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SUMMARY

The study reported was conducted as part of a programme at BIBRA
International to determine the toxicity of butadiene to the masale
reproductive system in rodents, the present study being to examine
dominant lethality in rats.

Male Sprrague-Dawley rats were given sub-chronic doses of hutadiene by
inhelation exposure for approximately 6 hours per day, 5 days per week, for
10 weeks at 65, 400 and 1250 ppm or vehicle (air) control. A further group
was unireated (room control). They were mated to untreated females 3
deys later. The pregnant femeles were taken for dominant lethal
examination, where possible, just before full-term,

Only one male, treated with 65 ppm butadiene died (cause unknown); no
animals in any of the other {reatment groups died. Butadiene treatment
did not cause a persistent decrease in body weight in any treatment group.

Mating frequency and pregnancy rate were not significantly reduced as a
result of treatment. The period to coition was also unaffected by
treatment.

There was no significant reduction in comparison with the appropriate
contml.% in the number of corpora lutea in any treatment group indicating
that th:ere had been no effect on pre-implantation loss. The number of
smplantation sites was significantly reduced in the 65 ppm group but this
was not considered to represent a gevetic effect since it was not

- accompanied by a significant increase in post-implantation losses and it was

not dose-related. There wag no significant reduction in any other group.

Dominant lethel data were analysed using three statistical tests: t-tests
after double arc-sine tramsformation (Freeman and Tukey, 1950), t-iests
after square root transformation and Fisher’s exact test. Neither post-
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implantation losses (early deaths, late deaths or late deaths including dead
foetuses) nor abnormal foetuses were significantly increased in any
treatment group using any statistical test.

In conclusion, afl male rats survived sub-chronic butadiene treatment at 65,
400 or 1250 ppm. Reproductive hehaviour was not affected and the success
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OBJECTIVE AND INTRODUCTION

Objective

The objective of the study was to determine the mutagenic potential of
butadiene by measuring genetic damage in the germ cells of male rats after
sub-chronic treatment.

Dominant lethat n_mtation assay
The test system used involved treatment of the male animal and
subsequent mating to unfreated females. o

A dominant lethal mutation is one which kills a heterozygous cell carrying
the mutation as a single copy. The mutation arises in the male germ cell
and may kili the zygotes formed (after fortilization with normal ova) at any
time in their development. In practice, these events are limited to a
portion of zygote development and can be recognised from mid-term
pregnancy examination as dominant lethal effects. There may be areduced
number of implantations (pre-implantation losses) arising from either
genetic effects, a reduction in the quality or quantity of sperm, or from lack
of libido. Alternatively there may be a reduced proportion of viable
implantations (post-implantation losses) arising from early or late deaths.
An early death is one in which a deciduum developed only from the uterine
tissue (no embryonic tissue) is present: the upper part of the deciduum
necroses forming a brown mass (the decidunm capsularis} which is easily
recogmisable. A late death is one in which embryonic tissue is also present;
a foetus of subnormal size is seen which is pale or white in colour,

indicating haemopoietic failure {(Bateman, 1977).

Foetal malformations

Non-lethal mutations may also arise in the gefm—oells of treated males,
These could lead to foetal malformations of the type seen in teratology'
studies. An additional category of post-implantation loss can also be
defined: a dead foetus is the same size as a live foetus (or slightly smaller),
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diffarent in colour, may or may not be stightly shrivelled and does not
respond to touch, Thus, a modification of the standard dominant lethal
assay, in which pregnant females are examined at inumediately prior to full-
term instead of mid-term (Knudsen er al., 1977), has been used to assess
male-mediated foetal malfermations.

Previous work .

Morrxissey et al. (1990) found a dominant lethal effect in Swiss CD-1 mice
one week after exposure of males to 200, 1000 or 500¢ ppm butadiene for
€ hours per day for 5§ days, The effect persisted to week two in the 200 and
1000 ppm groups. Adler e af. (1994) found a dominant lethal effect in
weeks 2 and 3 after male (102/F1 x C3H/EL)F, mice were exposed to
1300 ppm butadiene for 6 hours per day for § days.

Work in our laboratory (Anderson e al. 1983; BIBRA Report Na.1080/5)
confirmed this dominant lethal effect of butadiene in male CPD-1 mice at
concentrations of 12.5 and 1260 ppm for 6 hours per day, 5 days per week
for 10 weeks, There was also an increase in the number of shnormal
foetuses from the treated animals, altheugh adult offspring were not found
to be significantly diffexrent from contrels and no karyotype abnormalities
were observed. In a follow-up study (BIBRA Report No.1542/1) exposure
to 65 and 180 ppm for 4 weeks only, induced a dominsnt-lathal effect buj
not foetal abnormalities and 12,5 ppm had no effect. A similar study
{Anderson et al. 1993; BIBRA Report No.1060/4) where male mice were
exposed for a single 6 k period to 1250 or 6250 ppm butadiene found no
dominant lethal effect.

Other work in our laboratory has shown that acute treaiment of male mice
with cydophosphamide (CP) caused dominant lethal mutations and foetal
malformations (Jenkinson et al., 1987) but that a much higher incidence
could be achieved with a low-dose, sub-chroni¢ treatment regimen in male
rats (Jenkinson and Anderson, 1990). In the laiter study, karyotype
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abnormalities were found in the offspring of the treated males (Jenkinson

and Anderson, 1990) and some of these persisted into adulthood (Francis

et al., 1980},

Basis of the study .

Male rats were treated sub-chronically at a range of three concentrations
of butadiene (8 hours exposure for 5 days per week for 10 woelks to 65, 400
and 1250 ppm) and & wvehicle (air) conmtrol. An additional group was
maintained as a room (untreated) contrel. The current UK maximum
exposure limit (MEL) for butadiene is 10 ppm (HSE, 1996) giving a
thecretical highest daily exposure of 75 ppm (10 ppm for 7.5 b per day). To
achieve this level in anjmals exposed for € &, a concentration of 12.5 ppm
would be required and the highest concentration was chosen to be
equivalent to a one-hundred-fold increase as used in the first study with
mica (4nderson ¢ al., 1993; BIBRA Repart No.1060/5). The two lower
concentrations were chosen to characterise the dose response pattern ai
lower levels, 65 ppm being based on the lowest dose used by Thornton-
Mmning ef al. (1995), who showed that 62.5 ppm was the lowest level at
which metabolites could be detected in rat tissue. Exposure time was
10 weeks in order to cover the complete spermatogenic ¢ycle (Dym and
Clermont, 1970).

Bach of the surviving treated males were allowed to mate with two
untreated females for 10 days, 3 days after the end of treatment. After the
end of the mating period, the treated males were humanely killed and a
grosa necropay performed. '

The pregnant females were humanely killed immediately prior to full-term
(day 20) and the utering contents éxa.mined. For all females, the number
of resulting implantations (living or dead) was recorded, foetal sex was
determined and foetal abnormalities noted. The foetuses were humanely
killed and selected individuals were photographed 'gnd stored in 70%
alcohol.
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TEST AND CONTROL ARTICLES

Test articte '

Definition

The test article, defined as butadiene, was supplied by ICI Chemicals &
Polymers Limited, Wilton, UK

Deséri;;tion

Information supplied by manufacturer:-

Alternative names : Biethylene, Bivinyl, Butadieen (Dutch),
Bufa-1,3-dieex (Dufch), Butadien (Polish),
Buta-1,3-dien (German), Butadiene, Buta-
1,3-diene, Alpha-gamma butadiene,
Butadiene (OSHA), Divinyl, Erythrepe,
NCI-C50602, Pyrrolylene, Vinyl-ethylene,
butadiene, 1,3-butadiene

Molecular formula : CH,=CHCH=CH,

Formula weight : 54

Boiling point : -4.4°C

Purity : =99.5%

Appearance : Colourless gas

Hazarde : Cancer suspect agent; toxie; harmful by
inhalation; low acute toxicity; vapour may
be respiratory irritant at high exposures;
Lquid gplashes or gpray on eyes or skin may
cause freeze burns,

Supply

Cylinders of butadiene were obtained at the start of the study and weekly
thereafter, having been transported in dry ice. They were stored at -20°C
when not in use,

A certificate of analysis was provided by the supplier for each batch of
cylinders, defining purity and the concentrations of contaminants.



[

“BIBRA

3.2,
3.2.1.

3.2.2.

3.3.
3.3.1.

3.3.2.

3.3.3.

12 1542/2

Control articles

Negative control

The negative control was ﬁhe vehicle used for the test article, i.e, pormal
atmosphere (air). A room (untreated) ¢ontrol group was also included.

Positive control

No positi‘ve contral was used since the previous mouse study (Anderson et
al. 1993; BIBRA Report No.1060/5) had shown & positive response with
butadiene. It has been shown in this laboratory using cyclophosphamide
{Jenkinson & Andergon, 1990) that a positive response ean be induced in
rats.of the Sprague-Dawley strain.

Safety procedures

Handling

Butadiene exposure of animals was performed in a closed inhalation
exposure chamber located in a room with extract units of high face velocity
(0.6 ms™),

Disposal

Wagte gases from the inhalation systern were trapped on carboen {ilters and
the air veuted to the atmosphere via the fume cupboard’s exhaust stack,
Used filters were incinerated. '

Empty cylinders were returned to ;the supplier,
Monitoring

The atmosphere in the room was continuously sampled and analysed for
butadiene content by infra-red spectrophotometry (Miran).
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ANIMALS

Description

Rats of the Sprague-Dawley sirain were obtained from Harlan Olac,
Bicester, UK at 8 weeks of age. This strain was chosen since it was kmown
to have a low bhackground incidence of dominant lethality and to be
sensitive to known mutagens (Jenkinson and Anderson, 1990).

150 Male rats of unproven fertility arrived at the start of the study and 300
nulliparcus female rats arrived ten weeks later. These were designated the
F, generation and were mated as part of the experimental design to
produce the F, generation,

Maintenazce

Males and females were housed individually up wntil the mating week
During mating, one male was houged with up to two females. After
mating, males and females were housed individually.

Animals were housed in polypropyiene cages w:th stainless steel tops and
grid floors. Al cages were suspended in racks gver paper to coliect exerota
which were removed twice weekiy.

The cages were kept in ventilated rooms (15 air changes per hour, with ne
recirculation, using high efficiency filters) at 19-23°C, 45-65% humidity
with artificial light for 12 h per day (06.00-18.00 GMT).

Aniraals had unlimited access to a nutritionally adequate, pelleted diet
(R&M No.3 for females; R&M No.l for males; both from Special Diet
Services, Waltham, UX) and tap water except during the 6 h exposure
periods when meither food nor water was available. Manufacturer’s
certificates of analysis of the diet and the supplying authority’s analysis of
the water are held on & central file at BIBRA.



BIBRA

4.3.

4.4,

4.5.

14 1542/2
Identification
Animals were given ear punch codes as follows:-
Male : 1-15Q i

Female : 151-45¢

Cages were labelled with the following information:-
Date of arrival
Date of start of treatment (males)
Date of start of mating peried (females)
Strain of rat
Sex .
Treatment group (males and femeles (only males treated))
Route of ireatment (maleg)

Cage number

Individual number

BIBRA Project licence number : 90700378
BIBRA Project number : 1542/2

UK Home Office Licensee : Jane Hughes
Personal licence number : 90/01278
Diet '

Cage labels were colonr-coded for treatment group separately for males and
females.

- Health

All snimals were in good health on arrival.

Weighing and observations
Each gnimal was weighed as part of a health check on arrival Ear
numbers and groups were aflocated randomly to the animals,




BIBRA

16 154272

All animals were examined twice daily on exposure days (am. and p.m.)
(approximately 8.30 a.m. on loading and 3.15 p.m. on unloading} and

. constantly during treatment (5 days per week} and any deviation from the

normal reported to the Study Direcior.

Males were weighéd on the first day of exposure and weekly thereafter
during the treatment and mating period. Females were weighed at
necropsy.
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PROCEDURES

Treatment of males

Treatment groups

‘Males were allocated to treatment groups as follows:-

Treatment group  Cage label Concentration of Nurmber of Identification

(males), colour code " butadiens males Ne.

1 . White 0 ppm 25 1-25

_ Vehicle control

2 Yellow 65 ppm 25 2650

3 Green 400 ppm 25 51-75
L4 Orange 1250 ppm 25 . 76-100

& White 0 ppm E0? 101150

Room control .

® The group size for the reom control was t{wice that of the other groups.

Concentration of alwospheres and administration

Samples of butadiene were obtained weekly in cylinders each with a
certificate of analysis from the supplier. Using rotameters, butadiene was
metered at a kmown a:nd constant flow rate into 2 diluting air atream of
clean, dry air to achieve the desired concentration. The atmogpheres were
ana]ysed by infra-red spectrophotometry (Mirans and Fourier Transform’
Infra Red (FTIR)) at an appropriate wavelength and peth length and
monitored continuously during animal exposure. The atmosphere ip the

inhalation room was similarly monitored. The concentration of butadiene |

in ead chamber was considered acceptable if kept within 16% of the
requived concentration, according to the technical specification of the
Mirans. Contamination of the butadiene with the dimerized form
{4-Vinyl-1-Cyclohexene) was monitored by gas chromatography a.nd
recorded after the end of nse of each cylinder to confirm that the dimer
level had not risen above the 1000 ppm limit defined in the protecol, s in
the previous mouse study (Anderson et ¢l. 1988; BIBRA Report No,1080/5).
As a precaution against such a rise, the butadiene cylinders were
transported in dry ice and stored at -20°C prior to use. The cylinders were
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stored at 4°C _between inhalation exposure periods and ﬁsed at room
temperature. ’

Exposed adimsls and contrcls were placed in individual segn;Lenta of
stainless steel grid cages, which were placed in scaled glass chambers
attached:to the appropriate gas stream. Room control animals were placed
in smafl polypropylene cages. with stafoless steel tops and grid floors,
suspended in racks. The racks were placed in the inhalation roem during

“the exposure period

Temperature and relatlve humidity

Temperature and relative humidity were measured using a therme-
bygrometer (ATP Instrumentation Ltd, Ashby-de-la-Zouch, UK}, up to
study day 7; after this a separate solid state hygrometer (Pastorelli and
Rapkin) and thermometer were used. Meagurements were made in one of
the four inhalation cilambers, selected at random, on each sindy day.
Temperature and relative humidity were recorded every 18 minutes during
the exposure period, as far as possible.

Time of exposure
Males were fArst exposed 13 days after arrival

Mating of animals

Time of mating . )

The rmating period began 3§ days after the end of exposure of the males and
13 days after the untreated females arrived. '
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Animals
Fach surviving male was housed with two untreated virgin females for up

to 10 days.

Females were mated to treated males as follows:

Treatment group Cage Iehel Concentration of Number of

(males) colour code® butadiene females”

i Pink siripe 4 pp 50
Vehicle control

2 Yellow stripe 65 ppm ) 48

3 CGreen stripe 400 ppm 50

4 Biue stripe 1250 ppm 50

5 Blue stxipe and { ppm 100
pink stripe Room control

* Stripe(s) en white label; * two females were allocated to each male in random
order using computer-generated random pumbers, “one meale died during the
treatment period.

Vaginal plugs

Females were checked daily for the presence of a vaginal plug and vaginal
smears taken Those in which a plug and/or a sperm pesitive vaginal
smear was found were removed and re-housed in separate cages, this being
designated day 0 of pregnancy. Those without a plug or sperm in a vaginal
stmear remained in the cage with the male and a record was made of the
stage of the aestrus cycls, determined from the smear according to celiular
appearance, After 10 days, males and remaining females were separated
and re-housed in their original separate cages.

Weighing females
All females were weighed at necropsy.



8.3.
5.3.1.

a3.3.2.

2.4,
5.4.1.

5.4.2.

19 15422

Necropsies

Males

The males were humanely killed after mating and a gross necropsy
examination carried out. . .

Females . _
Fem‘a.les'were taken for necropsy on day 20 of pregnancy. Amimals for
which there was no indication of pregnancy were taken for necropsy
20 days after the end of the mating period.

For necropsy examination for the dominant lethal assay (Section 5.4),

‘females were humanely killed and their uterine contents examined. The

uteri of those with no apparent implantation sites were stained using
ammonium sulphide to enable the number of implantation sites to be
counted (e.g. Chapin e gl., 1985),

Dominant lethal assay

Necropsy of pregnant females

The females were humanely killed by gassing with CO, followed by cervical
dislocation; their abdomens were opened They were checked for gross
malformations, the number of corpora lutea were counted in each ovary
and the uterine contentis were examined.

Uterine examination ;

The intact uterus was examined for the numbers of live implantations,
early deaths, late deaths and dead fostuses, The uterus and emhryonic sac
was opened for each live implantation and the foetus examined for
malformations. The following definitions were used:
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Implantation Description

Live foetus Pink-coloured, relatively large size

Early death Small, discrete, rountd black/dark brown area
representing a necrotic roass of a fairly well-formed
placenta with no foetal tissue

Late death Pale/whitish-coloured foetus, generaily smaller in size

. than the live implants
Dead foetus" As large (or slightly smaller) and developed as live foetus

but with no circulation and not respensive to touch

Malformed foetus® Live foetus with a recogrisable gross malformation.
Runts were included as malformed foetuses, A runt was
defined as a foetus whose body weight was 75% or less of
the mean body weight of the remainder of the litter®

*  As detsiled in teratology studies, according to MARTA glossary of Foefal
Alterations for Studies of Development and Reproductive Toxicology (DART)
(October, 1993).

*  Kirk and Lyon, 1984,

Selection of foetuses pending further studies

Each matformed foetus and a normal litter-mate was stored pending
further studies. In addition, for each malformed foetus, one foetus from a
control mating necropsied on the same day was also kept.

Proceésing foeiuses

Each live foetus was placed on ice immediately after removal from the
embryonic sac. The sex was determined and the foetus dried and weighed.
Selected foetuses were photographed and stored pending further studies;
the remainder were humanely killed and discarded. Each selectad foetus
was placed in 70% alcohol.

Evaluation and statigtics
Butadiene-exposed groups were compared with the vehicle control group.:
The vehicle group was compared with the reom control group.
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Body weights

Mean body weights of males on specific days of the study were compared
using a two-sided least significant difference test (Snedecor & Cochran,
1968a) for treated groups vs. vehicle control group and using a't.wa-side_rl
pocled two-sample t-test (Snedecor and Cochran, 1968b) for room vs.
vehicle control gfoixp. Data were untransformed.

Temperature and relative humidity
An analysis of veriance was performed to test the difference between
chambers, '

Mating and fertility data

Two statistics were used to measure fertility: a) the proportion of males or
females mated (sither plug found in female, sperm positive vaginal smear,
plug under cage housing one female only (or assigned retrospectively if two
females prosent) or female known to have been pregnant) of those paired;
b} the proportion of males or females with a pregnancy of those paired
These were tested for any significant reduction by comparison with the
appropriate contral group using Fisher's exact test (Siegel, 1956).

Pregnancy rate was measured as the proportion of females pregnant of
those mated and tested for any significant reduction by comaparison with
the appropri?ate control group using Fisher's exact test. Period to coition
(untransformed) was tested with an analysis of variance (Snedecor &
Cochran, 19680). Tests for reduction by comparison with appropriate
control values (untransformed data) were made nsing a two-sided two-
sample &-test.

Dominant lethal data
The number of corpora lutea and the number of implantation sites were
expressed per pregnant female and tested with an analysis of variance.
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Tests for reduction by comparison with the appropriate control group were
made using the one-sided two-sample t-test.

The number of post-implantation losses or ‘foetal abmormalities was
expressed per implantation per pregnancy. The statistic used was a double
are sine transformation (Freeman & Tukay, 1950} of this value:

gint [ E + sint [E + 1
T+1 T + 1

where E = number of post-implantation losses and T. = n_umber of
implantations. This was tested with an analysis of variance and for any
significant increase by comparison with the appropriate control group using
& two-semple t-test. The results of these t-tests are presented in the table
(Table §). The data for abnormal foetuses were also subject to this
transformation where T = number of live implantations, and the same
statistical analyses performed.

In addition, analysis of variance and two-sample t-tests for post-
implantation losses and abnormal foetuses were performed on the data
using a square root transformation, according to the formula [E + 1.

A further statistic was obtained: the proportion of pregnant females in each
treatment group with at least one early death, late death, late death or
dead foetus, or abnormal foetus. This was tested for any significant
increase by comparison with the appropriate coutrol group using Fisher's
exact test. '
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RESULTS

Treated males

Survival _

The numbers of males which survived the inhalation treatments were as
follows:-

L Number of males

Treatment Died during Used for  Died during

group Treated {reatment Swrvived mating  mating period

Vehicle 25 0 25 25 0

control (100%)

65 ppm 26 1 24 24 [

hutadiere {96%)

404 ppm. 25 0 25 25 0

butadiene (100%)

1250 pput 25 0 25 25 0

butadiene (100%)

Room control 50 (] 50 b0 (]
(100%)

* Cauge of death could not bhe established at necropsy

Body weights

Body weights of males on the day of treatment and up until the end of the
mating period are shown in Table 1 and Appendix 1. Mean body weights
were not significantly different from the vehicle control group in any group
on any of the twelve occasions on which the animals were woighed,

Butadiene

The supplier’s certificates of analysis (Appendix 2) indicated that the purity
of the butadiene was =99.5% and that no confarninant was present at a
concentration outside the normal product specification except for cytinders
17 and 18, For these two cylinders (in use on study days 32, 35-37) methyl
acetylepe was present at 12 ppm and butenes at 0.41%; all other
contaminants were within the normal product specification. The
concentrations of butadiene recorded during the ten week exposure period
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are shown in Table 2 and Appendiz 8. The daily exposure period
(nominally 6 h) approximately comprised a 13 minute bufld up period
(range 3-38 min) from 0 ppm to the required concentration, a 5% h period
(range 5 h 10 min-6 h 20 min) of constant concentration and a 16 minute
period (range 4-45 min}in which the concentration returned to 0 ppm prior
to removing the animals from the cages. Occasional flucteations in
butadiene ¢oncentrations outside the designated 15% limits were due to e.g.
liquid batadiene outflow from an overfull cylinder or interruption of gas
flow due to misconnected tubing or an empty cylinder. Such variations
outgide the designated limits were corrected as quickly as possible to
minimize their effect. Any shut down period eg. due to a change of
cylinder, was coropensated by a suitable extension of the exposure period.

A sample of butadiene was taken from each cylinder used at the end of
each exposure period Appendix 4 sbows its dimer content which varied
from 10 to 678 ppm but was only above 500 ppm for study days 39, 42, 43,
58 and 59.

Temperature and relative huinidity

Temperature and relative humidity data are shown in Table 3 and
Appendix 5 After one week of the butadiene exposure period it became
apparent that the thermohygrometer had besn adversely affected by the
butadiene. The accuracy of the relative humd.‘tty measurements using this
instrument is therefore in doubt and a separate hygrometer was used from
study day 1. Temperai:ure readings were not affecied and a separate
thermometer was not introduced until study day 8. (Temperature was
recorded on both instruments from study days 1-8.)

There appea.red to be no concentration-related change in temperature or
relative humidity, although there was conziderable variation (23.4-30.0°C
and 42-78% respectively) between study days and chambers.
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' An analysis of variance performed to test the difference between chambers

wasnot stat.lstlcall}' significant for temperature. Measurements were made
on separate days, hence variability between days was included as a factor
in the model but this resulted in unsatisfactory assumptions for normality
and for homogeneity between the variances, so the p-value of (.861
obtained fror the analysis of variance is rather inexact. Usually when the
ahove asésumptions do not hold a transformation is carried out or a non-
parametric analysis is performed, but in this case there were no suitable
transformation and there is no suitable non-parameiric method which
includes the variability between days. There was little difference in the
mean temperature for chambers 1 to 4 which were 27.5, 27.7, 27.5 and 27.5
respectively, and the p-value is 2o high that the statistical non-significance
of the result can be relied upon.

An analysis of variance performed to test the difference between chambers
was highly statistically significant {p =0.001) for relative humidity. For this
endpoint, varianees were equal but again the distribution of data was not
pnormal and no guitable transformation could be found. There were large
differences in the means for relative humidity in chambers 1 to 4 which
were 53.6, 49.9, 48.8 and 57.0 respectively. In thia case, the p-value was so
low that the statistically significance of the results can be relied on.

Mating snccess and fertility
Mating and fertility data are presented in Table 4 and Appendix 6.

Mating

Males were recorded as guccessfully mated if at least ome of the two
fomales was found to have a vaginal plug, a sperm positive vaginal smear
or to have been i)regn.mt. Females were recorded as successfully mated if
any of the following were found: vaginal plug in the female, sperm positive
vaginal smear, plug under cage (plug assigned to female reirospectively if
two females present) or preghancy. In a few instances, no pregunancy
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resulted, dsspite a plug or sperm havmg been found, presumably due to a
lack of viable sperm,

Females were recorded as pregnant if a litter was seen at dominant lethal
examination or if at least oue implantation site was counted either at
dominant lethal exemipation or after ammonium sulphide ataining.

Neither the proportion of males mated (of those paired} nor the proportion
of females mated (of those paired) was significantly decreased at 85, 400 or

1250 ppm butadiene by comparison with the vehicle control group, or in the

vehicle control group by comparison with the room contrel group.
Pregnancy rate (proportion of females pregnant of those mated} was not
significantly decreased at any exposure concentration.

The peried to coition was caleulated for those animals for which either a
vaginal plug or a sperm positive vaginal smear had been found. Analysis
of variance was not significant and there were no significant changes at any
concentration by comparison with the appropriate control group using a
two-sided {wo-sample t-test.

Fertility

Two measures of fortility were ma.de and comparisons between exposure
groups and the appropriate conirol were made by Fisher’s exact test.
Neither the proportion of males with at least one pregnant female (of those
paired) nor the proportion of pregnant femtales (of those paired) was
gignificantly reduced at 65, 400 or 1250 ppm butadiene by comparizon with
the vehicle control group or in the vehicle control group by comparison
with the room control group.

Dominant lethal assay

* Dominant lethal data are presented in Table 5 and Appendix 7.
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Corpora lutea

Analysis of variance for the mean number of corpora lutea per pregunant
fomale was not statistically significant. There was no statistically
significant decrease at 65, 400 or 1250 ppm butadiene by comparison with
the vehicle control group, nor in the vehicle control group by comparison
with the room control group using a two-sample t-test.

L)

Implantations

Analysis of variance for the mean number of implantations per pregnant
female was not statistically significant. There was a statistically significant
decrease (p=0.05) in the 65 ppm butadiene group in comparison with the
vehicle control group using a two-sample t-test but this was not confirmed
by & least significant difference test. There was no statistically significant
docrease at 400 or 12560 ppm butadiene by comparizon with the vehicle
contral group and the vehicle control group showed no significance decrease
by comparison with the room control group wsing a two-sample t-test.

Early deaths

Early deaths per implantafion per pregnancy

Analysis of variance for the mean number of early deaths per implantation
per pregnancy (arc-sine trensformation) was not statistieally significant.
There was no statistically significont increase at 65, 400 or 1250 ppm
butadiene by comparison with the vehicle control group nor in the vehice

control group by comparison with the reom control grovp using a
two-gample {-test, -

Early deaths per pregrancy
Analysis of varismee and two-sample t-{ests were used to compare the mean

number of early deaths per pregnency {(square root tramsformation):
statistical significance was not achieved in any comparison.
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Proportien of females with an early deatk

The proportion of pregnant foemales with at least one early death was not
significantly increased in the 65, 400 or 1250 ppm butadiene-exposed groups
by comparison with the vehicle control g:rotrp or in the vehicle control
group by comparison with the room control group, using Fisher’s exact test.

Late deaths

Late deaths per implantation per pregnancy

Analysis of variance for the mean yumber of late deaths per implautation
per pregnancy {arc-gine transformation) wes not statistically significant.
There was no statistically significemt increase at 65, 400 or 1250 ppm
butediene by comparison with the vehicle control group nor in the vehicle
control group by comparison with the room control group using a two-
sample t-test.

Late deaths per pregnancy

Analysia of varisnce and two-sample t-tests were used to compare the mean
number of late deaths per pregnamcy {square root transformation):
statistical significance was not achieved in any comparison.

Proportion of females with an late death _

The proportion of pregnant femsles with at least one late death was not
significantly increased in the 65, 400 or 1250 ppm butadiene-exposed groups
by comparison with the vehicle control group or in the vehicle control
group by comparison with the room contrel group, using Fisher's exact test.

Late deaths including dead foetuses

Late deaths imcluding dead foetuses per implantation per
pregnancy _

Since the dominant lethal assay is normally performed at mid-term, dead
foetuses are not seen. However, since the assessment has been made in
this study immediately prior to full-term, this additional categorisation is
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possible and data are also presented as a total for late deaths including
dead foetuses.

Analysis of variance for the mean number of late deaths including dead
foetuses per implantation per pregnancy {arc-sine transformation) was not

- statistically mgmﬁmt. There was no statistically significant increase at

6.3.5.2.

6.3.6.3.

6.3.6.

any exposure concentration by comparison with the vehicle control group
nor in the vehicle control group by comparison with the room control group
using a two-sample t-test. '

Late deaths including dead foetuses per pregnancy

Analyss of variance and two-sample t-tests were used to compare the mean
number of late deaths or dead fostus per pregnancy (square root
transformation): statistical significance was not achieved in any comparison.

Proportion of females with a late death or dead foetus

The proportion of pregnant females with at least one late death or dead
fostuges was not significantly increassed in the 65, 400 or 1250 ppm
butadiene-exposed groups by comparison with the vehicle control group or
in the vehicle control group by comparison with the room control group,
using Fisher's exact test. I

Abnormal foetuses

In the population of foetuses from non exposed males in the vehicle coatrol
group, there were five runts in five litters. There were four runts and one
foetus with gastroschisis in five litters from males in each of the groups
treated with 65 ppm and 400 ppm butadiene, From males treated with
1250 ppm butadiene there were two runts in two litters and from males
xmaintained as room conirols there were nine runts and one foetus with
scoliogis in ten Htters,
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Abnormal foetuses per implantation per pregnancy

Analysis of variapce for the mean number of abnormal foetuses per
implantation per pregnancy (arc-sine transformation) was not statistically
significant. There was no statistically significant increase at any exposure
concentration in comparison with the vehicle contrel group nor in the
vehicle control group by comparison with the room control group using a
two-sainple {-fest.

Abnormal foetuses per live implantation per pregnancy

Analysis of variance and two-sample t-iests were used to compare the mean
number of ahnormal foetuses per live irnplantation per pregnancy (arc-sine
transformation): statistical significance was not achieved in any comparison.

Abnormal foetuses per pregnancy

Analysis of variance and two-sample t-tests were used to compare the mean
number of abnormal foetuses (square root transformation): statistical
significance was not achieved in any comparison.

Proportion of females with an abnormal fostus

There were no fernales with more than one abnormal foetus so no analysis
was performed on the proportion of females with at least one abmormal
foetus,
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DISCUSSION

Butadiene concentrations occasionally fluctuated outside the defined 15%
limits but these deviations were not considered long enough to have
affected the outcome of the study. The butadiene supplied was at least
99.6% pure throughout the study and on all but four study days it was
more than 99.7% pure. During four days of exposure, twe contaminants -
were présent at slightly higher than the normal product specification:
methyl aceiylene 12 ppm (bmit = 10 ppm) and butenes 0.41% (imit =
0.30%). This deviation from the normel specification was not considered to
have affected the outcome of the study. The dimer content of the
butadiene measured at the end of use of cach cylinder varied from 10 to
678 ppm, which was within the designated limit (1000 ppm) for
contamination. Temperature did not vary between the inhalation exposure
chambers but relative humidity varied due to differences in the dryness of
diluting air-streams attached to each one.

Only one male rat (in the 65 ppm butadiene exposed group) died during
sub-chronic dosing by inhalation exposure with 0, 65, 400 or 1250 ppm
butadiene. None of 50 room control animals died. Mean body weights of
the vehicle conirol group, the treated groups and the room control group
were not significantly different throughout the treatment and mating

periods.

Neither mating frequency nor pregrnancy rate was significantly decreased
as a result of treatment. For those amimals for which 2 vaginal plug or 2
sperm positive vaginal smear was found, the mean period to coition was not
significantly affacted by treatment. It woukl therefore appesar that the
reproductive systems of the treated males have not been affected by sub-
chronic butadiene exposure nor by the exposure system itself and that they
were able to reproduce normally.
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Investigation of an effect of sub-chronic butadiene treatment on male germ
cells was carried out by means of a modified dominant lethal assay. There
was 0o mgm.ﬁcant difference in the number of corpora lutea between the
treatment groups indicating that there had been no effect on pre-
implantation loss. The statistically significant decrease in the number of
implantation sites after paternal expasure to 65 ppm butadiens was not
mnsidqréd to represent a genetic effect since it was not accompanied by a
significant increase in post-implantation losses and was not found o other
treatment groups. All the ofher parameters measured in the dominant
lethal assay and in the foetuses (early deaths, late deaths, including or
excluding dead foetuses and foetal abnormalities) remained unchanged in
all treatment groups. Thus, there has not been a genetic effect of sub-
chronic butadiene treatment at 65, 400 or 1250 ppm oa the germ cells of
male rats as measured by the dominant lethal assay.

Statistical analysis was performed on the dominant lethal data (i.e. post-
implantation loases and foetal abnormalities) by three different methods:
i-tests using a double arc-sine transformation (Freeman and Tukey, 1950),

_i-test using a square root transformation and Fisher’s exact tests. None of

the differences between the exposed and control groups were statistically
significant by any of these methods.

These results show that mutation of the male germ cells can.t?ot be induced
by butediene given sub-chronically by inhalation exposure under these
conditions to rats of the Sprague-Dawley sirain. They are in contrast to
those oblained for male mice (Anderson et al. 1993} (BIBRA Report No.
1060/5). This species difference may be explained by differences in
butadiene metabolism as sugpested by e.g. Henderson et al., 1993 and Bolt
et al., 1993,
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Body weight (g) (mean and standard deviation) on study days:
Number of
Treatment group exposed o - 1 u 21 28 35 42 a0 56 3. 70 7
males
Vehicle control® 25 2705 208.3 3144 3340 RE YA 3a5.0 378.8 3885 309.2 411.1 4i7.8 413.5
+15.90 1949 £2332 2821 297 £3177 235870 x34.96 3462 3722 483095 8810
65 ppm butadlene® 25 2720 2035 310.9™ 4BL9™ 8462 3608 3738 386.0%™ 896.0%™ 408.9%* 41284 400.4
+14.04 1886 £2021 22186 £23.05 %2412 22041 %2770 29816 +2500 +£2823 +27.11
400 ppm butadiens® 26 2717 2946™ 8130 234.4™ B3404™  383.6™  3TE.H™ 2009  402.0™  412.0™  4100™ 4281
1078 x1538 #1938 =21.15 +£23.05 +£2438 2553 226878 27585 28464 £2897 25020
12450 ppm butadiene® 26 ML 2018™ 3077 3269 3418™  3545™  367.1™  8775™  3GT6™  3MBA™ 4054  403.1%
+14.07 £1945 1863 £2223 12222 2305 +£28544 £2720 227705 12805 +2000 2960
Room control® 50 2664  2008™  3142™ 8866  952.4™  S67.6™  283.0% 893.8% 4043 4133 4176 41247

+13.87 £17.76 +£208) 22375 2607 2872 23072 £32.07 13196 139341 +3591 +38.08

Data for body weights for individual mals rats are shown in Appendix 1.

. Numbar of exposed meles = 24 due to death of animal number 87 on day 30 {cause vnknown}.

. Levela of slgnificance resulting from comparing vehicle control group against other groups using two-sided least significant difference teat.
“ w not gignificently different from the vehicle contral group, p>0.05.

. Levele of significance resulting from comparing vehicle control group against room control group vsing two-sldsd pooled two sampie t-test.

" o ot slgnificantly different from vehicla contrel group, p> .08,
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Table 2,
Length of time to reach Length of time at Range of coneentration of .
Treatment  Concentrstion of required concentration  required concentration butadiene durlng main Length of time to return to
wegk* butadiena (ppm) {min) & + 8D) % & SD) exposure pariod (ppm} 0 ppm (min} & = 8D)
b 65 106 6 b 49 min + 6 min 9719 8238
400 15 2 11 5 h 44 min + 11 min 40-530 442
1250 8+3 & h 48 min x 4 min 112-2174 »
2 85 103 § h 60 min % 8 min 14.81 101
400 x4 6h 49 min & 4 min T0-540 18¢1
1250 1111 8 h 48 min + 11 min 282-1812 b
3 65 208 6 h 40 min * & min 42.85 1zl
400 17+ 9 6 h 43 min * 9 min 230-520 182
1260 15 = 11° 6 h 89 min = 13 min o78-1627 >
4 é5 Bx6 % h 41 min = & min 20.83 2x1
400 186 5h42 min 2 6 min 160-520 15+ 2
1260 15 4 6 h 45 min 2 4 min 530-1412 &
3 a5 18 + 13 5h 48 min + 20 min 9-87 10 %1
404 18 & 13 5 h 49 min + 20 min 30-530 13+ 2
1250 g3 5 h 44 min + 27 min 70.1694 322 g
6 86 12+ 2 & h 48 min £ 17 min 9.89 01
400 924 - Bh 46 min + 17 min 40-680 12+2
1260 14zx7 fh 41 min £ 18 min 266-1481 92.% 8

confinued....
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Mean value from 4 days exposure dats only (see Appendix 3).

Length of time to reach Length of time at Range of concentration of
Treatment Coneentration of  requived concentration  required concentration butadiene during main + Lapgth of me 1o return to
week" butadiene (ppm) {min} (x + SD) (x + 8D) exposure period (ppm) 0 ppm {min} & + SD)
7 85 11+3 5h 49 min ¢ 3 min 49-78 101
400 W03 5h 49 min + 3 min 270-470 4+l
1264} 19+ 4 5 h 40 min + 7 min 877-1435 s
8 a5 13«7 5 b 47 min £ 7 min 56-78 B+ 2
400 . d+2 5 h 51 min + 2 min 350-470 14+ 2
1250 13+3 5 h 46 min £ 4 min 1063-1438 LX)
b 6 9x7 5 h 60 min + 7 min 4876 =1
400 8rd 5 h 52 min £ 4 min 280-1508 17+ 2
1260 17+ 4 5 h 43 min + 4 min 60-1859 3912
10 &5 B3 6 h 82 min + 3 min 19-124 LN
400 =3 5 h 52 min 2 3 min 120-910 15+ 3
1250 20 % 10 5 h 46 min = 7 min 618-1700 2
Individual dafly butadiens exposure data ave shown in Appendix 3.
. Monday to Friday; n=6.
. Misaing date due to 6 h time schedule for Fourier Transform Infra Hed (FTIR) used to measure butadiene tration in chamber 4 {1250 ppm),
£

Wiean value from 3 dnys exposure dats only (see Appendix 3).
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Table 5. 11
sub- mic l_nale rats to b iene
’ : Temperatare (CY* Relative humidity (%)°

Stady Chamber Concentration of

day npumber® butadiene (ppm) Start Epd Max Mo Start End Maxr Min
i} i 1] 234° 24F 241° 2345 64 - 6T 69 53
1 4 1250 258 250 267 258 49t 307/58° 49 20°/36°
2 1 0 2600 2TF 275 268 487768 447/B0 45°/68 88°/60
3 1 0 BE 2710 274 268 T2fE0 B2Y/66 T/58 4162
4 3 400 26.6° 27I° 27.1° 266 519784 8250 5lY/84 21748
7 2 65 268 275 215 263 507/56 81944 50'/56 BlYed
s 2 65 266 272 272 266 54 48 54 4
9 4 1250 258 262 262 258 0 2 W 49
0 2 65 2786 288 288 276 54 53 54 48
11 3 400 260 280 282 - 26.0 60 47 80 43
14 2 65 ‘274 288 286 274 61 50 81 48
15 2 €5 264 292 204 264 62 52 62 50
16 1 0 268 200 280 268 T2 ) 7% 56
17 2 65 264 280 280 264 60 52 60 47
18 4 1250 246 268 270 246 66 57 66 54
21 4 1250 240 296 296 240 0 5. 70 58
22 1 0 280 300 300 278 60 éd 64 85
23 3 400 270 208 298 270 68 54 66 49
24 1 0 262 300 800 262 60 8a @8 5
25 1 ¢ 264 203 208 264° &8 58 68 66
28 4 1250 270 280 200 27.0 65 50 85 48
20 2 85 274 288 -288 274 64 49 64 4
30 3 400 27.0 288 283 264 57 48 57 4
81 2 65 258 250 290 258 82 . Bl 62 46
a2 4 1250 270 290 290 2790 5% . 58 58 52
35 4 1250 274 284 290 274 62 60 a2 &5
36 1 il 244 286 286 244 66 56 &8 52
37 4 240 280 240 68 58 68 B4

28.2

continved....
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Table 3. continued.

Temperature *C)* Relative humidity (%)*

Study Chamber Concentration of
day  pumber' butadiene (ppm) Start End Mex Min, Start End Max.  Min,

38 2 85 270 280 280 270 58 54 56 46
29 4 1250 248 272 27.2 248 64 58 64 56
42 2 65 282 284 284 262 84 50 84 44
43 3 400 252 272 212 252 63 46 63 44
4 1 0 274 282 284 272 78 68 78 55
45 4 1250 264 276 280 284 64 61 84 58
16 4 1250 272 274 275 270 62 &5 65 58
49 2 65 272 242 282 272 61 52 61 47
50 3 400 27.2 284 284 272 56 54 56 46
51 3 400 274 284 284 274 56 52 56 45
62 4 1250 258 280 286 258 5 61 66 58
53 4 1250 266 280 288 266 68 62 86 55
66 2 65 266 278 280 265 57 56 57 48
57 4 1250 244 274 280 244 60 64 59
58 3 400 260 282 284 260 60 48 &0 4
59 1 0 250 270 272 250 8 65 68 56
40 1 0 260 276 216 260 64 6 54
as 3 400 254 268 268 254 58 46 &8 45
64 3 400 248 279 217 248 62 49 62 4%
65 3 400 272 230 283 270 56 46 56 43
88 4 1250 270 276 278 270 84 59 64 87
67 3 400 260 274 274 260 58 49 58 46

Individuel teraperature and re]ati.ve bumidity readings ave shown in Appendix 5.

* Temperature and relative buraidity ware measured in one charober, selected at random, on each study
day. .

' Temperature and relative bumidity were recorded every 15 minutes, where possible, during the exposure
periods; separete thermometer and solid state hygrometer used exeept for readings marked °.

= Thermohygrometer used for temperatare and relative bumidity recordings: probably inacenrate for
relative humidity (see text Section 6.1.4. for explanation).

¢ First 5 readings missing,




Table 4. Summs
Vehicle 65 ppm 400 ppm 1250 ppm Room

Treatment grovp ] control  butadiene butadiene butadiene control
No. of treated males paired with 25 24 25 2 50
untreated females

No. of untreated females paired with 50 485 50 50 100
treated males®

No. of males mated™ 25 24 %™ 25 50
{% of number paired) (100%) {100%) (100%) (100%} (1009
No. of females mated™ 49 46™ 43 490 b2
(% of number paired) {98%} (96%) (96%} {98%) (94%)
Period to coition™=* 425289 $.96™+254 3922241 4.02°:198 412V:2925
{days) {mean = SD)

No. of pregnant femalee™ 48 45~ 44 46™ ggu
{% of number mated) (94%} {28%) (92%) (94%) (98%)
No. of meles with at least one 25 24 25 25 50"
pregnant femalett* (100%} (100%) (100%) (100%) (10045)
(% of numbetr paired)

Na. of pregnant females™ 46 {5~ aq™ 46 Q2%
(% of number paired) 92%) (94%) (88%) (02%:) {92%)

Mating and fertility data for indlvidual male rats are shown in Appendix €.

* One male rat died dwring the exposure period due to an unknown cavse.
* Two females per male for up to 9 days.
¢ Rither : at least one plug found
or : alleastmfemﬂemthspermposiﬁvevaglmlsmear
at least one fermale known to have been pregnant.

¢ Staustlee.l enalysis by Fisher's exact test; ™ treatad not significently lower than vehicle control, or room

control not significantly highar than vehicle control.

* Either : Plug found in female
or H sperm positive vaginal smedr
or : plug found ander cage housing cna female only or assigned ratrospectively if two females
present.

: - female known to bave been pregnant
f Numher of days from housing males and females together to finding plug in fernale, sperm positive vaginal
smear or plug under cage (date of me:ungdeimﬂned retrospectively if two famales present).
¢ Statistical analysis by two-sided two-sample t-test, ™ not significantly different from vehicle control.
% Some femaleswemfound not to be pregmant despite a plug or a sperm positive vaginal smear having been
fourd.
i Pregnant female defined 25 femals in which foetus(es) were seen at dominant lathal necropsy examination,
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Vehicle €5 ppm 400 ppm 1250 ppm Hoom
Treatment group control butadiene butadiene butadiene control
No. of pregnant feinales® 46 45 4“4 46 92
Corpora butea® 857 812 770 814 1632
Total number 18.68+3.52 18.04™:3.62 17.91%:3.14 18.09x3.51 1K55™13.92
Mean® = SD [n=43)* [on=451 [n=58]"
Implantations®
Number /95 627 a30 €55 1370
Mean® 2 8D 15.11%8.16 1393':8.85 14.78%:3.32 14.24™+2353 1490324
Early deaths™
Total numher 19 26 16 31 53
Meen® x SD 0.030:£ 0,074 0.055"£0.231 (.022%2£0.043 0.045™ 0,078 0.040"+0.087
No. of pregnant femalas with 18 2™ 11 7™ 3z~
= 1 early death® (% of {28%) (27%) (26%) (38%) (36%)
mmnber pregnant) [n= 44} ; [n=4d5]"
Late deaths™
Total number 5 7 . 3 14 15
Mezn® = 3D 0.00%40.028 0.014™20.047 0.004™+0.015 0.019" 0,064 0.011%x0.040
No. of pregnant females with 5 5™ it g™ 10
z 1 late death* (% of pumber {(11%) (11%) (1%) (13%) 11%)
pregnant) [n=44j* [n=45)*
Late deaths inctuding dead
foetuses™
Total number 9 9 8 16 17
Mean® x SD 0.034+0.037 0.020%0.055 0.009"+0.026 {.042*+0,158 0.012™+0.040
No. of pregnant famales with 7 ™ 5 g™ g™
= 1 late death or dead foetns® (15%) (16%) (11%) (18%) {13%}
{% of number pregnant) [n=447" (n=45]"
Abnormal foetuses™ :
Total cumber & . B* b 16*
Mean® £ ED 0.007£0.020 0.010™¢0.084 0.008£0,022 0.008™=0.014 0.007"°x0.020
No. of pregnant females with 5 5 ] 2 16
= 1 abnormal foetuses” (11%) a1% - (11%) {4%:) (11%)
(% of namber pregnant) . (=44} - {p=457
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Tabhle 8. continued,
Footuotes

Domindnt lethel data for individual male rats are shewn in Appendiz 7.

* Data from Table 4.

*  Statistical anelysis by two-sample ttest; ¥, treatad not significantly lower than vebicle control; room
control not significanity higher than vehicle control; *, treated significantly lower than vehicle conixol
{p=0.05).

*  Per pregnant famale,

¢ Square brackets shows number of preguant females when different to that reported.

* Btatistical analysis on trensformed data - see text section 5.5.4, for detsils,

I Btatistical analysis by two-pample t-4est; ™, treated not significantly higher than vebide contrel; Toom
ecntral not significantly lower than vahicle control, -

f  Per implaptation per pregnancy.

' Btatistieal analysis by Fisher's exact test; * treated pot significantly higher thaz vehicle contrel; room
control not significantly lower than vehicle control.

' 8§ runts (67, 67, 71, 71 and 57% of mean body weight of others in Litter; totel Iitter sizes 16, 14, 12, 15

~ and 15 respectively},

3 1 gastroschisis; 4 runts (67, 41, 74 and 72% of mean hody weight of others iy iter; total litter sizes 17,
18, 12 and 14 respectively).

£ 1 gastroschigly; 4 runts (75, 73, 64 2nd 78% of mean bady weight of others in Litter; total litter sizes 17,
13, 14 and 11 respectively),

! 2 runts (64 and 52% of mean body weight of others in Utter; tote] litter sizes 14 and 15 respectively).

= 1 seoliogts it lomaber and sacral spinal eduwap; 9 runts (82, 68, 68, 71, 68, 55, 73, 70 and 71% of mean
body weight of others in litter; total littar sizes 16, 12, 11, 30, 18, 14, 18, 16 and 18 respactively).

" Fisher's exact test not performed since no litter contained >1 abnormal foetus: see two-sample t-test.




1542/2

Male

Body weight () on study days:-

Treatment growp 0 7 14 21 28 35 42 49 56 63 70 77
number ’

Vahicle control 1 290 320 340 369 78 406 416 420 440 455 470 46d
2 280 809 328 319 a68 872 382 338 A2 410 414 410 .
8 264 287 305 az3 840 855 371 375 290 297 405 403
4 263 299 10 339 848 310 384 395 398 405 415 418
& 311 344 376 403 450 444 468 480 480 509 518 504
6 270 205 ans 5 362 380 396 400 419 430 437 439
7 265 202 314 335 a6z 378 388 aes 406 420 422 405
8 281 288 311 aze 343 356 369 383 393 405 411 405
g . 268 289 an? 324 387 839 345 359 368 am 377 282
1% 277 300 317 351 338 8E0 361 L7l as1 285 baitu] 84
11 284 a8 337 860 ir 305 406 418 426 448 453 448
13 244 266 278 202 207 320 330 342 360 are 377 378
13 268 286 30t 321 383 242 361 369 875 391 388 aay
14 260 519 840 382 404 420 429 439 460 . 463 460

ag1

continued....
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Appendix 1, continued,

1842/2

Body weight () on siudy days:-
Trestment group Male 0 T 14 21 28 35 43+ 49 56 B3 70 7
nunber
Vehicle ¢ontrol 15 266 288 813 835 a52 an 389 400 4157 430 446 4560
14 282 03 324 345 a57 380 397 410 422 435 443 433
17 247 269 282 308 321 332 351 357 360 480 382 8718
13 283 320 342 363 387 405 422 433 448 465 418 470
14 268 289 811 522 a3l 342 358 o 317 809 889 208
20 230 264 266 78 290 305 8185 321 330 840 342 37
21 272 289 " a01 316 824 340 350 3569 sz 37 377 avd
22 262 279 264 318 329 347 358 3% 284 386 387 3a7
23 282 309 331 351 a4 %0 400 405 415 421 426 422
24 283 285 204 07 319 351 342 asn 366 anm 478 380
25 279 am 323 333 321 a7 302 402 414 425 432 . 43
a5 ppm butadiena 26 281 305 18 41 B354 389 284 388 404 410 428 428
. 27 260 285 318 2330 340 349 372 384 389 397 407 411
23 264 202 mn 328 343 262 anl 383 397 410 418 414
26 268 281 304 328 383 351 381 871 381 a4 403 401
4] 267 288 297 317 384 a5t 362 386 asn 392 406 403
31 268 201 308 28 840 a7 377 387 395 408 418 414
a2 209 525 541 85 380 296 415 424 432 440 452 444

continued....
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Body weight (g) on study days:-

Treatment group Male 0 7 14 21 28 35 @ 49 56 68 70 7
number
65 ppm butadicne 93 254 984 217 205 910 421 334 339 850" %62 867 - 875
84 278 296 811 9% 847 362 876 @382 484 306 402 994
35 278 207 208 838 848 %68 370 984 400 416 418 404
36 247 283 214 %83 802 820 828 320 340 860 365 365
37 281 908 838 842 362 . . ] - ]
38 268 272 287 308 817 832 345 848 360 384 356 546
39 282 803 829 817 870 891 409, 413 424 430 456 448
a0 2 288 208 316 $81 850 811 82 375 388 g0 8o2
4 985 904 882 849 972 888 413 417 428 482 440 437
a2 278 24 306 @8 382 381 388 388 $83 800 402 400
43 289 430 946 372 285 404 416 49% 442 442 452 450
4 251 280 988 %16 82 340 851 384 513 383 300 382
45 256 280 297 922 336 351 361 24 8’8 300 3¢ &M
18 %01 818 - 340 384 385 405 432 43¢ 450 480 483 458
0 269 288 802 322 380 345 868 280 891 897 408 400
@ 278 800 920 944 346 383 980 393 405 413 420 42t
19 954 272 205 362 230 847 988 975 884 200 306 395
50 288 321 842 368 382 392 410 4I5 B34 a1 4y

430

. continued....
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Appendix 1. continued,

154272

Body weight {g} on study days:-
Treatment group Male o 7 14 21 28 35 2 © . 5% 83 70 7
_ number

400 ppm butadiena 51 2564 272 283 808 424 341 958 964 830 - 388 401 404
' 52 260 290 810 0 855 961 882 898 411 420 434 436

63 284 216 330 360 331 992 409 425 440 452 455 447

54 277 806 324 846 364 - 379 390 408 418 420 431 410

56 967 294 M1 838 350 64 219 396 406 419 420 422

88 281 281 308 S8 302 339 a0 360 an 376 384 334

57 o7 203 . 804 820 338 344 258 366 382 394 402 405

58 288 809 83t 267 880 30 90 414 438 442 451 451

59 22 268 260 985 206 809 819 832 845 966 856 353

60 280 807 84 o 956 289 378 201 403 410 ° 418 415

6L 276 822 844 871 380 407 492 485 445 458 463 469

62 283 289 912 823 342 349 Ry {I] 388 il 410 418 417

63 275 285 209 414 325 838 848 356 ass a4 @2 47

o4 288 280 200 826 343 951 385 879 . 38@ 400 405 308

65 387 206 819 349 872 385 402 A8 482 446 459 457

66 280 308 888 S5z 867 588 894 485 418 430 435 436

67 21 209 317 3% 858 364 37 889 400 . 406 . 416 419

88 217 800 324 848 852 382 983 @95 402 415 431 412

continued....
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Body weight (g) on study days:-

Treatment gronp Male 0 7 14 2 28 35 42 49 56 aa 70 7T
: nuimnber )

400 pp tutadishe ) a0 988 310 982 848 862 475 892 41d 46 428 42i
70 o5 &Il 3 99 366 7B 308 411 420 430 485 4R

) 266" 813 336 383 872 382 898 44 431 424 497 434

72 a8 z=es 2z 205 306 313 317 388 345 S60 358 346

% 981 284 304 381 354 262 3865 888 409 dar 427 42

LY o7 0 381 87 31 89 412 436 440 468 458 481

25 ol 2% %8 624 836 858 387 880 386 393 394 982

1250 ppm batadiene 78 956 274 291 320 824 888 83 847 3L 36 381 32
7 968 23 303 308 83 364 361 96 886 400 402 407

78 254 809 S® 359 BT 8B 402 412 417 428 487 440

o’ 950 246 262 219 295 302 314 3B 38 M0 347 349

80 201 821 834 984 a76 887 402 411 424 442 450 447

81 990 908 323 850 869 488 404 423 432 445 488 446

82 285 814 327 346 a8 362 380 388 407 416 418 425

83 260 291 308 380 851 357 34 386 30 400 409 409

84 280 807 524 350 3 I 3 40 44 48 43 488

88 292 M6 934 952 a1 880 391 406 415 430 422 425

continned....
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1542/2

Body weight (g) on study days:
Troatment grotp . Mala 0 7 id 21 28 85 42 a® 56 i) 70 7
number
1250 ppm butadiene 86 289 318 324 88 348 958 871 g1 a6 . 895 898 406
8% 276 203 802 s20 .38 8§l 384 367  8T6 380 381 3M
88 234 804 813 842 389 380 347 402 416 422 429 491
89 258 281 302 820 940 861 382 8v0 880 895 402 389
00 288 810 g2 847 © 6L 815 890 494 414 426 435 442
91 240 264 281 300 915 828 840 38 380 &0 882 384
p2 261 875 . 298 206 81 824 830 838 a4l 857 888 344
9 T gy0 - 289 a0z 822 835 862 38 377 382 896 402 403
p4 283 803 821 886 341 869  §77 a8l 892 400 41l 402
95 270 800 316 8865 383 872 884 38T 410 425 488 420
% 245 270 287 209 M09 316 827 381 a1 gL 354 351
97 270 982 202 817 832 - 548 862 886 878 390 402 898
98 267 281 200 813 3w 342 353 361 8”6 a8y 895 397
99 289 281 a7 820 347 860 376 887 995 405 417 411
100 248 265 284 298 912 820 340 343 365 367 .38 aM
Room control 101 279 808 835 886 872 391 410 498 - 481 485 448 438
102 23 2% 207 816 335 346 955 860 876 303 s82

continued....
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Treatment group

Mala

Body weight {g) on atudy days:-

14

) 7 21 28 95 42 49 58 83 0 7
number :
Room control 103 200 a0 341 967 282 400 410 424 2% 488+ 438 483
104 8¢ 280 904 325 847 360 371 880 41 414 424 42
105 289 288 311 894 349 267 388 396 409 422 417 409
106 . 269 389 800 322 892 848 958 384 376 385 393 387
107 269 208 823 341 368 365 880 394 402 415 418 417
108 260 206 816 43 281 380 303 405 415 425+ 482 435
109 266 20 202 209 328 333 344 a3 361 368 a7 818
116 298 305 830 858 879 805 413 421 480 448 447 438
1 nd0 263 279 208 a1t 220 239 347 355 365 268 a7
12 210 201 2 a29 351 65 280 395 410 415 416 408
ns 260 280 806 323 341 352 363 374 884 305 308 303
114 955 288 808 883 348 368 384 399 409 420 495 427
116 285 208 804 333 340 351 364 384 a8 380 371
116 288 817 844 365 382 398 416 427 438 450 453 4ds
117 273 06 386 882 881 410 428 442 451 466 476 484
118 268 287 308 825 341 256 an 378 803 305 299 ae?
118 276 801 338 364 a|s 402 415 427 440 462 460 465
120 236 252 27t 200 803 308 a21 81 345 850 347 340
continved....
I
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) Body weight () on study days:-
Treatment group Mala 0 ? 14 21 28 58 42 49 68 S 83 70 7
. nember

Rootn control 121 268 202 814 836 848 a43 36 384 287 405 41 412
122 283 a1y 349 76 an 412 498 455 468 470 477 466
123 201 329 854 78 390 421 435 444 461 458 493 476
124 253 280 301 319 3M 349 364 376 385 392 400 892
125 2867 205 20 843 850 877 303 399 419 402 434 435
126 260 287 34 925 335 a61 366 a4 388 400 405 299
127 281 208 az5 350 870 802 408 428 438 445 447 445
128 213 810 . 834 e 3, 200 422 431 441 454 469 448
120 247 271 288 a02 216 330 346 882 968 872 372 859
180 201 321 841 869 380 407 424 436 449 460 - 461 460
151 262 284 808 823 339 362 385 878 376 880 s 392
132 280 217 841 868 393 410 428 443 451 485 483 477
183 269 824 237 368 587 402 485 428 487 446 463 244
134 266 298 218 388 354 364 281 392 307 402 406 404
138 249 384 264 805 319 833 44 949 51 870 372 370
138 280 308 834 358 an 289 408 421 430 435 443 529
187 954 281 301 320 534 352 386 874 300 - 396 806 885
188 280 305 328 51 76 380 407 414 420 437 441 439

continved....
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Appendix 1, continued.

1542/2

Body welght (g) on study deys:-
Treetment group Male 0 7 ‘14 21 28 35 4 49 56 a3 70 71
number

Toom control 189 285 811 2. 813 88 409 422 429 ad0 465 45T 447
140 261 275 295  §13  am 343 3s8 367 380 385 385 382

141 274 283 311 382 361 B84 370 888 400 420 407 404

142 256 974 807 8271 847 386 388 400 410 419 423 428

148 a54 281 207 319 330 843 864 317 380 8% 380 380

144 360 281 284 907 812 381 841 853 363 864 s 368

145 o84 475 291 807 323 339 348 361 36T 876 32 472

146 ae0 274 289 305 321 3% 849 360 0 am 3Tt 867

147 274 29 822 388 357 31 800 408 420 425 436 495

148 82 812 s&2 882 885 405 431 441 450 486 471 472

148 054 260 979 296 81t 821 335 346 35T 386 6 372

150 o719 8b2 831 340 665 864 875 382 385 802 887 87

- = missing data (animal died on study day 80; cause unknown).

- &Y -
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See Appendir 4 for period of use for each sample cylinder.



FROM . g, 29,1995 1%i0a £
. . - A1l - Teesside Operations Analytical Services.
i2c'd 3ol (C\{ Olefines 6 Laboratery.
Lode dllvend o [ &) os” Wilton Site
: Tel 01642 434605

Lld SAeaTE el

Certificate of Analysis

1.3-Buiadiens for BIBRA Intervatians]
Date , Do 2B — b ..y
Bomb No, ) .. T WWWZs?
Appearance Clr 13, 0 white Cicas ame Wiivr
Butsdicns 13| min 99.7 % wiw g Cj,?aéﬁ,_‘”‘
Butadiene 1:2 max 20 ppm whv Z)
cs max 0.05 % wiw <o, oh |
Sulphur mex 2 ppm wiw <
Peroxide 85 HO, | max 2 ppm wiw i
nyl as max 10 wiw
A <o
Butadiene dimer | max 100 ppm wiw 19
Non vol res max 200 ppm whw <Lto
NMP maxSppmwhv | {
TBC 100 - 150 ppm 1 By
Allene mex 5 ppm wiw Vg |
Methyl acetylene | max 10 ppm wiw < |
) Vinyl acetylene max 10 ppm wiw : 7
ok Ethyt acetylene | max 10 ppm wiw 4
) Total acetylenes | max 20 ppm wiw ' 1 3
Methenol max 10 ppm wiw < |
Tota} butenes max 0,30 % whw OOl
Signature m&b\) Ca?f’
J

Accepted by ATM | Date

A roinls | 10537
Ta~ - OI% - bbi-T)529

fecrfer SN)E
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Teesside Operations Analtytical Services.

e Chit [ B at2 - Qlefiney § Laboratary.
Wiltan Site
Tel 01647 434695
Certificate of Analysis

Date k{7
Bomb No. e, T, WPV b 9
Appearance Cle K, Q white CLEAML  LOWCTA I
Hutadiene 1:3 min 5%.7 % wiw 4 %o
Butadiene 1:2 mx 20 ppm whw <)
C3 max Q.05 % wiw oot
Sulphuwr - max 2 ppm wiw |+ &5
Peroxide as H,O, | max 2 ppm wiw <1
Carbonyf as max 10 wiw

malng:hyde o <o
Butadiene dimer | max 100 ppm wiw [\
Nen vol res max, 200 ppm wiw oo
NMP mex § ppm wiw oy
TBC 1I0¢ - 150 ppm 130
Allene maxk $ ppm wiw e
Methyl acetylens | max 10 ppm wiw 2.
Vinyl acatylene max 10 ppm wiw =
Ethyt acetylene max 10 ppm wiw \
Total acetylenes | max 20 ppm wiw I
Methenol - max 10 ppm wiw AN
Total butenes: [ max 030 % wiw 8 T
Signature A0 ﬁ&

Agcepted by ATM Date
£ ormts | 12537 feode o7
< 15%2 ( 2

Ty,

o2~

—iadac
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L3a3r

TR Y el - A3 - ;
4 Teeasside Operations Analytical Services.
S PV S Olefines 6 Laboratory.
Vilton Site
Tel Gi642 434695
Centificate of Analysis
L3-Butadicng (or BIBRA Intemputione!
Date . 7({7lag ]
Bomh No. o Y WPV bl
Apprarance Cir H, 0 white L Oy S o
Butadiane 1:3 min 99.7 % wiw ax. g5
Buradfene i-2 tnax 20 ppm wiw 7
cs ra 0.05 % wiw <o oy
Sulphur max 2 ppm wiw -4
Perodde as HyO, | max 2 ppm wiw g
Carbonyl as mex ) wiw
estaldehyde oeem <o
Buradiene dimer | max 100 ppm wiw =
Non vol res max 200 pptn wiw
NMP Tax 3 ppin wiw <1
TBC 100 - 150 ppm 1 &2
Allene max 5 ppm wiw -y
Methyl acetylene | max 10 ppm whw 2
Vinyl soctylene max 10 pprm wiw e
Ethy! acetylene max 10 pprt wiw [
Totsl acetylencs | max 20 ppm wiw 2
Methanol rax 10 ppm vefw S
Tota butenes mex 0,30 % wiw PRt
Signature ' Ao,
Accepted by ATM Dzie
-—’%’3 taL e Q&cﬁﬁcﬂ' -rsw-]‘a_
U elrfrs
o e gf+f

HasEHDwEw
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AT Teesside Operations Analytical Senvicss.

FRON 8 Cormesi v f .t

A

Olefines 6 Laboratory,

© Wilton Site

Tet 01642 434695

Certificate of Analysis

1.3-Butadiene for BIBRA | ional
Date : WRICY
Bomb No. WPY (077
Appearance Cir H,0 white CLERR aawmr Lo TE
-Butadiene 113 min 99.7 % wiw aJ\OV s>
Butadiene 1:2 max 20 ppm wiw -
Cs max (.05 % wiw P -RE -2t
Sulphur max 2 ppm whw -4
Peroxide as H,O, | max 2 ppm wiw LN\ B
as max 10 wiw
C:::toa?glhyde e <10
Butadiene dimer | max 100 ppm wiw V=7
Non vol res roax 200 ppm wiw
NMP max 5 ppm whw <3,
TBC 100 - 150 ppm 1 g
Allene max § ppm w/w £ 4
Methyl acetylene | max 10 pp wiw <
Viny! acetylene max 10 ppm wiw L
Ethyl acetylene max 10 ppm wiw 2
Tota| goetylenes | max 20 ppm viw g
Methanol max 10 ppm wiw 2.
Total butenes max 0.30 % wiw o7
Signacure W LD
.
Accepred by ATM | Daic P{%ﬂé o7 SR
e | 11537

-
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97.19.1995 {S187 .1

ety ~
_— I, Teasside Qperztions Analytical Services.
coU Olefines & Laboratory.
Wilton Site
Tel 01642 434895
Certificate of Analysis
Date g-~-45
Bomb No. WiA 532 lulg oey
Appearance Cir H, O white Chpgan.  wWAaTm WK
Butadiene 1.3 min $9.7 % wiw AR
Bugadiens 112 max 20 ppm wiw 7
Cs max 0,05 % wiw ooy
Sulphur max 2 ppm wiw <
Peroxide as H,0, | max 2 ppm w/w L\
Carbonyl as max 10 ppm-wiw .
acetaldehyde <N 0
Butadiene dimer max 100 ppra wiw o)
Non vol res mex 200 pam wiw T4 O
NMP max § ppm wiw |
TRC 100 - 150 ppm =
Allene -| mex 5 ppm wiw <
Methyl acetylene | max 10 ppm wiw &
Vinyl acetylene max 10 ppm wiw 3
Etiyl acetylene | max 10 ppm wiw )
Total acetylenes | max 20 ppm whw Uiy
Methanaol ‘max [ ppm wiw L\ o
Total burenes max 0.30 % wiw 2,
Signature
e e
Accepted by ATM [ D . s
CCept 810 A
et | 15 grovit]- fehs
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Tessside Operations Analytical Sericas—

Olefines 6 Laboratory,
Wilton Site
Tel 01642 4346595

Certificgte of Analysis
L3-Butadiene for BIBRA Intematjopal

| Date N }(7'7/ 9y

Bomb No. 2-Kom RS linpyY 293 KNPV 268 |
Appearance Clr H,0 white Ul sy oy LI
Butadiens 1:3 min 99.7 % whw ZERTA

Buradiene 1:2 max 20 ppm wiw A

Cs fmax 0.05 % wiw Lo.of

Sulphur max 2 ppim wiw . <[

Peroxide as H,0, | max 2 ppm wiw < |

Cmei:;de max 10 ppm w/w <o

Butadiene dimer | max [00 ppm wiw 2

Noa vol res mex 200 ppr wiw L 10

NMP ™ax § ppm wiw L]

TBC 100 « 150 ppm 140

Allene mex § ppm wiw <}

Methyl acervlene | max 10 ppm wiw <]

Vinyt ecetylene max 10 ppm wiw L

Erhiyl acetylene mex [0 ppm whw L

Total acetylenes | max 20 ppm wiw ¥

Methanol max 10 ppm wiw 5—=1
Total butenes max 0.30 % wiw s 0L

Signature {the oy gsd_

3 Tdeplee 2R A Sl
Gome ¢ S = YT Ja gggas

Accepted by ATM Daic ' .
1%7{--—-3« /159" P{L;jﬁ g m“*-\-z.l 2

A e

L
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LW
VL seg “ SAS
- ALY -

- . Teasside Operations Analytical Services,
,t_).s-{',.m.—e& _1| H\‘; P st

Olafines & Laboratory.

Wiltor Site
Tel 01642 434655

Certificate of Analysis

Date - L L2 ] 9\ ]
Bomb No, WPV e NPV 1077
Appesrance - | Clr H, 0 white Ao vondow L ladd
Butediene 1:3 min §9.7 % wiw 3.3y
Bunadiene 1:2 max 20 ppm w/w [
C3 mex 0,05 % wiw Lo.ol
Sulphur max 2 ppm w/w £ |
Peroxide as FLO, | mex 2 ppm wiw < |
Carbonyi as ] max 10 ppm wiw Lo
Butadiene dimer | max 100 ppm wiw 3b
Non vol res max 200 ppm whw Lo
NMP mex 5 ppm wiw <]
TBC 100 - 150 ppm loo
Allene max 5 ppm wiw £ |
Methyl acetylene | max 10 ppm wiw »)
Vinyl acetylene max 0 ppm wiw |
Ezhyl acetyiene max 10 ppm wiw Z |
Total acetylenes | max 20 ppm w/w 4
Methanal max 10 ppm wiw i
Total butenes max 0,30 % wiw gy
Signature g-‘bﬁif o ffé
ey
Accepted by ATM Date

o | i sy
~ | QA@(\
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FRUON

B | o 92091953 6muy
' Ja{““ - ':-ux‘(;—: i - a1a -
Tt ek B R Teesside Operations Analyrieal Services,
Ofefines 6 Laboratory.
. Wilton Site
Tel 01642 434695
Centificate of Analysis
Date Z AoG, S
Bomb No. COE N U4E 008 waA 3072
Appearance Clr H,0 white QU WqTef Lo TE
o Butadiene 1:3 min 99.7 % wiw w3
Butadiene 1:2 max 20 ppm wiw <
C5 max 0.05 % wiw <D ol
Sulphur mex 2 ppm wiw < |
Peraxide as H,0, | max 2 ppm wiw {
o
Butadiene dimer | max 100 ppm wiw T
Non vol res max 200 ppm wiw < 10
NMP mex § ppm whv A
18C 100 - 150 ppm 135"
Allene max 5 ppm wiw < |
. Methyl acetvlene | max 10-ppm why Z
* Vinyl acetylene max-10 ppm wiw <\
Ethyl acerylene’ max |0 ppm wiw t
Total acetyienes | max 20 ppm wiw 5
Methanc] max 10 ppm Wiw < g
Total butenes max 0,30 % wiw 0-22Z
Signature (_‘;{?@Q@
. e
Accepted by ATM Date /g@@\
- 22 591"
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oa. |+, :%33 11438

L ™~ . ~ alg -
A" \& OZ&‘M Teassids Operations Analytical Services,
Jrgiwedd L Za Olefines § Laboratory.
Wilton Site
Tel 01642 434695
Certificate of Analysis
Date " I 0 Auq 995
Bomb No. T K ey
Appearance Clr I{,0 white Ciaer Ucker wbatn
Butadiens 1:3 min 99.7 ¥ wiw °f.cq »*-
Butadizne 1:3 max 20 ppm wiw &
Cs . max 0.05 % wiw < o-ol
Sulphur max 2 ppm whv < {
Peraxide as ILO, | max 2 ppm wiw I
arbo max 10 wiw
Ciscode i <0
Butadiene dimer | max 100 ppm wiw 12
Non val res raax 200 ppm whw & (o
NP mex § ppm wiw <t
TBC 100 - 150 ppm o0
Alflene max § ppm wiw < !
Mehvi acerykene | inax §0 ppm wiw V2 ok 1
_\_’ig[ ﬁc:elly]om_ 1 max 10 ppin wiw < | ’
Ethyl acerylens max 10 ppm wiw &
Total acctylenes | max 20 ppm =i I3
Methanol max 10 ppm wiw € i
Taial butenss max 0,30 % whw f O-41 Ik
Signature : C@@@
n
{ Ptz o7
Accepred by ATM Date
s | 152V Sk
g A

-

h.?‘-“!'(

[

‘ “lgqu

w«xuEHDw e+
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g99.233.1995  (1:19 . F.l

A '~
R Tessside Operations Anatyrical Services.
Olefines & Leboratary.
Wilton Site
Larad b 97“{ Tel 01642 434695
Lteel,  demprr Ay
Certificite of Analysis seeslas
Date {5-¢~hg = )
Bomb No. Loty 264+
Appearance Cir H, O white CLEAL  \aT8e wherd
Butadiena [:3 min 99.7 % wiw a4 .v42
Butadiene 1:2 max 20 ppm wiy 2
Cs max 0.05 % wivl Lo o)
Sulphur max 2 ppm wiw <]
91 Peroxide 85 H,0, | max 2 ppm wiw 4
o Carbony! as max 10 ppm why <o
acetaldehyde

Butadiens dimer | max 100 ppm wiw 246
Nog vol res max 200 ppm wiw <O
NMP fmex S ppm wiw <! |
TBC 100 - 150 ppm 100 ‘
Allene max S ppm wiwi 2)
Methyl acetvlene | max 10 ppm why ry ' ‘
Vinyl 2cetylene fmiax 19 ppm wiw <3
Ethy] acetyiene max 10 ppm wiw <)
Total acetylenes | max 20 ppm wip 3

- Methano! max 10 ppm Wy «}
Total butenes max 0,30 Yo wiw 0.8
Signature ' Ploy—

fedect e
Accepted by ATM Date ' f
2 e | S5 O
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Tessside Operations Analyticat Services.
Olafines § Laboratory. .

Wilton Site

Tel 01642 434695

ertificate of Analysis

13-Butadienslfor BBRA | sonal
Date " 221 S_I'\;S'
Bomb No. . Lo 5362 / D83
Appesrance Clr H,O white Cloan b agen  WHiee”
Butadiene 1:3 min 99,7 % whw K41 ¢,
Butadiene 1:2 max 20 ppm wiw 7
Cs max 0,05 % why Lo oy
Sulphur max 2 ppm why <y
Peroxide as H,O, | max 2 ppm wiw L1
arbonyl as max §0 ppm wiv
Cacetalgehyde o <o
Butadiene dimer | max 100 ppm wWiw i
Noa vol 123 max 200 ppm whw <0
NMP max 5 ppm wi <y,
TBC 100 - 150 R
Allene max 3 ppm wiy /_-j
Methyl acetylene | max 10 ppm wiw o}
Vinyl acetylene | max 10 ppm wiw < 4
Ethyl acetylens max 10 ppm wbv %
Tora! acetylenes | max 20 ppm E!l"" L
Methenol max 10 ppm wiw < 1 g
Total butenes max 0.30 % w O lhe
Signature a0 %_
fogeer % ,2-
Accepted by ATM Date &:ﬁ‘
P e . T )
= _,
22 2 a¥

- M Tt :
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99.29.19%S 15:3a .
2. E ARy
",3“2’“”("“-‘ WJ?“ 3 (29 Teesside Operations Analytical Services.
LaE 00 C\);.u(\j Olefines 6 Laboratory.
Wilten Site
30 3]s Tel 01642 434695
<.
Certificate of Analvsis
|
‘Date : 2914145
Bomb No. WeY 1001 _[wie 0% 3
Appearsnce Clr H, O white CLERA-  WATTH. LA
Butadiene 1:3 min $9.7 % whe q99. 7 i
Butadiena 1:2 max 20 ppm wi Heppe
Cs max .05 % wiy <oy
Sulphur max 2 ppm W/ i
Peroxide as H,0, | max 2 ppm wiw 1
Carbonyl as max 10 ppm wiw .
acetaldehyde 10
Butadiene dimer | max 100 ppm w/w T ppn
Non vol res max 200 ppm Wiw < D
NMP mex 5 ppm whw <}
TBC 100 - 150 p s
Allene mex 5 ppm whl.' |
Metkyl acetviene | max 10 ppm wiw F4
Vinvl acetylene max 10 ppm wiw S .
Ethyl acetylene max 10 ppm wiw 7"
Total scetylenss | max 20 ppm wiw 13 *
Methano! max 10 ppm wfw =<\
Total butenes max 0.30 % wjw -y
Signature .,
fesdoet ¥/
Accepted by ATM Date
: P23 ﬁ@’aa 1
z 6/?/ 75
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FrRan
- AZ3 -
r~ i - ide Opcrations ical Servi
28N e fedd B f BT:;::: 6 Eahamo;;n Piyieal Sertees.
h Wilton Site
Tel 01642 434695
Certificate of Anatysis
-B i
“Date : Lo hlalag
Bomb No. slwey 26k [2.08
Appearance - Cl 1,0 white Croaft,  waryn W st
Butadiene 1:3 min 9.7 % wiw A
- | Busadiene 1:2 max 20 ppm wiw 1
Cs max 0.05 % wiw <oy
Sulphur mex 2 ppm wiw == |
Peroxide as 1,0, | max 2 ppm wiw < |
: 1 10 wilwy
e | <o
Buiadiene dimer | max 100 ppm wiw \
Non vol res max 200 ppm w/w TN
NMP max 5 ppm wiw <1
TBC 100 - 150 ppm “wo
Alene max S ppm wiw “i
Methyl acesylene | max 10 ppm wiw <\
Vinyl acetylenc max 10 ppm wiw <\
Ethyl acetylene max 10 ppm wiw l _‘
Tote! acetylenes max 20 ppm wiw =
Methanol max 10 ppm wiw -~
| Total butenes max 0.30 % wiw 0 24
Signature : ﬁ{_)r(_ﬂiga
[ e
Accepred by ATM Date {)MECT \%'1 2
e | 259y
L 4.

@i s
/'b{ b .08
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é)iéﬁ;es 6 l‘.,nbora:or'y_

Wilton Site

Tel 01642 4345695

XX 2% 2 e
Certificate of Analysis
1.3-Butadieqe for BIBRA L foma!
" Date _ 1 glalag
"Bomb No, wevesy | wif S3L e o3
Appearance Cir H..‘_o white CLEMVL WWTOL  LALWTS -
Butadiens 1:3 min 99.7 % wiw 4515
Butadiene 1:2 max 20 ppm wiw 7
(CS5 max 0.05 % wiw < oot
Suiphur . max 2 ppm wiw P
Peroxide as H.O, | max 2 ppm wiw {
Carbonyl .
ace:t:!‘gei?yde e 10 pom <o
Butadiene dimer | max 100 ppm wiw y {4
Non vol res mex 200 pom wiw =D
NMP max 5 ppm whw \
1BC 100 - 150 pprm 136
Allene max 5 ppm whw <\
Meihy! acetylene | max 10 ppmwiw 3
Viny! acetylene max 180 ppm wiw 3
Ethyl acerylene max 10 ppm wiw B
Total acesylenes max 20 ppm wiw iy
Methano!| max 10 ppin whv <\
Total busenss fax 0.30 % wiw A2 5.
Signasure ¢
_ feaae ot S [2_
Accepted by ATM Date
o 2} 785091 Q‘ 7T
7 |
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Appendix 8.

Initlal axposure period ain expasure period Final expasura perlod
g TR
Concentration Length of Hime to resch Moxlmum Length of time at Range of Length of time Maxlnum
Trestment Stwdy of butadi requlred I ration required concentration t0 yeturn to concentration
week  day (ppm} {min) (ppm) brath {ppin} 0 ppm {min} {ppm)}

1 [ 13 a 88 & h 61 min 36-T4 ¢ .1
400 a3 380 5 h 27 min 190-440 11 400

1250 a 21 5 h 45 min 80-2174 ! R

1 66 16 87 & h B0 min 67-78 10 kU]
400 il 380 & h 49 min 360-430 14 430

1250 10 1262 6 h 45 min 1262-1436 4 B

2 a5 6 b7 6 h 85 min 14-74 113 64
400 B 430 5 h 56 min T0-530 14 410

1260 5 1091 B h 55 min 881-1615 B -

3 66 B 84 5h 52 min 919 9 11
400 7 %0 5 h 53 min 40-490 17 410

1250 10 1110 5 h 45 min 112-1405 2 . B

4 65 20 48 &5 h 40 min 977 8 70
A00 20 310 & h 40 min 60-490 15 450

1260 19 111 B 1 60 min 1731363 B e

2 ki [i13] 11 56 5h 4% min 65-78 -] i}
400 a 40 5 h 53 min 360-480 15 420

1250 10 1146 5 h 50 min 1081-1491 4 B

a 65 8 -- 81 6 h 52 min 5713 9 63
400 B - 5 h 52 miin 880470 - 18 400

1260 & 1186 & h 85 min® 1081%1403° ) B -

sontinued....
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Appendix 3. continued.

1542/2

Initiel exposurs petiod Main expasure period Final exposure pariod
. Concentration Length of time to reach Maximum Longth of tima &t Ranga of Length of tima Maxinumn
Treatment Study of butadlene  requiréd eshctritration tration puired ‘entration 0 return Lo concentration
week day (ppru} (min) (ppm) conceptration (ppm) ¢ ppm {min) (ppmd
2 9 85 6 29 6 h 64 min 14-75 11 67
400 ki 410 5h 83 min 70450 1% 440
1250 & 1089 5 b 55 min 282-1413 » .
10 85 12 70 5 h 48 min 53.72 140 87
100 15 410 5 h 46 min SRO-500 B - 420
1260 a0 6126 5 h 29 min® 48451207 El J
11 85 i3 58 £ h 47 min 47-81 19 88
400 13 400 6 h 4?7 min 320-540 17 450
1250 b 1108 6 h 85 min 8411612 o a
a 14 ] 18 66 6 h 42 min 42.85 9 81
400 16 420 5h ¢4 min 280-520 iB 420
1250 4 A 5 h 20 win 9791530 20 1310
15 65 17 a2 5 h 43 min 4774 12 a8
400 17 430 6 h 43 min 300.480 (] 430
1260 B 1276 & h B0 min 1082-1836 a Rl
16 65 s .3 6 h 27 min 68.74 10 87
400 92 440 b h 28 min 250.480 14 350
1260 15 1068 6 h 45 min 104£0.1627 Es K
11 ] 14 84 5 h 48 min 45-T4 1 ]
400 8 330 & h 52 min 260-470 17 380
50 10 1162 5 h 5} min 1038-15¢1 B A
18 88 18 e 5 h 44 min 50.79 1 oo
400 10 340 § h 50 min 290-490 16 440
1260 a0 1072 & h 30 min 080.1383 . -

continued....
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Appendix 8. continued.

luitial exposure perind Main exposure period Final exposure period
. Concentration Langth of time to reach Maximum Langth of time at Réﬁg@ of Length of time Maximum
Treatment Btudy of butadlene  required concentrstion  concentration required concentration to return to coneentration
week  day fppm} {min) {ppm) concentration {ppm) ¢ ppm (min) - {ppm)
4 21 65 21 64 5 b 39 min 29-73 10 88
. 400 21 470 B b 39 min- 160-470 B 450
1250 15 1096 5 1 46 min £30-1298 M s
22 a8 17 ' 72 5 k42 min 4142 9 88
400 14 440 & h 48 min 220-510 15 410
1280 10 1076 5 h 80 min 170-1412 A A
28 &5 16 a4 §hdd min 43-78 L] 59
400 16 410 & h & min 240480 13 280
1250 20 1187 B & 40 min T44-1268 - A
24 65 1 0 5 h 49 min 50-83 a ki
400 11 440 5 h 49 min 270-620 16 480
1250 15 1120 & h 45 min BE0-1321 2 K]
25 66 27 67 5 h 33 min 62-83 1] a1
400 27 430 5 h 32 min 370-520 .4 ) 400
1260 16 1083 5 h 48 min 1071-1370 » 2
E 28 .3 8 &7 5 h 51 min 57-13 10 70
400 a 420 6 h 51 min 350-440 16 410
1250 B 1241 5 h 55 min 1238-1894 C !
29 &3 12 &7 8 h 03 min® 877 9 81
400 12 380 8 h (8 min* 30-470 11 310
1250 10 1111 § h &0 min* 70-1392 A A
30 83 a8 0 5h 22 min 6578 T 63
400 a8 460 & h 82 min 360480 16 400

1260 S 18081 §h 10 min' 1148.1326¢ : 40 1227

continued....
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‘Appendix 8. continued.

-Indtial exposurs period Main exposure poriod Pinal exposure perind
Concentration  Length of time to reach Maximuim Length of time at Range of Length of time Maximum
Treatment Study of butedlene  requirad lon ration qired ration to et to concentration
wask day (ppm} {min} {ppm) congentration {ppm) 0 ppm (min} (am)
8 a3 o8 ' 28 70 B h 85 min 63-78 10 66
400 22 400 5 h 38 min 380-430 1z -+ 300
1260 4 1402 & h 25 min' 1146%1402' 28 1163
32 B 8 72 & h 12 min$ 887 10 74
400 8 460 6 h 12 mint 40-530 13 260
12850 10 1201 8 b 20 mind 149-1568 30 1278
% a5 o5 7 6 5 k46 min 1g-83 10 68
400 8 240 5 h 64 min 230.580 1t 410
1260 5 1081 6 h 60 min 788-1481 26 131
36 (i1 14 64 & h 46 min 6297 10 "
400 14 410 & h 46 min 370-480 i6 420
1250 20 1139 5 b 40 min 1021-1228 30 11¥2
a7 65 9 61 5 h 51 min £9.77 10 0
400 4 380 & h 54 min 350-460 11 . 430
1250 5 1206 6 h 55 min 12061470 an 1459
38 .11 12 3 & h 58 min" 1178 11 73
4o 12 410 & h 5% min* AT 15 440
1260 S 1 1109 5 I 50 min’ 538148 45 1168
80 85 12 . 82 6h 13 min 573 8 81
00 7 an 6 h 18 min 40-460 13 -
1280 20 : 1108 8 h 10 min 2561460 8 1201
7 @ 66 15 86 5 h 48 min 4875 10 . 88
400 15 440 & h 45 min 270-470 14 350
1250 15 084 5 h 46 min 932.1314 85 S 1089

continued,...
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Appendiz 3, continued,

1542/2

i Initial exposure period Main exposure period Final exposure period
Concentyation Length of time to reach Maximum Length of time at Renge of Length of time Matimum
Treatment Btudy of butediene required concentration  concentration quired tration ta raturn to concentration
week day {(ppm} (min) {ppm) concantration {ppm) 0 ppin {min} (ppin)
ki 44 66 10 81 5 h 50 min - BET4 Hij 64
400 10 440 6 h 50 min 250-450 14 410
1260 26 111 6 h. 30 min 877-122} - 117
H a5 B 58 5 h 82 min 54-77 11 72
400 L] 380 6 h 54 min 320-460 12 420
1260 20 114 J J J 4
45 85 11 88 6 h 49 min 53-78 10 &8
400 11 440 5 b 4% min 350470 14 460
1250 15 1074 5 b 45 min . 1061-1438 30 1411
48 65 10 4 & h 50 min 83-74 1 3
400 10 470 & h 50 min 340470 18 480
1260 20 1148 & h 40 min 1037-1319 35 1318
8 48 85 12 T3 E h 48 min 5B-T4 9 87
400 a 410 & h 62 min 370-470 17 410
1260 15 1184 & b 45 min 1161-1240 36 1182
50 65 11 61 6 h 49 min §0.70 w i1
400 8 450 5 h 52 min 380470 16 40
1250 10 1131 6 h 50 min 1191-1488 40 1251
51 &5 24 2 5 h 38 min 55.76 5 61
400 10 430 6 h B0 min J60-480 12 400
1260 15 1182 5 h 40 min 1141-1337 40 1169
82 65 (] 91 5h 54 min B1-74 8 i}
400 8 430 . 3h 54 min 350-450 12 440
1250 15 1068 & b 45 min 1088-1353 30 1075

contibuead....

- GZW -



Appendix 3. continued.

1542/2

Initial exposure period Main exposure patind Pinal exposure perigd
Concentration Langth of time to resch Maximiam Length of time at . Range of Length of tlne  Moximum
Treatment Study  of butadk yequired tration ration required concentration to return to concontration
weslt day {ppm} {min) {ppiny concentration (ppm) 0 ppm (tain} {ppm}
8 ) 65 o 68 5 h 50 min 5678 10 62
400 10 410 & h B0 min 380-460 15 380
1260 10 1077 & h 50 min 1077-1488 a6 1248
9 56 85 22 64 &1t 38 min 8674 1l 68
40 14 350 5 h 46 min 380430 18 420
1250 20 1104 § h 40 min 1104-1808 44 1328
57 86 7 48 & h 83 min 8073 10 &7
400 7 43¢ 5 h 53 min 380450 17 410
1250 16 1099 5 h 45 min 1009.1567 40 1234
48 65 8 k] § h 82 min 48-16 14 70
4D g 469 5h81lmin 280-500 16 420
1250 20 1111 6 b 40 min 11111614 40 1181
58 85 4 82 § h 56 min 58.15 12 83
400 a 420 & h 37 min J70-460 19 400
1250 i0 1108 & h 5O min 10961659 40 1096
6o 65 6 70 5 h 55 min 6574 1a 68
400 i1 820 £ h 55 min 340.610 15 420
1260 220 1138 5 h 40 tn_in L046-1355 a5 1e7
10 6 65 12 0 5 h 48 min 54-74 49 62
400 12 800 5 h 48 min 360-510 14 380
1250 26 1124 B k36 min 88712680 36 1105
64 5 8 1 5 h 52 min 43.73 8 83
404 a 380 5 h 52 min 280-450 10 380
12480 10 1083 5 h 50 min 711365 13 1341

eontinved,...
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Appendix 3. continued.

Initial exposure perled Main exposute period Final exposura period
Cloncentration Length of’ time to reach Marimum Length of time at Range of Lerigth of tima Maximum
Treatment Study of buladi q rathon  concentration quired ration 10 return to concentration
week day ippm} {min) {ppm} concentration {ppm} 0 ppm (min} {ppm)
10 a5 13 8 a 6 h 52 min 5472 il) 61
400 8 420 5 h 52 min 330450 ' 17 410
1250 15 1216 5 h 45 min 1111-1372 28 1127
L.1:] 85 s 53 & b 55 min 18-126 11 [:1:]
400 B 970 6 b 65 min 120.910% 12 480
12580 88 076 & h 55 min a16-170a" a5 1208
87 88 6 58 " 6h 56 min 4887 10 84
400 ] 440 5 h 66 min 230-5%0 11 380
1260 15 1078 5 h 45 min 860-1442 30 1038
- Missing data.
* Data not avaidable for final exp period from study days 8-30 due to 6 h time schedule for Fourier Transform Infta Red {FTIR) used to moasure the butadiene contentration
in charmber 4 {1250 ppm). : .

* Data not avallable for final 30 min of main exposure petiod dur to delayed start time and limitation described in nole %

¢ Data not avallable for final 1 b 10 min of main exposurs peried dus to extended initial exposurs perfod and limitation described in note .

¢ Data pot aveilable for initial expesure period due to delayed start up of FTIR.

* Additional 15 minutos for matn expoaure porlur] to romipensate far tamporoey full in butadiene concentrutlon; cylinder chonged during mabn exposwre poriod.

' Daka not avaiiable for initial exposure period or b g of muin exp period due ko FTIR malfunction.

T Additlonat 20 minutes for main exposure period to s te for temporary fall in butdiene concentration; cylinder changed during maln exposure porlod.
* Additional 10 minutes for main exp petiod to T for temporary fall in butadiene ¢ ation; equly malluncti

' Final exposure period estimated due to fiat bed recorder malfunchion.

! Data not wvsilable for main or final exposure perlods due to FTIR malfunction.
' High maximum concentrations of butadbene durlng main exposure period posaibly due bo over-filled new cylinder of butadiene.
™ Dgta not avallable For Mnal sxposure perlod due to delayed start time and limitation described ln note %,

- IEY =«
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Appendix 4.

Inuge

From Until
Butadiene Manufacturer’s Dimer* content
sample  cylinder [0 Delivery date  Date  Study day Date  Study day  (w/w) (ppim)

5 WPVS53  80JuneS5 10Julygs o 12Juy9 2 .

6 WPV 265 5July 95 18July9s B 175y 95 7 118
7 WPV 264 $July 95 18July9s 8 1BJuy 9 9 319
8 WPV 1077 8Juy9 20July9 10 23 July 65 13 140
9 WIF 0903  19July 95 4July95 14 Salyss 15 37
10 Wia5362 19 Ry 95 28 July9s 16 27 July 95 17 219
1 WPV 353 26July 93 28July9 18 3 Julyss 21 197
12 WPV 285  26July 96 1Aog95 22 2Augds 23 10
13 WEV 264 1AugS5 3Aug9s 24 GAvgss o 307
14 WPV 1077  14ug9 7Ang9 28 7TAugSs 28 .

15 WIA 5362  BAug95 SAugSs 29 W0Augds 8L 207
17 WEV 853 11Aug95 11Aug®s 82 4 A0g9 35 876
18 WPV 1077  11Aug95 15Aug95 36 164ang9s 97 140
16 WIF 0908 8Aug95 17Aug9% 28 175ug96 38 145
20 WPV264  16Avg95 18Aug9s 39 22Ang 95 43 678
18 WEV266  16Avg 95 28Augds 44 24Aug % 45 251
2 WPV 853  24Aug95 25Aughs | 46 28 Aug9s 49 45
21 WIA 5362 24 Aug96 20 Ang95 60 30 Aug 95 51 262
24 WIF0908  30Aeg95 31Aug95 52 $8ept 85 55 169
23 WPV 1077  S0Aug95 4Sept95 56 5Sept065 57 261
25 WPV 265 5Sept95 6Sepr5 58 TSept 96 89 a1
26 WEV 264 58ept95 BSept95 60 11Sept 85 B3 413
27 WIF 0903  9Sept95 12S8ept 95 64 135ept 95 65 337
29 WIA 5362 95ept95 14Sept95 86 14Sept 95 66 348
28 WPV 853 9Septo5 14Sept96 66 158ept 95 67 248

« Dimer content not measured (insufficient butadiene at end of exposure pertod)
* Butsdiene dimer = 4-vinyl-I-cyclohexane.
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Study day Chember Concentration  Temperature® Relative
- - numbart of butadiene (=] humidity®
{%)
0 1 o ppm 3. & 1046
28.8° 81" 11.01
2.5 66 1116
286 B4 11,31
23.6° 8 1146
28.6° 5¢ 1291
257 55 12.16
25.8° 5% 1231
23.8° 56° 12.46
2y B4 3.0
23.8° 54 13,16
23.8* B54° 158.31
289 &8 13.48
23.%° i3 14,01
28.9° 55° 14,18
. 239 59 1451
* 23.9° 58° 14,465
237 5 1501
241° 55° 15.16
24.0F 65° 15.81
24.0° B0 | 1548
243 g1 16.01
24.1° 82 15.16
241 87 1631
1 4 1250 ppim 25.8° 4 0.44
26.1° 47" 2.69
26.3° 40 10.14
26.5° 3r 10.29
28.6° 87 10,44
26.7° 89%/61 10.59
26.T7 37T/60 1114
265 8460 11.29
26.1° 31/59 1144
26.5° 31%/58 11.59
265 31459 12.14
26.4° 30°/58 12,26
26.65° 30/56 12.44
26.2° 294/56 12.58
26.1° 2P f56 13.14 -
26.0¢ 2 f56 13.29
2.9 29°/56 18.44
25.9° BG /56 18.50

rontinged. .



1548/2
Appendix 5. contitued,
Stody day Chamber Concentration  Temperature® Relative Time
mumber* of butadiens (=N humidicy®
(%)
1 4 1250 ppm - 258 29¢/56 1414
. 26.0° 29°/56 1420
28,17 34°/58 14.44
26.1° ki i) 14 52
25.% 29758 15.14
25.6° 30/58 14.29
2 1 G ppm 26.0¢ 48768 848
263 58°/66 9.58
26.9° 45°/84 10.13
271° 43° /62 160.28
274 41762 - 10.43
274 40 61 1058
7.5 40F /61 11.13
275 39¢/61 11.28
215 3961 1143
295 3g°/61 11.58
5 361 1213
275" 40°/60 12.20
7.5 41%/60 12,43
215 42560 12.58
27.5 41°/60 13.13
27.3 40°/60 1328
27.4° 42760 1348
21x 40" /60 13.58
274 41°/60 1413
it 41°/60 14.37
25 41°/60 1454
275 4760 1509
215 44760 15.24
3 . 1 ¢ ppm 2.9 ke og] 10.18
.1 545470 ‘1033
27.1° B¢ /a9 10.48
2LE 4T /68 1108
272 47788 1118
2. 48°/66 1133
2tz 45°/65 11.48
7.8 44764 12.03
Pt s 44164 12.18
204 45'/63 12.33
218 42762 12.48
27717 41¢/82 13.08
279 444162 13.18
26.9° 42462 13.33
2740 43°/62 13.48

26.9° 4363 14.03
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154872
Appendix 5, continued,
Study day Chamber Concentration  Temperature Relative Time
. pumber® of butadiene [y} humidity*
{%)

3 1 G ppm 288 43°/63 14.18
28,71 42462 14.33

26.7 424462 14.48

»nB¥ 44°/62 1503

2. 45°/63 1518

2.9 45%/63 1683

268.8° 45463 15.48

27.1° 5265 1603

F - 400 ppm 256° 51764 8.34
B4 %158 .49

26.0° 35/56 10.04

8.5 38°/56 10.1¢

283 3254 10.34

268 30°/53 10.49

26.5° 28%/52 11.64

28.5° 2652 1118

26.7 25%/52 11.34

26.6° 247750 11.49

26.6° 244750 12.04

38.7 20°/48 1218

6.7 21443 1234

26,7 21%/48 12.49

LN 24°/48 13.04

28,7 2350 13.1%

268 29%/50 12.34

8.7 28°/50 13.49

268 286/50 14.04

288 26°/50 14.19

26T 20°/50 14.34

269 287750 14.49

28.8° 28°/50 15.04

2.6° 2¢*/50 15.1%

27.1¢ 327750 15.34

7 2 65 ppm 285 50° /56 9.56
26.5° 45556 10.11

8 42°/52 10.28

28.T7 40451 1041
26.8° 357750 1117

268 35S0 11.1%

8. 3d°/50 1143

27.0° 22 /49 11,58

257.0¢ 31°/49 1213

2.0 a2rfae 1228

27,2 LY 13.01

nr 40°/48 13.28

continued....
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Appendix §. confinmed.
Study day Chamber Concentration Temperature® Helative Time
number* of butadiene [ol¥] bumjdity”
(%)

7 2 €5 ppm 27.3° 3146 13.43
27.3° 35°744 13.58

27.5° 39446 1413

27.4° | 39746 14,28

273 3444 14.43

295 34144 14.58

275 3844 15.13

75 31°/44 15.28

8 .2 85 ppm 26.6 54 10.04
28.8 52 119

268 51 10.34

268 &0 10.49

26.8 50 11.04

i) 48 11,20

7.0 48 11.35

270 48 11.5¢

27.0 47 12.08

27.0 a7 1220

27.0 43 12.35

27.0 48 1250

278 48 13.1¢

27.0 47 18.20

27.0 47 1325

27.0 47 13.59

270 48 1410

210 48 14.23

27.0 47 1440

2740 47 14.55

27.2 47 15.10

27.2 48 1525

272 48 1540

9 4 1250 ppm 255 7 9.25
%2 68 240

28,2 &3 : 2.55

282 58 10.10

262 56 10.25

26,0 56 1040

25.8 54 10.55

26.0 53 11Li0

26.0 52 . 1125

2640 52 1140

26.0 51 - 1155

26.0 51 12,10

25.8 B3] 1225

25.8 &0 12,490
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Appendix F. continued.
Stedy day Chaniber Conesntratior  Temperature® Relstive Time
pumber” of butadiene 0 bumidity®
%)

1 3 40( ppm. 27.¢ 47 11.45
N 272 47 12.00

270 46 12.15

27.2 46 12.30

27.2 45 12.45

274 47 13.00

27.4 48 12.15

X8 48 13.3¢

278 47 1345

273 46 -14.05

282 47 14.20

28.0 47 14.35

280 46 14.50

280 47 15.05

14 2 85 ppm. 274 (23 9.00
274 58 a.15

2840 56 2.30

280 55 9.45

28.0 52 10.0Q

28.0 52 1013

280 50 10.30

28.0 50 16.45

28.0 49 ’ 11.00

28.0 40 11.15

289 49 1130

28.2 49 1145

282 49 12.00

282 49 1215

285 49 12.30

285 48 12.45

285 50 13.00

284 50 1315

284 50 13.50
28.8 50 13.45

28.6 50 400

28.6 &0 1415

284 50 14.30

28.8 50 14 45

15 2 " 65 ppm. 26.4 €2 9.80
200 58 845

27.8 &6 18.00

275 . 53 10,15

278 52 1.30

278 - 1 10.45

278 &0 11.00
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Appendix 5. continved,
Study day Chamber Concentretion  Temperature® Relative Tirne
" ppmber* of butadiene {3 humidity®
(%)

15 2 65 ppm 274 51 11.16
' 279 51 1130
230 50 11.45 .

28.0 50 12.00

28.0 50 12.18

28.0 50 12.30

280 50 12.45

25.0 50 13.00

281 50 13.16

284 50 13.30

258 50 13.45

29.¢ 50 - 14,00

287 &0 14.15

287 5G 14.30

294 b2 1445

282 52 15.00

29,2 52 15,15

16 1 @ ppm 26.3 72 925
27.4 63 .40

288 84 8.68

28,7 82 1010

253 43 10.30

28.0 7o) 10.45

287 58 11.00

. 288 55 11.13

288 96 11.30

288 56 11.45

28.8 56 12.00

286 56 12.15

282 56 15.30

284 56 12.45

282 56 13.00

284 56 1315

284 58 13.30

284 &2 13.45

232 82 14.09

2840 62 14.15

28.4 &0 14.30

284 B0 14.45

284 &0 15.00

238 62 1515

298 65 15.30

17 2 65 ppm 26.4 60 9.20
270 58 9.35

274 % 2.50

Aamead
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Appendix §. continued.
Study day Chamber Concentration  Temperature® Relative Time
number®, of butadiene C) Weznidity* )
(%)

17 2 65 ppm 27.1 54 10.05
23.2 53 10.20

274 22 35

274 &0 10.50

278 a0 11,08

278 49 1120

27.7 42 11.35

218 43 1150

279 47 12.05

27.8 48 12.20

278 43 1235

27.8 48 12.530

25.0 48 13.05

7.8 48 i3.20

278 50 1325

.8 50 13.50

279 50 1405

28.0 50 1420

27.8 &0 14.35

280 51 14.50

280 52 15.05

18 4 1250 ppm 24,8 -] 229
5.9 =5 9.35

26.4 %] .50

26.8 &0 10.05

268 58 10,20

26.8 7] 10.35

27.0 o 10.50

270 55 1108

6.8 54 11.20

26.8 54 1135

26.8 2] 11.50

26.8 54 1205

26.5 54 12.20

268 &4 1235

268 54 12,50

26.7 54 13.05

26.8 54 13.20

26.9 b4 15.35

36.9 54 13.5¢

26.8 55 1405

26.8 55 14,20

26.3 = 1435

26.8 56 1450

26.8 57 15.05
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Appendix 5. continued,
Stndy day Chamber  Concentration Temperature® Ralative Time
her” of butadi (48] bumidity
(%)
21 4 1250 ppm - 240 70 9.50
26.8 88 10.08
27.8 . 64 10.20
278 61 1035
280 59 10.50
281 38 1105
28.1 58 1120
281 56 11.8%
28.1 &8 11.50
| 282 58 12,05
| 2382 54 12.20.
252 54 12.35
280 54 12.50
279 53 1308
279 53 13.20
282 53 13.3%
282 54 18.50
284 54 14.06
2838 54 14.20
234 54 14.35
29.2 54 14.50
29.2 56 1505
262 56 13.20
29.6 5 15.35
28.6 54 15.50
22 1 0 ppm 28,0 L.i] 9,36
27.8 58 2.50
278 58 10,056
25.0 56 10.20
282 55 10.35
28.2 &6 10.60
28.0 56 11.05
28.0 &8 11.20
28.2 58 11.85
286 58 1150
286 56 12.05
28.8 56 12.20
288 36 12.35
28.8 58 12.50
28.9 56 12,08
292 5& 1320
25.2 57 13.38
23z 58 13.50
22.4 57 14.05
254 58 14.20
298 56 14.35

. continued....
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Appendix 5. continved.
Study day ~ Chamher  Coneentration Temperature® Relative Time
number* of butadiene “C) humidity”
{%)

22 1 0ppm 208 56 1450
. 298 b8 15.06
30,0 64, 15.20
23 3 400 ppm 27.0 66 9.20
278 58 9.35
230 56 9.50
280 52 16.05
230 52 16.2¢
82 i) L35
284 50 10.50
285 5 11.08
258.6 50 11.20
28.7 50 1135
28.8 50 11.50
2840 50 1205
040 50 12.20
290 50 12.35
28.8 50 12,50
283 B0 1345
291 50 12.20
293 50 13.50
282 43 13.50
242 49 14.05
223 49 14.20
295 5 14.35
208 54 14.50
238 54 15.05
24 1 8 ppm 262 B 2.15
266 &0 9.50
7.8 60 945
218 - 10.00
3840 62 10.15
282 &7 10.30
285 56 1045
288 56 11.60
288 i3] 1115
291 55 11.30
2932 55 1145

9.2 55 12.00
280 i 1215
28.9 54 12.34
292 56 12.45
252 o6 13.00
251 57 1315
8.0 58 13.30
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Appendix 5. cottinued,
Study day Chamber Contentration  Temperature® Relative Time
. o gl Oﬁ | —— nﬁg ?E&QV
(%)
24 1 0 ppm 29.0 53 13.45
. 29.2 53 14,00
20.2 88 1415
29.0 &0 14.3¢
29.0 62 14.45
20.6 65 13.00
25 1 0 ppmn 30.0 66 -15.18
264 68 210
276 B4 225
280 64 9.40
233 [+ 9.565
284 62 10.10
25.0 62 10.25
25.8 €0 10.40
28.4 80 10.55
25.3 58 11190
28.3 58 1195
28,4 58 11.40
28.6 5] 11.55
28.6 62 12,10
2584 63 1225
28.4 64 12.40
258 &2 12.58
28.8 60 13.16
200 59 13.25
288 - 58 13.40
29.0 b6 13.55
29.0 56 14,10
292 56 14.25
282 56 14.40
293 58 14.56
28 4 1250 ppm 27.0 65 2.50
278 62 10.05
280 &0 10.20
288 57 10.35
258 56 10.50
23.8 56 11.05
23.8 55 1128
233 53 1138
283 54 11.50
20 54 12.05
290 52 12.20
288 a2 12.32
234 38 12.50
28.8 51 13.05

continued....
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Appendix 5. continuned.
Study day Chamber Conceniration  Temperature” Relative Tirze
number* of butadiene “C) humidity”
(%)
28 4 1250 ppm 28.8 51- 18.20
28.8 51 13.35
29.0 51 13.50
28.0 50 14.05
23.8 50 1420
286 50 14,35
28.4 42 14.50
284 49 15.05
29 i 2 65 ppm 288 49 1520
) 288 49 15.35
29.0 30 15.60
274 64 945
27.8 &1 240
288 56 a.55
284 53 14,19
252 50 10.25
28.2 50 10.40
28.2 48 16.55
280 48 13110
28.0 46 11.25
28.0 46 11.40
28.0 45 11.55
28,2 44 12.10
284 44 1225
280 44 12.40
28.0 44 12.56
282 44 13.30
284 44 1325
284 44 13.40
282 44 13.5%
256 465 14,10
8.6 48 14.28
286 49 14.40
28.6 49 14.55
25,8 45 15.10
288 49 15.25
80 8 400 ppm 27.0 &7 9.10
26.4 52 225
27.8 . 50 940
278 43 9.55
28.0 . 48 10,10
28.0 48 10,25
284 46 10.40
254 45 10.55
- 286 44 11.10

~mmtiniad
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Appendix 5. contioued.
Study day Chamber Concentration  Texnperature® Reiative Time
' number* of butadiene 0  humidity® | .
(%)
30 3 + 400 ppm: 256 44 11.25
286 42 1140
* 288 42 1155
28,6 42 12.10
28.6 42 12.25
284 42 12.40
284 42 .55
28.6 42 13.10
258 42 12.25
28.6 &2 1340
284 48 1355
28.6 46 14.10
286 44 1425
288 46 14.40
28.8 48 14.55
111 2 65 ppm. 258 62 9.30
26.4 58 0.45
263 55 10.00
2740 58 10.15
27.5 81 10.30
27.4 50 10.45
274 49 11.00
27.8 48 11.15
27.8 48 1130
7.8 48 1145
250 45 12,00
28.0 46 12.15
28.0 47 12,30
232 46 12,45
232 48 18.00
28.5 46 13.15
28.6 47 13.30
258 47 13.45
28.8 48 14.00
28.6 50 14.15
28.6 &0 1430
28.6 50 14.45
23.8 S0 15.00
29.0 51 15.15
29.0 51 15.30
32 4 1250 ppm 270 58 0.45
27.6 58 13,00
216 59 10.15
27.8 58 10.30
278 5 10.45

eontinged....
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Appendix 5. continued.
Study day Chamber Concentration Temperature® Relative Time
i number* of butadiens o * humidigy* .
) (%)
32 4 1250 ppm 2748 65 11.00
28.0 54 1115
' 254 54 11,30
28.7 &5 1145
288 54 1204
28.5 54 1215
254 M 12,30
282 53 12.45
282 53 13.00
254 52 13.15
28.4 2 13.30
254 52 13.45
282 53 14.00
25.4 53 14,15
284 53 14.30
285 88 14.45
28.5 53 1500
288 58 15.15
28.8 58 16.30
28.8 58 1645
29.0 58 16.00
35 4 1250 ppm 274 62 o.40
27.8 g2 9.55
28.4 62 10,16
294 60 10.28
260 ] 10.40
28.8 L] 10.55
29.0 53 11.1¢
238 59 11.25
258 53 11,40
286 59 11.55
299 58 12.10
290 54 1225
29.0 57 13.40
28,6 57 12.55
232 §7 13.10
28.2 57 13.25
282 56 13.40
282 56 13.56
282 &6 1410
275 55 14.25
27.8 55 14.40
27.8 55 14.56
280 of 1510
280 58 15.25

continued...,
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Appendix 5, tontinned.
Study day Chamber Coneentration Temperature® . Ralative Tims
oumber* of butadiene [of»] humidity®
(%)

35 4 1250 ppm 254 60 1540
35 1 0 ppm 24.4 1] .05
26.4 88 920
27.0 62 9.35
27.0 60 9.50
278 87 JLIRIS
274 56 10.20
276 i 10.35
278 54 10.55
or H 11.05
27.8 53 11.20
271 53 11.3%
279 53 11.50
28.0 52 12.05
28.0 52 1220
28.¢ 52 1235
28.2 52 1250
28.2 58 13.05
284 54 1320
28.4 &4 18,36
284 56 13.50
284 56 14,03
28.4 -] 14.20
254 56 14,35
286 56 14.50
37 4 1250 ppm 24.0 68 9215
27.0 56 2.30
274 62 8.45
27.8 6L 10.00
278 80, 10,15
28.0 60 10.30
28.0 58 10.45
282 58 1.0

282 58 11.15 -
280 58 11.30
28.0 58 11.45
28.0 68 12.00
280 54 1215
218 56 12.30
278 56 12.45
273 56 13.00
28,0 56 1315
278 56 18.30
275 56 15.45
282 56 1400

continued..
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Appendix 5. continned.
Study day Chamber Concentraion  Temperature® Relative Tima
nimber* of butadieze (*C} humidity®
{%)

a7 & 1250 ppm 28.0 57 14.15
28.2 58 1430
28.2 58 14.45
282 58 15.00
28.0 58 1515
a3 2 65 ppm 27.0 58 9.35
272 52 B8.50
27.2 50 10.05
27.2 48 1020
27.4 48 10.35
276 48 10.50
278 46 1105
276 45 11.20
218 48 11.35
276 48 11,50
278 47 12.65
216 46 12.20
278 46 12,35
278 48 12.50
276 46 13.05
28.0 43 13.20
278 47 13.35
2738 47 13.50
278 49 14.05
278 54 14.20
276 52 14.35
27.4 58 14.50
276 52 15.08
27.8 52 13.20
28.0 54 15.35
89 4 1250 ppm 248 64 9.1
258 &3 2.25
26.0 62 9.40
26.2 60 2.56
27.0 60 10,10
26.6 €0 1026
286 ] 10.40
262 59 10.55
26.6 59 11.10
26.6 58 11.25
26.6 57 11.40
28.6 56 11,55

26.6 56 1210 .
258 56 1225

Eoi-4

268
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Appendix 5. continned.
Study day ~ Chamber  Coneentration Temperature' Relative Time
nuzsber® of butadiene Q) huaidity®
(%}

39 4 1250 ppm 26.6- 56 12.55
266 o6 13.10

26.6 b6 13.25

26.8 56 1540

26.8 56 1355

26.4 56 1410

258 55 14.25

272 a7 14.40

270 57 14.55

2740 58 1510

272 58 1525
42 2 65 ppin 262 64 935
258 58 9.50

270 55 1005

272 52 10.20

274 50 10.35

272 50 1050

274 48 11.05

2746 43 11.2¢

276 48 1185

216 46 11.50

276 44 12,05

278 44 1220

278 45 12.35

278 45 1250

278 46 13.05

278 48 13.20

! 278 446 18.85

' 218 48 13.50

250 48 14.05

280 48 14.20

28.0 48 1435

282 48 14 .56

282 50 15.16

234 55 1520

4 3 400 ppm 5.5 63 2.10
262 58 925

26.4 55 940

266 50 9.55

268 80 10.10

268 48 10.25

28.8 48 10.40

26.5 - 46 10.55

26.8 46 1110

264 . 44 11.25




- AS0 =

154272
_
) Appendix 5. continned,
i Study day Charber Concentration  Temperature® Relative Time
- number* of bitadiens [ w] humidity®
(%)
! 45 3 400 ppm 26.8 44 11.40
274 44 1155
i 270 44 12,10
27.0 46 1225
7.0 46 12.40
26.8 46 12,58
270 48 i3.10
27.0 48 13.25
270 48 1340
270 46 13.55
272 47 14.10
2740 47 1425
27.0 47 14,40
27.2 46 14.55
44 1 0 ppm 274 78 9.25
. 272 78 9.40
i 27.4 68 8.55
278 66 10.10
27.8 82 10,25
28.0 80 1040
27.8 58 10,55
27.9 38 - 1110
278 56 11.25
28.9 56 1140
28.9 5 1155
) 230 &6 12,10
278 56 1225
27.8 56 12.40
27.8 56 12 55
218 56 13,10
218 56 13.85
27.8 56 13.40
278 58 13.55
278 56 14,10
25.2 58 1425
28.0 58 14,40
23.0 €0 34.55
284 62 1510
28.2 68 1525
45 4 1250 ppm 26.4 64 5,20
272 63 2,35
272 62 8.50
272 14 10.05
28.0 60 10,20
274 60 1035
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Appendix 5. continued.”
Study day Chamber  Concentrativn Temperature® Relative Time
pumber® of butadiene ) humidity*
{%)

45 4 1250 ppm 27.6 58 10.50
278 58 11.05

280 58 11.20

276 &b 1135

274 58 11.50

27.6 58 12,05

276 56 12.20

274 58 12.35

274 58 12.50

274 58 13.05

274 58 13.20

274 58 1335

27.4 59 13.50

27.4 2] 14.05

27.6 58 1420

276 52 1435

276 59 14.50

276 &1 15.05

46 4 1250 ypm 272 62 a5
274 [ 9.40

274 G0 9.55

274 &0 16.10

27.6 60 16.25

8 60 1040

278 80 10.55

276 €0 11.1¢

274 &0 11.25

o972 &0 11.40

274 ad 11.55

214 58 12,10

272 54 1225

27.2 59 1240

274 58 1255

2712 59 13.10

274 59 13.25

272 58 13.40

270 59 13.55

27.0 60 14.10

271 80 14.25

274 &0 14.40

27.2 60 14.55

213 80 1518

274 65 15.25

49 2 63 ppm 21.2 820

61
274 58 235
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Appendix 5. continued.
Sindy day Chamber - Concentration T b Relative Time
number* of hutadiens s 0N bumidity*
(%)
49 2 65 ppm. 276 56 250
' : 278 54 10,05
27.8 52 10.20
27.8 53 10.35
280 B0 10.50
28.0 49 11.05
28.0 48 11.20
250 47 11.35
28.0 47 11.50
28.0 47 12,08
282 47 12,20
28,0 47 12.35
280 48 1250
282 48 13.05
28.2 48 13.20
28.2 48 13.35
282 48 13.50
28.0 48 14.05
23,0 50 14.20
28.0 52 14.35
282 52 14,50
28.2 52 15.08
282 52 15.20
50 3 400 ppm. 27.2 &6 9,15
- 2890 54 9.30
282 52 9.45
252 50 10,00
28.0 52 10.15
282 48 10.%
282 48 10.45
25.2 46 1L00
280 46 11,15
28.0 48 11.30
252 46 11,45
282 48 12,00
28.0 46 1218
23.0 46 12.30
2738 46 12.45
27.4 46 13.00
27.4 43 13.15
276 49 13.30
276 49 13.45
278 48 14.00
278 50 14,15
278 48 14.30
28.90 48 14,45
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Appendix §. continued.
Stady dey Chamber. ©  Concentration  Temperatere® Relative Tifne
oamber” of butadisne Q) hemidity*
: ) (%)
50 a 400 ppm 280 4% 15.00
: 284 54 15.15
51 3 400 ppm 244 56 200
276 B4 8.15
278 - 9.30
27.8 43 845
278 45 10.00
28.0 43 10.15
280 48 10.80
28.0 47 10.45
27.8 48 1L.00
2840 45 11.15
282 46 1180
25.0 46 11.45
28.0 45 12.00
258.2 45 12.13
28.0 47 12.80
28.0 47 12.45
278 47 18.60
28.0 45 1315
289 48 18.80
28.0 . 48 13.45
28.0 47 14.00
280 47 14.15
252 47 14.30
284 52 1445
28.4 52 15.00
52 4 1250 ppm 26.8 &5 82.10
278 66 2.25
282 85 8,40
284 62 9.55
284 61 10.10
284 60 10.25
284 &0 1040
28.6 59 10.55
284 62 11.05
282 62 11.25
280 62 11.40
283 &2 11.66
28.4 62 12,30
28.2 G2 12.25
28.2 62 12,49
218 58 12.55
218 58 13.05
282 62 18.25

acmtmd s nd
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Study day Chamber Concentretion - Temperature® Relative Time
number® of butadiens °C) humidity®
%)

52 4 1250 ppm 282 g2 13.40
’ 252 &2 13.55
252 62 1410
23.3 (%) 1425
28.4 63 14 40
284 63 14.55
28.0 €1 1510
53 4 1250 ppm 266 &6 .00
276 &5 T 815
28.3 &3 930
284 Gl 945
284 gl 10.00
252 61 10.15
285 61 10.30
264 81 10.45
285 G0 1100
287 &9 11.15
28.8 59 11.30
284 58 1145
28.4 57 12.00
28.2 58 1215
282 58 12,30
25.0 58 12.45
25.0 57 13.00
28.0 56 13.15
28.0 58 13.30
284 58 13.45
278 55 1400
28.40 58 1415
278 - 80 14.30
280 83 1445
28.0 62 15,00
56 . 2 66 ppm 268 BT 945
26.8 84 10.00

272 52 1015 .
272 52 10,50
272 50 1045
272 50 11.04
27.2 5G 11.35
274 50 1130
27.4 50 11.45
272 49 12.00
274 48 1215
72 48 12.30

272 438

12.45
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Appendix 5. continned.
Study day Chamber . Concentration Temperature® Relative Time
of butadiene gl &) bumidity®
(%)
56 2 65 ppm 274 50 13.00
. 274 50 1315
27.4 52 13.30
27.2 o4 ©13.45
272 54 14.00
214 &3 14,15
274 62 1430
274 58 14.45
28 56 15.00
280 56 15156
278 56 13.30
57 4 1250 ppm 244 & 855
25.6 64 8.10
210 84 8.25
274 84 240
274 64 9.55
274 84 13.10
27.6 64 10.25
215 64 "k A
276 64 10.55
230 61 11.10
276 €1 11.25
276 61 11.40
274 61 11.55
274 60 12.10
274 59 12.25
274 59 12.40
274 58 12.58
274 &0 13.10
276 80 15.25
276 &0 13.49
27.9 60 1385
274 60 14.14
274 80 14.25
274 &80 14.40
58 3 400 pp 26.0 60 .05
268 o6 .20
pLri) 52 2.35
276 50 4.5
276 48 30,06
278 48 10.20
- 278 48 10.36
78 48 10,50
8 43 11.0%
28.0 47 11.20

contnued. ...
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Appendix 5. continued.
Study day Chamber Concentration  Temperature” Relative Time
pumber* of butadiene {C} humidity® :
(%)
" 68 3 400 ppm 28.0 47 1135
250 46 1150
28.0 46 12.05
278 44" 12.20
28.0 45 12.35
2840 45 12.50
25.0 45 13.05
280 45 13.20
8.0 435 13.3%
280 45 13.50
282 46 14,05
282 50 1420
25.4 50 14.35
284 44 14.50
232 48 15.05
&9 1 0 ppm 250 68 2.00
338 Ll 915
26.4 63 9.30
28.8 61 9.45
270 [11] 10.060
272 &0 10.15
27.0 58 10.30
27.0 38 10.45
272 58 11.00
212 57 i1.15
27.3 57 11,30
27.2 67 11.45
272 a7 12.60
258 56 1215
26.8 57 12.30
270 &8 1245
7.0 .60 13.00
210 a0 13.15
270 62 1330
27.0 62 13.45
26.8 61 1400
27.0 64 14.15
268 &5 1430
270 65 14.45
27.0 65 1500
€0 13 0 ppm 250 64 9.10
26.0 &2 825
26.4 60 B.40
266 &0 9.55
26.8 53 .10

e e
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Appendix 5. continued,
Study day Chember Concepiration  Temperature® Relative Time
pumber! of butadiene “C humidity®
(%)
a0 ! 0 ppm 2740 58 1025
. 273 54 10.40
272 54 10.55
27.2 56 1110
274 57 1125
27.2 58 11,40
272 56 1155
| 272 53 12.10
272 55 1225
274 56 12.40
272 56 12.55
272 56 1310
272 57 13.25
27.4 &0 13.40
27.4 61 13.36
274 62 14.10
274 64 1425
276 B84 1440
216 64 1458
63 2 400 ppm 25.4 58 9.30
258 b4 .45
262 54 Lk
26.2 &1 16,15
26.2 50 10.30
26.4 ) 50 10.45
264 50 - 1100
26.2 48 11.15
252 50 1130
26.2 48 11.45
, 262 48 12,00
' 262 47 12,18
26.4 48 ~12.30
26.2 45 12.456
26.2 47 13.00
262 47 1315
262 47 13.30
26.2 46 1345
26.2 46 14.00
262 46 14.13
262 46 14.30
26.4 46 14.45
26.4 £6 15.00
2638 46 1515
%8 : 46 15.30

continued....
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Appendix 5. continued.
Study day Chamber  Concentration Temperature” Relative “Time
nutnbar® of butadiene “C) humidity®
(%)
81 3 400 ppm 248 62 ~ 9.05
[ 262 &8 9.20
26.8 56 9.35
211 83 9.50
27.0 52 10.06
272 52 10.26
27.4 50 10.35
274 48 16.50
27.4 48 11.08
274 43 1120
274 48 - 1135
276 47 11.50
27.8 46 12.05
2.5 47 12.20
276 47 12.35
217 46 1250
211 46 13.05
27.8 46 13.20
274 48 13.35
27 49 13.50
27.7 45 14.05
277 48 1420
277 49 1435
27.7 49 14.50
85 3 400 ppm 272 56 © 010
27.0 54 925
27.7 83 8.40
213 5 955
250 30 10.10
280 48 10.25
278 48 10.40
278 48 - 10.55
283 48 11140
283 45 11.25
216 45 11.40
28.2 45 11.55
28.4 43 1210
27.2 43 12.25
28.0 46 12.40
27.8 45 12.55
2.6 46 13.10
27.8 46 .18.25
274 46 13.40
274 47 13.55

276 47 1430
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Appendix §. continued.
Study day Chamber Concentration  Temperature® Relative Time
pumber* of butadiene . [y humidity®
(%)
a5 3 400 ppm 278 48 1425
, 28.0. 47 14,40
28.0 48 14.55
[:1:] 4 1250 ppm 27.0 64 8.30
272 63 945
272 62 10.00
27.4 61 10.15
276 61 10.30
27.8 60 1045
27.86 60 11.00
274 60 1115
27.2 60 11,30
2.4 80 1148
27.4 68 12.00
274 58 12.15
276 58 12.30
275 57 12.45
27.4 57 18.00
27.2 &7 13.15
27.2 58 13.30
27.2 58 18.45
274 §8 34,00
27.2 58 14.15
212 57 14.30
27.2 58 14,45
27.0 58 15.00
27.2 58 15.15
27.6 59 15.30
67 3 400 ppm 26.0 58 9.05
26.6 52 9.20
27.0 52 9.35
27.0 &2 9.5¢
27.2 52 10.06
272 62 10.20
274 51 10.35
27.2 50 10.50
274 51 11.05
274 48 11.20
274 48 1135
274 47 1150
214 47 12.06
274 47 12.20
2.4 46 1235
274 47 12.56
274 47 13.05
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Appendix 5. continued.
-Bmdy day Chamber Concentration Temperature® Ralative Time
numbet* of butadiene [\(] humidity”
{%)
67 2 400 ppm 27.4 48 13.20
274 49 13.35
274 49 13.50
274 48 14.05
27.4 48 14.20
274 45 14,35
244 49 14.50
24.4 49 15.05
L Temparature and relptive humidity were measured in one charobaer, selected at racdom, on each
stody day,
» Separate thermometer and solid state hygromater nsed axcept for readings marked",

< Thermohygromneter used for temperature and relative humidity recordings, probahly insccurate

for relative humidity {see text Section 6.1.4. for explanation).

4 Readings delayed dua to equipment malfunction.




- BE1 -

1542/2

10
11
i2
13
14
15
16

17

889
420

188
862

376

416

241

48
250

a1z

191
314

197
412

206
157

70
228

o I e

Nok maied

B =1 hén Jhdh =G fEth Rl M W = @S e =00

Pregnant
Pregmant

Pregmant
Pregmant,

Pregnant

Mot pregnant . -
Pregmant

N& pregnan
Prognant

Pregnant
Pregnant

Pregnant
Preguant

Pregnant
Not preguant

Pregnant
Pregoant.

Pregnant
Prognant

Pregpant
Pregnant

Not pregnant
Pregnant

Preguant

Pragnant
Pregnant
Pragnant

Pregnant '
Pregnant




Appendix 6, continued,

Male Female Period 1o coition Pregnant/Not pregnant
number numbher
Vehicle control
i8 321 4 Pregnant
. 485 K Pregnant,
19 167 1 Pregnant
291 2 Pregnant
20 280 2 Pregmant
327 9 Pregmant
21 303 7
284 1 Pregnant
22 221 1B Pregnant
183 & Pregnant
23 448 8 Pregnant
421 g Pregnant
24 896 & Freguani
391 4 Pregnant
25 320 9 Pregnant,
247 7 Pregnant
65 ppm butadiene
25 264 10
160 ] Pregnant
27 293 4 Pregnant
287 4 Freguant
28 04 1 Pregnant
201 1 Pregnant
a7 4 Pregoant
154 8 Pregnant
266 2 Pregnant
242 3 Preguant
21 358 mated Not pregnant
225 3 Pregnant
32 208 1 Pregoant
395 4 Pregnant
214 7 Pregnant,
236 1 Pregnant
34 186 7 Not pregmant
343 4 Pregnant
36 165 2 Pregnant
271 G Pregnant
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Appendix 6. continued.
Male Famale Pearled to coition Prégnant/Not pregnzant
number numher (days)*
65 ppm butadiens '
36 328 é Pregnant
] 251 4 . . Pregnant
37 . 331 Mala died during butadiene exposure period
359 {canse unknown}
240 10 Preganant
278 5 Pregnant
228 4 Pregnant
286 1 Pregnant
40 443 5 Pregnant
363 4 Pregnant
41 344 1 Pregnant
267 2 Pregnant
42 277 2 Preguant
315 1 Pregnant
43 184 1 Pregnant
. 276 3 Pregnant
a4 280 1 Pregmant
187 3 Pregnant
424 - 7 Pregnant
211 Not mated Not pregnant
309 1 Pregnant
180 I Pregnant
47 332 7 Pregnant
360 4 Pregnant
48 196 5 Pregaant
224 - Pregnant
49 189 2 Pregnant
238 7 Pregnant
50 256 1 Pregnant
136 4 Pregnant
400 ppm butadiene
51 325 ] Pregnant
310 8 Pregnant
246 Not mated Mot pregnant
215 & Pregnant
408 - Not pregnant
361 5 Pregnant
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Appendiz 6, continued,
Male Female Period to enition Pregnant/Not pregnant
number namber {days)”
A0 ppin butadiene
54 174 3 Pregnant
592 1 Pregnant
. 278 2 Pregonant
410 L2 Pregnant
161 4 Pregmant
422 4 Pregnaut
57 266 4 Pragnant
405 2 Pragnant
a8 407 2 Pregnant
261 1 Pregnant
334 [ Pregnant
342 8 Pregnant.
M 6 Pregoant
417 4 Pregnant
61 170 [ Pregnani
199 2 Not pregnant
€2 235 5 Pregnant
194 1 Preguant
63 363 g . Pregmant
333 4 Pregnant
84 260 6 Pregnent
169 3 Preguani
&5 178 5 Pregnant
175 1 Preguant
66 388 4 Pregnant
212 4 Pregnant
&7 355 1 Pregnant
248 2 Pregnant,
68 206 8 Pregnant
330 -] Pregnamt
69 179 2 Pregnant
216 3 Mot pregnant
70 877 1 Pregnant
316 1 Pregnant
71 437 1 Pregnant
404 3 Pregnant
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Appendix 6, continned.
Male Female Pariod io coition Pregnant/Not pregnant
nuber namhber (days)* .
400 ppm bmiadiene '
72 381 Not maied Not pregnant
2489 9 Pregnant
73 f Eshi 8 Pregnant
441 3 Pregnant
74 435 1 Pregnant
418 4 Mot pregnant
5 294 3 Pregnant
152 7 Pregnant
1250 ppm bartadiens
76 - 328 8 Not pregnant
319 5 Pregoant
77 283 7 Not preguant
5329 4 Pregnant
78 283 4 Pregnant
. 153 4 Pregnant
7% 285 1 Not pregnant
305 3 Pregrant
80 257 T FPregnant
171 4 Pregnant
BI 365 7 Pregnant
226 2 Pregnant
82 319 5 Pregnant
336 1 Pregnant
83 450 8 Pregnant
428 4 Pregnant
84 272 4 Pregnant
284 4 Pregnant
35 227 4 Pregnant
409 1 Pregnent
88 353 2 Pregnant,
406 4 Pregnant
87 54 6 Pregoant
2318 8 Pregnant
a8 245 7 Pregmant
173 4 Pregnant,
89 425 i Pregoant
185 2 Pregnant



Appendix 6. continged,

Male
DMimbar

1250 ppm butadiene
940

"

]

29

100
Roomn contral .

b L1

162

3

104

105

106

167

.= REE -

1542/2
Feingle Period to soition Pregnant/Nat Bregnant
numhber {days)*
_—_——‘——____

263 1 Pregnang -
-281 3 Pregmant
183 2 Pregunant
258 4 Preguant
162 7 Pregnant
184 4 Preguant
299 4 Pregnant
274 4 Pregnant
364 -1 Pregmant

. 220 2 Pregnan
275 5 Pregnant
335 2 Pregnant
223 5 Pregnant
210 1 ‘Preguani
435 Nat matag Not pregnant
431 8 Pregnant
i81 2 Pregnant
218 a Pragnant,
255 3 Pregnan:
375 Pregnant

g

307 1 Pregnent
2485 2 Pregnant
a2 4 Preguant
163 3 Pregnant
177 Not mated Not pregnant
168 4 Pregnant
387 Not mated Nt preguant
229 4 Pregnant
440 5 Pregnant
252 3 Pregnant
802 8 Pregnant
423 4. Pregnant
262 5 Pregnant
202 5] Pregnant
358 ¥ Pregnant
873 i Pregoant
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Appendix &, continved.
Mele  Femele Period to coition Pregpant/Mot pregnant
number number (daye)" :
Room control
108 357 6§ Pregnant
366 & Pregnant
109 427 8 Pregnant
72 4 Pregnant -
110 v 186 1 Pregnant
338 1 Prognant
111 217 7 Pregnant
M2 8 Pregmant
112 401 Not mated Mot pregnant
449 7 Pregnant
118 185 -3
268 8 Pregnant
114 445 4 Pregoant
37 10 Pregnant
115 826 2 Preguant
400 2 Pregnant
118 287 4 Pregoant
266 7 Pregaant
117 414 3 Pregnant
115 L Pregnant
118 447 T Pregnant
238 2 Pregnant
119 388 7 Pregoant
248 1 Pregnant
120 a8 2 Pregnant
289 4 Pregnent
2 308 1 Pregnant
270 1 Pregmant
122 218 & Pregant
159 1 Pregnant
123 244 -1 Mot pregnant
438 2 Pregnant
124 155 7 Pregnent
222 8 Pregoant
125 411 1 Pregnant
301 1 Pregnant
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Appendix 8, comtinued.
Male Farnale Period to caition Pregoant/Not pregnant
pumber number {days)"
Roam control ’
128 352 5 Pregoant
245 ] Preguant
127 282 3
337 4 Pregnant
125 Y [ Pregnant
347 1 Pregnant
129 200 Mot mated Not pregnant
209 7 Pregnant
130 269 8 Pregnant
317 3 Pregnant
131 444 3 Pregnant
151 4 Pregnant
132 4G 3 Pregnant
282 1 Pregnant
133 413 2 Pregnant
283 2 Pregnant
134 5 4 Pregnant
356 4 Pregnant
185 238 4 Pregnant
253 1 Pregnant
136 390 8 Pregnant
176 i Preguant
137 446 5 Pregnant
237 1 Pregnant, *
138 259 5 - Preguant
380 i Pregnant
189 848 1 Preggant
439 1 Pregnant
140 263 Mot raated * Mot pregnast
5 4 Pregnant;
41 206 5 Prognent
382 4 Pregnant
142 372 7 Pregnant
) 180 8 Pregnant
143 408 7 Pregnant
219 4 Pregnant
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Appendix 6. continuved.
Male Female Period to cottion Pregnant/Not pregnant
number number (days)*
Room contral '
144 264 & Preguent -
885 8 Not pregnant
154 368 Not mated Net pregnant
424 3 Pregnant
146 ' 158 5 Pregunant
279 8 Pregnant
147 261 9 Pregmant
) 204 L] Pregmant
145 285 7 Pregnant
218 1 Pregnant
149 402 4 - Pregnant
ao0c 4 Pregnazt
150 185 4 Pregnani
482 5 Pregnant

* Number of days from housing males and females together to finding of plug or a sperm pasitive

vaginal smear.
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Appendix 7,

Male  Female No. of No, of No.of No. of No, of late No. of No. of
onmber pumber eorporz  implantarion early  jate deaths including live abnormg]
Tatea Sitgs deaths deaths dead foetuges implangs foctuses
————_ FThSes

Vehicle contral
1 278 17 18 0 ¢ o 16 0
1 850 a1 7 s 1 1 3 0
2 . 8w 18 16 ¢ 0 0 16 ()
2 841 1 13 0 0 0 13 o
E 207 15, 15 0 0 o 15 0
3 894 17 9 0 o 0 9 0
4 182 Not pregnant
4 419 20 .16 0 0 ¢ 18 o
] 192 Not pregnant
5 8% 15 12 0 0 ) 12 ¢
6 888 14 14 ¢ (i} 0 14 0
8 420 19 11 0 o 0 11 0
7 198 16 16 1 0 Q 15 i}
7 862 24 18 1 0 [} 17 0
8 376 17 15 o 0 0 15 0
8 203 _ Not pregnant
9 418 26 16 0 0 8 16 il
9 480 21 17 ¢ 0 0 17 o
10 ‘ggy 23 i8 ¢ ¢ 0 18 0
10 a4 17y 0 0 0 17 o
u 249 20 17 1 ¢ 0 16 0
1 250 2 2 0 0 0 23 0
12 434 Mot pregnant
12 433 15 15 1 () 14 0
13 812 20 19 0 0 0 18 0
18 846 21 12 1 0 8 1 ¢
0 0 0 15 0

14 191 16 15
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Appendix 7. continued.

Male Female No.of = No. of No. of No, of No. of late Mo. of Ma. of
number number corpors  implgptatior early  late  deaths inclnding live abnormel

Tutea sites  deaths deaths dead foetuses  implants  foetnses
Vehidle control
14 814 n i 0 1 1 14 1
15 187 18 17 1 0 9 16 0
15 412 15 12 a1 1 11 ¢
% 205 28 14 1 ) 0 13 0
16 157 18 16 1 0 0 16 0
17 . 370 13 9 0 0 0 9 0
17 328 29 17 4 0 1 12 ™
18 321 17 15 1 0 0 14 0
18 425 17 17 0. O 0 17
19 167 28 18 0 1 1 12 0
1% 291 17 15 ] L] Q i5 ™
20 280 22 18 0 0 3 15 o
20 327 25 18 1 0 0 18 0
21 303 12 10 2] J] o 10 L]
21 284 21 18 0 | 1 17 0
22 221 24 24 2 L1} L ¢] 22 L
a2 133 15 14 [¢] 0 L 14 1]
23 448 2 15 0 ) 0 15 o
23 421 21 1 0 ) ) 1 0
24 396 15 4 ) 0 0 14 0
24 391 . 16 18 0 0 0 18 0
25 220, 20 15 ) o 0 15 r
%5 247, 16 16 ¢ 0 0 16 0
65 ppm butadiene .
28 264 15 11 1 0 1) 10 a
26 160 16 15 0 ) o 15 o
‘87 293 15 1 . - - n .
a7 257 24 14 0 1] Q 14 1]
28 304 24 13 1 3 3 9 0
28 201 14 14 a ] Li3 14 L}
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Appendix 7. continaed.

Male Female No. of Ho. of o, of Na. of No. of late HNo. of No. of
pumbar gomber corpora mplamanon eatly late deaths induding Tive abmormal

iutea dsaths deaths  dead foetuses  irplants  foetuses
65 ppm butadiens
29 371 g2 17 ¢ ¢ ) 17 1
29 154 29 18 0 1 1 8 1
30 265 16 14 2 0 0 12 i
30 242 18 18 0 i . 0 18 0
| 352 Net pregnant
a 225 25 16 0 0 0 15 (1
32 208 16 15 0 ¢ e 15 0
52 %95 14 13 1 o ¢ 12 o
;3] 214 15 15 1 0 0 14 ]
33 230 18 14 g 1 1 4 0
84 188 Not pregoant
E7 343 14 14 6 0 0 14 I
85 165 17 10 2 6 ¢ 8 0
35 2mn 18 16 2 ] 0 14 1
2 823 28 4 0 ] 0 14 0
85 281 15 13 1 o 0 12 g
37 Male died during butadiene exposure period {cause unknown}
240 bl 16 0 1 1 16 0
38 278 77 14 0 0 ] 14 0
a9 228 1 14 0 ¢ 0 14 o
. 8% 336 14 5 @ ] 1 4 0
40 443 % 15 ] ¢ o 16 0
40 33 18 0 0 o 15 )
41 344 17 8 0 ] ) 8 0
4 267 2i 17 4 o 0 17 ¢
42 217 24 20 0 0 0 20 ()
42 s 20 5 2 1 1 2 1
13 164 16 16 ¢ ¢ ¢ 16 0
43 276 22 i4 0 0 1 13
4 290 17 15 0 ! ¢ 15 0
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Appeudix 7. continued.
Male Female Nooof No. of No.of No. of Mo. of late No. of Ho. of
number oumber corpera implantation eardy  late  deaths including live abuormal

Intea sites deaths deaths dead foetnses implapts foetuses
65 ppm butadiene B .
4 187 19 19 0 19 0
4 2 16 15 0 ) 0 15 o
45 429 ’ Not pregnant
46 309 " 22 7 3 ] ¢ 4 0
48 180 17 18 0 0 0 18 0
47 232 13 18 o 0 o 13 0
47 360 15 11 [} ] ¢ b1 0
48 198 20 15 0 0 0 15 2
48 294 13 12 1 0 0 i1 0
48 188 18 15 0 0 0 15 ¢
49 236 15 15 ] 0 0 15 0
50 256 16 8 [V 0 0 8 ]
50 156 7 17 0 0 ] 17 o
4} ppm butadiene
5l 825 18 18 0 0 0 18 1
51 310 19 17 0 0 ] 17 1t
52 246 Mot pregnant
52 215 12 12 0 ] 0 12 0
53 408 Mot pregnant
53 861 23 17 2 1 2 13 0
54 174 21 19 o 0 [} 19 0
54 392 18 is 0 0 ] i8 o
b6 378 21 17 ] 0 0 17 0
56 419 14 12 0 ] o 12 o
54 161 16 15 Q 0 0 15 0
56 493 18 16 i1 0 ] 15 1
57 296 18 15 0 0 0 15 I}
a7 405 16 14 o 0 0 14 ¢
58 407 20 12 1 0 o 11 ¢
68 261 19 16 2 0 ¢ 14 [
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Malte Ferpale No. of Ho, of No.of Me.of No. of lata No. of No, of
number number omyors implantation early late  deathsinduding  lve  abnormal

hatea sitas dasths deaths dead foatuses  implants  foetuses
400 pprs botadiene
59 s34 - 28 16 0 0 1 15 a
59 842 24 12 0 0 0 12 0
80 234 15 15 1 0 ) 14 1
60 a1 18 1 0 o 12
61 170 18 8 ) 1 1 15
61 192 Not pregnant
€2 285 17 12 a 0 1 11 L
194 13 17 0 0 0 17 9
283 2 16 1 0 0 15 o
3 238 13 15 1 0 0 14 0
64 260 yt] 15 0 0 0 15 0
64 169 1 16 0 ¢ 0 18 0
& 178 i5 15 ¢ ! g 16 o
65 175 17 13 1 Q 0 i3 0
e 388 17 16 o ¢ o 16 9
& 212 2 1 0 0 0 1 )
67 255 18 17 0 1 1 16 a
a7 243 20 i7 0 ¢ e 17 0
i 206 18 15 a 0 o 15 o
68 $30 12 1 0 o 0 1 0
69 179 15 4 6 0 0 14 ]
] 218 Not pregonant )
70 877 17 14 0 o 0 14 0
70 316 17 1 0 o 0 14 0
71 487 - 22 4 0 o 18 0
7 404 21 17 | ) 17 0
T2 381 ’ Nt pregnant
72 289 b3 5 0 e 0 3 0
13 a1 18 18 1 0 0 17

73 441 18 13 [} o 0 18
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Appendix 7. continued,
Male Female No.of No. of No.of No.of MNo. of late Mo, of No. of
mumber humber ¢orpora  implantation early late  desthsinduding  live  abnormal
Tutea sites deaths deaths dead foetuses  implants  foetitses

400 ppm butadiene

74 435 15 - 14 L] 0 0 14 0.

74 418 Not pregnant

7% 294 16 16 0 0 0 10 0

75 152 "4 17 a o ] 17 o
1250 ppm butadiens )

.76 82g Not preghant

78 319 18 15 V] Q a 15 0

77 288 Not pregnant

77 899 15 15 0 0 0 15

] 2583 13 18 1 0 o 12

78 153 19 by ] 1] G 17

kil 286 Not pregnant

79 305 17 14 1 0 0 13 L]

80 . 287 20 15 1 G 0 14 b

80 h¥a ) 1§ 16 ] 0 i 16 ]

81 865 21 19 ] 7 7 12 0

31 225 22 17 4 0 0 13 0

82 3782 21 b ] 0 1} 11 ]

a2 938 - 16 0 0 0 16 0

83 450 it 15 3 3 3 9 0

2] 428 23 1] 1 1 1 14 0

L) 272 23 17 a 1] 0 kY q

L] 384 15 15 0 ] 0 15 ¢

a5 227 23 18 0 0 1] 18 ¢

85 408 | 17 iz a 1 1 11 0

13 353 27 15 1 0 & 14 ]

28 406 17 15 i Q 0 15 o

87 354 18 18 1 1] 1 14 0

a7 318 14 13 0 1 1 12 9

88 245 14 13 2 0 O 11 1
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Appendix 7. continued.

Male Female Mo, of No. of No. of No. of Na. of late No. of No. of
mumbsr oumber corpore implentation early late  deaths including Bve ashnormal

lmtes gites deaths deaths dead feetuses  iraplants  foetuses
1250 ppm bptadiene

88 3. 18 18 i o 0 12 0
89 426 16 1 ] 0 1 0 9
8% 188 13 1 0 0 0 1 0
90 203 18 5 a 0 0 5 o
9 2n 16 16 0 0 0 16 )
91 193 15 14 0 0 0 14 (0
91 258 20 19 0 0 0 19 0
92 162 15 13 0 0 0 13 9
g2 184 14 18 1 0 (] 12 9
23 298 20 15 ¢ [ 0 15 *
o3 274 12 1 i 0 0 i0 ()
o4 364 18 18 2 0 0 14 9
Yl 220 17 17 0 ¢ 0 17 o
95 275 16 15 1 0 © 14 0
95 335 2 17 4 0 0 13 o
95 223 19 12 ] 0 0 12 0
26 210 18 18 0 0 0 18 0
97 438 Not pregoant

w4 19 % 1 ) o 15 0
98 181 24 13 0 ¢ 0 13 0
28 213 23 5 ¢ o 9 3 0
85 265 17 14 ¢ 0 0 4 ¢
9 375 21 17 . . . 18 .
180 307 15 18 0 0 ¢ 18 0
100 296 20 18 5 1 1 12 0

Room cantrol

101 822 17 14 ¢ 0 0 14 o
w168 15 15 0 0 0 15 0

102 17 Mot pregnant
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Appendix 7. continued.

Male Female NWo.of Ho. of Mo. of Mo, of No. of late Mo. of No. of
number Dumber ¢orpora  implantadon . early - late  deaths including live abnormal

Tutea sites deaths deaths dead fostuses bmplants  fostuses
Room control _

102 163 - I 17 1 o 0 18 1
103 87 Not pregnant.

108 229 18 17 0 0 ) 17 0
104 40 " 15 18 1 0 0 12 1=
104 252 19 18 1 0 0 12 9
108 302 18 17 9 0 0 17 0
105 423 20 18 0 0 0 18 0
108 262 16 16 1 0 0 15 0
106 209 18 9 0 0 0 19 0
107 358 20 18 0 8 5 11 1
107 a7 17 12 1 1 1 10 0
108 357 25 18 0 0 0 18 ¢
108 366 16 1 ¢ 0 0 1 ¢
109 @1 17 18 0 1 1 18 0
109 172 14 12 6 -0 0 12 0
1i0 166 17 10 s o 0 5 o
110 388 - 1 1 0 0 0 1+
m 217 19 19 1 0 0 18 0
m 442 2 14 6 2 2 é

12 401 ' Not preguant

m w1 15 2 0 0 13 0
118 195 18 14 o 1 1 13 1=
118 268 18 18 2 1 1 15 ¢
114 445 15 4 0 a o 14 K
114 867 20 17 2 0 0 15 0
ns 326 21 14 1 0 0 13 0
s 460 23 12 2 0 0 10 0
116 287 21 16 i 1] 1} 15 Q
116 266 15 4 0 1 1 18 0
17 414 28 16 o 0 0 18 0




;. ' 1542/2
‘ Appendix 7. contined.

Male Female Nooof No. of No. of No. of No. of late Ng, of No. of
nwmber number corporz implantation early late  deaths including liva abnormal

Fatez sites deaths deaths dead foetuses  implants foetuses
i Room control
I 117 415. 20 18 o 0. 0 18 0
| 118 447 20 17 0 0 0 17 0
' 18 239 19 19 ¢ ¢ 0 19 0
119 398 15 15 0 0 0 15 0
119 248 19 18" i} 1 1 T 0
120 398 21 17 1 o 0 18 o
120 299 18 15 0 ] 0 15 0
121 308 23 18 0 0 0 18 0
121 2 17 8 0 ] 0 8 0
122 218 17 16 ¢ 0 0 16 0
122 159 ) 20 4 ) ] 20 ¢
123 244 Not pregnant
128 488 17 15 0 0 o 15 0
% 124 155 12 8 i 0 ] 7 0
124 292 13 12 ] o 0 12 0
125 411 i6 18 L] 1] 1 15 L1}
125 an 23 13 0 o 0 13 0
126 852 21 13 0 0 0 18 0
126 . 248 &) 18 8 0 0 16 1
127 282 20 17 0 0 ] 17 0
127 337 21 15 1 0 0 14 )
128 824 15 1 0 0 0 14 ¢
128 47 18 17 0 0 0 17 0
129 200 Not pregnant .
129 209 18 16 0 0 0 15 0
130 268 18 16 0 0 0 18 0
130 317 17 16 1 1 1 14 0
131 444 15 14 0 (i 0 14 0
13 151 14 14 ¢ ] ) 14 0
132 840 17 8 1 o 0 7 ¢
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Appendix 7. continued.

Male Female Nooof No. of No. of No. of No.oflate = No. of No. of
number number oorpora implantation easly late  deaths including live abgormal

Yoiga sitag deaths deaths dead foetuses implants foetuses
Room control

132 282 17 15 1 o ) 14 )
18 418 19 19 1 o K 18 o
133 283 21 26 1 ¢ 0 1
134 881 17 18 1 1 1 u o
i34 356 19 10 0 0 ) 10 o
185 288 19 18 0 ) 0 18 ¥
135 258 18 14 0 0 0 14

135 390 16 16 1 o 0 15

136 176 2 8 0 o 0 3

137 446 19 16 o ) o 16 s
187 287 26 18 0 0 0 18 »
188 2859 i 17 2 0 0 15 0
188 880 17 14 0 o 0 14 0
1B 348 14 12 0 0 0 12 0
% 489 12 8 o 0 0 6 o
140 268 Not pregnant

140 845 15 18 0 o 0 13 0
41 806 29 5 2 0 0 3 0
M1 882 16 15 0 0 0 16 0
4z ar2 17 17 1 0 o 16 )
42 180 29 18 1 0 0 17 0
143 408 18 18 0 0 0 16 0
43 219 16 15 0 o 0 15 o
144 219 Not pregoant

44 254 19 17 o 0 o 17 0
5 424 16 15 0 0 o 15

145 868 Not pregnamt

46 279 20 18 1 0 1 16 r
146 158 21 19 1 0 0 18 r

147 281 14 4 ] 0 0 . 14 ¢
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Appendiz 7, confinved.

Male Female No.of No. of No.of No.of  No. oflate No.of No. of
pumber number corpora implanistion early lafe deathsinduding  live  abnormal

htaa sites deaths deaths dead foetuser  Unplants  foetnges
- Room control
2147 204 19 19 ] L] 0 19 ¢
148 283 16 8 Q G q 8 [}
148 313 , 20 13 0 0 O 13 0
149 402 19 17 0 L¢] o 17 0
149 300 15 14‘ 1] L] a 14 o
i50 185 17 14 8] 0 Q 14 1]
150 432 23 2 0 1] o 8 0
Key:

Missing data due to female having delivered before date due for necropsy.
Tunt (67% of mean body weight of others in litter)
Tunt (71% of mean body weight of others in litter)
runt (57% of mean body weight of others in litter)
rant (41% of mear body weight of others in litter)
runt {74% of mean body welght of others in Htter)
runt {72% of mean body weight of others in litter)

gastroschisis

runt (76% of mean body weight of others ia Hfter)
runt (78% of mean body weight of others iz litter)
rumt (64% of mean body weight of athers in fitter)
runt (52% of mean body weight of others in litter)
tunt {62% of mean body weight of others in litter}
ront (88% of mean body weight of others in litter}
runt {€8% of mean bady weight of others in litter)
runt (55% of mean body weight of others in ltter)
scoliosts in Tumbar and sacral spinal column

rant (75% of mean body weight of others in litter)
Missing data duse to technical error.
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