers were collected durmg the pre—study vahdatlon phase to determme the length and w1dth ;
"dlstrrbutlons w1thm the chamber atmosphere Two filter samples were collected within each chamber |
' The mean fiber length for the first filter sample at 1000X magmﬁcatton was 3. 75 3.77, 3.06 for the .
L 10 and 100 mg/m chambers respectwely ‘The mean fiber width for the first sample at lOOOX -

o magmficatton was 0. 38, 0. 42, and 0.47 for the 1, 10 and lOO mg/m chambers respectlvely The

- as would be expecte_d aswell,

second sample at lOOOX magmﬁcatton revealed srmllar lengths and width values These data are

- detailed i in Table 32. S S ,

| ' Fiber count measurements ‘were completed on the same ﬁlters and the number of ﬁbers per

f " .cublc centlmeter was calculated . The mean fiber counts determmed from these samples were 3834 5
11,555, and 244, 000 ﬁbers per cublc centlmeter for the 1, 10, and 100 rng/m chambers

respectively. These data are detalled in Table 33..

: , ‘ These pre-study data mdrcate that the aerosol generated had equal mean length and wrdth k
?values as the bulk materlal and that the ﬁber size dlstrlbutton was equally distributed throughout the
| exposure chambers resultmg in similar mean length and wxdth values'in all chambers The mean |

- fiber concentratton (fibers per cubic centtmeter) values mcreased w1th the mass concentratlon values

2




. ‘count measurements are d ctailed in Table 38

- 4.10.4 Exnosure‘Mass, Concentration »Data;xf\ '

v

The grand mean (mean of all samples collected) chamber mass concentratrons were 1.1, 10 4,

and 103 7 for the 1, 10 and 100 mg/m chambers respectlvely All of these values are within 10% :

: of targeted concentrations. Relatrve standard devratlons were less than 20% mdrcatmg the
) concentratrons were stable over tlme These data for the 1ndrv1dual chambers are hsted in Table 34

- ‘ Weekly mean concentratron by chamber are lrsted in Table 35.

4.10.5 Ex‘,nosure\ Environn'rentfal‘ Conditions

The grand mean chamber temperature percent relatrve humrdrty, and air ﬂow rates are hsted L

~in Table 36. All values were wrthm the protocol specrfied range.

410.6 ‘Ex’ ‘osuré Fiber{“'Si‘ze’ and Count Data =

The mean ﬁber length for all samples collected was 2. 81 2 69 and 2. 79 microns for the I,

10, and 100 mg/m> chambers respectlvely The mean ﬁber width for all samples collected was 0. 48

0.48, and 0 45 mrcrons for the 1, 10, and lOO mg/m chambers respectlvely The data are detalled
in Table 37 Raw data of gravrmetrrc ﬁlter analyses ﬁber count measurement and fiber srze

l V'dlstnbutron are contalned m Appendlx I ; ( : »

| ; The mean fiber concentratron values (fibers per cublc centrmeter) collected from the samples

: i- were 1707 5875 and 112724 f/cc for the l 10 and 100 mg/m chambers respectrvely The nber
- The results again, as with the pre- study results show the, ﬁber drstnbutron is represemamc of

- the bulk materral, and equally.rdrstrrbuted within all chambers.,
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5.0 DISCUSSION AND CONCLUSIONS

There were several objectlves for tl’llS study mcludmg eharacterrzmg the potentlal tox1c effects

: of potassrum octatrtanate fibers,’ trade name TISMO“’ asa result of mhalmg a range of concentratlons

of ﬁbers identifying the specmc eﬁects on target organs determtmng the potentral reversal or:

' progressmn of these effects and estrmatmg the rate of 1ung clearance of the test mater.al deposnted in
v' the lungs over the 13 week exposure perrod The final objectlve was to provrde a sufﬁment data base

to assist in desrgmng a posmble future chronic study 7

| | The aerosol generatlon and exposure system performed as desrgned A umform and stable '

: -atmosphere of test compound was produced and was dehvered to the exposure chambers retaining
similar physxcal and srze dimensions as present ln bulk material. All exposures were conducted as -
‘planned and no protocol devratlons of any 51gn1ﬁcance occurred durmg any phase of the studx ’

T Clmlcal observatlons of the animals, chmcal pathology and urmaly51s determmatlons dlu nol .
reveal any s1gn1ﬁcant changes that would suggest concentratlon or compound. related toxic. emus '
other than a slight but consistent decrease in the. mean body welghts of male rats exposed to lht |
htghest concentration’ (100 mg/m3) However there was ev1dence of test artlcle exposure in xll
concentration groups of ammals Rats at all concentratlons of test artrcle had partlcle-laden o
‘macrophages in the lungs and regronal lymph nodes (bronchlal and thymrc) The amount of paruicies | B
' ’was concentratlon-dependent rangmg from a very shght trace amount (severity grade 1) at'l my m'

" to a moderate (severxty grade 3)/severe (sever1ty grade 4) dlstrlbutlon at 100 mg/m?>. - Adduu Al tung
responses 1ncluded shght hyperplasm of type II pneumocytes and m1n1mal ﬁbrosrs (> 10 mg m'

Addltlonally, mcreased absolute lung welghts were noted in the 1 mg/m group maltx e

1nter1m necropsy (however, were similar to controls at final necropsy), in the 10 mg/m gmu ‘

| and females at mtenm and ﬁnal necropsy, and in the 100 mg/m group males and females at v:'rrg-r

and final necropsy‘ I’ncrease‘dlung-to-body wexght and lung-to—bram werght ratios for both SR
the 10 and 100 mg/m groups, demonstrates that th; test. compound dep051ted in the lungs ot |
ammals resultmg in an mcreased trssue mass ’ : ‘

The recovery group anlmals suggested that the lung and lymph node le51ons were neumr k
reversrble nor progressive m nature after 13 weeks of recovery from the exposure to rISM()‘t (e
' ‘clearance ammals showed a well deﬁned concentratlon relatxonshlp in total Tltamum burden in the
lung However the lung clearance data (Ti content) were less clear regardmg the magmtude ur fiber

| removal from the lung after erther 6 or 12 weeks of recovery These data were hlghly varxablt




o4

B whrch did not allow good quantlﬁcatron of ﬁber clearance It is probable that some percentage of

o fibers bef‘ame lodged within tissue spaces and were not removed by normal clearance mechamsms

This is typrcal of a fiber of this chemlcal makeup and size dlstrlbutlon Hlstologlcal ev1dence of ﬁber |
clearance was seen in recovery rats (macrophages contarmng phagocytrzed ﬁbers accumulated ator
g ‘near termmal airways). It was spemﬁcally noted that most ﬁbers had. apparently been removed from
 alveolar spaces and major alrways ,

Based on these ﬁndmgs under the condmons used in this 13 week study, a no-toxrc effect

- level was estrmated to be 1 mg/m for both male and female rats. Ammals exposed to. hlgher f :

‘\ - concentrations of 10 and 100 mg/m showed s1gmﬁcantly increased lung burdens of test artlcle

Since fibers. were readrly observed in animals in the lowest concentratton group as well the tissue k
responses observed were consrdered normal pulmonary alveolar macrophage responses There was no

'absolute no effect level deterrmned for this study. -




s
6.0 SPECIMEN ST’oRAGE AND RECORD ARCHIVES

Records of ammal recelpt quarantme ammal exposure body welghts and all other

| mformatton pertlnent to the conduct of this study are contamed m labeled blnders All paraffin’
blocks wet tlssues and mlcroscoplc sltdes resultmg from any portlon of this study w11l be retamed by

_‘Battelle untxl acceptance of the ﬁnal report when all materlals will be returned to the Sponsor or hlS

_ ’des1gnated archtval faclllty
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