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FOREWQCRD

API PUBLICATIONS NECESSARILY ADDRESS PROBLEMS OF A GENERAL NATURE
WITH RESPECT TO PARTICULAR CIRCUMSTANCES. LOCAL. STATE, AND FEDERAL
LAWS AND REGULATIONS 3H0OULD BE REVIEWED

AP IS NOT UNDERTAKING TO MEET DUTIES OF EMPLOYERS. MANUFACTURERS.

Of SUPPLIERS TO WARN AND PROPERLY TRAIN AND EQUIP THEIR EMPLOVEES.

ANDO OTHERS EXPOSED. CONCERNING HEALTH AND SAFETY RISKS AND

PRECAUTIONS. NOR UNDERTAKING THEIR OBUIGATIONS UNDER LOCAL. STATE. :
QR FEDERAL LAWS i

NOTHING CONTAINED IN ANY API PUBLICATION 1S TO 8€ CONSTRUED AS
GRANTING ANY RIGHT. BY IMPLICATION OR OTHERWISE. FOR THE
MANUFACTURE SALE. OR USE OF ANY METHOD. APPARATUS, OR FROOUCT
COVERED BY LETTERS PATENT NEITHER SHOULD ANYTHING CONTAINED IN
THE PUBLICATION 8E CONSTRUED AS INSURING ANYONE AGAINST LABILITY
EOR INFRINGEMENT OF LETTERS PATENT




American Petrclsum Institute
Health and Environmental Sciences Department

QUALITY ASSURANCE STATEMENT

Study Title: Evaluation of C9 Aromatic Hydrocarbons For
Mutagenic Potential-Bruce Marrow Cytogenetics Test
In Rats

Testing Facility Number: 418-030

API Product Safety Number: PS-64

This study was reviewed by API Quality Assurance personnel on the
dated indicated below for compliance with applicable Good
LLaboratory Practice regulations.

Copies of report by API Quality Assurance personnel are avallable
upon written request to the Director of the Health and Environ-
mental Sciences Department of the American Petroleum Institute of
his designee,

Date(s) of Type of

Ingpection/Review Inspection

September 14-16, 1987 Site visit-preliminary data audit
October 19-21, 1987 Site visit-draft final report and

raw data audit

January 4, 1988 Final Report review with
provisional acceptance

January 21, 1988 final Report acceptance

Rodney /L. Anderson, M.S.
Qualit¥y Assurance Assoclate
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MATERIAL SPECIFICATION
ASTM D3734 TYPE [
C-9 AROMATIC HYDROCARBONS




American ~etroleum Institute February 14, 1986
1220 L Street N.HW.
washington, D.C. 20005

Attn: Or. C. £. Holdsworth

Certificate # : 51219001
Sample Diczription : C9 Aromatic Naphtha
Date Received : December 19, 1985

CAPILLARY GAS CHROMATOGRAPHY ANALYSIS *

Component Name AR

Total non-aromatics 0.10
€6 + C7 aromatics 0.01
m-Xylene 0.05
p-Xylene 0.02
n-Yylene 3.1
Isopropylbenzene 2.7¢
n-Propylibenzene 3.95
l-Methyl-3-ethylbenzene 15.85
l-Methyl-4-ethyloenzene 6.13
1,3,5-Trimethylbenzene 8.09
l-Methyl-2-gthylbanzene 5.78
1,2,4-Trimethylbenzene 39.18
tert-Butylbenzene <0.20
Isobutylbenzene 0.12
sec-Butylbenzene 0.11
l-Methyl-2-isopropylbenzene 0.01
1,2,3-Trimethylbenzene 5.49
l-Methyl-4-isopropylbenzene 0.07
{ndane (2,3-Dinydroindene) 0.96
l1.3-Diethylbenzene 1.16
|-Methyl-3-n-propylidbenzene 0.60
|-Methyl-d-n-propylbenzene/n-Butylbenzene 0.82
1.,2-Diethylbenzene 0.89
|,4-Diethylbenzene/1,3-0imethyl-S-ethylbenzene 0.12
|-Methyl-2-n-propylbenzene 0.17
|,4-Dimethyl-2-ethylbenzene 0.48
1
1
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,3-Dimethyl-d-ethylbenzene 0.59
,2-Dimethyl-d-ethylbenzene 2.28

,3-Dimetnhyl-2-ethylbenzene 0.04
2-0Dimethyl-J-ethylbenzene 0,23

L]

CONSOUIDATED SCIENCES INCORPORATED 2722 DEOMAN STREET  PASADENA TEXAS 77503 (713) 487-7490




API- C9 Aromatic Naphtha (cont'd) Page 2

Component Name Wt i LV.%
1,2,4,5-Tetramethylbenzene 0.18 0.18
Unidentified Cll compcunds 0.14 0.17
1,2,3,5=-Tetramethylbenzene 0.19 0.19
5-Methytindan 0.04 0.03
Naphthalene 0.02 0.02

100.00 100.00

* All peax [D's confirmed by GC/MS analysis,
# Quantified by GC/MS due to coelution with 1,2,4 TMB peak,

ASTM D-86 Distillation

Volume % Distilled deq F B760mm *
Igp 320
5 322
10 323
20 324
30 325
40 326
50 327
60 328
70 329
80 33
90 335
95 339
Dry Point Jag
End Point 350
Recovered 99 ,0%
Residue 1.0%
Loss 0.0%

* Average of duplicate runs.
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I.

Four groups of 15 male and |5 femazle Sprague-Davley rats wvere exposed,

siz hours per day for five cuasecuzive days, to either ciesn 3ir ov 153,
471 or 1,540 ppm of Cg aromatic hydrocarbon vapors. A fifth group of

five males and five females served as positive conctrols and received an
injection of 40 mg/kg ryclophosphamide. Five maies and five females from
aach exposura group weve injected wich 4 mg/kg colchicine, six hours lacer
(which was 6, 26 and 48 houcrs after the last axposure), Che animals were
sacrificed, boue marrow collected, and chrowmosoma spreads prepared. The
positive coutrol cnimais were evaluated &t the 24~hour iantevval. Under
the expocure conditions used for this study, Cg aromatic hydrocarbon

vapor Jid not induce chromosome ovr chromatid aberrations at any exposure

lavei, and therefora, was coasidered to ba aon-mutagenic.

C.[z. %ng ff (-4~ 8&

Charlaa E, Ulcich, B.3. Dace
Study Dirsctor

513=030
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EXPERIMENTAL DESIGN -
This study consisfed of one negative control group, oue posicive

control group, and three test groups. The negative control group ang each
test group consisted of Fifteen male and fifteen female rats, uhile the
positive control group consisted of five males and five females. The
aegative control group was exposed to clean air, while the test groups
ware exposad to desired concentracions of approximataly 150, 500 or 1,500
ppa Cq aromatic hydrocarboas (CgAHP) Expesures were coaducted 6 hours
per day for 5 cousecutive days. The positive control group was treaced
with cyclophoaphaaide at 60 mg/kg via incrapsrictoneal injection.

At 6, 246 and 48 hours after the last axposure, 5 nales and 5 females
from the nsgative coatrol, and each taat group ware sacrificed (6 hours
aftar an Lnjaction of & mg/kg coleateine) for collection of bone martvow
for slide preparation. Tha poaltive control animals warae sacrificed ac
24 hours aftac the clastoganic ageat injeccion, Table | presants a sum=

mary of the experimental dasign.

C.E MQM,Q

Charles E. Ulrfch, B.S.
Study Direccor

418-030

“eredence through cesearch’’
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D. GENEBRAL OBSERVATIONS

l. Movtalicy

All animals were observed for mortality zad signs of overt toxi-

¢ity twlce each day = prior Co and again afzer each day’s exposure. 0Om
non-exposure days cthe animpals were obzerved once in the moraning and once
{n the afternoon.

2. Body Waights

Body w=zights were recordad prior to exposure iniciacticn and again

prioc to colchicins doalng
£. HECROPSY AND BONE MARROW SLIDE PREPARATION

Approximately 6 hours prior to Che CTime of sacrifice, 6, 26 or 48
hours after cha last exposure. each animal was (njected with aug/kg of
colehicine {lal/kg, 4ag/ml >f Hanks Balanced Salc Solution (HBSS) ).

Animals ware sacrificed by intrapetritonsal sodium pentobarbical adnmi-
niatration. Boch femurs smre removed and the aarvow collacted fn HASS
warmad to 317°C. The callas sare swollen in 0.56% hypoconic KCl, and ware
fixed Ln 3 parts sathanol, one part glactal acecic actd. The cella frow
aach cat ware sprasd on four mictoscopic slides and scained wvich Gianea .

The slldea ware vcanned undsr 00X aagnificacion for wvell rasolved
mataphase spreads. Such spreads were axamined and scored under ofl at
1000X maguification, L€ avatlabla, £Lfty spreads vera gvaluated for aeach
anlmal,
F. DATA HANDLING AND STATISTICAL HETHODS

The following chromosome/chromatid aberration values wvera calculatead
for lndlvidual animal, and susmarized by sex and saxas coabined for aeach
group:

~ Total numbar of abarcacions and frequency of abarrations per
mataphasa,

- Parcant of aetaphases with one or aove absrrations

- Parcant of maraphases wich two ot sove abarracions

f) ‘(’)
C.E phury |~ &-£¢
Charlas E. Ulzhch B o pate
Study Diractor

18030 . . .
credence (rough research
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SYNOPSIS

Four groups of 15 male and 15 female Sprague-Dawley rats were exposed,
g1z nours per day for five consecutive days, to elther clean air or 153,
471 or 1,540 ppm o1 (g arogatic hydrocarbon vapors. A fifth group of
five males and five females zerved as pogitive controls and received an
injection of 40 mg/%kg cyclophosphamide. Five males and five females from
each exposure group were injected with 4 mg/kg colchicine, six hours later
b, 24 and 48 hours after the last exposure, the animals were sacrificed,
bone marrow collected, and chromosome spreads prepared. The positive
control animals were evaluated at the 24-hour incterval. Uander the expo~
sure condltions used for this study, Cg aromatic hydrocarbon vapor did
not induce chromosoms or chromatid abarrations at auy exposure laevel, and

thaerefore, was considered to be non-mutagenlc.

418-030
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1. QUALITY ASSURANCE STATEMENT

Study Title: Evaluacion of Cg Aromatic Hydrocarbons for Mutagesic
Potential - Bona Marrow Cytogenetics Tast in Rats

Test A-ticle: Cg Aromatic Bydrocarbons

The conduct of this study has been subjected to periodic inspections.
The datas of inspecticn and the dates that findings were reported to
management and the Study Director are lisced on the fcllowing page.

This report has bean rveviewad by che lntarnational Research and
Developmant Corporation Quality Assurance Department in accorvdance with
the United States Envirommantal Protaction Agency Good Laboratory

Pracrice Ragulations of May 2, 1984,

Approvad By: 2] rmry gt G S s /.1,,1 /J‘ 7
Margery/J. Wicey{ 8.3, Dace / /

Director of Quality Assurance

418-030

“credenice through research”
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Qualiey Assurance lnspections

Dates of Reports

Dates of lnspections to Managemeut and to the Study Director
4/25/87 8/25/87
5/04/87 5/07/87
5/07/817 5/13/87
5/12/87 5/15/87
8/12/87 10/14/87
10/14/87

418-0130




International Research and Development Corporation

ITI. OBJECTIVE
The objective of this study was to evaluate Gq aromatic hydrocarbons

for the potential to produce structural chromosomal aberrations in rats.

418-030
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TEST MATERIAL

The test material was received from the Sponser's repository

(Experimencal Pachology Laboratories, Herndon, VA) as follows:

- p e ot e g 0 D W A Y R D D D AT S N S KD S W W D S b

Date Description IRDC No.

7-1-86 Six 55-gallon drums of 8953-1 to
"C-9 Aromatic Maphtha' 8953~6

Six S55-gallon drums of 8953B-1 to
"C~9 Aromacic Naphtha 8953B~6
ASTM D-3734 Type 1"

o - A et o b D A VRS AR A L De B D W e e EB AT e O W WA L A A WP e S

Portions of drums £953-6 and 89538~ were used for this scudy.

The composition of the test macerial in each drum used during the
animal exposures was analyzed using methods described below. As each
drum was opened, oot wocre than 2 weeks before use, Cthree | ml aliquocs
were accurately weighed into separate 50 ml volumetric flasks, diluted to
the mark with iaternal standard solution, and then diluted again 5:10.
Bach solution was injected into the GC and cthe weight percent of each
compound, wacluding cthe ZCiO'a fraction was calculated. Daca from the
three aliquoty were averaged and the resules reported to the Study
Director befora the drum was uded on study. The resules for all drums
used on study were in agreement with Che tesat matecial composition

defined by the protocol, and shown 1n the following table:

TR T T SRR 8 1SN 8 D 0m p G hrh £ T e 2 T 4 4 a1 78 e ) ) 8 o et e e e 04 21 8 4t Sk T k4t T e o N A % v = h e o oy o e

Compound Height Percent
o~xylens 3.20
cumang 2.74
a-propylbsnzens 3.97
6-athyltoluene 7.05
J-athyltolueaas 5.1
2-athyltoluane 5,64
I,3,5~toimachylbanzene §8.37
1, 2,6-trimsthylbanzane 40.5
1,2, )~trrmechy ibanzenn 6.18

6.19

—————————

Total 98 .74

7T T S IS e o2 o AL S8 7 42 108 1 78 % e Sk S 4 €4 7 e o e 9 8 S L = o o 4 o et ot o 3 1m0 9 8 A . B 4 B et 5 ot o s o
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EXPERIMENTAL DESIGHN

This study consisted of one negarive control group, one positive

control group, and three test groups. The negative control group and each
test group consisted of fifteen male and fifreen female rats, while the
positive coatrol group consisted of five males and five females. The
negative control group was exposed to clean air, while tha test groups
were exposed to desired concentrations of approximately 150, 500 or 1,500
ppm Cg aromatic hydrocarbons (CgAHC). Exposures were conductad 6 hours
per day for 5 consecutive days. The positive conctrol group was treated
with cyclophosphamide at 40 mg/kg via intraperitoneal injection.

AC 6, 24 and 48 hours after the last exposure, S males and 5 females
from the negative coutrol, and each test group were sacrificed for colle-
ction of bone marrow for slide preparation. The positive control animals
sare sacrificed at 24 hours after the clastogenic agent injection. Table

| prasencs a summary of the experimencal design.

418-030
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vi.

MATERIALS AND METHODS
A. ANTMALS

The Sprague-Dewley derived albino rats (Charles River CD®) for this
study were received from the Charles River Breeding Laboratories, Inc.,
Portage, Michigan on April 21, 1987 under IRDC Purchase Order No. 3515.
From the time of receipt o study terminacion, the animals were indivi-
dually housed in suspended wire-mesh cages. During the 15~day quarantine
period the animals were randomly allotted to the five groups and the
various sacrifice intervals. The rats were individually identified with
Monsl® mecal ear tags. ODuring cthe quarantine period the animals were
housed in raoms which were controlled for temperature and relative humi-
dity with a l2-hcur photo period, in accordance with the standards
outlined in the "Guide for the Care and Use of Laboratvory Animals” (DHEW
No. MIH 85-23, 138%). During the non-exposure hours, the animals were
maintainad undrc similar conditions within tihs exposure chambers.

At the initiacion of the axposure pariod, both wmale and femala rats
ware savan waaks of age and ware considaraed acceptable for usa on the
study basad on ganeral appearance,

B. ANIMAL DIET

Puring® Cortified Rodent Chow® #5002 waos available ad libitum, excapt
during timas of exposura. EBach lot aumher of diet used was recordad.
Each lot of diet was analyzed by Raitaech Scieatific Services for the pre-
sonce of pesticidaes, heavy macals and aflatoxias. Tap water vas
available ad libitum. The drinking water at [RDC wvao analyzed quarterly
for the presance of pescicides, heavy sotals and colitorms. Resulta of
chesa analysas ave stored in the Avchives of IRDC and are available upon

Sponsor caquast.

418-030
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C. TEST MATERIAL ADMINISTRATION
1. Animal Exposures

All groups were exposed simultaneously in four 16m3 glass and
srainless-steel exposure chambers., The chambers used for this study were
also being used for animal exposures with the same material and at the
same desired exposure levels, for IRDC study numbers 418-031 and 418-035.
The Group V animals were exposed to clean air aloang with the Group 1
negative controls.

Due to logistical constraints imposed by the 6-hour sacrifice
interval, the fifch day's exposure was conducted from apnroximately wmid-
aight uncil 6 A.M., In addition, the start of exposure on that day wvas
staggered for each group to allow adequare time for slide preparation.

Prior to each day's exposure, the .oimal cages were removed Erom
the chambers, excreta pans vere removed, fued was removed, and the ani-
mals returned to the chamber for the appropriate exposure duration,

Aftar aach day's exposure, the animals were again removed from the cham-
bars, the chambers were cleanad, feed and excreta pans returnad, and the
aninals raplaced in the chaember,

Chamber ventilatiow. air was provided by an HVAC system separatae
from the genaral Llaboratory air handling system. Thin air wvas
particulate-filteraod, and controlled foc temperature and humidicy.
Cuambar-air flow rate, temparature and relutive aumidity wers rocovded ac
approximataly half-hour incervals during each day's exposure. ladividual
daily mean data can be found in Appendix A, while means and srandard

deviativos of the daily meens are presencad in the following tabla:

et o o e e b e e X o Y e % A S e g TS e L Yo A2 e G e W T BTN AT Y WY MR WE S e o P i A WSk I Y e S e e S T A cop B e e b

Ralative Chambear-

L]

Group Chambar Temp, (°C) fhmidiry (3) Air Flow (L/wmin)
No. No, Mean 3.0, Hean §.D. Hean $5.D.

| C-4 26 1.7 58 5.5 3630 121

It G~ 24 1.5 a4 0,4 3600 101

1.2

1.2

(91 C-10 26 67 2.3 jz10 28
45 6.2 3630 166

v 14
v Sama as

4 oh i 1 NEn e e e e e k= e A sk ) £ b ke Wt R rm e T o R R A R e ok B irp AR A e o e R e Soh B ota A P 4 R MR T £ e S e T et Sp BB TR B T e LA e o i
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Generation of Exposure Atmospheres

The exposure acmospheres were generated with the system shown
schematically in Figure l. Mitrogen, heated to 200°C by passage through
a one-\iter stainless-sceel cylinder ficted with a 1500-wact band heater,
was introduced at the bottom of a glass solumn 7.6cm in diameter and 30cm
long, which was packed with glass beads. The liquid cest material was
delivered by a fluid metering pump (FHI) from a stainless steel safety
can, through Teflon® cubing, co the bottom quarter of the column. The
test material was vaporized as it flowed up the column co-current with
the aicrogen flow. The vapors were passed Co the chamber-1nlet where
dilutioa with chamber ventilation air reduced the conceanCration to the
desired sxposure level. The operating parameters for the gengration

systems are showa 1a the following table:

. A 18 b o e g s e o ot i D S o b AN T Vo s . e hre N Y L

Group Ho. and (Chamber MNo.) ]
_tr (c-1) T (¢-10) v (¢-3)
wWG-20-1/4 RPG-50-13/8 $YX~-72-3/8

Paromacter
FML pump Cype

FML pump setting 4.5 2.5
Approximate liquid Elow
rate (ml/amia) 2.9
Ammeter setcting for
haacer (A)
Nitrogen flowv cate {L/min)
Chamber~arr flow rate
(L/min)
Ammster setting for haat
capas (A) MA

9.0

10
150

10
150

3100-4000 3200 -4000

HA

e e e e e 8 e et b S Anne o v

3. Analysis of Exposure Acmospheracs
a. Mominal
A aominal exposure concantration was determined
exposuras by waighing the test material rveservoir before and

day's exposure and dividiag the difference in weight by the

of aire that passed through Che chamber durtng that exposure.

418-030
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air volume was calculated by multiplying the arithmetic mean of the half-
hourly measurements of chamber-air flow rate by the exposure duration.
The nominal concentration wac converted from g/L to ppm by use of the

following equetion:

pp«n'%x%x-}x 106 = g/L X 2.06 X 105

g = weight of ctest mataerial used during the exposure, In grams
L = volume of air that passed through the chamber during the
expoaure, ia liters

R = universal gas constanc, 23:%%%n§_$%ﬂ§&

Whera:

¥ = gram molecular weight of the tesc macerial, 120g /wole
T = nominal laboratory temperature, 294°K
P = nominal laboratory barometric presaure, 740um Hg

106 = ppm conversion factoc

b. Actual

The actual exposure concentrations were monicored with a gas-
phase infrared spectrophotometer ([R). Exposure concentrations wvere
reported to the nearest | ppm for conceantcations loss Chan 1,000 ppm, and
to rhe usarsst 10 ppm for concentrations above 1,000 ppa. Each chamber,
including che coatrol, was sampled by drawing chambar atmospherae through
a Tefloa® sampla line, through an autowatic saopling syszem, {ato the IR,
The automatic sampling systew allowed, by means of solenoid valvas, sach
¢hamber to ba sewpled sequentially for approximately sevon mioutas of
evary hour. Both the automatic sampling syscem and the recording of
actual concentcatione wave countrollad by a Hewlatt-Packard Hodal 3388A

Laboratory cowputer. The oparating conditions for the IR were as follows:

—.-._..—..-._..-—-@...—,\n-‘,“-—mm-.-«-.-n—-n»-g.-.-‘qnq.._»-..-,-.--.—..—-..sg-.-_;-,e,-..-_.--,-s--euaun.sm-gqnn

lascrumant Miran A

Waveleagth: Y. dtmem

Ranga: I Absocbances Unic Full Scale
slic Widoh: | wo

Closed~Loop VYo lume: 5.064L

Pathlaongth Secciag: 1.5%4

Gata Seccting: 10

Cell Prosaurae: ~1 paig

Matar Qegponse Tiwme: 10 seconds

Zero Gas: Chamber Supply Air

I L Ty -,-r«-,'q-a-rq—-‘—ﬂm,«—,t-—g-\—n«—s—-o—--n-v.-‘-s—,-—-.ne--a‘sqsv-—-—geu—g«mn_m—nmnb——a-’@am—ma—mm:—o

418-030
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The IR was calibrated by use of the closed 'nop techriqua as
recommended by the manufacturer. The closed-loop calib..cion consiscad
of injections of various clumes of the ctest materizt 1n.o the closed
loop. The concencrations of test meterial wn the closed loop was calcsu-

laced as follows:
conc. (ppm) -g-x 5-%-f-x-%x 1073 x 10% = v X 3.176
VY = liquid volume of test material, in w!
L » volume of closed loop, 5.566L
R = universal gas zo-~stant i£4lé£*14§£§&
. ' amole - X
M « gram eoleculer weight of the test material, 12Jg/wole
T = nominal laboratory temperaturs, 294°K
D = density ~f tesnt material, 0.86%/uml
P = (R cell pressure | psig below laboratory baromatric pressure or
6 88mmHg
1073 = @l to mei couversion factor
106 ppa convarsion factor

The volumes of test macerial injacted winto the closed loop

and the cerraaspoadicg vapor toacencrations are shown wn the following

table:

Volume of Tist Cumulacive Injection Yapor Concentration
Material Ilnjected (mel) Volume (mel) zn _closed loop (ppm)
1.5 1.5 31
1.5 3 103
9 8 2713
5 13 vy
10 2 186
XV 33 1130
10 41 1470
10 53 i810

S oy e ek a AR L AD WM U o e s 7R BT P MY HM S ok e e ) A B8 Wi K e N b TS SRt wn e ed T A TR AP W s M e weliE et 0N RS M E S 3 e S A vy N

Rach calibration poiat was replicated three tiwes, and a
standavd curve of mean wascrument response versus closed-loop vapor con=~
cewtration was genevated. Before each day's exposure the standard curve
was verifiad by the injection of liquid test material into the closed

loop at the concentrations showw in the table on the following page.

4 18-070
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- a P D L T R nd

Yolume of Test Cumulacive Injection Vapor Concentration
Material Injecred (mel) Yolume (mel) 1n &losed loop (pom)
3 3 103
12 i5 513
30 45 1540

- e am e v el i oo ok S D e AR A% 8 B R W A A B D b W P ED S A TG TP U B A £6 TS AN G L TR A% €D GE G Mb e wm T Y8 S e 3w ey o e

1f ¢the measured concentrations for &all three points were
withia * 10Z of che acrual zlosed-loop concentrativas, the IR was zon-
gidered to be wn calibration.

la addition the accuracy of the analytical system was con-=
firmed by the use of vapor standards prepared by vaporizing liquird test
material i1nto Tedlar® gas bags and then aralyzing the bag atmcapheve.

The conceatration of the tzat material vapors in the gas bags were calcu~

lated as follows:

om e Lo RET Dy o3 s .Y e
ppm * = TR Ko K 1070 X 10 T X 179.2

Whece: V liquid volume of cest material in m=el
volume of air added to gas bag in licers

universal gas sonscant, 9%;%: L~m§“

gram golezular weighe, 120g/wole

nominal laboratory tempervature, 294°K

noarnal labocstory baromworice prasasure, ToH0mmig
10“? « conversioa facior, ml to wel
107" = ppm convarsion facter

The gaa bags wveare prepaved as shown below:

o i e v o oy b b T o P Sk b s I 8 e A8 b i 43 e 2} b Y T (e € T T M) TN TR s b . A T F R e A S SYIES A T 6 MR e b

Desired Yolume of Calasulated Acceptable

FKxpoaure Rag Liquid Tasc Bay Analyzed
Cancentration Yo lume Matecial Conce. Range
{ppm) (L) (mel) (ppm) {ppm)

150 V4] L) 151 1395-166

500 100 280 502 650-550

1300 100 LYY 1510 1350~-1660

e aa e A ke e em e S e e e v e

»18-030
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If the amalyzed coancentration of the gas bag was not within =
10% of cthe calculaced concentration, a second bag was prepared and ana-
lyzed. 1f che second bag was also not within » 10%Z of the calculated
concentrations, the Study Director was notified. The results of che gas
bag checks are presented 1o Table .

¢. Gas Chromatographic Analysis of Chamber Atomospheres

Once each day for the first five exposure duys the com=
position (on a weight percentage basis) of the test material within each
exposure chamber /a3 determined by use of gas chromatography (GC). The
compositional analysis was parformed to demonstrate complate vaporization
of the test waterial, not to define exposure concentrations.

The chamber samples for GC analysis were collected on two-
stage (400 mg scage 1,200 mg stage 2) charcoal tubes (SKC, lnc.) under

the following sampling regimena:

Desirad Sauple Sample
Exposure Flow Rate Durat.on Total Volume
Conc. (ppm) (cc/min) (min) of sample (L)
0 200 300 60
L 50 200 250 50
500 200 75 195
1,500 200 29 b

Afrer the samples were collectad the charcoal from cach stage
was placad in separate vials. Internal Standard Solution, prepared by
adding 300 mcl of styrena to a 200wl volumetric €lask and diluting to the
mark with carboa disulfide, was addad to wsach vial {4 @l for stage |, | ml
tovr stage 2). Each vial was then capped and the charcoal vas allowed to
desorb on a shaker for at least 150min, Approximately | mcl aliquots were

drawn from the vials and injactad into a calibrated GC (see below for

418-01G




14

International Research and Development Corporatio:

details of calibration). The ratio of the peak area for the cowmponent to
peak area of interval standard was determined for the following compounds/
zgmponents:

o-xylene, cumene, n-propylbenzene (PB), 4-ethyltoluene
(4-ET), 3-ethyltoluene (3-ET), 2-ethylcoluene (2-ET),
1,3,5-trimachylbenzene (1,3,5-TMB), l,2,4~-crimethylbenzene (1,2,4-TM8),
and 1,2,3-trimethylbenzene (1,2,3-TMB). In addition, unidentified cow-
ponents with cetention Cimes greater chan |,2,3~THMB were defined as
2ClQ" s,

The weight percenc for each compound was calculiated by
dividing the amount of each compound by the sum of the amounts of the
individually quantitated compound and smultiplying by 100 minus the

weight perzent of the >Cl0's. The calculations are shown below:

e AIS  wr. ZyCM
REY * TresT X &y % 71
. Ay X RFy X (I1SS] X EV
Amc . als
TAC10

we. 1> Clo = X 100

Ay + LAClO

AmE: Y ¢ (100 - we. T > Cl0)

t. Ty » o
Y y fhmt . y -

Whare: RFy = cesponse factor for compound vy
[CHM) = councentration of calibration mixture in
working standard in mg/ml
(188] = zoncantration of internal standard, 1,)6mg/ml
ALS = ares of iaternal standard from chrowmatogram
Ay = area from chromatogram fov and individual
compound (o-xyleve, cumene, PB, 1,3,5-TNB,
1,2,)-THD, 1,2,6-THB, 2~ET, J-ET, 4-ET)
wt, TyCM = weight perzeat of individual compound y 1n
calibration mixture
Amt. y = amount of individual compound y, in wmg
EV = glution volume, 4al for stage | samples and 1wl
for stage 2 samples
we. T > Gl0 = weight percent of compounds with retention
tumes > 1,2,3-TMB
ACIO0 *» area from chromatogram for compounds with
retention timas > 1,2,3-TMD
wC. % y = weight percent of wndividual compound vy

418-030
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Boch stages of the charcoal tubes were evaluated. At no Cime
was there any evidence of breakthrough into the second stage. The GC was
calibrated with a mixture of known composition prepared to be similar to
the test material. The GC operating parameters for the charcoal tube
analysia and for analysis of the neat liquid (as described above under

Tegt Msterial) are shown in the following table:

{nstrument: Varian 2400 Gas Chcomatograph
Column: 6' X 2mm ID glass
Packiog: 52 SP-1200/1.75% Bentone 34 on
100/120 wesh esupeicoport
Datector: Flame ionization
Temperatures
lnjector: 160°C
Colunn: 75°C
Detector: 200°C
Gas Flow Rates
M2 30cc/min at 60psig
Ho: 40cc/min at adpsig
Alr: 300cc/min at 60psig
Electrometer Attanuation
Satting: 16 X 107 11A
tnjection Yolumae: lmcl .
Integrator: HP33884A
Chart Speed: 0.5m/min
Chart Display :
0-13% mio: 20
15-60 win: 22 -
Thrashold Secting .
0-15 amin: b
15~40 mio: 1

Rosults of the GC analysis of the vapor composition of the

exposure acmospheras are prasencad ia Appendix B,

418-030
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D. GENERAL OBSERVATIONS

1. Mortalicy

All animals were observed for mortality and signs of overt toxi-

¢ity twice each day - prior to and again after each day's exposure. On
non~exposure days the animals were observed once in the morning and once
ta the afteruoon.

2. Body Weights

Body weights were recorded prior to exposure initiation and again

prior to colchicine dosing
E. MNECROPSY AND BOME MARROW SLIDE PREPARATION

Approximactely 6 hours prior to the time of sacrifice, 6, 24 or 48
hours after the last exposure, cach animal was injected vith 4mg/kg of
colchicine (lml/kg, 6ag/ml of Hanks Balanced Salt Solution (HBSS)).

Animals ware sacrificed by incraperitoneal sodiup pentobarbital adwi-
nistrarion. Both femurs were removed and the warvow collected in HBSS
warmad to 37°C. The cells were swollen in 0.562 hypotoniec KCl, and vare
fixed ia ) parts mathanol, one part glacial acedic acid. The cells from
npach rat wave apraad on four wicroscopic slides and stained with Gicmsa,

The slides ware scannad under 100X magnification f{or well resolved
mataphase sproads. Such spreads vere oxaminad and scored under oil at
1000X magnification. Uf available, fifty spreads were evaluated for aach
asimal,
F. DATA HANDLING AND STATISTICAL METHGDS

The following chromosoma/chromatid aberration values were calculated
for tadividual animal, and summarvised bv sex and sexes combined for each
group:

- Total numbar of aberracions and frequancy of aberrations per
mataphasa,

~ Percant of mataphages wich one or more aterrations

- Parcent of mataphasaes @ith two or wmore cberracions

418-030
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Where possible each of the above data secs were to be evaluacted by
the Kruskal-Wallis multiple-group comparison test at the 0.05 sigmifi-
zance level. Significant differences were cthen further evaulated by the
Mann-Whitney U test at the 0.05 significance level.

G. DATA STORAGE

All data, slides and reports from the study, will be retained for at
least 10 years after :ompletion of the study and stored in the IR(C
Archives and will be made available for i1nspection upon request by per-
sonnel 3uthorized by tha Sponsor. Appropriate samples of the test

article will be retained for 10 years following cowmpletion of the study.

418-030
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RESULTS
A. EXPOSURE CONCENTRATIONS

Exposures for this study were conducted from May 7 1987 cthrough May
11. 1987. The daily mean nominal and analytically {(IR) determined actual

expusure concentratjons are shown in Table 3, and are summarized below:

Exposure Concentration {ppm)
Chamber Nominal Actual
No . Hean S.D. Hean S.D.

C-1 150 6.0 153 9.6
Cc-10 426 38.0 471 13.1
Cc-3 1360 59 1540 48

The fact chat the nominal exposure concentrations were lower than the
actual measured levels, particularly at the higheat level, was quite
unusual. Aftar the complection of the study, it was determined that the
calibration of tha analytical inetrument was slightly in arror. Based on
the gas bag data collected a fow days prior to study iaitiation, cthis
error was on the order of 10%, or nossibly alightly less. Due to the
{nherent limitatlfons of tha methods used, the absolute accuracy of
maasurement for both nominal and actual coacentrations were no batter
than +52. Therofore, diffarances between noaminal and actual con-
centrations on the ocrder of 10Z or less, cannot ba moaningfully differcn~
tiated, and thus, the actunl concantratfons wre consldered the bent
astimate of animal exposure lovels.

B. GEMERAL OBSERVATIONS
1. Appaaracce, Bahavior and Mortalicy
Thatre wave 0o signs of tosicity tn any anfmals from auy group
durtng the twice daily mortalicy checks.
2. Body Waights
Individual animal body weights ara prasented {n Table 4, while

gummarized daca are presantod in the following table:

- -

Body Weights (g)
Sacrifice Pre~axposure Post-~axposure
Intarval Sex Mean S.D. Mean S.D.
6—Hour Males 228 12.3 251 14.9
240 12.5 262 16.2
221 10.0 228 1741

Dow e s moers e o s wcer e
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e ——

Body Weights (g)

Sacrifice Group Pre-exposure Post—-exposure
EEESEXE&. _“égz_” No. Msan S.D. Mean S.D.
Females 1 165 6.5 172 9.5

’ 11 153 6.6 153 7.9

111 163 10.5 166 11.8

v 158 10.8 162 10.1

24~Hour Males 1 234 8.8 280 10.6
11 231 11.0 274 171

11X 239 6.0 275 12.8

v 228 10.5 250 13.2

v 252 46.4 271 18.3

Females 1 166 8.0 191 9.2

11 159 4.3 180 6.1

111 158 11.5 176 12.1

v 157 5.3 169" 8.8

v 151 7.3 174 10.7

48-Hour Malas I 235 8.3 286 10.8
11 220 10.6 269 3.8

It 232 10.2 274 9.4

v 229 13.9 255" 18.7

Famalas 1 156 1443 180 17.2

I 157 7.4 182 10.5

11X 164 5.4 182 6.2

v 152 4.5 167 4.6

*sraciacically differont from Group I (control) at p<0.05.

s i o bt A i e e e e £ TP e e TS SR AR+ o238 B TP T e Ay £ eh

It was appareat that post-expooure absolute body weights for
Group IV males at tha 26 and 48 hour {ntarvals were about 11-12% lower
than the Group L contruls. Body wefghts of femalas {n Group IV, as com-
pared to Group I, ware also deprossed, but to a lesser extaeut. These
differauces were statistically significant.

tha following table prosents body weight gain data, poot-exposure

mioug pra-exposurae, for the Group IV animals:

- R inens i o vz s s s aveen et o 2t ey s e o —— - o e pe

Sacrifice fody Waight Gain (% of Group I - Controls body weight pain)
Intarval - ~ Males N ~ Females

6 ~Hour d +57

24-Hour +43 +48

48-tEour +51 +58

418-030
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Apparently 5 days of exposure to the high level had a marked
effect on body weight gain for both males and females.
C. CYTOGENETICS DATA

Individual animal bone marrow chromosome data are presented in Table
5.

Data were considered adequate for evaluation only under the following
conditions: A given animal must have at least 30 readable metaphase
spreuads, &and there must be at least 3 animals with adequare data, either
of a given sex or sexes combined, for a given group. The following table

presents the summarized data:

Numbdar $ Aber.
Mussbar ot Munber of par { Mataphases wlth

Interval and Sex Spraads Abarrations Mataohase 1 AbFF, 32 Abre.

6~Hour S M 150
% F 230

8 Combinad 400

3 M 250

4 F 200

Comb | ned 430

I M 236
3 F 237
Comty | ngd 497
5 H 230

4 F 200
Comb | ned 430

OO OO OGO CoOO
OO OO0 OO OO
COO OO0 OO OOC

0
0
0
0
0
0
0
0
0
0
0
0

24~-Hour 4 M 200
3 F 130
Cosby L ned 430

3 M 30
3 F 2132
Comd | nad 482

3 M 30
3 ¥ 150
Comb | nad 300
1 M 250

3 F 130
Comd | nay 300 !

4 M 103 10
3 F 150 60
Comb | ngd 413 10

Abrr. s Aberrations

OO0 OO0 VOO COO

PO OO0 OCOC OO0 CoOoO

. & »

MO OCCT OO0 OOC OO0
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.

Numbasr S Aner.
Number of Number of par $ Motaohasss with
Interval Group and_Sex Spregds Aberrations Batapnase >t ADPF. >2 AbPr.

1oe
1360
200
100
100
200

150
50
200

100
50
150

48=Hour H

s

S)NN S)NM
2

.

-

8~wha 8—-u

bz Bozx B x Bnzx
5 5
2 2

g

OO0 OO0 OO0 OO
COO SO0 OO0 OO
COCO QOO OO OOOC

OO0 OO0 OO0 OO0

e

Abrr. a Aberrations

These data clearly show that the test material did not induce chroma-~
tid or chromosome aberrations in axcess of hagative controls at the 6 and
24-hour posc~exposure intervals. Stacistical analysis was not possible
due to the few number of abarvations found. Much of the daca for the
48-hour interval was lost due to inadequate staining of the chromosome
spreads. Theratfore, too few animals could be evaluated at the 48-hour
interval for demcnscrating poasible differences betwoean sexes. However,
whan data from the sexes vare combinad, Chore ware o, 4, 4 and ) animals
io Grovpa 1, T1, [LI and IV, resapactivaly. Ho chromstid or chromosome
abrnormalities wvere observed oa any of the 48~hour interval slides.

Nina of the 10 pesitive control animals provided adequate data for
avaluation. Eight of these animals showed chromatid and chromosome
aberrations and chromodome abarrations in excoss of the negative controlg,
0. ANTMAL DISPOSITION

All avimal carcassas were discardad following the bone marrow har-

vest.

418-030
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X.

DISCUSSION AND CONCLUSION

Five days of exposure tc CQAHC at levels of approximately 1,540 ppm
produced biologically significant decrements in absolute body weights and
body weight gain, as compared to the air exposaed group. There vere,
however, no other apparent signs of toxicity in any of the exposed ani-
mals.

Further, C9ARC exposure did not induce chromosoma or chrowmat id
aberracioas. The data overvhelmingly support this conclusion for the 6
and 26-hour post-exposure incervals. While daca vere available only from
4 negativa control and 3 or & exposed animals per treatment group At the
48-hour intecval, these daca also support the conclusion that CoAHC does
pot induce chrowstid or chromosows abervacions.

To the best of my knowledge, thers were no significant deviations
from che Good Laboratory Practice Regulations which affecced the qualicy
or incegrity of tha scudy. This study vas conducted in conformance vith
the Good Laboratory Practice Regulatiouns. This reporc accuracely

caflacta che raw data obCained during the performance of the study.

CVQWJ/A, (d ')//Z',é) __1Z7-22 -P7

Charles E. Ulrich, B.S, Dace
Director of Inhalation Toxicology

413-910

“eredence through ressarch”
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Gas Bag Checks on Analytical System

Calcuylated Instrument Measured
Conc. (ppm) Responge (mv) Cone. (ppm)

X Calculated
Concentratliorn

100 17.7 98
251 151.7
502 381.9

1,000 592.%

1,510 988.2

98
97

418-030
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TABLE 3. Daily Nominal and Mean Actual
Zxposure Concentracions (ppm)

Group No. (Cnamber No.)

II (C-1) I11 (C~10) IV (C-3)
Date Mominal Actual Nominal Actual Nominal Actual
5-7-87 143 138 453 477 1430 1560
5-8-87 151 163 646 469 1360 1580
5-9-87 147 153 359 491 1270 1570
5~16-87 159 159 437 462 1380 1470
5~11-87 1648 150 433 458 1380 1500

618-0130
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TABLE 4. Individual Animal Body Weights (g)
Group I
Sacrifice Animal
Incerval Sex No. Pre-exposure Post-exposure
6<Hour ! 22532 233 246
26593 227 256
26594 2464 273
26595 227 249
26596 210 232
' F 26598 159 163
26600 167 178
26602 161 160
26605 170 178
26611 166 180
24-Hour 4 26583 245 278
26585 224 267
26586 228 275
26590 2461 295
26592 2313 285
¥ 26601 171 189
26604 157 182
26608 158 183
26609 171 198
26610 174 203
48~Hour | 26584 232 197
26587 263 289
26588 265 295
26589 130 278
26591 126 272
¥ 28597 140 166
26599 145 166
26603 151 179
26606 177 208
26607 155 183

418-030




TABLE 4. Cont, ladividual Animal Body Weights (g)
Group I1

Sacrifice Animal
faoterval No. Pre-exposure Post-exposure?

6-~Hour 26617 225 263
26621 2649 272
26623 245 269
26624 229 246
26625 253 279

26627 158 159
26628 143 145
26631 160 165
26638 153 163
26640 153 160

26612 213 247
26614 239 283
26618 228 266
26619 234 284
26626 240 288

26630 161 189
26632 155 172
26633 153 179
26637 162 181
266139 162 178

48~-tlour 26613 219 270
26615 210 158
26616 217 259
26620 216 265
216622 238 292

26629 155 183
266146 156 175
26615 167 199
26636 147 172
26661 161 183

6418-030




TABLE 4. Cont. Individual Animal Body Weights (g)
Group III

Sacrifice Animal
interval No. Pre-exposure Post-exposure

6-Hour 26643 207 214
26644 221 210
26645 233 2466
26649 216 226
26654 2217 245

26659 173 179
26662 147 149
26664 164 170
26668 158 160
26669 171 173

24-Hour 26650 249 184
26651 235 280
26652 234 286
26653 237 267
26656 238 256

26657 139 160
26665 156 177
26666 166 189
26667 164 186
26671 166 168

H8--Hour ! 26642 234 280
266406 219 261
26647 223 YAM)
26648 24 287
26655 244 269

26658 171 181
26660 161 174
26661 157 179
26661) 167 190
16670 164 186

618-030
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Individual Animal Body Weights (g)

Group IV
Sacrifice Animal

Incerval Sex No. Pre-exposure Postc~exposure

6-Hour M 26673 252 261

26675 243 245

26679 230 230

26680 216 217

26686 246 234

3 26687 154 156

26689 143 148

26696 172 176

26698 163 164

26701 157 164

24~Hour M 26672 219 239

266174 263 266

26676 235 263

26677 221 243

26683 222 260

¥ 26691 153 162

25699 163 178

26697 159 175

26699 160 174

26700 150 158

48-Hour | 6678 207 228

26681 235 7

16682 229 265

26684 245 M

26685 228 259

¥ 26688 155 173

26690 145 161

26692 150 167

266931 156 170

26096 156 169

418-0130




TABLE 4. Cont.

32

Individual Animal Body Weights (g)

Group V
Sacrifice Animal
Interval Sex No. Pre-exposure Post-exposure
24--Hour o 26702 227 269
26703 268 285
26704 209 264
26705 230 268
26706 267 291
¥ 26707 163 192
26708 lad 171
26709 145 169
26710 152 174
26711 148 164

418-430
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Daily Mean Chamber Environment Dsata¥

Relative Chamber Ailr

Chamber Date of Temp. (*C) Humidicy (3) Flow {(L/min)
Ho. Exposure Mean $.D. Mean $.D. Mean §.D.
C-4 May 7, 1987 25 0.5 59 3.6 3560 123
May 8, 1987 24 0.5 53 4.1 3520 30

May 9, 1987 25 2.3 59 8.4 3390 40

May 10, 1987 23 1.2 67 6,2 3250 13

May 11, 1987 21 0 56 11.8 3430 69

c-1 May 7, 1987 23 1.0 39 8.5 3430 195
May 8, 1987 23 0.7 44 6.9 3650 132

May 9, 1987 24 2.4 47 4.0 3590 13

May 10, 1987 26 1.6 50 2.1 3640 39

May 11, 1987 22 0.4 41 1.4 3690 9

C-10 May 7, 1987 24 0.5 a7 0.5 3200 54
May 8, 1987 23 0.3 46 1.7 3200 17

May 9, 1987 24 2.2 48 3.7 3180 21

May 10, 1987 26 1.7 49 2.1 3250 15

May L1, 1987 23 0.5 63 6.8 3230 16

c-3 May 7, 1987 24 0.9 53 5.9 3410 41
May 8, 1987 23 0.6 41 8.6 3590 127

May 9, 1987 24 1.9 42 5.8 3870 165

May 10, 1987 26 1.9 49 2.1 36130 131

May L1, 1987 23 0.6 38 2.6 3640 13

Temp. - Temperature
418-~030 $.D. - Standard Daviation

*The "n' for each daily mean was 12
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APPENDIX B

Gas Chromatographlc Analysis of Chamber Atmospheres




Gas Chromatographic Analysis of Chamber Atmospheres {we

L4
e d

Date Sample Collected

Chamber Compound 5-4=87 5-5-87 5=6-87 5=7-87 5-8-87 5-11-87
c~1 o-xylene - - - 3.16 3.18 3.19
(150 ppm cumene - - - 2.83 2.82 2.84
desired) £13:] - - - 4.08 4.06 4.09
4H-ET - - - 7.30 7.29 T.32
3-ET - - - 15.5 15.5 15.6
2-ET - - - 5.39 5.40 5.43
1,3,5-T™B - - - 8.30 8.30 8.34
1,2,6-TMB - - - 40.6 40.5 40.5
1,2,3-TMB - - - 5.94 5.99 5.93
>Cl0's - - - 6.90 6.9% 6.77
c~10 o-xylene * 3.18 3. 18 3.17 3.7 3.18
(500 ppm cumene * 2.82 2.83 2.83 2.82 2.83
desired) NPB * 4,08 6.07 4,08 4.08 4.08
4-ET * 7.31 7.29 7.31 1.29 7.28
3-ET J 15.5 15.5 15.5 15.95 15.5
2-ET * 5.40 5.40 5.461 5.61 5.40
1,3,5-T™B w 8.31 8.29 8.31 8.30 8.27
1,2,6-THB * 40.5 60.5 40.6 40.6 40.5
1,2,3-THB * 5.96 5.99 5.95 5.96 5.97
>Ci0'sa * 6.91 7.04 6.78 6.8) 7.01
c-3 o-xylene 1.17 3.18 3.19 3.19 j.18 3. 19
(1,500 ppm  cumeune 2.82 2.83 2.83 2.83 2.83 2.85
desired) NPB 4.08 6.09 4.09 6,09 4.08 6.09
48T 7.30 7.32 1.32 1.32 7.31 7.28
J-BT 15.5 15.6 15.6 15.% 15.% 15.9
2-ET %.40 5.61 5.6 5.42 5.4l 5.42
1,3,5-TMB 8.32 8.32 8.1} 8.133 8.32 8.30
1,2,6~THB 60.6 40.6 60,7 40.6 60.5 60.5
1,2,3~-THD 5.99 5.92 5.93 5.97 5.99% 5.94
2Cl0's 6.83 6.1% H.65 6.79 6.81 6.84
- - Samples not collected
418-030 *Samplaes collected, but analytical results

were unreliable




