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TABULATIONS 

The t.able nUliberinq system used informs t.he reader to what 
t.be t.able refera. 

AT 
IN 

ODS 
CA 
DL 
SA 
RL 
lID 

M 
F 

Example: 

Atmosphere Analysis 
Body Weiqhts 
unscheduled DNA Synthesis 
Chromosomal Aberrations 
Dominant Lethal 
Sperm Abnormalities 
Recessive Lethal 
Multiple Dosing 
Males 
Females 

CA-M24-1 - Chromosomal Aberrations, Males, 
24 h Sampling Time-1 

Abbreviations on Chromosomal Aberration Tables and A?pendix 
Tables: 

B w F 
B w/o F -

0121 

Break with fragment 
Break without. fragment 
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LOCATION OF EXPERIMENT 

All expo.ure. of animal. were conducted at the Elphinatone 
... earch Centre .ite of Invereak Research International 
Lt.ited. In vivo .tudiea and autopsies of mice and rats 
were al.o conducted at this aite. Drosophila breeding was 
undertaken at the Institute of Animal Genetic., University 
of Edinburgh. Slide reading and the unscheduled DNA 
synthe.i. a •• ay were performed at the Inveresk Gate 
Laboratories of Inveresk Reaearch International Limited. 

DISCLAIMER 

-The opinions, findings and conclusions expressed herein are 
not necessarily those of the National Institute for 
OCcupational Safety and Health, nor does mention of company 
names or products constitute endorsement by the National 
Institute for Occupational Safety and Health." NIOSH 
Project Officer: Richard W. Niemeier. 
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SUlllARY 

MexachloZO-1,3-butad1ene wa. subjected to a tier II mutagenic 
test .creenin9 progr..... The a •• ay. u .. d were the following. 

1. UDscheduled DBA synthe.i. (UDS) a •• ay in human diploid 
fibrobl •• ts with exposure. of 3 h duration and concen­
trations up to 1 mg/ml of culture medium. 

2. Daainant lethal te.t in male rata with exposure to 
at.osphare. containing 10 ppm or 50 ppm hexachloro-l,3-
butadiene for 7 h/day for 5 con.ecutive day.. Analysis 
of te.t atmosphere. waa by continuous infra-red adsorp­
tion monitoring at a wavelength of 11.7 ~. 

3. Sperm abnormality te.t in male mice using the same 
exposure conditions as in (2). 

4. Cytogenetic te.t in male and female rat bone marrow 
cells using the same exposure conditions as in (2) or 
a single exposure of 7 h duration followed by sampling 
after 6 h, 24 h and 48 h. 

5. Sex-linked recessive lethal (SLRL) test in Drosophila 
melanogaster with exposure to atmospheres of 2S ppm 
for 1 h. 

The results obtained were as follows: 

1. Hexachloro-l,3-butadiene at an atmospheric concentration 
of 50 ppm was severely toxic to mice (all died) and less 
toxic to rats. EVen 10 ppm atmospheres affectad body 
weight gain in mice and rats. 

2. There was an erratic increase in the number of grain 
counts per nucleus at certain high concentrations of 
hexachloro-l,3-butadiene in the absence of S-9 mix. 
The compound was very toxic in the presence of S-9 mix. 
Difficultie. were exp~rienced in the interpretation of 
these results. 

3. There were no effects attributable to hexachloro-l,l­
butadiene in the dominant lethal test on pregnancy 
frequency, number of corpora lutea or implantations, or 
the frequency of early deaths. 

Corpora lutea counts were significantly lower than 
control values in females in Week 1 mated with male rats 
exposed to 10 ppm atmospheres. Total implantations were 
also significantly lower in females in Week 1 mated with 
male rats exposed to 50 ppm atmospheres. 
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4. Ho .ff.ct of bexachloro-1,3-butadien. wa .... n on the 
frequenci.. of c.ll. with aberration. in rat bone 
.arrow. A .tati.tically .ignificant r •• pon •• was 
ob •• rved, however, in female r.t. expo.ed to a 10 ppm 
at.o.pber. for 7 h, then killed 6 h later (PcO.OS). 

5. ID the .p.ra abnor.ality te.t only alee expo.ed to 10 
ppa haxacbloro-1,3-butadiene were examined eince .11 of 
the SO ppa .t.oapbere alce died. There were no 
incr..... in abnormal .perm frequency in thia dose 
group. 

6. sex-linked rece •• ive lethal mutation frequency was not 
increa.ed. 

It was concluded th.t hex.chloro-l,3-but.diene did not 
aff.ct tbe incidence of mutagenic event. in mammal. and 
Droaophila •• detectable in theae in vivo experiments • 
• either was there reproducible evidence for UDS induc­
tion in cultured, human fibroblasts. 
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IlftRODUC'fIOli 

.... abloro-l,3-buta4ien. (CAS Ho. 87-68-3) (perchloro­
buta4iene) i. the fully chlorinat.d product of butadiene 
obta1Ded in c~cial quantiti.. a. a by-product in .cae 
chlorinated hydrocarbon proc..... l •. g. perchloroethylene 
production) • 

It baa be_ ued a. a vineyard fWlligant and has been 
auvv .. te4 a. an tn.ecticide and herbicide (La.ka et al, 
1'76). Th. larg •• t u •• in the u.s. i. for the recovery of 
-.nift- or chlorine containing ga. in chlorine pl.nt.. It 
i. alao ueel a. an intermedi.te in lubricant production, a. 
a .olvent and in h.at tran.f.r and hydraulic fluid •• 

Th. high re.i.tance of h~xachloro-1,3-butadiene to chemical, 
biologic.l and phy.ical degr.dation make. it an environmen­
tally .table challical. It has been detected in the ppb 
ranve in water, .oil, .ome aquatic orqani.ms (La.ka et al, 
1976) and food .ample. (Yip, 1976) taken on the lower 
Mi •• i •• ippi river, Loui.iana. 

Properties 

Structure: 
Mol. ¥t. 
N.P. 
B.P. 
Sp. qr.v. 
Ref. index 
Plash point 
Solubility 

Toxicolm 

C12C-CCl.CCl-CCl2 
260.79 
-21C?c 
215°C 

1. 6820 (25~C) 
1. 5542 (20 C) 

none 
in.oluble in water, .oluble in 
alcohol and ether. 

Th. oral LDSO 1n rat. i. 90 mq/kg and in mice it i. 110 mgt 
kg. Inhalation .tudie. q.ve an LCSO in mic. of 235 ppm ov.r 
a • h period. 

In a l1aJ.ted carcinogenicity .tudy, no tumour. were found in 
rat •• fter 6 month. admini.tration of hex.chloro-l,3-
butadiene at level. of 2-7 mq/kq in the di.t (Nurzaka.v, 
1967). Dow Cheaical C.JIlP&Ily h •• conduct.d a 2 y.ar toxicity 
.tudy vith Spr.que-Dawley rat. qiven di.t. d.liv.ring up to 
20 IICJ/kg/day. Ho toxiCity w •• seen at 0.2 mq/kg/day, but 
2.0 IICJ/kg/day induced kidney damag.. Ren.l tubular epi­
thelial hyperpla.ia va. not.d and th.r. w.. an incr.... in 
urinary coproporphyrin. The highe.t do.. (20 mg/kg/day) 
resulted in renal tubular .d.noma. and adenocarcinoma., .ome 
of which _ta.taai.ed to the lunq (Kociba et al, 1977). 
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studi •• of the nephrotoxic effect indicate that within 4 h 
of 300 ~/kg, i.p. to rat. there wa. d.cr .... d urin. o.mol­
ality, 9la..rular filtration rat. and drug excretion (Davi. 
~, 1'80). At 24 h elev.ted blood urea nitrog.n was 
lOiiII, but no .ign. of liv.r damage up to 48 h. Control 
rat. excreted 40' of 14e labelled do •• (i.p.) in the faeces 
and 30\ in urine whorea. r.t. with hexachloro-l,3-butadiene 
induced nephrotoxicity excreted only 7\ in faeces and 6' in 
urine. All the labelled biliary material and 87. of that in 
urine wa. w.ter .oluble. Since hepatic glutathione is 
depleted within 5 h of administr.tion, it seems likely that 
glut.thione conjug.tes .re formed. Other chlorinated buta­
diene. form epoxidea when incubated with liver homogenate. 
(Bartsch et al, 1979). While such a compound could explain 
the mut.genicIty in Ames' test (Salmonella txphtmurium 
TA 1535 and TA 100) of hexachlorobutadiene in the presence 
of liver homogenates (Simmon, 1977), an epoxide is not likely 
to be formed in the absence of the homogenate. Hence, the 
reported activity in th~ abaence of the homogenate (Simmon, 
1977) is probably through some other mechanism. It is, 
perhaps, as well to remember that epoxides are of ted used as 
stabilisers in commercially available halogenated hydro­
carbons and that such an additive (e.g. butylene oxide) could 
be responsible for the bacterial mutagenicity. 

In a reproductive study with Sprague-Dawley rats fed up to 
20 ~/kg/day for 90 days before mating, then through mating, 
ge.tation and lactation, toxic signa were seen in the groups 
of adults given 2.0 or 20 mg/kg/day, but not when given 0.2 
mg/kg/day (Schwetz et ai, 1977). The toxic effects were, as 
expected, loss in bOdy weight gain and changes in kidney 
.tructure. There were no effects upon pregnancy or neonatal 
survival and development. No toxic effects were observed in 
neonatal rats in groups gi'Ten diets delivering 0.2 or 2.0 mg/ 
kg/day. 

It i. against this background of animal data that genetic 
toxicity tests were initiated. The objective of this r.eport 
i. to describe the methods and results obtained in buns for 
mutagenicity using test ayatems more complex tha" t',"! hither­
to u.ed bacterial test •• The exposurt! condition, uaed were: 

Ruman fibrcb~.asts: up to 1, 000 ~g/ml for 3 h. 

Mice and rats: 10 ppm and 50 ppm for 7 h/day for 
one or 5 daya. 

Dro.ophila : 25 ppm for 1 h. 



5943 

7 

_DUALS AJID MBTHODS 

CIIBIUCALS 

'le.t Sub.tance 

~r .. 1 kg can. of hexachloro-l,3-butadiene, Batch No. 15719 
(.tateeS purity 98t), were received from Aldrich Chemical 
Caapnay Limited on 18 March 1980. The test material wa. a 
clear, colourle •• liquid and was retained in the dark under 
.abient condition. in the company dispensary until used. A 
.ample ha. been retained for analysis, should this be 
nece •• ary. 

Po.itive Control Substance 

Ethyl methane sulphonate (EMS) (stated purity 98%) was obtained 
from Koch-Light Laboratories, Colnbrook, Bucks and retained 
in a refrigerator in the company dispensary until used. 
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ANllaLS AND ANIMAL MANAGEMENT 

CD rat. ( a remote Sprague-Dawley derived atrain) were 
obtained from Charle. River (U.K.) Limited, Manaton, Kent. 

B6C3Fl hybrid mice were obtained from Charles River (U.S.A.). 

The .. aniaal. were obtained on the following dates. 

...... ...... .. T. •• -- ..... ....... c:-t ..at' u. 
__ I ----e..,.. ... . _ ... 

'I-U •• a .. • .. n~'. .1IIt" .... CIfM· 
.1ft I. ., • .... ..... w. .. na __ l.e • 

1-•• - ..... e - .. --...... -- ,_.- .1-11 ., ... .t-n ..... -
11ft u ....... .I-U •• UN ........ w ... Il ........ CIft8-

U" .... ' __ 1'. 

pre-experiment Acceptance Tests 

All animal. were examined on arrival for si~a of ill health. 
Twenty rats (lO~ and lO~) and 4 mice were selected at random, 
then autopsied and subjected to a microbial examination 
together with a histopathological evaluation of main organa. 

The organa which were taken for hiatopathology were: liver, 
kidney, heart, lung, thymua and a portion of ileum. Caecal 
content. were examined for pin worms. Bact.eriology of 
certain s .. ples waa performed. The procedure adopted, in 
outline, is as follows. 

1. 

2. 

3. 

4. 

s. 

6. 

Ileal content. are incubated in aelenite broth. 

Lung, liver and kidney ... plea are incubated on blood 
agar plate •• 

Lung sample i. plated on McConkey's medium. 

Liver sample which waa plated onto blood agar is then 
taken into a aelenite t.ube. 

All .amples in selenite broth are incubated for 24 h, 
then plated on McConkey's medium for 24 h. 

s.ears are prepared and stained. Any Gram-negative 
bacteria are then put through Enterotubea for identi­
fication. 
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ADtaal JlaDasr __ t 

Protective clothing, includlng laboratory gowns, over-shoes, 
rubMr 910".S aD4 .. sks were worn at all times that person­
Ml wer. 1nvol ved in bancUin') or husbandry of the t.st 
uiaals. 

All the anlaals were located ln a room which waa aeparate 
fraa but adjacent to the area where the expoaurea vere 
COD4uctecl. 

!hey were housed indlvldually in cages ln a room wlth a llght 
lntenslty of approximately 200 lux, a 12 h light-dark cycle, 
approx~telY 1~ alr changea per ho~, tempereture .aintalned 
at ca 22 C with extreme Itmits of 19 C and 21 C, and relattve 
h~Ialty £! SO" with extreme l1m1t. of 38' and 70,. 

Floors were swept and dislnfected wlth a mop impregnated with 
~o (A •• J. Beveridge, Edinburgh), an ampholytlc detergent, 
during the experiment • 

• alls, cage rack. and floor. were wa.hed wlth Teqo once a 
week during thls study. 

The rat. designated for cytogenetiC analYSis were housed in 
suspended polycarbonate cage. mea.uring 2. x 18 x U em with 
st •• l mesh tops and bot toms. The cage. were suspended over 
trays lined with absorbent paper. Rats deSignated for the 
doalnant lethal study and alee for the sperm abnormallty 
test were housed ln polycarbonate cage. measuring 24 x 11.5 
x 30.5 em and 11.5 x 12 x 46 em respectlvely. Sterillsed, 
whlte wood shavlngs were used as beddlng .aterlal. Cages, 
trays and papers were changed each week of the exper1ment, 
or more frequently if consldered necessary. 

~ 

rood and water were freely available to the rats at all 
tilles. The dlet vas Spratts-Spiller. No.1. This VBS 
constituted as follovs,-

.ite fish .. al 
llai .... al 
... at meal 
Extracted soya .. al 
lIb.at germ 
Drled yeast 
Spratts-Sp1l1ers 
salts and vltaalns* 

Stock Diet (t, 

10.9 
36.8 
30.9 
11.9 
4.0 
2.0 

6.0 
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*ea...rcial mixtur. u •• d for many year. in laboratories 
throUC)hout the U. K., but the d.tailed compo.ition was not 
revealed to Invere.k .... arch Int.rnational Ltmit.4. 

Diet analy.i. va. conducted and the re.ult. are pre •• nted 
in AppGdix Diet. 

Allocation of Rat. and Mice to C.ge. and Tr.atment Group. 

Bapty caqe. were placed on rack. and, upon rec.ipt of the 
aniaal., .tarting with the male rat., a transportinq box 
was opened .nd • r.t plac.d in the first cage. A second 
rat was raaovecl frc. the .... tranaport box and placed in 
the •• cond cag. and .0 on until .11 the c.qes d •• iqnated 
for the aal. r.t •• ach contained one animal. 

Thi. compl.t. proce.. was repeated for the female rat. and 
.. le B6C3F. aice. Th. aice were kept on a •• parate rack 
frma the rat •• 

Male and feaal. rat. were located at separate .ides of the 
anillal holding rOOlll (Appendix Loc-l) • 

Bach cage was allocated to a specific treatment group using 
a .eri •• of randoa number permutation.. Each permutation 
con.iated of a r.ndom aet of numbera from 1-4, correapondlnq 
to the number of do.e group. in the study. 

Treat.ent group. were colour coded aa follows: 

Green 
Blue 
Red 
Brown 

Air Control 
Low Doae 
Hiqh Doae 
Po.itive Control 

ARiaal Identific.tion 

The an1aal. to be do.ed were individually identified u.ing 
bra.. .ar taq. bearing th. an~l number and .uffix letter 
.howing the cc:apound de.ignation. Each rat and mou •• was 
ascribed a cage card which 1dent1fi.d that an1mal by proj.ct 
nuaber, animal number, .ex and treatment group. 

p ... le r.t. u.ed in the dom1nant lethal te.t were id.ntified 
by the caq. card number of the male vith which they were 
_ted and their ........ nt week number. 

An~l Positioning in the Exposure Chambers 

Although homogen.ity data were obt.ined which .howed that 
there vera no t.st compound concentration differences of any 
.ignificance in the exposure chambers. animal position. were 
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rotated on a 4&11y ball1 to .1n~11. any possible exposure 
location variationl. Antaal location charts for each day 
wn drawn up, al lhotm 1n Appendix Loc-2. 

Th. treatment qroupi were constituted a. follows:-

Animal Numbers 
Spec i •• Test OO.e Group MAles Females 

Sinql. dose Air Control 1-30 161-190 
cytoqenetici Low 31-60 191-220 

Hiqh 61-90 221-250. 
Positive 
Control 91-120 251-280 

Multiple dose Air Control 121-130 281-290 

Rat cytoqenetics Low 131-140 291-300 
Hiqh 141-150 301-310 
Positive 
Control 151-160 311-320 

Dominant Air Control 361-370 
lethal Low 371-380 

High 381-390 
Positive 
Control 391-400 

sp.rm Air Control 321-330 

MoUI. abnormality Low 331-340 
High 341-350 
Positive 
Control 351-360 
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!xpo.ure Cha.bers 

The exposure cha.bers were located in a room, adjacent to 
the antaal holdinq area, specifically set aside for the 
.tudy. Bntry was r •• tricted to personnel directly involved 
in tbe generatinq and monitorinq of the test atmosphere. 

Bxposures to hexachloro-1,3-butadiene were carried out in 
1.5 a' capacity chambers constructed of stainless steel and 
9las.. The enillal. occupied a volume of 0.02 m I and were 
confined to a sinqle tier of cages of 0.4 m' in volume (the 
br .. ~inq zone). The breathinq zone was ventilated at the 
rate of 12 air changes per hour. An additional chamber of 
0.84 a' capacity was used for exposure of the air control 
qroup. the breathinq zone in this chamber also vas ventilated 
at the rate of 10 air changes per hour. 

Coapres.ed air vas supplied by means of 2 Broomwade 
compressors (Type CAR31) fitted vith automatic pressure 
control switches. These supplied filtered, conditioned, 
oil-free compressed air for subsequent dilution of teat 
atao.pheres. 

Test atmo.pberes were exhausted from the exposure chambers 
us1nq a Gast extract pump. Contaminated air extracted from 
the exposure chaaber vas 'scrubbed' using methylated 
spirit./vater treatment. It was then diluted in the build­
ing exhaust air before discharging to the external atmos­
phere. The exposure chambers were maintained under slight 
negative pressure (variable, but normally 2-3 em vater) to 
.in1mise any possible leakage of test material into the 
workinq environment. 

The generating apparatus and exposure chambers (Pigures 1a 
ancS Ib) were positioned behind a screen in a room vith a 
high efficiency exhaust system designed to ensure a safe 
working environment for laboratory personnel. The monitor­
ing equi~t was located on the outside of the screen at 
the opposite end of the room. The laboratory atmosphere vas 
continuously monitored for any traces of the test compound. 
Exposure personnel wore breathinq apparatus until it was 
shown that the room environment was clear of any possible 
cont .. ination by hexachloro-l,J-butadiene. Protective gloves 
ancS laboratory coats were worn and the test compound was 
handled in an extract hood at all times. 
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lIonitor1n9 BgUiE!!!nt 

The at.o.phere. within the exposure chamber. were analy.ed 
by infra-red spectroscopy using Miran-lA Portable Gas 
Analy .. rs ("oxboro/~Ulk. Inc). This type of instrument is 
a .iDgl. be .. , variable wavelength spectrometer, scanning 
the infra-red spectrum between 2.5 and 14.5~. It is 
equipped with a gas cell having a variable pathlength of 
between 0.75 and 21.75 m. Samples of the chamber air were 
continuously pumped (5 l/min) through stainless steel sample 
line. of 3/8- ID, to the gas cell of the analyser. The 
concentration was measured and relayed to a chart recorder 
(Servoscribe RE 541) to provide a permanent record of the 
chamber concentrations. 

calibration and Analytical Development 

Most chemical compounds have characteristic infra-red spectra 
vhich can be used for identification and to quantify the 
.. ount present. The infra-red spectrum of hexachloro-l,3-
butadiene was scanned using a 'closad loop calibration 
system' to qenerate a test atmosphere within the Miran gas 
cell. A strongly absorbing wavelength, free of interference 
from H20 and CO2, which provided suitable sensitivity was 
selected. Suitable path lengths were chosen to provide 
optt.al readings at the desired concentration levels. The 
gas analyser was zeroed by sampling laboratory air through a 
'zero gas air' filter. 

Calibration 

The infra-red gas analysers used to monitor chamber 
atmospheres of hexachloro-l,3-butadiene vere calibrated 
each day before vapour generation commenced. 

The calibration was perfo~ed using a closed loop 
calibration system (see diagram below). Known volumes 
of hexachloro-l,3-butadiene were sequentially injected 
into the gas analyser via the closed loop calibration 
.ystem through a rubber-ieptum using a Hamilton glass 
micro syringe. After each injection the absorbence 
reading wal allowed to stabilise as indicated on the 
chart recording • 

• n ............ _ 
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Tbe cuaulative absorbence chart deflections for each 
injection were then measured and plotted aqainst 
calculated concentrations to qive a calibration qraph 
used in subsequent determinations of chamber concen­
trations durinq atmospheric monitorinq. 

Analytical COnditions 

Instruaent Settings: 

Wave lenq th 
Pathlenqth 
Absorbence Ranqe 
Slit Width 
Meter Response : 
Recorder Voltaqe 
Chart Speed 

Calibration Data 

C (pnm) nV (RT) 10' 
&- • it" x (PT r.n 

Where: 

Low Level 

11.7 ~ 
21. 75 m 
0.25 A 
1 II1II 
4 
1 V 

120 JIUIl/h 

C - Concentration (ppm) 
V - Sample volume (~l) 
p - Liquid density (q/cm l ) 

M - Molecular weiqht of test sample 

High Level 

11.7 JUIl 
21. 75 m 

1 A 
1 IIIIIl 
4 
1 V 

120 mm/h 

~~) - Molar volume of gas (24.3 at 230 C) 
5.64 - Volume of Miran sample chamber (1) 

Example of the Calculation for V 

Compound: Bexachloro-l , 3-butadiene 

C - 50 ppm 
p - 1.665 q/cm l 

M - 260.76 
V - C x M x 5.64 

p ~10rri~x~2~4~.~3--~~1 

- 50 x 260.76 x ~5,;,.;. 6p.;4~.....-r __ __ 
1.665 10' x 24.3 ~1 

- 1.82 ~l 

Therefore, to construct a calibration curve to 
cover the SO ppm ranqe, 0.75 ~l samples of 
hexachloro-l,J-butadiene were injected into the 
analyser. 
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AtIIo.pbere Generation 

S~tic diagr ... &howing the vapour generating apparatu., 
expo.ure chamber. aDd IIOnitoring equipunt i. pr ••• nted in 
Pigur.. 1a and lb. The te.t atao.ph.re. were produced by 
bubbling dry, oxygen-free nitrogen (BOC L1a1ted) through a 
liquid re .. rvoir of hexachloro-l,3-butadiene contained in a 
gla •• , ga. va.h~g or Drecha.l ~ttle immer.ed in a tempera­
ture cOl1trolled wat.r bath at 40 C. '!'h. nitrogen/hexachloro­
l,3-butadien. vapour mixture so gen.rated "as ducted through 
7/16- ID .tainl •• s st •• l piping to a glasa mixing vess.l and 
dilut.d with filtered, campr .... d air. The resulting mixture 
of h.xachloro-l,3-butadien./air was ducted through 7/S­
.tainle •• ateel piping to the top of the expoaure chamber. 

The a tao.ph.r.s in the exposure chambers were dynamic in 
that they were continuously generated for a single pass 
through the antm.l holding zone, before being extracted from 
the bottom and ducted away for 'scrubbing'. 

The required atmospheriC concentrations within the exposure 
chambers were maintained by finely regulating the flow of 
nitrogen and diluting air into the mix~g vessels, by means 
of adjustable flow meters. 

Bomoqeneity Data 

Before atarting the animal exposures, chamber concentrations 
at both the high and low levels were determined by 
continuous monitoring for periods of 7 h. In addition, 
.amples were measured from different areas (at least 9) of 
the animal holding zone to confirm uniformity of hexachloro­
l,3-butadiene concentration. 

Meaaurement of Chamber Concentrations 

A~ph.ric concentrations of hexachloro-l,3,-butadiene were 
monitored contlnuoualy during the 7 h exposure period fram 
the breathing zone of the animals. A separate monitoring 
.ystea wa. uaed for each concentration level. Stainle •• 
• tael sampling line., fitted with a particulate filter 
(Whataan Mini-Pilter, Grade 80) and positioned on a central 
reference point in each exposure chamber were conn.cted to 
the infra-red ga. analysers. Th •• ampling flow rate was 
approxt.at.ly 5 l/min. 

Photo-reduced trace. showing exposure chamber concentrations 
along with the daily calibration are presented in Pigure 3 
and Tabl •• AT-l and 2. 
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Teat 'Cc!poundUtiliaat1on 

At the beginning of each expoaure day, the hexachloro-l,3-
butadiene reaervoir (a gaa waahing or Drechael bottle) vaa 
replenlahed with teat CODpOund. Uti1iaation of teat material 
waa calculated on a daily baaia by weighing the bottle before 
vapour qeDeration began and deductlng the welght of the bottle 
and r ... ining teat compound on completion of the expoaure 
period. 

Bxpoaure Procedure 

Expoaur.a were conducted during the 7 h of between approxi­
mately 09.00 h and 16.00 h on each expoaure day. An~ala 
were not allowed accea. to food or water during the exposure 
period. 

Bach aniJDal was removed from its housing cage, examined for 
any aign. of ill health, the ear number checked, and then 
individually accommodated inside a stainless steel grid 
compartment. The animala were then tranaferred to the 
expoaure room and placed ina ide the exposure chamber 
according to the dally expoaure location chart. 

Ant.als exposed to bexachloro-l,3-butadlene were arranged in 
a aingle tier inaide the expoaure chamber. Air control 
an~als were stacked ln 2 tiers. 

During the multiple expoaure period, rats designated for the 
daainant lethal teat, cytogenetic multi-doae teat and the 
mice for the aperm abnomality test were expoaed together for 
7 h/day for 5 conaecutive daya. The aingle doae cytogenetic 
teat rata were exposed on a different day. Animal positiona 
within the expoaure chambers were rotated on a daily baaia 
to minimise any poaaible expoaure location variations. 

The cb .. be~ teaperature and relative humidity were recorded 
at bourly interval a throughout the exposure period. 'l'he 
ant.a1a were also obaerved at regular intervala for the 
appearance of clinical signa or adverae reactiona to treat­
.eDt. 

On caapl.tion of the exposure period and purging of the 
cbMber of t.at compound (aa observed on the chart recorder), 
the anillala were r8lllOved from the expoaure chamber and 
returned to the animal holding area. 

~. aniaals were then removed fraa their individual compart­
menta, obaerved for clinical aigna, ear numbera checked, 
body weight a recorded and returned to their cages. 
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Ito.itl.,. Contl'OlGroupl1n' An1aal tre.t. 

'reparation of Do.1nq SOlution. 

Do.1Dq .olution. were prepared daily 5 min before 
adalni.tration to the antaal. wa •• tarted. ~he de.ired 
aIIOunt of ethyl aethane.ulphonate va. weighed into a 
volu.etric fla.k and diluted with di.tilled vater to 
obtain the correct concentration. 

~ .. tment of Rat. and Mice with Bthyl methane.ulphonate 

Poaitive control animal. were not allowed acceaa to 
food or water whilst the remaining test groups were 
being expoaed. 

Bthyl .. thanesulphonate was administered orally by 
gavage to the rodents at a constant dose volume of 
10 ml/kg at around 16.00 h on each day that dosinq was 
required. 

The dose levels received by each group of positive 
control animals were as follows: 

Dominant lethal rats 

Multi-dose cytogenetic 
rata 

Single dose cytogenetic 
rata 

Sperm abnormality mice 

100 mq/kg for 5 conaecutive 
day •• 

1 00 IIlCJ /kg for 5 consecutive 
days. 

250 IDCJ/kg once only. 

200 mq/kg for 5 consecutive 
days. 
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URSCRBDULBD DNA SYNTHESIS ASSAY 

A .. ptic technique. were u.ed throughout the preparation of 
aaterial. and .. ecution of the experimental methods. 

Ctw.ical. 

The po.itive control .ubatance. were 4-nitroquinoline-N­
oxide, obtained from ICN K • K Laboratoriea, New York, 
U.S.A. and 2-aminoanthracene obtained fram Aldrich Chemical 
Coapany, Gillingham, U.K. 

6-[IHJ-~hya1dine (21 Ci/mmol) and 8-['H]-deoxyguano.ine 
(26.4 Ci/mmol) were obtained fram the Radiochemical Centre, 
AlMrah.-, England. 

The polychlorinated biphenyl mixture, Aroclor 1254, was 
received frc. Analabs Incorporated, Nevbaven, Connecticut, 
U.S.A. 

The te.t compound and poaitiv~ oontrols were diasolved in 
dimethyl.ulphoxide (wAna:.aR· <Fade from BDH Limited, Poole, 
Dor .. t, U.K.). 

Cell. 

unscheduled DNA synthe.is, following treatment with teat 
caapound, waa meaaured in human embryonic inteatinal cella 
(Flow 11,000), pa •• age 12-35 obtained from Flow Laboratorieo, 
Irvine, Scotland. Thi. c~ll line was chosen because of its 
higher pe~ .. ability to some substrates than certain other 
hu.an cell line. te.ted. 

CUlture Maintenance and Growth Media 

CeAl. in 175 am2 Nunc fla.ka were routinely maintained at 
37 C in nulbecco I. MiniJllUID E •• ential Medium (DMEM) and in 
an atao.pbere of 5' C02: 95' air (v/v). The medium contained 
2.0 gIl sodiua ~icarbonate and waa supplemented with heat 
inactivated (65 C, 30 min) foetal calf .erum, (10' v/v), 
9_taaycin (50 ~/.l) and glutamine (2 DIM). DMEM (lOx 
concentrated) and antibiotic. were obtained from Gibeo 
Europe Lillited, Pai.ley, Scotland, and .erum from Flow 
Laboratorie., Irvine, Scotland. 

Arginine-deficient .ed1um contained 3.70 gIl sodium bicarbo­
nate and wa •• uppl .. ented with heat inactivated foetal calf 
.erua (5' v/v) and gentamycin (50 ~g/ml). This medium waa 
obtained from Flow Laboratories. 
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fOr .ub-cultivation of confluent monolayera 9rowin9 in 
ocapletel:llBll, the M4iw. waa r_oved and the cells treated 
witb a solution of 0.25' (w/v) trypain in phoaphate buffered 
balanc44 nlt aolution containin9 EDTA (0.0002' v/v). 
Exceaa trypain vaa removed and the flaska incubated at 370 C 
UDtil the cella began to detach from the plastic. 5 ml of 
freah culture medium vaa then added and cella brou9ht into 
5uapenaion ~ repeated aapiration through a aterile 10 ml 
pipette. s.aplea of the cell auspension were added to 
-.diu. in freah culture flaaka, the uaual ratio for division 
of confluent monolayera being 1:4. If cells were to be 
frozen tbey were suspended in nedium containing lOt vlv 
dt.8thylaulpboxide and atored in liquid nitroqen. 

Animals 

Nale CD rats were obtained from Charles River (U.K.) Limited, 
Manaton, lent, England. 

Male rats weighing 250-300 9 were injected once i.p. vith 
Aroclor 1254 (diluted in corn oll to a concentration of 
200 mg/ml) at a dosage of 500 mg/kg 5 days before they were 
killed. The animals were allowed drinking vater continu­
oualy but food vas vithheld 16 n before they were killed. 

Preparation of the 9,000 9 Supernatant Fluid from Livers 

Freahly killed animals were thoroughly svabbed with 70, 
alcohol, the abdoaen opened and liver removed, taking care 
not to cut into the gaatro-inte~tinal tract and thereby 
contaminating the aample. The liver wa. collected in ice­
cold 0.15 M-KC1, which vas al.o the solution used for 
haaogenisation. 

The liver was weiqhed and a volume of ice-cold 0.15 M-KCl 
equivalent to 3 time. ita wei9ht vas added. The liver was 
hamoqeniaed by 8 stroke. of a qla.8 tube vessel while the 
Teflon peatle (radial clearance 0.14-0.15 am) was rotating 
at about 1,200 r.p.m. The homogenate waa tranaferred to 
aterile polypro8Yleneocelltrifuge tubes and spun at 9,000 9 
for 10 ~n at 0 to 2 C. The supernatant fluid was decanted 
l.aving behind a thick pellet of (mainly) whole cells, 
nuclei and mitochondria. Post-mitochondrial supernatant 
fluida were freshly prepared in sufficient quantity for the 
exper~nt and stored in liquid nitrogen until required. 
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Ice-cold 0.05 ~pbo.phate buffer, pH 7.4, waa added to pre­
_1gbed IIADP and gluco.e-6-pho.phate, etc., aa followa to 
91.. • flnal concentration 1n the ·8-9 mix" of: 

liADP-cli-II.-.alt 
Glucoae-6-phoaphate-di-H.-•• lt 
1IgC1 1.6BIO . 
ICCl 

4 DM (- 3.366 mg/ml) 
5 aM (- 1.521 mg/ml) 
8 aM (- 1.626 mg/ml) 

33 aM (- 2.460 mg/ml) 

Thi. aolution was tmmediately filter-sterilised by passage 
througb an 0.45 ~ Millipore filter and mixed with the liver 
9,000 g aupernatant fluid in the following proportion: 

co-factor solution 
liver prepar.tion 

Preliminary Toxicity Test 

9 parts 
1 part 

Thia was done to establish the range of concentrations of 
te.t compound to be used in the DNA repair assay. 

The cells were harvested and suspended in growth medium as 
for aub-culture, sedtmented by centrifugation at 200 9 for 
5 min and resuspended in fresh culture medium at a density 
of 5 x 10' cells/mI. One ml samples of the suspension were 
pipetted into the wells of Linbro Multi-well plates (Flow 
Labor.toriea) whichovere incubated in a humid atmosphere of 
St COl in air at 37 C for 72 h. The medium fram each of the 
_lla ... then replaced with 1 ml of arginine-free OMEN 
auppl..anted with 5\ (v/v) heat inactivated foetal bovine 
aerml and the plate incubated for a further 48 h. 

The compound was dissolved in dimethylsulphoxide and 10 ~l 
..-ples were added to duplicate cell suspensions. To each 
control culture waa added 10 ~l of dimethylsulphoxide. 

After incubation for 3 h at 37~C in a humid .tmoaphere of St 
COl in air the cultures were fixed with methanol, stained 
vitb Gi .... and examined for ~idence of cellular damage. 
!be grading used vas as foll~w.: 

o - no cella. ahowing damage. 
1 - under 25\ of cella showing damage. 
2 - 25-50\ of cella ahowing damage. 
3 - SO-7St of cells ahowing damage. 
4 - 75-100t of cells showing damage • 

.. Ad on these resI,lt£, 8 concentrations of hexachloro-l,3-
butadiene were selecte~ for use in the repair assay. 
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a.A .. pair ~ •• y . 

!be cell. were harve.ted, .e411lented, .u.pended in fresh 
culture .-diu. at a den.ity of S x 10' ce11./m1 and 2 m1 
... pl.. of thi. .u.pen.ion were pipetted into 35 .. tissue 
culture Petri di.he. containing 3 .terile cover. lip. (Lux 
Scientific Corporatisn, California, U.S.A.). The.e were 
then incubated at 37 C in a humid atmosphere of 5' C02 in 
air for 72 h. The medium from each of the dishes va. then 
replaced with 2 ml of arginine-deficient DMEM .upplemented 
vith 51 heat inactivated foetal bovine serum and the plates 
1ncubeted for 24 h. The medium va. then replaced with a 
further 1 al of arginine-deficient OMEN and the incubation 
continued for a further 48 h. At the end of this time the 
culture. were divided into 2 groups and 200 ~l of S-9 mix 
added to one of them. Solution. of hydroxyurea (250 111M) in 
sterile di8tilled water and 6-[IH]-thymidine (21 Ci/mmol) 
were .dded to e.ch culture giving final concflntrations of 
2.5 1111 and 10 ~Ci/ml re.pectively. aexachlol:O-1, 3-butadiene 
va. di.solved in dimethylsulphoxide and dilutions were made 
fra. this to give the test solutions. Triplicate wells, 
vith and without S-9 mix, received 10 ~l 8ample8 of test 
compound solution. 10 ~l samples of dimethylsulphoxide were 
added to negative control cultures. 

The po.itive control compounds were 4-nitroquinoline-N­
oxide (4-Moo) for S-9 free cultures and 2-aminoanthracene 
(2-AAN) for S-9 supplemented cultures. These were dissolved 
in dimethylsulphoxide in concentrations giving, on dilution 
1:100 in the culture medium, the following levels: 

1.25 and 10 ~g/ml 
5 and 50 ~9/al 

After incubation for 3 h at 370 C in an atmosphere of S, CO2 
in air the cultures were repeatedly rinsed in pho.phate 
buffered saline (PBS) which r_oved loose cells and soluble 
[ IB]-thymidine. They were then incubated for 10 min in 
aodiu. citrate (It) and finally fixed in methanol:acetic acid 
(3:1) for 18 h. Por .... of handling during proc ••• ing for 
.utor.diography the cov.rslips were air dried and attached, 
cell. upper.ost, to clean microscope slide. with a drop of 
IM)Wltant, DeP.X. Th. cells were th.n processed for auto­
radiography and .tained. 

Autoradiography 

The autoradioqraphic procedures were sarried out in the 
darkroom at a temperature of 200 C ± 2 C. Illumination 
va. by a .afelight fitted with a Kodak filter NO. 1 
(rod) lit by a 2S vatt bulb .ome 4-6 f.et away from the 
working area. 
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8trippillg fUll OtodaJt AR-lO) wa. used to coat the 
cul tur. and the procedure. reca.aended by ltQger. 
(U73) wre followed. Piece. of .tripping film of 
.uitabl •• i •• wer. floated, emul.ion .ide down, on the 
surface of the glass distilled water. After 2 min when 
the fila bad awollen, it was picked up in the surface 
of the .lide bearillg the cell •• 

The .1ide with the film on it was left to stand verti­
cally in a gentle .tream of cool air for 20 min and 
then placed in a large light-tight box containing a 
quantity of .ilica qel and allowed to dry slowly for 24 
h at roam temperature. After drying the slides were 
placed in a small light-tight box containing a few 
gransle. of .ilica gel, to keep them dry, and exposed 
at • C for U days. The autoradiographs were then 
developed in Kodak Dl9 developer for 7 min, wa.hed in 
2' acetic acid for 1 min and fixed in Kodak Unifix for 
7 min. They vere then rinsed in tap water and finally 
tm.arse4 in slowly running tap water and washed for 20-
30 min. The exces. film waa trinllled away leaving only 
that covering the cell culture •• 

Quantification of Repair Synthesis 

The stained autoradiographs were examined with a Leitz 
Dialux 20 L microscope. Fifty nuclei were examined for 
each culture. The data are recorded as the average net 
grain counts for 3 covers lips ± the standard deviation. 
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CftOOBtIfttc .. pta or .or 1IOHB MMaOW CBLL8 

-.t!pba.. 0.11 Preparation • 

.. ah rat was injected IIp. with 3 II9lk9 colchicine di •• olved 
in Baftk'. Balanced Salt Solution (BlSS) • h after the last 
do .. "a. given. Two hour. later the rats were killed by 
neck di.location. 

Ofte f .. ur from each animal .as dissected out, cleaned of 
adherent ti •• ue and the marrow a.pirated into a 10 ml 
pla.tic blood sample tube containing 4 ml RBSS at ambient 
t .. perature and lithium heparin. Each tube was labelled 
with the appropriate random number from a slide coding 
aheet. Bence, from this time until the completed result 
sheets were de-coded, the rat number and group were unknown 
to the scientist. and technicians. 

The cell suspension was centrifuged at 1,500 r.p.m. for 
5 min. the supernatant fluid discarded and replaced with 
4 ml fresh RBSS. The cells were suspended. then centri­
fuged again and the supernatant fluid discarded. 

4-5 ml 0.075 M-~Cl pre-heated to 37°C was added to the cells 
while they were agitated on aovortex mixer. Following 
incubation for 20 min in a 37 C water bath. the cells were 
centrifuged, the supernatant fluid decanted and the cells 
fixed in 4 ml freshly prepared fixative (methanol:glacial 
acetic acidJ 3:1). The fixative was removed after centri­
fugation and replaced with 2 ml fresh fixstive. Tubes 
containing fixed cells were stored in a • C refrigerator 
overnight. 

The following morning (or later, up to 3 days) the fixative 
was changed and cell suspensions dropped onto clean slide. 
labelled with the 8ame number as the tube and allowed to dry 
thoroughly. 

Slides were stained in a bath of Giemsa R66 (Gurr) diluted 
with 10 parts distilled water for 30 min, rinsed briefly in 
distilled water, dehydrated in alcohol, cleared in xylene 
and mounted in DePeX. 

8ii48 Reading 

Leitz binocular microscopes were used for this purpose. 
Magnification was nominally x 1,000 using x 10 magnification 
eye pieces and x 100 objectives. 
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"'rever possible, for each aniaal 50 cells with a ainimum 
of 41 _11 spread Chra.ollo.eS were examined and scored. 
!'be location of all spreads examined was recorded using the 
aicroacope stage vernier. The slide number was always 
loeated on the right hand side. 

The nu.ber of abnormalities waa recorded on sheets of the 
d.sign shown in Appendix Porm-l. Abnormalities looked for 
were: gaps, breaks, fragments, dicentrica, translocations 
(within the limitations of the staining methods) and pulver­
isation. 

005 232 
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DOIURMT LB'l'IIAL TBSTIRG IN MALl!: 'RATS 

1. Day 1: The male rat. were transferred to the te.t or 
control treatments described above (10 rats per treat­
ment) and maintained on these treatments until Day 5 
(i.e., 5 days). The animals were caged individually 
during the treatment. All expertmental treatments 
ceased on Day 5. 

2. Day 5: TWo virgin female rats were introduced to each 
of the 40 cages containing single, treated male rats. 

3. Day 12: Male rats were transferred to fresh cages 
which did not contain rats. 

4. Day 22: Female rats were killed and examined for 
pregnancy and dominant lethal effects. 

5. steps (2), (3) and (4) above were repeated on each 
of the next 9 consecutive weeks. 

Asses.ent 

It was assumed that most matings which led to fertilisation 
occurred either 2 or 3 days after introducing female rats 
to the cages containing the males. The female rats were 
killed by neck dislocation 14 days after the assumed dates 
of fertilisation, i.e., 17 days after caging females with 
IUles. 

OVaries and uteri of the killed rats were removed and the 
ovaries examined for corpora lutea graviditatis, which were 
counted and this result recorded. Uteri were then opened, 
ex.ained for live tmplantations, early deaths and late 
deaths. Thesa data and any observed abnormalities were 
recorded on sheets of the design shown 1n Appendix Form-2. 

Live laplantationa were recognised as rat foetuses n~rmally 
developed for approximately Day 14 of gestation and with a 
va8Culature which had clearly been functioning until at 
least .. tarnal death. 

A late death was diagnosed as a foetua where organogenesia 
had occurred, but was now bloodless due to death of the 
foetus within the laat 2 days of intra-uterine existence. 
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An early death was diagno.ed a. a point of uterine reaction 
to an ~plant1n9 bla.tula. Since embryonic d.v.lopment had 
not proceeded, further placental development had .topped 
and, u.ually, r.qr •••• d. The product wa. a .mall, rai.ed, 
4i.cret. .pot along the line of tmplantatlone and apparently 
con.i.ting mo.tly of deoxygenated and clotted blood. 
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Preparation 

Nice vere killed 5 weeks from the last day of dosing (i.e., 
Friday 27 June 1980) by neck dislocation. 

The abdominal cavity was opened and the testes eased into 
it. The .aminal ducts wera expoaed by gentle traction and 
the cauda epididymides wera cut off. These were transferred 
to a .. all beaker containing 1 ml fixative (0.01' glutar­
aldehyde in 0.25 M-sucrose, 0.05 M-phosphate buffer, pH 7.4). 
Th. cauda epididymides were finely minced and the sperm 
diaperMd using a fine bore Pasteur pipette. The sperm 
suspension was decanted into a centrifuge tube labelled with 
the randomised number, where it was left for at least 30 min. 

After centrifugation at 500 r.p.m. for 3 min, a few drops of 
the supernatant fluid were spread along the length of a 
clean slide labelled with the randomised number. The s11des 
were allowed to air dry overnight. The smears were stained 
in l' eosin dissolved in distilled water:ethano1. 1:1 for 
45 min. After rinsing briefly, slides were dried overnight 
on a hot plate, cleared in xylene for 5 m1n and mounted in 
DePeX. 

Slides were examined using a Leitz Dia1ux 20 microscope. 
Aa ...... nt techniques and criteria were guided by the work 
of wyrobek and Bruce, (1975). 

The following types of sperm were not scored: 

(1) separated tails and heads. 

(2) clumps of sperm. 

(3) .perm orientated so that the hook could not be 
seen. 

(4) sperm partially masked by any remaining stain 
droplets. 

Otherwise, sperm were scored and placed in one of the 
following categories: 

I Normal 

II Abnormal 
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A. hook upturned or elongated. 

B. banana-shaped head. 

c. amorphous head. 

D. abnormal tail (sharp, 1800 angle or tight 
coiling only). 

E. miscellaneous (these were specified in 
footnotes, could include multiple tails, 
double heads, twisted neck, filamentous mid­
piece, enlarged mid-piece, plier type.) 

The data were recorded on score sheets of the type shown in 
Appendix Form-3. 
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~ baac or Maller-5 t •• t ... u .. d (Spencer and stern, 1948. 
MIr9~.t al 1977). In thl. t •• t, rece •• lve lethal 
autation. Induced in the X-chromosome. of treated male 
g ... t.. are detected in the PI generation by the ab.ence of 
wild-type male. in the progeny of individual gamete.. Fa 
generation flie. were also observed .ince this allow. the 
d.tection of mo.aics or delayed mutations which may not 
appear in the Pa generation. 

Strain. 

The wild-type flies were Oregon K (OrK). Two lines, deSig­
nated A and B, were established in November 1978 and main­
tained by shaking over to fresh medium bottles every 2-3 
week •• 

The Mftller-5 (M-5) flies had the basc balancer X-chromosome, 
In (1) seSIL SC8R + S SCSI se8 waB-.-

Medium 

Stocks were maintained in half-pint milk bottles containing 
approximately 100 ml medium. All flies on test were kept 
in 3- X 1- glass vials containing approximately 8 ml medium 
and stoppered with cotton wool. This medium contained: 

maize meal 
treacle 
agar (Sigma) 
yeast, flaked 
propionic acid 
*Nipoqen 

150 9 
130 9 

20 9 
22 9 

5 ml 
1 9 

which was added to one litre water and boiled before being 
di.persed to sterile maintenance bottles or glass vials. 

Exposures 

Three day old male OrK flies were used. They were exposed 
in a 91a •• ves.el throu9h which the test atmospheres were 
pa •• ed at the required concentrations at a rate of ca 5 1/ 
ain before passing directly into the infra-red analyser. 
Tran.ference of flies from feeding vials to exposure chamber 
va. performed when they were lightly anaesthetised with 
carbon dioxide. 

*Nipogen: bacteriostatic agent (BDH Limited). 
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~ l.ngth of expo.ure in the main te.t waa determined by 
running a toxicity t.at in the week prior to the main 
expoaur.. Groups of 100 flie. were exposed for varying 
tt.ea, which were initially intended to be 1, 3 and 7 h. 
The.e tt.e. had to be modified, however, in view of the 
effecta .. en of the test compound on the flies. 

BXpoaedofliea were kept overnight in their feeding vials 
iD a 26 C water bath, then transported from the expoaure 
laboratory to the aaaeaament laboratory at the Institute of 
Animal Genetics, University of Edinburgh. This journey took 
ca 30 ain, the vial. being packed in cotton inside an 
expanded polystyrene caae. 

Toxicity Te.t 

Upon arrival at the aaaeasment laboratory, the vials were 
examined and the numbera of survivors recorded. From theae 
aurvivora 4 malea were picked and mated with 4 virgin 
famalea. These females were allowed to lay their 89qs on 
medium darkened with charcoal for 24 h, then removed. The 
number of 89qa laid waa recorded. After a further 24 h, 
the egga remaining unhatched were counted and recorded. 
From theae figures a hatchability index could be calculated 
and compared with the untreated control. 

Hatchabili~y index • No. of eggs hatched x 100 
No. of 89gs laId 

Receaaive Lethal Teat 

Each treated male was given a number which was retained 
throughout the brood analysia and which his progeny retained 
throuqh to the F2 qeneration and, where appropriate, the P, 
generation. Any clusters of mutants could, therefore, be 
.een readily. 

Treated male. were mated individually to virgin Mdller-S 
feaale. in the ratio IJ:2~ on the morning following the day 
of exposure. Each male was re-mated to 2 more virgin 
feaal •• 3 day. and, again, 8 day. after the fieat matinq. 
All matinga ceased on Day 11. The 3 broods obtained in 
thi. way ensured that sperm treated at all atages of 
apermatogene.i. were tested. 

Emergence for Fl generation flies from the pupae began about 
10 day. after mating. 

Matinga for the pz qeneration were set up 1-4 days later by 
mating brother with .i.tera. 
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a. ••• __ t of eff.ct. 1n the 1', ,eneration .a. undertaken 
ill tbe .... wy a. for tM P. generation. 

lXper~ent. wr. nor.ally .cored 11-1. day. after .etting 
up the 1'1 or 1'. oro..... Vial. wr. .x_lned by eye and 
.cored a. non-l.thal if 2 or more wlld-type .. le. were .een. If th... were not .een the flle. were .haken out 
onto a carbon monoxid. perm.ated pad and examined under the 
.tcro.cope. Vial. in which there were no vild-type males 
aDd B or IDOre .5 .. Ie. were checked for the pre.ence of 
Mt.rozygou. (M-5/0rK) female. and .cored a. rece •• ive 
l.thal. if th •• e were pre.ent. If a vial could not be 
unambiguou.ly .cored, it vaa returned to the incubator room 
to be re.cored the next day, when IIlOre flies had hatched. 

Viala which could not be acored after all the flies had 
hatched were an indication for re-asse ... ent of the FI 
female., e.g. if only one OrK .. le was present or no OrR 
.. le and Ie •• than 8 Mdller-5 male.. This was done by 
taking 2 heterozygoua femalea and crossing with Maller-S 
male.. Vials in which there was no Fz generation were 
scored sterile. 

637 735 
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STATISTICAL RVALUATION 

extoqenet1e. '1'e.~. 

Tbe data vere tran.foEaed u.1ng the Freeman-Tukey ~ran.­
fora.~ion for propor~ion.: 

-1 ~ -1 tx+T y - .1n (~) + .1n (J~) 

where, x - nuaber of cells w1~h abnormali~i •• 
n - number of cell. 
y - tran.formed cells 

A one-.ided S~udent·. ~ te.~ was used on the tran.fo~~d 
value •• 

Thi. analysi. was performed (a) includ1ng all abnormalities 
and (b) excluding cells only exhibi~ing gap •• 

Dcainant Lethal As.ay 

The variates analysed were: 

Corpora lu~ea graviditat1s (eliminating casel with 
zero total implantations) 

Total ~plantation. 
Liv. implantations 
Live implan~a~ions + early deaths 
Early death., Freeman-Tuk.y Poisson transformation 
Early deaths, Freeman-Tukey binomial ~ran.formation 

Bach f ... le was regarded a. an ind.pendent replicate and 
~be negative control, low do.e and high do.e groups were 
analy.ed tog.ther, the positiv. control group being analysed 
•• parately. 

The proportion of feaal.s with one or more, or 2 or more, 
.arly deathe wa. calculated, after which treatment and 
control groups were ca.pared using the chi-squar. t.st. 

fte f.rtility lndt:1C Cor pr8CJnancy frequ.ncy) waa treated in 
• way .iJailar to t:;,. la.t .~ati.~ic: the n\aber of pregnant 
f_l •• per nuaber of .. ted f ... l •• wa. comput.d and the 
chi-8qU4r8 te.t u.ed to campare each treatment group with 
ita coneurr.nt control. In th ... calculation., pregnancy 
wa. def1ned a. Ca) f .. ale. with corpora lutea gravldltat18 
and (b) f ... les with implantatlons. 

005 3'. 

In addition to the above calculations, whlch were as 
originally requlred by protocol, the .tatistician appli.d 
hi. own analy.i. of the proportions of early deaths. The 
treataent _an. were .xpr .... d on a 109l8tic scal.. On. 
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analy.i. a •• u.ed pur. binaaial variation, but, .ince thi. i. 
often fal •• , a •• cond analy.i. a •• uming between litter 
variation va. al.o applied. A third analy.i. allowed for 
linear dependence of the proportion of early d.ath. on 
total t.plantation •• 

The ana1y.i. a •• umed that the probability of an early death 
vari •• between r ... le. in the ith treatment group with mean 
11 and varianoe • 'i(l-'i) and, given thi. proLability, the 
individual early death. within a f .. ale occur independently. 
Th ••• a •• uaptiona imply that if rij and nij denote respect­
ively the nuabers of early death. and total implantations 
in the jth female in the ith treatment group, then 

The 8i values for the different treatment groups were 
compared. The value of ., a dispersion parameter, is of 
les. interest and may be assumed to have the same (unknown) 
value for each treatment. The beta binomial model described 
by Williams (1975) is a special case of the more general 
aodel as.umed here. A different special case is the corre­
~ated binomial model of Kupper and Haseman (1978) or, 
equivalently, the additive model of Altham (1978), in which 
• is regarded as an intra-family correlation coefficient. 

Por the beta binomial model, Williams (1975) suggested the 
use of max~um likelihood esttm.tion and likelihood ratio 
tests. The more general model now assumed specifies only 
the first 2 moment. of the di.tribution, consequently, 
likelihood _thods cannot be applied. Instead, 8i terms 
are e.timated by weighted least squares, given the value of 
.' by ain1ai.ing. 

t (ria-nij8i)
2 

8(8) - ij niji i (1- i) (1 + 'Cnij -1» 

The value of • i. e.ttaated iteratively by equating the 
minimi.ed value of 8(8) to it. degrees of freedom (total 
number of females minus the number of treatBents). 

The advantages of this method of analysis over the approaches 
of Willi .. s (1975) or Kupper and Haseman (1978) are two­
fold. Pirstly, the analysis can be accomplished without 
any special programming by exploiting the ideas of ~edderburn 
(1974) and using the GLIM package. Secondly, the n.atilod 
doe. not rest on strong distributional as.l~ptions and may 
be expected to be more robust, while the results of J(leinman 
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(lt73) encoura9. the hope that llttle .fflci.ncy i. lo.t by 
u.1D9 we19hte4 l ... t 8CJlI&re. when the beta blncaial ln fact 
hold •• 

!be.. data were analy.ed u.lny the GLIM progr.... package 
int.ractively. The value of , va. generally a.sumed to be 
independent of treatment effect., except for the po.ltive 
control which ... analy.ed u.ing a .eparate • e.t~ate. 
!be GLlK progr .... provlded the e.ti~ate. Pi of Pl • log 
[1(1-11,-1) and the .tandard error. of thes. e.t~tors, 
whlch are given in the tabl.. Al.o given are the corre­
.ponding •• t~t.. of 11 o~tain.d from the back trans­
fo~t10n Ii • exP(Pi,/(l + exp (Pi')' 

Seer. Abnormaliti.s Test 

The data were transformed u.ing the Freeman-TUkey trans­
for..ation for proportions: 

y • .in -1 (1n : 1 ) + .in -1 <1: : f ) 
where, x· number of abnormal sperm 

n • nuaber of sperm examined 

A one-.ided t teat was used on the tran.formed valu.s. 
Thi. analy.ii ... performed on (a) total abnormal cells and 
(b) each of the abnormal categories A-E. 

Sex-linked Race •• ive Lethal Test 

Th. untr.ated control frequency of lethal. in the flies 
u.ed wa. about 0.2t. True mutation frequencies can only be 
deterained vithin certain limit. becau.e only integral 
n1aber. of autation. can be recorded (Wilrgler et al 1975). 
The.e frequencies .troBgly depend on the .iz.. of the test 
group •• tudied. (i.e. the .i.e of individu.l broods), which 
are r.lativ.ly .. all. 

a..ed upon previous experience. vith thi. te.t, which ia 
.. an1n9ful but in •• naitive (Rin.hart, 1969), it i. considered 
that, in place of a te.t for atati.tical .ignificance, it i. 
better to look for a r.producibl. incr.... in the frequency 
of lethal. over the hi.toric.l control v.lue of about O.lt. 
'rhere ia, of COurH, no opportunity for lethal. to .CC\1lllU­
late., Control value •• ccumulated over the paat 1.5 ye.rs 
are •• followa: 
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'a 9!n,r.tlOD 
Stock A Stoek 8 

Brood BrOOd 'l'otal 
1 l 1 1 2 3 

No. of experiment. 
531; 

9 9 9 , 9 54 
No. of ,aNt •• 5309 5339 5264 5088 4113 31026 
, Lethal. 0.12 0.04 0.09 0.11 0.03 0.00 0.01 

r, Generation 
Stock .'\ Stock B 

Brood Brood Total 
1 2 1 1 2 3 

~o. of experiments 0 2 2 1 1 4 10 
No. of gametes 0 1200 989 400 300 2000 4889 
, Lethals 0 O.Oc 0.00 0.30 0.00 O.lO 0.08 

- ~ 

Against this background, the eriteria for result assessment 
were: 

(a) a compound giving frequencies below 0.5% in 
duplicate experiments is considered to show no 
evidence of mutagenic activity. 

(b) a compound giving frequencies greater than 1.Ot 
in the same brood in duplicate experiments is 
considered to show mutagenic potential. 

(e) a compound giving frequencies between 0.5' and 
1.0, shows evidence of possibly being mutagenic. 
Although this evidence is not conclusive, the 
compound clearly would deserve further study. 
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Inatrw.ent calibration 

calibration of the IR apeatroaeters was performed daily when 
at.o~hare generation work was undertaken during the develop­
IHDt pha.. and when anillals were being exposed to test 
vapours. An example of a calibration curve is given in 
Figure 2. Data for the construction of such curves are given 
for various exposure dates in Tables AT-1 and 2. The repro­
ducibility of the calibration curve data from day to day is 
good. 

Calibration ranges adopted were 4.1-20.7 ppm or, occasionally, 
41.4 ~ (10 ppa target concentration) and 20.7-103.5 ppm (50 
ppa target concentration). 

Chaaber Atmospheres - Homogeneity 

Prior to exposure of the animals, the chamber atmospheres 
were a .. pled at different positions to establish that 
adequate mixing of hexachloro-l,3-butadiene was occurring. 
The results are shown in Table AT-3, where it can be seen 
that the _ximua deviations encountered was -3.2' at the 
10 ppa target concentration and -2.7' at the 50 ppm target 
ccncentration. 

~r Atmospheres - Achieved Concentrations 

A ..-ple chart record taken during a day on which an~als 
ware exposed is shown in Figure 3. From charts such as this, 
deviations from the targ~t concentrations of 10, 25 and 50 
pta were obtained and recorded in Tables AT-4 and S. 

Deviations fram the target concentrations of more than + 10' 
were U.ited to a few minute., so, the exposures were con­
aidered to be acceptable and the remaining portions of the 
exper~.enta allowed to proceed. 

AIl1llal Location 

In Appendix Loc-1 and Appendix Loc-2 are shown respectively 
the locations of the cage racks in the holding room and 
typical exa.ples of exposure location sheets as used during 
the atudy. 

Pre-experimental Acceptance Tests (PEAT) 

7 May 1980 DeliVer~: Four male mice were selected haphaz­
araiy for pBiT. C inical examination and autopsy did not 
reve.l ~y signs of infection or diaease. The microbio­
logical/parasitological exaaination identified 2 organi ... 
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in culture. frca lung. of one lIlOuae, but not in the other 3 
Ilice. '1'he.e organi ... were a ye •• t and an a-ha .. 
StreDtococcua ap. The poa.ibility of contamination cannot 
be rUlid out. At hi.topathology the lungs of this Bame 
~ showed a very mild periarterial inflammatory reaction. 

9 ~ 1980 Delivery: Ten male and 10 female rats were 
ha zardiy .eiected for PEAT. There were no significant 
~linical Ob.ervation., but at autopsy 3 animals had notable 
peculiaritie.: one male had a (right; globular shaped 
kidney. in one female liver and kidneys were pale; and in a 
.econd female lung lobe. had numberoua grey foci. Microbic­
logical/para.itolQ9ical examination was without significant 
Ob.ervation except for one female fram wh1ch a-haem 
Streptococcus and Carinae jYoqenes were isolated. Histo­
log1cally, one male and 2imale rats were totally free from 
lesion., but all others showed some mild lung pathology. 
Thi. took the form of bronchial associated lymphoid tissue 
accumulation and interst1t1al pneumonitiS, probably due to 
Sendai virus which 1s endemic in Charles River rats. 

Clinical Observations and Body Weights 

Rats exposed to 10 ppm atmospheres appeared to be normal, 
but m1ce were slightly subdued during dosing on Days 2-5. 
At the 50 ppm dose level, rats also were subdued and by Day 
5 of dosing they were inactive and showing little re.ponse 
to audio .timuli. Rat 381d (dominant lethal test) was 
inactive, hunched and had laboured breathing on Day 5. By 
the follOWing day it was dead. Mice were very severely 
affected by the 50 ppm atmosphere. On Day 1 they were all 
subdued and had their eyes closed. The following morning 7 
out of 10 mice were dead. The remaining 3 mice were killed 
in extremis: one was ataxic, had eyes closed, tremors and 
labOured breathing; 2 were motionless in their cages and 
.howed only .light re.piratory movements. Rats exposed on a 
.ingle occasion were subdued in their activity by this 
experience. 

Body weight. were severely affected by 5 days exposure to 
50 PPI hexachloro-l, 3-butadiene (Tables BW-l to 4). There 
were substantial weight lo.ses in both male and female rats. 
Even expo.ure to 10 ppm atmospheres induced some weight loss 
in male mice and female rats. Weight gain in the male rats 
wa. rather 1... than in the air control animal •• 
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URSCBEDULBD DM SYIft'BBSIS ASSAY 

'!be J.nitial toxi.city t •• t, conduct.d in the abHnce of S-9 
ai.a, at l ••• t 75. of the cell. expeHd to 1.7 aq/ml aolution. 
wer. dead or ~ged vherea. 1... t~n 25' were d ... ged by 
0.17 ~/.t concentration.. ...ult. of the tritiated thymidine 
incorporati~n a •• ay are given in Table. UDS-1, 2 and 3. 

In the fir.t of the.e ••• ay.. all cell. expoHd to 31 tig/ml 
concentration. or more, in the pre.ence of S-9 mix, were 
killed, vhere .. 1,000 tig/a! va. tolerated if no S-9 mix va. 
preaent. 81gh .. an value. for the number. of .ilver grain. 
per nucleua were found in the ab.ence of 8-9 mix at hexa­
chloro-1,3-butadiene concentration. of 125, 250 and 1,000 tig/ 
ml. At 500 ",g/al, how.ver, normal grain count. were encoun­
tered. At the.e high concentration. there ware relatively 
few cell. on the coverslip. and the nuclei were small. 

The~ •• ay wa. repeated, u.ing a high concentration of 20 "'9/ 
111.. At this concentration, both in the pre.ence and ab.ence 
of S-9 Ilix, and at 10 ",g/ml in the absence of 8-9 Ilix there 
were very fev cell. available for gain counting, .0, these 
results were not transferred to Table UOS-2. The inadequate 
data were: 

S-9 Mix 

+ 

20 ",g 
10 ",g 
20 ",g 

No. of cells 

27 
61 
o 

Mean Grain Count :t. 8.0. 

3.59 + 2.08 
1. 87 :;: 1. 55 

At lower concentration. there wa. no indications of ODS 
induction. llence, the only high grain counts were in the 
fir.t experiment in the ab.ence of S-9 adx. 

There were, then, .ome inadequacies in the data, but there 
va. a .ugge.tion, which required confir.ation, that hexa­
chloro-l,3-butadiene aight induce OD8 in the.e cells. The 
experiment va. conducted a third time in the obsence of S-9 
Ilia (Table UD8-3). OIl this occa.ion, do ... ranged frOli 
8 "'9/111. to 250 ",g/lI1.. The highe.t do.. level at which there 
va. not unacceptably high toxicity wa. 63 tl9/ml. There wa. 
no indication of ODS induction at thi., or any lower, do.e 
level. Neither i. there a ready explanation for the differ­
ence in toxicity of the cOlllPOund in the absence of S-9 mix, 
particularly in the fir.t campared vith the second and third 
.xperi_nt •• 

The tritiated deoxyguanosine incorporation a •• ay was to be 
u.ed to confira the re.ult. of the fir.t a •• ay. Difficultie. 
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were experienced, however, in this assay, particularly in the 
presence of 8-9 aix. E.sentially, the labelled deoXY9uano­
sine was not adequately taken up by the cells, so, the radio­
activity in the isolated RNA and DNA samples was too low for 
the results to be significant. The experiments performed on 
this portion of the assay are the subject of a .eparate 
report. 
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ct'lO\UBi"J:C ARALYSIS or RAT BONE MRROW CELLS 

Data are preHDted in Tabl •• CA"MD-M-l to o.-P48-2 and 
Appcdia 'lab1.. CA-IID-M to 0.-'48. 

In tbe .ult1p1e expoaur. cyt098ftet1c teat, there were no 
1ncUcation. of chrc::.08aul clamaqe induction in either the 
.. 1. or the f ... le rata expoaed to 10 ppm or 50 ppm hexa­
chloro-l,l-butadiene. BMS tr.atment only induced a .iqnifi­
cut increaa. in the frequency of cell. with aberrat10ns 1n 
_le rata (peO.OS) after multiple expoaure. This s1gn1fi­
canc. va. reduced 1f cell. conta1ninq only gap. were 
excluded fram the analyai •• 

In the ainqle expo.ure portion of the experiment there were 
no .iqnificant increase. 1n aberrant cell frequency in male 
rat. expoaed to hexachloro-l,3-butadiene and sampled at any 
of the 3 .tandard times (i.e. 6 h, 24 h and 48 h after the 
end of expoaure). In female rat. the only significant 
1ncrea.e va. 1n the 6 h .ample, (PeO.OS), but even here 
there v.re only 7 aberrat10ns and theae occurred in the 10 
ppa ataoaphere group. In the SO ppm atmoaphere qroup there 
were only 2 aberration.. Thi. lack of a dose related 
r .. pon.e reduce. the importance of thia result. EMS treat­
..at increa.ed frequency of cella vith aberrat10ns 1n male 
rata at the 6 h (P<O.Ol), 24 h (P<O.OI) and 48 h (P<O.OS) 
aaaplinq t1.ae.. If cell. only with qapa are excluded, then 
there was atill a .ignificant incr ... e at the 24 h sampling 
t~ (PeO.OOI). , ... le rata also showed increases at the 6 
h (P,O.OOI), 24 h (PeO.OOI) and 48 h (PeO.OI) sampling 
tt.es. When cell. only w1th qapa were excluded there were 
.1gnif1cant 1ncrease. at the 6 h (PeO.OS) and 24 h (PeO.OOl) 
... pling times. 

It i. concluded that hexachloro-l,3-butadiene had no effect 
upon the frequenc1e. of aberrant cell •• 
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DOMINANT LETHAL TEST 

Data are given in Table. DL-l to 9 and Appendix Table DL. 

Pregnancy frequen~ wa. calculated in 2 way.: firstly, by 
conaidering as pregnant female. with corpora lutea gravi­
ditati. (Table DL-l) and secondly and more reliably, by 
con.idering a. pregnant only female. w1th implantation. 
(Table DL-2). With neither method was there observed any 
effect upon pregnancy frequency due to hexachloro-l,3-
butAdiene treatment, but there were reductions 1n weeks 2 
and 3 in the posit1ve control groups. 

Corpora lutea graviditat1s counts (Table DL-3) were not 
reduced in either of the hexachloro-l,J-butadiene groups; 
these counts were greatly reduced, however, in Weeks 2 and 
3 (PeO.OOl), of the positive control group. The small 
.ignificant reduction (PeO.OS) 1n week 1 of the 10 ppm group 
(13.0 + 0.62) was a consequence of a much higher than normal 
Air Control group result (15.1 ± 0.64). 

~lantations per pregnancy (Table DL-4) were greatly 
reduced 1n weeks 1-4 of the positive control group. They 
were unaffected by hexachloro-l,J-butadiene treatment, how­
ever, apart from week 1 of the 50 ppm group (PeO.Ol). 
Although statistically significant, it 1s not clear th3t the 
small reduction was induced by trAatment with hexachloro-l, 
3-butadiene. 

The frequencies of live implantations (Table DL-S) and live 
implantations and late deaths (Table DL-6) followed the 
pattern of total implantations per pregnancy. In the 50 ppm 
atmosphere group there were no late deaths while in the 10 
ppm atmosphere group there were only 2. These data compare 
with the air control group total of 7 over the 10 assessment 
weeks. 



1258 

42 

.,... APOJIW,rl'Y' '!'EST . 

All .ice expo.ed to 50 ppa hex.chloro~I,3-but.diene died 
befon .per. •• pl.. could be taken. In the group expo.ed 
to 10 ps- concentr.tion .t8IO.ph.re. there were no aicp1ific::ant 
incr..... in the frequencies of abnormal .perm in any of the 
cate4Jor1.. e._ined (Table 8-1 and 2 and Appendix Table SA). 
IllS tr •• taent 1ncrea .. d the frequency of Category C, amorph­
ou. head. 
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SBX-LINDD ltBCESSm LB'1'BAL TEST IN DROSOPHILA 

~.r. vaa no information available on the toxicity of hexa­
chloro-l,l-butacUene to fliea, so, acme preliminary studiea 
were .. de (Tab 1. RL-l). Th. firat of th.se was on 13 May 
1980 when flies were expoa.d to SO ppm for 1 h, at which time 
no toxic effects vere observed. The concentration was 
increased to 100 ppm and again, no toxic signs were seen 
after CO min. At thia time the concentration was increased 
to 120 ppm where it was maintained for 20 min before the 
flies showed any aigns of toxicity. 1.5 h at this concen­
tration induced obvious toxic effects, these being an 
inability to fly and even difficulty in walking without 
falling over. Exposure was terw.inated and all flies were 
dead the following morning. 

on 14 May 1980 the concentration was maintained at 75 ppm. 
100 min of exposure induced a general hyperactivity and an 
inability to walk in some flies. This effect waa aeen in 
all fli.s by 180 min, when exposure was terminated. Flies 
were alive at this stage, but they were all dead by the 
following morning, whether they had been exposed for 1, 2.5 
or l h. 

On 15 May 1980 the concentration was maintained at 25 ppm 
and flies were removed after 0.5, I and 2 h. Even after 2 h 
the activity of the flies appeared normal, but by the 
follOWing morning all of these flies were dead (Table RL-1). 
Survival was normal, however, after exposure for 0.5 or 1 h 
and egg hatchability was not impaired. 

Following these preliminary studies, the main study was 
initiated on 28 May 1980 using 25 ppm hexachloro-l,l­
butadiene atmospheres for 1 h. No signs of toxicity were 
apparent under theae experimental conditions. 

TWo breeding stocks (A and B) were used (Table RL-2), but 
no P2 generation lethals were found in the air control groups 
in a total of 3,595 vials set up and 3,119 vials scored. 
Alao, there were no F, generation lethals in a total of 500 
vials set up, 486 scored. 

Plies exposed to hexachloro-1,3-butadiene yielded a single 
lethal in the Pz generation (Brood 1, Stock A), the fre­
quency in that particular brood being 0.18\. A aingle 
lethal waa alao found in the p, generation (Brood 1, Stock 
B), the frequency being 0.20\. These frequencies are 
certainly not significant and it is concluded that hexa­
chloro-1,l-butadiene did not induce a recessive lethal 
mutations in these Drosophila. 
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CORCLUStCIIS 

IJ'od.cit;y ... obHn-d under the experiJDanta1 conditions in 
the UDS a •• ay, in the II1ce and in the rata uae4 for the 
variG .. te.ta. In the DrO.!hi1a .ex-1inked rece.sive lethal 
a •• ay, the te.t condition. 5 ppm' for 1 h) di4 not induce 
recogni.able .ign. of toxicity, but preliJDinary studies had 
shown that 25 PPD for 2 h was lethal to the f11es. There­
fo~, it i. unlikely that the te.t environment could have 
been _de .\IOb more .evere than va. actually used. It ia 
concluded, then, that hexachloro-l,3-butadiene was tested to 
the practical limits of the.e as.ay., as descr1bed by the 
protocols u .. d. 

The ODS assay gave re.ults which were difficult to interpret 
(thi. i. pre.ently being repeated). The othe~ a.saY8, how­
ever, gave no indication that hexachloro-l,l-butadiene might 
have any qenotox1c potential. 
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I1nvle Doe1n9 -

'I'r_t.ent Group 

Aiz Control 

10 PIlI 
50 ps-

l1li. 250 119/1l9 

Mean of 

'I'A8LI CA-IIZt-z 

..... cbl_l.J-bat..si_ 

CytoliJ_tic Alla1,.ala of aat ~ IllU'zow CeU. 

8~ of 0beene4 Aberrationa 
.. 1 •• 

Spre.4a wlth Aberrat~ona 

'I'oUl 

lie_ of 
rn.u-TUJte,. S.!. of lIean t rr-n-'I'ullAl 

81n_ld 81_1al 
1rr_·foE1Ution 'I'r .... for.at1cx 

0.200 0.035 0.160 

O.lt! 0.019 -1.13 O.ln 

0.200 0.0)5 0.00 0.141 

0.357 0.0)5 3.1.·· o.no 

8.11:. of ._ • Stanclazcl error of rr-.n-TUJtey bin_ial tran.fo~t1on .an 

··p<O.Ol 
···p<O.OOl 

s ~ UM'I'm.: z. b --

IXclud1n9 co.pa 

S.!. of ... an t m 

0.026 
0.029 -0.52 

0.026 -0.55 

0.026 •• 70··· 



111l91. Dolling 

GI'oup 

Air control. 7 h/~ 

10 ppa. 7 h/day 

50 ppa. 7 h/day 

DIS. 250 -.,/k'l/day 

- --

TAaLK CA-K4I-I 

.... dblo~l.l-butadi.ne 

Cytogenetic Analyai. of .. t __ "rr_ Cell. 

Chr_tid/Cbr~_1 AberraUona SCOncl 

.. 1 .. 

a..~ AMrr.tl __ 
_ of ..... Ch~tl. c:hrr.o ... 
a..~ 

GAp swr • w/o' Gap •• r • w/o p 

500 - - - - - -
500 2 1 - - - -
450 2 - - - - -

500 10 6 - - - -
-~ -~ -- -~ -

.....11119 7 ... , •• h 

I 
K1_1~ 

I • 
I Ch~tid rr ..... t I 

-
- i 

1 IIobertaoniUl 
TrUlsloeaUon 

I Exchan'18 ~ 
3 Chraaatid rr~ts 

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

Tr .. t8eat Group 

A1r Control 
10 psa 
50 psa 
a., 250 8IJ/k9 

..... of 

'faar.. CA-II4I-2 

.... cbloro-l.l-bat:..ti_ 
Cytogenetic Analy.i. of Rat loDe Marrow Cell • 

• ~ of oto.e~.." IUoerratl .... a 
llal •• 

Ipr.ada with ~rr.tlOfta 

'rotal 

..... of 
r-n-'l'ultey •• I!. of ... an t rre-n-Tuk., 

li_ial li_1al 
irranaforaatlon 'l'ran.foraatlO11 

0.110 0.039 0.160 

O.lOO 0.039 0.1l 0.160 

O.US 0.041 o.n O.ltl 
0.302 0.039 2.&0· 0.221 

•• 1. of .. an - .tandard error of rreaaan-!Ukay bl_lal tranatonaatlon .. an 

-peO.OS 

-~----. --- -- -

bel"'1114J a.ps 

:::r 
•• 1. of Man t 

0.029 

O.Ou 0.00 

0.031 -D." 
I 

0.029 1.62 



.a .. 

J 
8 
• ... 
J 
III 

• ! .. • .. .. 
I 

I 
8 

n 

i .. .. 
G 
~ 

... 
.e • 

I 
• ... 
• • 

ti 
A 
3 .. 
0 

~ 
• 

~ .. ... 
I • • ti 

A 
3 

it) 

I 

!I 

I :;: 
I oa I I .. .. 

I 
B 
N 

I I I I 

I I I I 

I I I ... 

I I I I 

I I ... • 

I III ... 11'1 

.. .. .. .. .... .. III III .. on • ... 

>-
~ ! .a 

l' ! ...... .... 

I ... ...... ..... 
.a .a 

! ... ... 
0 

s i i '" N 

.. i ~ .. ~ .. 



- .,.-- -

Tr"~I1~ Group 

Air con~rol 
10 ps-

50 ~ 
II1II. 250 ..,/k9 

lINn of 

!QLI CA-PI-2 

.... cIlloro-l.3-bIltadl_ 

Cy~~lc Anal,..1a of .. ~ IIone Marrow Cella 
s-ry of Oban.d Aberrat10aa 

P_l •• 

Spread. with Aberration. 

Total 

... an of 
rr_-!'ukay 

•• 1:. of .... 1l t "~-TUkaJ 
81_1al 81n_lal 

~_.fOnat1Oft TranafonatlOli 

0.U4 O.Oll O.US 
O.ZlO 0.031 2.60· 0.1110 
0.115 0.033 0.89 0.163 
0.371 0.037 4.67··· 0.241 

S.I:. of _an •• ~andard error of rr~-TUk~y bin~la1 ~rllll.fOrINt1011 _an 

·pcO.05 
···pcO.001 

-~----- - -

Bxclud1n9 GIIpa 

~ 
11.1:. of lINn t 

0.025 
0.025 1.00 
0.026 0." 
0.030 2.45· 
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-- -- ~ 

Tr_t.ant Group 

Air Control 

10 pta 

50 pta 

DIS, 250 8i/kCJ 

Neall of 

TULa ,CA-F24-2 

BeaaalllOl'o-l, 3-boa~1_ 

Cytog .... t1c ""al.ral. of ... t BoDe Narrow Cell. 

s-ary of Obee~ AbIIrr.Uona 

r_le. 

Spraads w1th Aberration. 

Total. 

Nean of 
n_n-TUker J.B. of .... n t 

Fr •• _n-TukS] 
Bin_ial Binomial 

IrrIlftSfo~t101l Transfor.atior 

0.160 0.032 0.141 

0.199 0.032 0.86 0.191 

0.160 0.032 0.00 0.141 

0.532 0.032 8.27··· 0.415 
--- - --

5.1:. of _an - Standard errol' of Fr-an-TUkey bina-i.l tran.tonl.tion _an 

··*p<O.OOl 

-~ ~ - -- -

Exc:1 udin9 Gap. 
\ill 

s .•. of _ t 

0.027 
0.027 1.12 

0.027 -0.00 
0.027 7.19··· 
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'l'MLI CA-r.'-2 

.... cIl1~o-1.l-but..sien. 
CytOlJ_tlc AIIa1ya1. of Rat ___ llanow C.ll. 

s-ry of a...rvecs Aberration. 
r_l •• 

81"91. DoIo1..., 

Ipread. wltb AberraUoa. 

'I'otal 

t'ream.nt GIoUp IIMII of ...... of rr-n-'rIIIIey ~-'l'lllt., a1n_1d S.!. of IIHn t 
81_1al jrranafor.ation 'ft .... fOrIIoItiOli 

Air Control 0.190 0.048 0.190 10 ps- 0.169 0.051 -0.11 0.1U 
50 Pr- 0.190 0.048 0.00 0.141 
-. 250 -,11<9 0.385 0.043 l.Oe·· 0.302 

1.1:. of _an - Standard error of rr_an-'l'uk.y bin_ial uan.fonoatlon __ 
"pcG.Ol 

Sa.pl1nq 'l't.e. 41 b 

.. cludl:\9 Gqa 

:::t 
1.1:. of_&II t 

D.DU 
0.044 -0.12 
0.041 0.85 
0.Dl7 2.01 



Aa ... _t 
... k 

fr_ DO.inC) 

1 

2 

3 

4 

5 

6 

7 

a 
9 

10 

'J'~ DL-l 

a.a.cbloro-l,3-but.s1ene 
~D&ftt Lethal ,...t 1n Rat. 

Preqnancy Frequency (F ... l •• With Corpo~. Lut •• G~.v141t.t1.) 

Air Control 
(0 pp!l) 10 lis- 50 lis-

90' ,n ... 
90t 100' ... 
95' 95' ... 

100' ,,, 95' 

90' 100' It, 

95' 90' a .. 
95' lOOt 8U 

lOot 100' 891 

100' 100' '51 

100' 90' '91 

5 1II 100 119/k9 
DIS 

~ 
'5' 
75' 

45' 

95' 
9U 

100' 

100' 

90' 

100' 

95' 



~DL-2 

R ... cbloro-l.3-but~1 ... 
Doa1AaIIt Lethal 'fe.t 1n .. t. 

preqnancy P~ncy IP_l •• with UlPlanUU.on.) 

.... lU.pl. Do.lft. 

~ •••• _t. Air Control 5 • 100 1IIl/k, Week 
10~) 

10 ppa SO ps- EllS froao Do.ing 

~ 
1 18/20 90\ 19/20 95\ 16/19 I .. ll/20 6S, 

2 17/20 15' 19/19 100' 16/11 ". 8/20 U. 
3 U/20 95\ 11/20 95\ 16/18 ." 6/20 

30, I 
4 19/20 n, 19/10 95\ 17/11 9 .. 11/20 90' 
S 17/20 IS' 20/20 100' 11/11 9 .. 16/18 ." ' 

6 19/20 95t 18/210 90\ 17/18 94\ 19/20 95' I 
7 U/20 95' 19/20 95' 16/18 8" 1./20 90t I 

I 20/20 100\ 20/20 100' 17/18 94\ 18/20 90t , 20/20 100' 1'/20 ~5' 11/18 lOOt 1'/20 95' 
10 19/20 9st 18/20 !l0' 17/1. 94\ 1./19 95t 

~ 



'l'ULa 01.-) 

"'aoblo~-1.]-buta41ene 

~t Lethal or.n 111 aau 
Total Rmlber of Corpora Lut.. per Pregnancy 

*lt1ple Do.1n9 

"'.aa_t Air Control .... k (0 ppm) fra. Do.1n; 

1 1 
15.1 ± O.it 

2 11.7 ± 0.52 
] 13.] ! 0.511 , 1l.4 ± 0.49 

5 12.9 ± 0.51 

6 13.3 ± 0.5' 

7 12.4 ± 0.5] 

• 13.3 ± 0.45 

I 12.4 ± 0.54 

10 13.5 ± 0.57 

1 - ...... ± atanclard error of _an 
·P<0.05 

***P<O.OOI 

10 PPII 50 PPII 

1l;0 ± 0.62* Il •• ± 0.67 

12.' ± 0.49 12.4 ± 0.53 

1l.1 ± 0.56 12.4 ± 0.61 

12.2 ± 0.49 13.3 ± 0.52 

13.0 ± 0.47 Il.l ± 0.51 

13.7 ± 0.5' 12.4 ± 0.61 

13.6 ± 0.53 12.1 ± 0.57 

12.9 ± 0 45 12.7 ± 0.48 

12 •• ± 0.56 13.1 ± 0.57 

13.' ± 0.58 13.2 ± 0.60 

5 • 100 mg/k9 
EllS 

12.4 ± 1.76 

4.3 ! 0.53*** !! 
2.2 ± 0."*** 

10.6 ± 0.10* 

13.1 ± 0.44 

1].2 ± 0.10 

13.3 ± 0.54 

12.4 + 0.41 

13.4 ± 0.35 

13.9 ± 0.72 



IIultipl. Doalft9 

,.. ••• _t 
.... k 

(r_ Do.ln9 

1 1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

'I'AmoB DL-4 

8exachloro-I , 3-butacli.ne 

DaaiDant Let:hal !'e.t ift aata 
Total DlpIUltaU_a par PEW4JftUCJ' 

Air Control 
10 p.- 5D Ps-(O~l 

13.1 ! 0.36 13.1 ! 0.35 12.2 .:!: 0.38" 

13.2 ! 0.57 12.5 ! 0.54 11.6 .:!: 0.59 

13.2.:!: 0.59 13.5 :!: 0.59 12.5 :!: 0.6. 

'.3.1.:!: 0.54 U.S.:!: 0.54 13.5 .:!: 0.58 

13.1 .:!: 0.59 12.8.:!: 0.55 13.2 .:!: 0.59 

12.8! 0.65 13.7.:!: 0.67 11.7:!:0.U 

11.8 .:!: 0.5' 13.0 .:!: 0.5' 12.3 .:!: O. til 

12.5 .:!: 0.41 1l.1.:!:0.t9 13.2 .:!: 0.5~ 

12.2.:!: D.n 12.2 .:!: 0.42 12.4 .:!: O. t3 

13.6 :!: 0.54 14.3 .:!: 0.5' 13.2 .:!: :'.57 

1 - ... an .:!::. at.andarel error of _an 

··P<O.Ol 
···P<O.OOI 

5 • 100 119/119 
ENS 

,.] :!: 1.07" 

1.3 :!: 0.16·" !! 
1.] .:!: D.ll··· 
9.5 .:!: 1.06·· 

12.9 :!: 0.54 

12.7:!:0.50 

13.1 .:!: 0.46 

11.2 .:!: 0.66 

12.6 .:!: 0." 
13.5 .:!: 0.82 



Ialltlple Doain9 

As .. a_lIt 
_k 

frca DoSing 

1 1 

2 

3 

• 
S , 
7 

• 
9 

10 

'l'UL11 DL-5 

_chloro-l,3-butadl_ 

ac.1nuIt t.thal !Wat 111 "U 

Li_ IIIplantation. per Pr.optaney 

Air Control 
10 Ps- 50 ~ (0 ppm) 

13.2 !: 0.57 12.8 !: 0.56 10.9 !: 0.61** 
12.5 ! 0.61 12.1 ! 0.51 11.1 ! 0.6] 

U.S! 0.60 12.6 ! 0.60 n.o! 0.65 

12.5 ! 0.57 11.9 ! 0.57 12.7 ! 0.60 

12.4 ! 0.56 12.] ! 0.51 n.7! 0.56 

12.3 ! 0.63 13.3 ! 0.65 11.2 ! 0.67 

ll.4 ! 0.59 12.4 ! 0.59 11.7 ! 0.64 

12.1 ! 0.51 I1.S! 0.51 12.8 ! 0.55 
U.S! 0.41 11.1 ! 0.42 11.8 ! 0.4] 

12.7 ! 0.61 13.4 ! 0.63 12.6 ! 0.64 

1 - IIaaII ! atandard error of ~ 

•• •• 0.05 
···.eO.OOl 

5 II 100 l19/1tg 
DIS 

•• 2 !: 1.03"· 

0.0 ! 0.00··· R! 
0.0 ! 0.00··· 

6.1 ! 1.U"· 

12.0 ! 0.59 

12.3! 0.55 

12.4 ! 0.51 

10.6 !: 0.63 

11.7 ! 0.49 
i 

12.9 ! 0.79 



ftI8LI 01.-6 

Bexac:hlOro-l,3-buUldie_ 

~ant !.etal 'l'wlt 111 aau 
Live IIIplafttat10na aa4 Late Deatluo par PreoplaDCY 

MUltiple Oo81llg 

.u1.I_t Air Control Wee .. 
fr_ Doling (0 ppI) 

1 1 13.2 ! 0.57 
2 U.S! 0.61 

3 U.S! 0.60 

• 12.5 ! 0.57 

5 U.S! 0.55 
6 12.' .! 0.1;1, 

7 11.4 .! 0.59 

• 12.1 ! 0.51 

9 11.1i ! 0.'1 
10 U.8! 0.61 

1 • "'aft ! It.an4aEd .rror of _an 

··'<0.01 

···P<O.OOl 

10 lisa 50 pp. 

12.' ! 0.56 10.9 ! 0.61·· 
12. t ! 0.51 H.l ! 0.63 

1:'.6! 0.60 12.0 ! 0.65 

11.9! 0.57 U.7 ! 0.60 

12 •• ! 0.51 U.7 ! 0.55 

13.3 .! 0.66 H.2 ! 0.61 

12.4 .! 0.59 H.7 ! 0.64 

1I.S! 0.51 12.1 ! 0.55 

ILl! 0.42 ILl! 0.43 

13.4 ! 0.62 U.6 ! 0.64 

5 • 100 "'9/kg 
DIS 

•• 3! 1.01·" 

0.0 ! 0.00"· eI 
0.0 ! 0.00". 

6.1 ! 1.U"· 

12.1 ! 0.5' 

12.3 ! 0.55 

U.6 ! 0.54 

10.6 ! 0.63 

ILl! 0.49 

12.9 ! 0.7!I 



Dau DL-7 

HeXacbloro-1,3-butad1ene 
Daa1nant r..thal Te.t 1n bt. 

Frequency of PregnAllei •• with OIle or More or Two or More Early Death • 

.. IUple Do.iA9 

Aa ... _t Air Control 5 • 100 119/1<9 ... It (0 ppII) 10 ppa 50 p.:. EllS fr_ Do.lft9 
.0 >1 .0 >1 >0 .1 .0 .1 

1 6/18 2/11 5/19 1/19 6/16 3/16 12/13 11/13 
2 1/17 2/17 6/lt I/lt 7/16 1/16 1/1 2/1 

3 9/19 3/19 11/19 3/19 7/16 1/16 6/6 1/6 
4 1/19 3/19 8/U 3/19 9/17 1/17 18/18 15/18 

5 6/17 4/17 6/20 2/20 5/17 3/17 8/16 4/16 

6 7/19 1/19 5/11 1/18 5/17 1/17 5/19 2/19 
7 8/19 I/lt 8/19 3/19 7/16 3/H. 8/18 1/18 

I 7/20 2/20 6/20 3/20 6/17 0/17 9/18 2/18 
!I 9120 2/20 5/19 1/19 10/11 1/18 14/19 2/19 

10 9/19 4/19 10/18 4/18 1/17 1/17 9/18 2/18 

• 



JallUpl. Do.in9 
M .. __ t 

... k 
fl'~ Do.in, 

1 

2 

3 

4 

5 

6 

7 

I 

9 

10 

'l'AaU 01.-1 

.... cbloro-l,3-botadlen. 

~ut LetlIal 'fe.t in ltat. 
Early Death rr.cr-cy, p~-'l'uJt.,. Poi __ 'rru.fonution 

Air Control 10 ppa 50 ppa (0 PPlI 

1 1.553 + 0.2599 1.Ul ! 0.2529 1.963 ± 0.2756 

1.116 ± 0.2065 1.516 ! 0.1953 1.664 ! 0.2121 

1.116 ± 0.2137 2.023 ± 0.2137 1.6 .. ± 0.2328 

1.711 ! 0.2245 1.711 ! 0.2245 1.929 ! 0.2373 

1.706 ± O.~~54 1.497 ! 0.2078 1.580 ± 0.2254 

1.560 ± 0.1160 1. 4" ! 0.1911 1.493 ± 0.1967 

1.634! 0.1977 1. 711 ! 0.1979 1. 756 ± 0.2154 
1.568 ± 0.1907 1.589 ± 0.1907 1.499 ± 0.20'1 

1. 739 ± 0.1857 1.442 :!: 0.1905 1.826 ± 0.1957 
1.111 ± 0.2216 1.981 :!: o.nn 1.743 ± O.;U43 

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

- .... n ± .tanclard error of __ 

·P<0.05 

···P<O.OOI 

5 X 100 ..,/k, 
EMS 

4.453 ± 0.41J'··-

2.597 ± O.lltl. II 
2.634 ± 0.2196· 

3.820 ± 0.2211-·-

1.927 ! 0.2545 

1.449:!: 0.1824 

1.669 ± 0.1156 
1.711 :!: O.U82 

2.119 ± 0.1659 

1.7" ± 0.1"2 
-



'I'AaLI Dr.-t 

B ... Cb1oro-l.3-butad1en. 

Dca1nant r.thal .,..t in lat. 
Barly Death r~. r~-TUItey .1nca1al Tran.for.at1on 

_lt1pl. Doa1ng 

Aa ••• _t Air Control .... 1< (0 ppa) fro. Do.ing 

1 1 0.416 :!: 0.Ot60 

2 0.441 :!: 0.0640 
3 0.416 ! 0.0613 
4 0.464 ! 0.062& 
5 0.453 ! 0.0590 
6 0.429! 0.0518 
1 0.492 ! 0.0638 
8 0.445 ! 0.0544 
9 0.490 ! 0.0516 

10 0.503 + 0.0701 

1 • llaan ! a':andard .rror of _an 

**·P<O.OOl 

10 ppa 50 ppa 

0.317 :!: 0.0934 0.6\4 .:!: 0.1019 

0.4" ! 0.0605 0.486 ! 0.0660 
0.561 ! 0.0613 0.462 ! 0.0661 
0.488 ! 0.0624 0.525 ! 0.0659 
0.412 ! 0.0544 0.432 ! 0.0590 
0.390 ! 0.0532 0.448 ! 0.0541 
0.469 + 0.0638 0.497 + 0.069~ 
0.454 + 0.0544 0.407 + 0.0590 

0.402 ! 0.0529 0.513 7: 0.0544 
0.526 ! 0.0721 0.506 + 0.0141 

~ J( 100 -Vllt9 
DIS 

1.762 :!: G.2051·.* M 
2.377 ! O.OU* •• 
2.37' :!: 0.0447*·* 
1.488 ! 0.1426*** 
0.537 ! 0.0145 
0.405 ! 0.0541 
0.463 ! 0.0570 
0.328 ! 0.0550 
0.592 ! 0.0496 
0.495 :!: 0.0534 



~ ..... p-2 

.... cbloro-I,l-but.tlen. 
Spera AtIao~Utl" 'hilt 1Il Mlce 

_a of 1'~'l'IIkey .~l 'l'r .... for.atlon ! St:aDdar4 Brror 

.. dUple o-1n9 

Abftonul1ty caU90ry 
DoH Group 

A • C D 

Alr CODtrol, 1 h/day l.14 I.U Z3.l7 11.65 

! 0.779 ! 0.901 ! 2.UO ! 2.UO 

10 W-, 7 h/dal" 6.39· 1.1 Z6.71 n.93 

! 0.121 ! 0.957 ! 2.551 ! 2.110 

50 W-' 7 h/day 1'- - - -
DIS, 200 -'lik9/day 4.17 1.77 31.41- ZO.15 

! 0.779 ! 0.90a ! 2.420 ! 2.665 
--

A - IIOOk up-turned or hook .10ftfJated 
•• ___ -ahap-' bea4 
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251 211 268 240 27' U5 n, IH 269 200 27t 230 
260 2U 270 220 210 224 -- 216.4 215.7 221.1 

.! •••• ! 11.7 ! 20.5 ! 10.' 
(e) US ..... 18Ced •• n. - _S-1 tIIouoJIIt to lie JIft9Ilut 
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,.,.IIIID%. 'I'MU .,-3 

.... ahloro-l.]-but.41ene 
Dca1naDt LethIII UHf 

11141"ldua1 leidy welghte 1" 

IIIllUp1e Doe1.,. Air Control 10 ~I -
_mal Dar of Doebe 

IN ...... 
1 J , 

"III '61 375 In 
1'. 377 112 115 

". ,,, .7 111 

"'" 40O UI Ul 

11511 M5 H2 31' 

" ... '.1 401' 400 
.. 1. 11,.. lI5 3,U l.t 

HIlI 357 117 lU 

M. 157 317 371 

"011 '0' US no .... ]71.4 I '".7 3'0.2 
:t I.D. ! 17.1 I ! 20.5 ! 21.' 

• 5 

'10 38' 
III lU 

117 liS 
U6 '11 

'77 377 

410 US 
400 402 

"I 373 

370 374 
Ul u, 
114.0 391.2 

! n.3 ! ~2.7 
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mpDIX'fULI: .-3 (continued) 

.... cblo~I,3-but.dl.ne 

_Uh.i. I~, 1C -
lam.1 Dey of DHlat ... .... r • a 1 • 5 

37111 380 31Z 112 315 114 
nail 367 371 371 377 371 
37_ 3" UI 412 U7 421 
37.11 UO .2. 420 427 429 
37511 357 360 360 362 361 
37611 356 31Z 360 160 162 

lid. 37111 .. 6 U. 420 .., 429 
37111 371 371 310 371 310 
37. 3,. .01 403 406 406 
3.011 .03 401 405 405 407 - 117 •• 191 •• "1.3 3U.7 395.' 

! I.D. ! 23.2 ± 22 •• ! U.S ! 24.2 ! 26.2 
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aual Day of DNlII9 ... ..... 
1 I , 4 5 

lIl. n5 H] 151 n. 32. 
lIl. III 371 ". 351 353 
lIlII 357 no In nl U3 
,.4. '14 '44 '40 lJ3 no 
lI511 lI] ]71 172 ]50 357 

l'. n. ]12 lil ]50 150 
.. 1. lI711 35. ]54 ,!U ]3' 13' 

] ... 351 ]5] l52 ]45 n, 
Hill 31] 381 J76 "I In 
)tOIl ]57 340 JlO 311 315 

..... "1.5 312.2 ]51.1 342.' 340.' 

! •. D. ! 11.5 ! li.l ! 14.7 ! 13.2 ! 15.1 



"1 

.... chloro-l,l-bQt.di.ne 

MiMl De, of ~1JIf ... ...-..r 1 2 J 4 , 
3UIl 311 174 361 351 351. 

3tlll ltO l85 169 151 ,4t 
lUll 410 400 393 171 370 

394M U4 396 JIO 362 152 

"511 416 404 390 375 365 

1"11 ltt J77 365 3t6 33S 
.. 1. 11711 417 414 401 ]18 181 

391M 110 310 345 331 )19 

39911 3,. 316 374 '51 l4S 
40011 117 lU 3,. )76 370 

..... toe •• ltO.O 375.t l62.5 353.6 

! '.0. ! 12.t ~ 14.0 ! 16.1 ~ 17.1 ! U.5 
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.... cbloro-l,l-bQta41ene 
lpera AaInoraaUtJ 'bat 

I"1v14ual lady .. i,hta (9) 

1ID1tipl. Dod..,. Air CCllltrol (0 ,.., 

Aai8al Dar o~ Doa1nt ... ........ 
1 2 J 

32111 21 2. U 
32211 U 21 21 

lUll 25 U 21 

3UII U U 2& 

325. 25 U 2i 

.. 1. 3UII U 25 25 

321. 31 21 21 

321. 21 21 21 

32911 21 21 :n 
nOlI 21 29 U ... 26.3 21.1 21.0 

t I.D. ! 1.2 ! 1.4 ! 1.3 

4 5 

29 29 
21 21 

25 25 
21 27 
2& 26 
21 27 
27 21 
27 21 
27 27 

30 30 

27.1 21.5 

~ 1.4 ! 1.1 
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APPIIIDIX'l'UU IW-4 (csmUnued! 

.... Qblo~-1.3-buta41.ne 

Jlgltlpl. Do.1II9, 10 JIIa .-
1M Mmal Day of ~1n, 

-....s 1 2 J 4 5 

3UII 29 21 ZI 29 21 

33211 at a7 21 U 10 

3U. 27 2S 21 2i 26 

314. 27 25 27 27 211 

335M 27 2' 27 25 26 

Mal. U'. 27 26 21 27 2' 

U7JI 21 11 2t ZI 21 

31811 21 27 at 2t 19 

33111 11 27 29 28 21 

340. ]0 2t 31 30 2t 

..... 21.0 2'.7 28.3 27.9 27.1 

! •. D. ;!: 1.1 ! 1.3 ! 1.) ! 1.4 ! 1.4 
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APP..,IX 'l'ULK _-4 I COIIt1nued I 

IIIIlttple Do.U" I 50 ppa 

..... 1 De,. of DHlII9 ... .... r 
1 a l 4 5 

lUll zt la) - - -
3UII a5 la) - - -
3UII 26 Ca) - - -
lUll 27 Cal - - -
34511 2' la) - - -

... le lUll 26 Cb) - - -
34711 24 Ca) - - -
34111 21 Ib) - - -
34911 25 Cb) - - -
35011 a7 Ca) - - -..... 26.4 - - - -

! I.D. ! 1.6 

Ca) • AllilNl f01lll4 dea4 
Cbl • AllilNl killed in axtr .. i. 
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»PDI)IX !&aU "-4 (continued) 

.... chloro-l.3-butadl.n. 

MS.l 
De,. of Do.in. ... ....... 1 a 3 4 S 

351M 26 25 26 26 25 

152M 29 21 21 28 27 

353M at 21 27 27 26 

354" 27 27 21 27 27 

155M 29 29 29 29 21 

... 1. 156M 27 27 26 27 27 

35711 26 26 Z7 27 26 

151M 26 26 25 25 2l 

lSlM 26 26 26 26 24 

360M 30 at 30 31 29 

..... 27.5 27.1 27.2 27.3 26.2 

! '.D. ! 1.6 ! 1.4 ! 1.5 ! 1.7 ! 1.1 



.u.t1plll DOelJlOi I 

AIliMl Sl~ ....... ...... 
125 156/1 

156/2 

126 154/2 

154/4 

12' 2211 

22/2 

121 72/1 

?l/5 

127 JI/1-5 

122 157/2 

157/l 

124 lU/l 

112/2 

no 65/1-5 

12l 102/5 

102/2 

121 35/4 

35/5 

"poll TUL! CA-IIHt 

... ..::hlo_l,l-_~l_ 

~tic Analy." of Rat Bone Marrow C.1l. 

aar-ti~~l Aberration. scond 

Ma1M 

AU" Control (0.sa' 
.... 11 ... n.. .11 

apn.4. ....... IIUIIiIMI' of 
CIIIMrM4 aa.rr.Uou per ~ ... 

apr .... 
. ..... 

Wltlloat c:u_t~ c:u_ ... I 

hr hr 
..... 1 .u. IIbenaUaaa ~1~ 

I - .... •• /0" Gap .... •• /0" 

50 25 n 
! 

25 24 1 
D.l.101.21 

50 25 25 
I 
I 

25 25 

50 25 24 1 aarc.atld rr ...... t 62.1. 11'.1 

25 25 

50 25 25 

25 25 

0 0 0 

50 25 25 

25 24 1 3'.' • 10 •• 5 

25 25 I 

25 25 

0 0 0 

50 25 25 

25 24 1 
10.1 • 107.4 

50 25 25 

25 25 
-- - - --

ti 



L 
... I 
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J 
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j 
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• 
J 
! 

1 
J .. 
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l' .. 
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J 
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• • , 

'U· PJ 
!~ 

II 
• ... 

!I 
~I 
il 

.. .. .. .. ... 0 ... .. 
.. II 

• .. . . 
1ft : • 
~ .. 
If 
~ ~ 

J J ...... 

11'1 ... ... ... .. ... 

1ft 1ft 1ft .. .. .. 
0 0 
1ft 1ft 

sss • 
• 0 ... ... ... .. 

1~ 

.. • • 0 .. ... .. • 
Ii .. .. ..; .. .. ..; ... • 0 ... ... .. .. .. .. ... ... ... ... .. ... ... .. 
II " " 14 " " " " • .. II! .. ~ • ... '" . .. . ,: 0 .. 1ft 0 .. • • 1ft .. .. '" ... ... ... 

-

...... ... .. .. ... .. .. 

... on ... on • 0 11'1 on ... on '" on '" ... on '" ... .. ... ... ... ... ... ... ... '" ... ... '" ... N 

1ft 1ft 1ft 1ft '" 0 '" on '" on '" on on '" on 1ft .. .. .. .. .. '" .. ... N '" N N '" ... N 

0 0 0 0 0 0 0 0 
1ft on 1ft 1ft '" '" on 

I ......... .......... N" .., ..... N .. fit filii 

~~~ ~~~~~~ ""'" N ........ ,., ,., ....... ... "'0 ....... ........ fI'I ,., ... .. ... ..... 
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.. 1t1pl. Da1D! I 50~ ..... 
... 1 ... ....... 01 

.... 1 11* ...... ....... ...... .. .. .. Irltballt 
Aas.1 .1Ue 

~.tl_ 

Ul 120/1 50 as 25 
120/4 25 25 

144 '412 50 25 25 
'C/l Z5 ;u 

141 115/l 50 25 25 
115/4 25 25 

150 155/1 50 25 25 
155/3 25 24 

141 31/4 50 25 24 
]112 25 25 

US 57/1 50 25 25 
57/2 25 25 

147 114/1 50 25 25 
U4/3 25 25 

146 113/1 50 25 24 
113/4 25 25 

142 111/4 50 25 25 
UI/5 25 2l 

L:9 U4/5 
50 I 25 i 25 

134/4 25 24 

MPaDU "MY CA__.. C_Siplled, 

a.p 

1 

1 

1 
1 

1 

..... 1_1.l-t.udi_ 
.. lee 

'_H __ I'll 

CIII .. n"~.u.. ....... . 
a.r.aUII a.--a.. __ 1~ 
•• r •• /0 r - •• r • _/0 r 

1 aar-Ud rr~t 

1 

I 

r I 

, II 

~ .., 

3'.1 • 1It.2 
st .... 10'-.3 

5i 

12.1. lll.0 
35.1 • lot.' 

30.7 • 111.5 

5C.' II 111.0 
53.4 • 10 •• ' 

164.7.111.4 



IllUU,18 uo.UII! , 

Aa!aal .li6e ..... ~ 
157 lU/~ 

lU/l 

151 12t/1 
12t/~ 

129/3 
12'/4 

15t II/I 

11/2 
160 21/1-5 
lSI 98/3 

tI/2 

'" i "" 51/4 

..... pn 'I'MIf CA-IID-II CconUllaed' 

IIU&cIlloro-l.l-batadi .... 
... 1 •• 

Ktayl. _~.lIl.paonaC.. ...1111 .,r"'il 
~ ....... . ..-.- • u 

~- ....... 01 0IIMneIl AllHraU_ per IpnII4 ... 1 ... . 
v.n1_ "'1'..0_ .. .. .l~t dlr.-.tl4 Cbr_ --Abarrat1_ .u-l~. "1M! .lide c.p IvP I w/o P o.p Iv. • _/0 • 

1 aobert~i .. SO 25 ~l 'rr __ 1ocation 1'.7 • 112.2 
1 ralr of RiIlllta. 
1 Chroaat14 Pr~t 
1~ __ 1 U.1i • 110.' 

PraCJllent 
25 21 1 

41.1i. lll.7 
1 ExchanCJe 45.7 • 111.t 50 7 7 

11 16 1 55.2 • 105.0 
1 15.3 • 101.4 

~O 1!1 1 U.4. 107.7 5 5 
SO 25 23 1 U.S. 113.1i 

1 
3~.1i • 114.4 

25 24 1 1 Exchange 1i0.1 • 107.5 I 1 Chr __ tid rr~nt 0 0 0 I 
50 25 21 1 ta.7. 112.5 I 

1 1lu1tl Aberration 40.1 • 112.3 25 22 1 44.6 • 10t.1 
1 39.9 " 10t.l 

1, ____ ' ............ ~. . . ,.. , 'rran.loeatien • • 50 25 24 
47.7 • 112.0 25 25 

--- L _ 
---- - ---

i 
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~ ~ ~ ~ ........ 
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.. .. .. .. 
fI't .. __ N .... 
0"'.'" _1ft 1ft .... .. ~ 

I I 
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~ ~ ... ... .. .. 
1 I 6 
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.. .. 

11'111'1'" ... 11'1 11ft 1ft 11ft ...... ... .. fill fill N 

11'1 11'1 on on aft .... 11ft 1ft ......... ... .. N N'" 

0 0 0 0 .... on on .... 

... on ... ~ ........ 1ft 

~~~ " .......... .. ... r- ... N ... ... ... ... .. ... 

... ., .. '" on .., ., III .. ... ... ... 
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D .. ... III .. .. .. 0 .. III .. 

J. ~N .; : ~ ,; N"; ..... '" .. .... ... ..... .... 0 ..... . ~ ... .. ... .. .......... ... ...... .. .. .. .. .. .. .. It M 
" " M ... .. "! "! '" ..... '" N .. 
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I I t .., ... ~ 
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j 

1 -.. 
I ~ 

J 
• I .. 

42 • ... 

i • 
r 

l .. 
i 

= • I .. • ... 
• , .... ... ... ... ..... ......... 

t U' i I Ji ... 111 ... 1ft'" .. 1ft'" .. .. ", .. '" .... III 1ft III .. " 
.. 

"j ... ... N ... ... N ... to ... ... .. .. ... .. NN ....... .. 
e 
... N.a j &:: 1ft'" 1ft 

1ft 1ft "''''''' 
1ft .... '" ... .... ...... on "'''' 

... ", 

11 
...... N fit .... ,.. N I'll N ... ... ... N ... ... .. ... ... ..... • 

" 
... 

~ II D 0 D D 0 D 0 0 0 0 
1ft III '" 1ft OIl 1ft .... ... '" '" 

! 
~I 

....... "'" .. lit .................. N.., N N,., .... N 

I ~;::~ "" .. """ ~~~~~;;,.;;,. .... ,..,..,.w .. ",,... ........ ......... ""' ........ ,..._ .... "f'tN 

i '" .... .... .......... ~ .... ,., .... ~ '" .-tNHftfiCf'lN 

il '" .. .. .. Oft • .. '" .. 0 
:f 10 • • • • • • • • .. 
i ... .. ... .. ... ... ... ... ... ... 



... 

.. .. 

i !I 

III 

t .. 

, ..... 

1ft .... ......... 
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_~t1Ple _1l1'li' 'O_ 
1pnaII. 
... 1 .... 

aataa1 Ila.. ..... ...... hi' hi' 
Jlnt.al 11111e 

304 224/3 50 25 
224/4 25 

310 315/1 50 25 
315/f 25 

301 ltl/3 50 25 

1'1/4 25 

301 l75/l 50 25 
275/4 25 

302 271/2 50 25 

271/4 25 
303 210/1 50 25 

280/4 25 

30' 194/2 50 25 
lt4/3 25 

307 274/4 50 25 
274/3 25 

305 217/2 50 25 
217/4 25 

30' 273/2 50 25 

l73/S 25 
~ --- -

IIIIIIIIIU of 
Ipn .... 
.1t:~t: 

Abaccat1_ 

2S 
2S 
25 

25 
2S 
25 
2!) 

2S 
25 

25 
23 

25 
25 
25 
25 
25 
2f 
25 
25 
2f 

--

.....,u ~ULI a-IID-,. lCOIIUnuecll 

Gap 

1 

1 

2 
'--- ~-

.... ablo~1,3-batadl.a. 
r.al •• 

~ad Abal'c.U_ pel' Spread 

CIlI'_t:U CbI'_ 

Iv" I v/o ,. Gap I v ,. I v/o ,. 

1 

-

S_l1M'I' _. 'Il 

~ 

liar 
1I1_1~. 

-~ 

46.1 • 110.5 
35.3. 110.1 

34.0 • 111.1 

66.5 x 112.7 



_lUple UMiat. 

Aa!8al IU .. ...... ..... 
3n 1"/1 

llt/3 

315 111/1 
111/2 

111/3 

111/'-5 
312 237/1 

237/2 
319 14./1 

241/2 

111 25./1 

251/2 
117 301/. 

103/5 

311 21t/1 
21t/2 

316 1621l 

162/5 
--

.... " -w !jA=tl 19!IIltia\J!!lJ 

.. ac:b1_1.3-bat .. l_ 

r.AlH 

.thy1 _tbaM •• 1I1bonate. 100.,/ltv I.-a •• 
~ 

....... 01 
........ --.:.U ............ -.. ..- ......... . ..... .. .. r W1tllaat ~ Clara.n •• .. 

.... r.tl_ 
__ 1~ 

AIlIMl IU .. Gqt •• r •• /0 r Gqt •• r • W/o r 

50 25 U 1 II.' • 1U.S 

25 23 1 n.l.lI •. J 

1 2 •••• "7.7 

It 7 7 
5 5 

2 2 

0 0 

50 25 25 
25 2. 1 13.' • 1n.1 

50 as :14 1 _ltl AIIerr.u._ JJ ••• 1".' 

25 25 

50 25 22 1 st.5. 1 .... 

1 n.l • 1".2, 

1 32.' • 104." 

25 2. 1 31.' • 10..5 

50 25 22 1 aw-.Ud rr..-nt 2 ..... 111.2 

1 24.5 • l10.2 

1 21.' • l10.2 

25 23 1 41.' • l11.1 

1 U.5. 111.' 

50 25 :24 1 5'.5 • 10'.2 

25 25 
50 25 2' 1 Jt.5 • 110.1 

25 25 

; 
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811191. oa.iD9: fthl'l_~.u 

~.:!:. 
AIa ... 1 • 1Ye ..... .... 1' "I' "I' Aas-l Sl.l* 

100 tI/2 50 25 

.. /5 25 

12 5/2 50 11 

5/3 25 

5/1 14 

" 157/4 50 25 

157/5 25 

" 10/1-5 0 0 

93 52/2 50 25 

52/5 25 

" 119/2 50 25 

119/4 25 

t5 47/2 50 25 

47/1 25 

,. 111/4 50 25 

111/5 25 
---

prppIX J.' 9 __ (OO!Iti!aed) 

.... ACbloro-l. J-buttld1_ 

1181_ 

LDboIIate. 250 .. /kg ..... lUll TDe' • a 

...... 1' of 
~ .... rralGa. pel' ....... ........ _natel' 

",:::-t aan-tld ~ lief 
at1_ 

111_11_. -•• r •• /0 I Gap •• r • ./0 r 

25 

25 

11 

23 1 U.' )( 10'.' 

1 50.7. ".3 

U 

24 1 Chrc.o_l rr.~t 21.1 • 10'.1 

23 1 U.' • 101.0 

1 65.2 • 107.0 

° 25 

25 
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_lUp1. DoaiJIg. Air Control CO PPlI 
LaIr. 10 PPI 
81tb. 50 PPI 

un.I)U ~ULa IA 

Buaclllon-1.J-bata41eM 
IIpera AIInocaaUty aa ... _t 

PoIIiU_ •• tIlyl _t:ban .... lphoM1t. 200 119/k9 

'lide lID. 1IODa1 
A 

14» ,. 0 

327 tl7 0 
332 " 0 

33' 12' 0 
151 120 0 

344 t77 0 

353 150 0 

321 ,,, 0 

335 t72 0 

351 975 0 

325 t71 1 

1450 ,,, 0 

331 .15 0 

UI n 0 

35' '70 0 

35' •• •• 
121 '41 1 

331 111 0 

342 .n 0 
n, 170 2 

~- -----
• 1000 • .,.na oollllta not otItalnabl. 

.. 110 a .. na otIH~ Oft a11e1ea 

8 

1 

0 
0 

2 

3 

1 

3 

1 

1 

1 

a 
2 

0 

0 

1 

*. 
Z 

0 

1 

1 

AtaIooraalUy 'I'otal 

C D • u.or.al 

0 0 1 2 

12 4 7 21 
3 a 1 4 

2l 13 35 71 

12 57 I 10 

I 5 , 23 

21 t 17 50 

21 16 2 40 

13 , 10 21 

I 5 11 25 

II 3 7 2' 
I 11 11 32 

5 3 7 15 

2 1 2 5 

15 5 t 30 

•• •• •• •• 
24 16 16 5' 

3 1 5 , 
13 , 17 17 

17 4 6 30 

7ot.l De e,"" Iaf_U._ 

Ix.i ... .. mal lID. CIrCNp 

100· J2l Air 

1000 322 Air 

100· 323 Air 

1000 124 Air 

1000 325 Air -1000 32' Air ~ 
1000 327 Mr 

1000 321 Air 

1000 3U Alr 
1000 330 Air 

1000 331 J.-

1000 332 J.-

500· 3U J.-

100· 33. Low 

1000 115 Low 

•• U' Low 

1000 117 Low 

200· nl Low 
i 

1000 U' Low I SOD· UO Low 



.. ltip" Doeia91 Ai .. c-trol (0 JIIIII) 
Law. 10 JIIIII 
.ip. SO ... 
.. iU". •• thyl _th . 

UP_Ill !!IL! SA l_tia-a, 

-...chl~o-l.3-.. ta4iene 

- - lpbcaate. 200 .,lk9 

AIiIftonellty 'llDta1 
'U" 110. ~1 AIIIIomal 

A a c D • 

All aalaal. dead .. a ...... It of cIo.1n9 

333 '" 0 2 21 • 11 •• 
352 tal 0 1 U 11 II 7. 
12li 451 0 1 19 • 13 U 
:150 460 0 a 5 7 • 20 
lU IS:I 2 a 25 11 1 47 
3)0 950 a :I 23 10 14 50 
:12. 965 1 2 11 2 19 35 
UI fl4 0 3 II 25 27 " 121 941 1 3 28 , U 5. 
:I" , .. 0 1 U 7 14 51 

• 1000 apera count. not obtalnabl. 

'llDta1 
... .,.,... laf_t,-...t ... ..... 1110 • GrcNp 

341 
0._ 

342 al'" 
:143 o.tIl 
:144 .,tII 
:145 o.tb 
341 o.tIl 
347 ., ... 5i 
3 .. aitll 
:141 8'tIl 
350 8'tIl 

1000 lSI + 
1000 352 + 
500· 153 

1000 35. + 

1000 :155 + 
1000 lSI + 
1000 357 + 
1000 35. + 
1000 1St + 
1000 liD + -




