285-0561

‘response to your lettev of

requesting certain information ~_acerain

-sscond -inhalation study mentioned in my letter of Sentember 5,
1985 s attached (Attachment 1). We have not writter a fins}
veport for the first inhalstion study, but plan to prepare such
~_report by the First Quarter of 1986 and wz will provide & copy of
“Lhe tinal report when it has been completed. '

. Also, ss requested, we are enciosing a cu.py of tre study
“of Mortslity and Cancer Incidence among workers oxpossd o

“1,4-dichlorobutene-2 at the Victoria Plant {Attachawat I,.

In sddition to the above, Mr. David R. Ni: 1ams cf your
office has asked that we provide copies of corrzsuomidence acta
the Interagency Testing Committee (ITC) or the Inlerr . ional
Agecy for Research on Cancer (IARC) reiative to 1,4-3: chioso-
butene-2.

:'7. . . b  - 5 gw ‘nV.n' ] atas rnnv nf the i ﬁ‘.},,i‘ﬁﬂﬁflfiﬁfﬁ,i e



_ Document Control Officer (WH-357) -2-

s JIARE imocooperation with the 4.5, Nstional Cancer

- Institute ronducts survevs of institutes throughost the warid

L ehat-undertske long-term testing of chesmicals for carcino-
genicity. IARC publishes its survey results in an informat;on
bullatin so as to enable such institute, to svoid unnecessary
duplication of research and to increasz communical ion ams-g
scientists. The Haskeil Laboratory is one of the l.atitutes
pclled by IARC and we have pravidad informat.or o assis
in its efforts. We are providing & copy of the title page asd
page 187 of the 1984 IARC taformation Bulletin whics include am
entry on 1,4-DCB for your fiies {Attachment 3.

dith regard to “he [TC review of 2,4-dichioravat nel,

we are enclasing as Attachment &4 the following.

A jetter from O. Modi, dated November 23, 98;
traremitting information on 2,4-DCB to tue P19 ran-
tractor which included the following Snfarsat 1o0
relating to 1,4-DCB:

-

@ An April 1981 Haskel] (aboratory Literatare
roview which included the following:
- A summary of the findings from tne f.oa!
1,4-DCB inhalalion study.

Information that 3 secand chrsais
study on 1,46-DCB at levels of 0,
and 1.0 ppm was starting.

A summary of the epidem:inliogy
Victoria plant workers,

We trust that the above documents wil]
as you continue your review of our reports and,
sanant of

J Y W,
LIFET O TTIFEF

tion study upon completion.

Sincerely,

Choclie F Nosmbasd *

Liaries ¥ He engrir, ™,
Dir

.
F

e~ Or

CFR/z1m
Enclosures
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Qual fty Assurance Secum

Date Issued: ber 24, 1985

This report contains 568 m
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STUDY: MR 3616 /#D 5172

1,4-DICE_ONOBUTENE~2 {IXB) IN KAIS

Interval

AMudit Dates

Audit
Repore ¢

LONG~-TEYM INHEALATION STUDY WITH

Date Findings Raported 1o
Msnagesent & Study Director

3 rouchs
6 montks
9 mor:chs
12 moritns
15 zonths
18 months
21 months
24 months

11/20, 24, 25/80
2/25/81

5/28, 29; 6/1, 2/81
8/i: & 24/81

117312, 13, 16/e1
2/26; 3/1, 3, 4, 3/82
5/25, 26, 27/82
10/4-8/82

221
236
233
27
285
1)1
311
329

Reported by:

11716/
37278
6/3/8%
3/is/i0;
1i/a678;
35782
5/18/87

14731742

:; Z£H ¥ ‘?ﬁ, W .
Chrisiians Barsa
Quality Assurance Audit-y
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16, Mean Relstive Organ Weights (s lody mgm of Wale fats Expased for
Nineteen Monthe to 0, 0.1, 0.3, or L.Uppm 1, l-&fcmm:ac-z and
“Held-for an mitfmﬂ Five nont’is P e e e e & & 8w w e

17. lltsﬂ Imr lncidme fn Male Rats Exposed t 0, 0.1, 0.3, or 1.0 ﬁﬁ
1 " -Df "“ arwmne'z . . . o . L4 < . - - - » . -

18. Nasal Tumor Incidence in Male Rais Exposed to C, 0.1, 2.3, or 1.0 gpm
1,4-Dichiorobutene-2 Adjusted to Eliminate Rats with (orynebacterium
!ut“mri [ ] [ ] L J [ ] [ 3 » * L ] * L 4 [ 3 - L * - - - [ 4 * * é&
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“to olucidate the tiae-' and douonsmn
lowlncl l.l-ﬂchlomﬁutene-z (WD) inmhmmr

cmp u 1so nts), 0.31 ¢ o.m (arow m.

for;madd‘ltioml 5 mtns.

During the study, rats frou the various groups were sacrificed according
e to Lhe l'onwing schcﬂun and mropsied. :
Number of Rats Sacrificed

Test Montn mr—cmw
T 0 ppm 0.1 ppm 0.3 prm 1.0 ppm

10 [ B 10
0 0 10
.0 0 10
0 0 10
0 0 10
10 .10 10
10 10 10 10
0 0 0 10
10 10 10 9
M A Al AN
Surviving Surviving Surviving Surviving

-9 .
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Tissues from the respiratory tract, lymph nodes, and brain wers e 1lsdtes

“microscopically.

Ouring this study, rats in all groups exhidbited infection by Corvnet .-
terium kutscheri which was manifested as necrotizing bronchopneumocn:s. The

infection was first observed in rats from the control group during the sixth
month, in rats from the low-exposure group during monti efght, in rats from
the intermediate group during month 15, and in a few rats from the high-

exposure group during month 16. Despite the presence of the infection and
associated pulmonary pathology, the infection was not corsidered fo have
adversely affected achievement of the study’s objectives, since DCB induced
oncogenic effects in nasal tissue while the necrotizing bronchopnesmonia
associated with C. kutscheri infection occurred in the lung. Exclusion of
daia from rats that exhibited pathological evidence of infection substantiales

this conclusion,

Mean body weights and weight gains cf rats in the DCB-exposed groups were
generally greater than those of rats in the control group during the study.
This was most likely the result of lower body weight gain of controls due to

early infection with C. kutscheri.

Mortality and clinical cbservations made during the study were generaily
considered related to the C. kutscheri infection. (Clinical observations
included resniratory abnormalities and colored discharge from the nose and/or

eyes. After mortality was adjusted to eliminate scheduled sacrifices anc the

oy
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2 7 #ins vhi 4 3 cccurnd in thou rus ﬁafntcd tﬂti‘
!\o'c !s. .15 coincided with the occurrence of respirstory |
ek nknd:m i"t'wsz'.. iucidm:c of uorunty. mc pulmonary lasfons

'l:ud s a..-sw.ur; abscesses. pleunl ﬂbrous or fibrinous

Urcr...:!nr ’w,tnﬂ ~udate, pleuritis, and suppurative or

ST TR TS e e

m— ot .
me_ii),ﬂ' vr Yesion CiaurTee

hsﬁut R don»mpomt reis Lw.-wip. W] n nwiau.»le to l!:l uoosuru
' tliru months 9f ex, 23ur, RALI3R" strophy 823 Dasac cell hyperplasia of
o the lid-dorslt nasal cziity wes fcunt in Group IV rats  The incidence and

T severfty of these iesions ware groster in subsequent sacrifices. At ten

Mwl'o'n'ﬁls.r 7nieynlf$m' IV ret® '.é¢ clusters of eoitielial-like cells at the

" base of the epithelfal 1iniag in the clfactory regicn.

$13103 43

gamend S Sha mae 1l masine sad sae cancidarad
L e B



, At the 12 month sacrifice, rats from all OCB-exposes growps (but mot
i mtm:,,ngﬂ, _had - slight basal cell flat?- ‘ng/hyperplasia, MUCOSAl strophy,
and clusters of epithelial-itke celis in the bastlar epithelium of the dorso-

anterior ol factory rejion. Somz cf the Group 1¥ rat: had clusters of azypizs!

cells in the same ares. These changes were obse-ved at subsequent sacrifices.

Benign tumors (adenomas) were observed in Group 1V rats starting at IO
montins, in Group 111 at 12 months, and in Group Il a3t 19 months, Benign

tumors occurred in the respiralory region of the nasal cavity.

Malignant tumors o:curred in the olfactory region of the nasal cavity.
These tumors were observed in Group 1V rats sacrificed in extremis stariing in
the period between 12 and 15 montas, in Group 111 rats that died or were
sacrificed after 19 months, and in a Group 11 rat during month 17, Tne
mal ignant nasal tumor in the group II rat was not cledrly attridbutadie to XS
exposure. One control rat, sacrificed in extremis in the pericd detween 5 and

9 months had an unclassified sarcoma of the nasal cavity.

Tumor incidence datu were adjusted for survival because of the occurrénce
of the respiratory infection in some rats. Estimates of lifetime tumor inci-
dence of benign tumors, malignant tumors, as well as all types of tumors
combined were analyzed by the method of Peto et al. When anaiyzed by Inis
method, there were statistically significant dose-related trends in the
incidences of both berign and malignant nassi tumors when looked al Indepes-
dently or wnen both types of tumors were combined. The incresse is 1umyr

incidence was statisticaliy significant at all exposure concentrations for







- MEDICAL RESEARCH PROJECT KOS. 3616-001 AND 5272-001
M“W

HASKELL LASCRATORY REPORT NO. 477-85
Introduction
The subject compound, 1,4-dichiorobutcne-2 (DCB), s a coloriess Tiquts

found as a by-product in unrefined chloroprene at conceatration of

approximately 0.023%.! DCB readily penetrates the skin, nydrolyzing to

hydrochloric acid thereby producing severe tissue dnage.l’z €8 vapors

produce eye irritation and lacriution,i’z DCB is highly toxic on an acute
basis when adminfstered to rats by the inhalation route of 2xposure, The
median lethal concentration (LC50) for adult male rats exposed for four hoyrs

to trans-1,4-dichlorobutene-2 was 86 ppn.z

Histopathologic evalustion of male and female rats exposed to 8 or 12 poe
OCB, sfx hours a day, five days a week for four weeks raveslos infiamngt ion
of the respiratory tract tissues and eyes.z The ocular affects o/ notr
exposure groups were reversible after 2 two-week recovery period; the
respiratory inflanmation was reversiple only in -zis exposed to 8 ppm., These

effects were not observed in rats exposed to 0.5 or 2 pes OCB.

In a previous long-term Study, groups of 140 rats’/sex/exposure groupy werg

exposed to 0, 0.5, or 5 ppm (decreased to 2.5 opm) OCB for six hours a gy,

R E )




Tris ,Stuiy:ins" cosponsom by thoPolyllr Products Department (forwmerly
ﬂntanr Mc«ls Departnnt) ‘and the Central Research and Development
anm lnd was conducted 1n the inlulation facilities at Haskell

ubontory for toxicology and industrial Medicine, E. 1. du Pont de Nemours
and m:, 'ocated in Mrk. oclmn.

000<0
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The test msterial, 1,4-dichiorobutene-2 (DCB), was supplied by the Centrsi
hmrclland Development ﬁepartnni, £. 1. du Pont de Remoure end Campany, &3
a8 Viquid mixture of cis- and trans-isomers which met the following specifs-
cazfons:

cis-1,4-dichlor. butene-2 35+ 108
trans-1,4-dichloroputene-2 45 + 1%
3,4-dicklorobutene-1 <0.52

1,3,4-trichlorobutene-2 <50¢ ppm
high boflers <S0C ppm

The samples were preparer by distillation of 3 4-dichiorsbutene-]
(3,4-0CB-1) side stream to remove 3,4-DCR-1. Disttllation was performed by
the Zentral Research and Development Department from samples of 3 4-DC8-
supplied by the Polymer Products Department. Approximately monthiy shipments
of DCB were received by Haskell Laboratory in acid-washed dorosilicate glass
and stored at < 0°C until usec., The test materials were assigned 3 Haskell
Laboratory identification number (H #13,601) and were wsed for the generstion
of ciiamber atmospheres from 8/25/80 to 4/14/82. Stability of the test samplz
was not analyzed on this study since DCB was prepared fresh monthiy ang

tr .en and since chamber concentrations were monitored for DCB esch day.

Records Retention

Al1 original toxicology data and the original of thi: report wili De
maintained at Haskell Laboratory for Toxicology and Industrial Medicine or

at the Hall of Reccrds £. I. Du Pont de Newmours and Company, Wiisisglon,

G0y




.1”,“,.“ any ;u.u.l ‘signs of disease of —fuju".v- At ‘",' end of the

pret Eﬁﬁd and on the basis of weight gain and freedom from any clinical
| Sfﬂ' of disease or injury, saa rats were divided by computerized stratified
" distrisution 1ato four grows. Following assigment to the trestment groups,

~the order of rats i each group we. randomized and the rats were individually

0002




" fdentified by means of toe- and ear-clips. The rats were psir-noused in

o suspended, sizinless steel, wire-mesh cages. Each grovp of rats was
designated to be exposed to ttiaspbens which contained the following

concentrations of DCB:

Group Nusber of Nowminzl DCB ,
Designation Animals Cocentration (pom v/v;
1 160 Control (0 ppm)
Ii 150 0.1 ppm (B
® , I11 150 0.3 ppm DCB
Iv 128 1.0 ppm DCB
8. Diet and Housing
®
Throughout the pretest and test periods, excest during exposures, al!
rats received Purina® Laboratory Chow #5002 Checkers and tap water ad
® 1ibitum.

During nun-exposure periods, all study rats were housed in rooms separate
from exposure rooms. Relative humidity levels and temperatures were targeted
at 50 # 10 % and 76 + 4 °F, respectively. Control rats were not housed with
rats exposed to any other test material. Initially, rats were noused in
single-pass, flow-through ventilated animal rooms with control anc low-duse
groups each in separate rooms and intermediate- and high-dose groups in the
same room. Housing procedures following the outbreak of a respiratory

infection are described in the following section.
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mi tﬁt same- time that tmtnnt of the coutrol-group rats was
nfmtitum, duﬁng ﬂn unntl'a month of ‘the study, sfgnt of c. Imtsch&ri
;_—Liufccuon m observed amony rats in the low-dose group. These rats were
tbtrefm nved 1nto 8 lnfuar-ﬂou. fﬂured/ncircu!atecs. '1r venthated
o V'tuiml room, _ However, the DCB-exposure regimen for this group of rats was
ljjm fnurrwm During test lonth efght, rats from the other three groups
'nn—,silflarly,mm and all rats were thus housed until termination of the

OCB exposures during the nineteenth wonth of the study.
| - -19 -
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Mur c. thscmi faffcﬁm sprm to nts W tﬁl’ im gms;, ;it

" rats in the study were treated -un 643 mg tetracycline-HC1/L In the drinking

witer. The trestment extended for tw werks (study days 263 hrough 257) and
the approximate daily intake of tetracycline was 9 mg tczr;cyﬁiﬂcﬁ% g ¢’
'body weignt. ‘Mortalities were again observed during the ninth month 5t the
study, five weeks after cowpletion of the tetracycline treatment, Tnerefcre,
second and third administrations of tetracycline of eight and four waeks
duration, respectively, were initiated during the ninth month (study day: 292
through 345) and seventeenth month (study days 526 through 554} of the study,

respectively.

Despite the hygienic and chemotherapeutic efforts, the (. kutscher!
infection persisted. Because the continued presence 3f the infectinn in
Haskell _aboratory threatered the heaith status of Haskeil's entire rél
populaticn, the DCB exposures were terminated approximately 19 months after
initiation of the study and ail rats were transported to Stine l2tarastory
Byilding No. 10, a Du Pont isolation facility located on the Stine-hmaskell
Laboratory site. Relocaticn consisted of transporting cage racks conzaining
the rats 0.75 miles in a truck with a heated cargo area (25°C). Each cage
rack was exposed to the outdocr environment for a total of approxisately one
minute (30 seconds each during loading and unloading). Weatier conditions
prevailing at the time of the study's rejocation were mostiy sunny, Lemgar-
ature 62°F, and 31% relative humidity. Tota: time to ioad. trinsport and
unload all study rats was approximately 20 wmisutes.. At Stine paboratory, s}

rats from the study were housed in a single animal room.

03025




e. test groups ‘were left in their respective

“Chambers vor 'npproxintely 20 minutes to allow clesrance of test

om chamber amspheres bei’ore “transfer of rats to housing

'dlﬂy durmg unloading and loading procedures. Contrel rats

n‘treated euctly as test nts. except that the control chamber did not

W":outain ust nterial
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DCB chamber atmospheres were generatad by bubbling nitrogen through

liquid D5B maintained between 8 and 10°C in an Exacol Constant Temperature

Bath, Model #EX200. Brooks flow meters, models R-2-15-AAA, R-2-15-A, and
R-2-158 were used to generate the low, intermediate and high expgosures,
respectively. Chamber atmospheres were analyzed for (B at least hourly
using a Hewlett Packard Model 5880A gas chromatograph (G.C.) equipped with a
1 mL sampling Toop and a flame ionization detector. Chamber atmospheres
were collected for analysis by drawing chamber air througnh the G.C. sampling
loop with a3 Neptune Dyna vacuum pump Model #2. The G.C. column was 5% Ov-7
on Chromosorb® G-4P 10C/120. 6.C. oven temperature was approximately 116°C
and detector temperature was 250°C. Peak areas were measured and compared
with those produced from known standards. Standards were prepared daily by
quantitatively injecting liquid DCB into glass saapling botties and then

preparing gas dilutions in Teflon® sampliag bags.

F. Body Height: and Clinical Observations

A1l rats were observed at least twice daily on exposure days for gross
signs of toxicity and changes in appearance and behavior. In addition, each
rat was individually exzmined for abnormaiities in appearance or behavior
during each weighirig session, The cate of appearance, location, and size of
all observed masses were recorded. On weekends and holidays cage-site exam-

inations for meribund or dead rats were conducted. When possible, the cause




) prctein cmrlctcristics. Rcwlts of these eu!uations

fned in ifcparito 'Experinnul Statfon records.

: ”-Plﬂ!ol fcal Evaluations

W xiﬂtﬂy ﬂem months after the start of exposures, ten rats each

frol tlic control and high-exposure (1.0 ppm) groups were serfally selected,
criﬂced by chioroform anesthesia and exsﬂmtim. &nd necropsied. Ten
rats. fron tnc Mgh-cxposure group were sacrificed at each of the foilowing

T time 1!ltcrnls. 6,9, 10, and 11 months. At 12 and 15 months after the study

00025




S ‘S’tﬁ‘f.'”ﬁﬂ v"mirt's" fm fnti exposure grovp and the control grous were sacri-

ficed, After 18 months of exposure, ten rats from the high-exposure grows

_ were sacrificed, but the scheduled sacrifice of the :iontrul, Tow- and

intermediate-exposure groups was postponed until approximately 19 montss when
exposures were terminated. All surviving rats were sacrifices agproxizstely
24 months after the start of exposures., A}l rats included i1 the scheduied
sacrifices and those found dead or sacrificed in extremis during the study
were subjected to a complete gross pathological examination and
histopathological examination of the entire respiratory tract (nasai
turpinates, trachea, lungs), cervical Iyvmph nodes and brain except when
tissue autolysis prevented evaluations as noted in the pathology reports.
The following tissues_frau rats in the scheduled sacrifizes were weigned:
brain, heart, lungs, liver, spleen, kidneys, testes, thymu,, 3crenals, snd

pituitary.

1. Statistical Methods

Daily exposure concentrations were estimated by calculation of the

averages of the analytical data for each chamber.

Body weight and relative and absolute organ weight data were analyzed by
a one-way analysis of variance. When the test for differences emong test
group means (F test) was significant, pairwise comparisons were made Delween
test and control groups. For body weights, these corparisons were maze with

the least sfignificant difference (LSD) test. For organ weijhts, the




"_rﬂbms mﬂms. mnc-
and swpuuttn or necﬂmxins

F imr 1 4 Euct ust was uwi to caqurc

X ,catin,of‘ c. kutsclmi., Signiﬁum -gs :quga at the

of :l'ifert:i; ‘tumor fincidence were made by “the Keplan-Meier

prccoduu. ‘l’unr rates- were analym by the method of Peto et al. » where

"ﬁntmrm assumed to be incidentﬂ. For purposes of analysis, sdenomss
,lmi -psrﬂti idtuons were cmfntd into the category of dbenign nassl
tuors Tln fcnowfng designations of nasal neoplasms were combined into the

| f!uuoory of uﬂgmnt nasal tumors: unclusified sarcoms, spindle cell

T S8rcomi,  rhabdomyosarcoms, ad(moarcinm, carcinosarcoms, squamoadenc-
arcinm, and -iud carcinoma. - Incidences of pulmonary tumors were alsc
. mlyud by tm method of Poto et al.
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A, Analyticai Concentrations and Pﬁrnz

DCB was analyzed at the Experimental Station prior to shipping and was
within the specifications described in the procedures section.

Datly average chamber concentrations of DCB are tabuiated in Apperdix 8,
Mean weekly concentrations are contained in Table | and Figure 2. Over the
86-week exposure period the daily average concentrations were 0.10 * .01,
0.31 ¢+ 0.01, and 1.05 + 0.06 ppm for the low-, intermediate-, and nign.
exposure groups, respectively. The average daily chamber concentrations
ranged from 0.08 to 0.15 ppm, 0.25 to 0.39 ppm, and ¢.79 to 1.3 pgnwigraggg

i

low-, intermediate- and high-exposure groups, respeciively,

B. Body Weights and Weight Gains

Individual body weights are contained in Appendix C. The group mean body
weights and body weight gains are contained in Tables 2 and 3, respect:i. .
Group mean body weights are shown in Figure 3. The body weiahts renartea ia
Table 2 and Figure 3 are adjusted tc represent the same study day, 2!thcugn

not every group was weighed on the same day of the week.
The mean body weights of rats in ail UCB-exposed groups were often
significantly higher than those of the controls. The effects were espectaliy

pronounced during study weeks 30 through 40 and at weeks 90 through the end

-2 -




1 'scnm inmtm. ttmm .

: an contlined in Appmdii E.

le 5.' Survaa! curves -~ each

M hlfectiou m rats in- tlnu groups. -~ The first 1nd¢mc of C.
htsﬂ‘#tﬂncﬂm m cbstrvd in tht control group ‘during the sixth month

on: tnt. in frwp Il during the eighth month, ml fn Groups III and IV near
T the ‘end of the study. A summary of cumulative incidence of rats with lestons

““f-ﬂt“ﬂth Q. ,M is contained m,,mne 6. Figure 5 shows

. _survival after eliminatfon of -hose rats which had evidence of respiratory
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fnfxtnn wﬁn paﬂiﬂo;‘ctf uuiﬂtﬂm, ﬂn zueﬁtiu ixim
mlny tt the end of the study mio‘ M Mjusm to elisinate mn&

~ sacrifices and those rats witﬁ c. kutscheri irnfection wis 58 of 72, 62 of 85, 7 B
a8 Uf 61, and 37 of 40 in groups 1, If, 111, and rv, rcspecﬁnt,. he
incidence was significantly higher in group IV comsared to the contro! GrouP,

0. Pathology

Individual organ and final body weights are tabulates in Appendia ¥,
Results of a1l gross and microsccoic findings for the sacrifices at 3,6,9,

10, 11, 12, 15, 18, 19, and 24 months are zontained in Appendix G.

Three-Month Sacrifice. Ten rats from Group I (0 ppmj and ten rats from

Group IV (1.0 ppm) were sacrificed by design on study day 93. There were as
apparent differences in macroscopic observations between Group IV an¢ contrg!
rats. Histopathologically, focal mucosal atrophy manifested by shortening or
disruption of the nasal mucosal epitnelial cells and slight Dasal ceil
squamous hyperplasia were observed in several 6roup IV rats byt not in any
control rats. The changes were located in the mid-dorsal ares of the nasy!

cavity.
One Group III rat was found dead prior to and one group IV rat was foung

dead just after the three-month sacrifice. Tissue dutolysis prevented

complete examination, but both rats had heavy, dark lungs,

s a0




the nried fm thm to six mths.' Two of
mrt mrctizm mmii issochud ﬂtﬁ inftcﬂw

"in ud fiuﬂ Duy uignu for Group IV rats -
at ﬂn simtb mﬂﬂa are muimc in Appendix F. Thess dats

m mot mlyud mmmmy sfnce no control rats were sacrificed for

oy Aesign on stuy’ iay 215. lbnornlitus n rmn mu ‘consisted of basal
' 7' aﬂ ﬂntming/umrptnh and mucosal ltlwlly “and dimgmiuﬂm. The
dum nre :Hgbtly lorc prmunccd than nt ﬂn six-mntn mﬁfia.
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19 (1.0 ppm) rots were found dead or were sacrifices in extremis during the

_period from six to nine months. A majority of the rats i the control and

pulmonary lesfons associated with C. kutscheri. The lesfons cbserved st this
7 _and/or later patrologic examinations included pulmonary avscesses, pleursi
fiirous or fibrinous adhesions, pleuritis, bDroncho-dbronchiclar Tumingl
exudzte, and suppurative or necrotizing pneumonia. One control rat has »
tumor of the nasal cavity which was categorized as an unclassified ssrcama.
No compound-induced changes were apparent in the rats from the low- or

intermediate-exposure groups that were found dead or sacrificed in extremis,

Individual and group mean organ and final body weights for Group i¥ rats
examined at the nine-month sacrifice are contained in Appendix F, Since as
control rats were sacrificed, the data for Group iV were not subjectes is

statistical analysis.

Ten-Month Sacrifice. Ten Group IV {1.0 ppmj rats were sacrifices oy

design on study day 305. The nasal mucosal changes were similar to tnose of

the nine-month sacrifice. Four Group IV rats had clusters of epithelisi-lixe

x

-l SLai 'y
Tar ¥ H

"CETTS at ihe base of tive epithel ting Th the olfaciory reyion., Tiis =as
the first observation of this nature, A benign tumor {adenoma or papiilary
adenowa) located between the nasal and maxillary tusoinates was odserved in

one rat from Group 1V.




suﬂ ﬁai

':oturomm. Other ;ﬁm m inx -
i-&:ld« unt cell ﬂnmmgﬂtynr
lusters of um In the basal epithel tun m
ltﬂn temﬂ! sacrina.r S

One m 11 (o.x pp) nt and one Groop 111 (C.3 ppm) rat were sacri-
.ﬂm:m utmis during m perfod from 10-to 11 months. “The Group 11 rat
#s;hnd %nim fmmfvc of c. f:utsthﬂ ﬂifvction.

L lmﬂkua! m grow mean omn and ﬂnal body nigﬂts for m Grouwp 1I¥

m: -examined at the eleven-month sacrifice are contatned in Appendix F.
Fa f,'sim o control rats were sacrificed at this time pcrfod. the dats were not
£ i i mtym statistfcﬂ Iy,
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‘l’gin- Stf“’iﬂ“. Tca rats Im tac cmro! and mn 61 m m.

' cxpom M m ucriffeu by dcsigv o# stuey diy 372. $
(1.0 ppm) rats, one Group !lt (0.3 ”l) and one Group 11 (9.5 m} hed
clusters of epithelfofd cells in the basilar epithel fum of the dorso-enterior

olfactory region. Two of the seven Group IV rats hed clusters of stypical
cells in the same area. Slight bass) cell flattening/hyperplasis and mucosa!
atrophy of the dorso-anterior olfactory epithelfum were observed in all
exposed groups, but not in Zontrol rats.

Five control and five Group II1 (0.3 ppm) rats were found desd cr were
sacrificed in extremis in the period from i1 to 12 months, A nass! adenoms
was present in one of the Group 111 rats which was found dead. The tumor wes
located at the nasoturbinates and was morphologically similar to those that
occurred in rats in tre high-exposure group at the elever-month sacrifice,

A1l other lesions observed were considered to be unremarkable,

Mean absolute organ and final body weights and mean reletive organ
weights for rats examined at the twelve-month sacriffice are contatned in
Tables 9 and 10, respectively. WNo statistically sianificant diffsrencec in
final body weights or in absolute or relative organ weights of rats in any of
the test groups were observed when compared to those of rats in the contro!
group. However, weights of lJungs and adrenal glends show significant dose-

related trends (decreases in weight with increasing concentration}.

Qg




: 'lrlt't'ribséluitrbrg’th and ﬁual'bo&y ‘weights and mesn rﬂiﬁn organ

,;' 'niytts fnr rtts exaimd at the ﬂfteen-muth sacrifice are contained in

. 5;1&}9 n;;gnd ';Ig, nspgcﬂn;ly. ﬂn mn absolute lung weights of all three
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W grours were sfgnfﬂcam!y Tess thu that of the control 3roup and.
- slioad a dwu-rehud trend. o atlnr statisticaﬂy sfpﬂ!faat affcrm*s B

) organ (% F.ody wefms ocsurnd.

" Eighteen-Month Sacrifice. Ten rats from Group IV (1.0 ppa) vere

sacrificed by design on study day 549, The scheduled sacrifice of rats irn
the other three groups hs postpuned untti 19 months, Seventeen contrsl, 1%
Group 11 (0.1 ppm), 59 Group II1 (0.3 ppe} and 18 wroup IV (1.0 pom} rats
were found dead or sacrificed in exiremis during the poriod from 7:ftaee ts
eighteen months. Nasal tumors were detected in 10 of the 28 Group IV rats.
Seven were malignant tumors (four adenocarcinomas, thrase carcinosarcomesj of
the olfactory region. Three of the rats with aderocer:incmas 4150 hed
adenomas of the respfr:atory region of the nasal cavity., Similar sderomi:z sf
the respiratory region of the nasal cavity were observed in three otner Group
IV rats. iwo of 59 Group III rats had simiiar denign naszi tymsrs
(adenomas}. One of 15 Group Il rats had a spindle cell sarcoms in the

olfactory regfon of the nasal cavity. None of the 17 control rats had nsss!

tumors.,

Exposure-related changes reported for the fifteen-month sacrifice were
also present at this time. A number of rats which were found dead suring the
pericdi from 15 to 18 months, particularly in Group IIl (0.3 ppm), Mad
pulmonary lesions associated with C. kutscheri infection. Pituitary tumors

were the other main cause of deaths or unscheduled sacrifices,




‘5un's:uay day sss. zn,;r;f]TWWfi
).3 ppn) and ,

hul tmrs were detutec iu four

;:One ns a ul*grant tum adenocarcfnm) o' the

' of tbn rcspintory region of the nssal

s detected in- one 0 Vthe tnenty Group ll nts. No tumors were

he 17 Vcon rol or lsleroup m nts.

- "ECIusters of cells in the basal epithelium and mucosal atrophy/dis-

“ 'ut‘m wert observed in the olfactory region of the nasal cavity of

_ several. “rats in all three DCB-exposed groups. '

. He@n ghsqllut,e,r orgar and final body wefghts and mean relative organ
~weights for rats examined at the nineteen-month sacrifice are cuntained in
Tables 13 and 14, respectively. Mo statistically significant differences
- -occurred in final body weights or in mean absolute or relative organ weights
of rats in Groups 1I or 111 when compared to control rats sacrificed at this

time period.
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Fiml Stcrffica " Efghteen contrﬂ 23 Group 11 (0.3 ppe}, 17 Grous Il

”(0 % pw). and 3 Group IV (1.0 pw) “rats were sacrificed st the termination ——

- oF the study on study days 758 through 760. They had been exposed to DCB for
approximately 19 months and were held an additional five months, In
aadition, 41 control, 38 Group II, 24 Group I1i, and 11 Group IV rats were
founc dead or were sacrificed in extremis in the period from 19 months to the

time of the final sacrifice.

No gross chéhges attributable to DCB exposure were observed at necCropsy.

Thirteen of the 14 rats in Group IV were subjected tc nistopsthologic
examination. Eleven had nasal tumors. Three of these rats had only benign
tumors, five had only malignant tumors and three had concurrent Denign and
malignant tumcrs. Nine of 40 Group 111 rats examined had nasal tumors, two
had malignant and seven had benign. Two rats in Group [l had benign nasal
tumors. A1l these tumors are considered exposure-related. No nasal tumors

were observed in the control rats.

Mean absolute organ and final body weights and mean reiative organ
weights for rats examined at tlie final sacrifice are contained in Tadbles 15
and 16, respectively. There were no statisticaliy significint daifferences
observed in final body weights or in mean absolute organ weights in any of
the exposed groups when compared to those of the control group 2t the fina!
sacrifice. The mean relative testes weight of the Group 11 rats was

significantly less than that of the controis. No other differences in

relative organ weights occurred in any of the exposea groups.




Discussion and Conclusions

" Groups of male Crl:CD®(SD)BR rats were exposed to 0, 0.1, 0.3, or 1.0 ppm
- ~-J,4=dfchiorobutene-2 (DCB), 65% trans-isomer, 35% cis-isomer for up to 19
" .menths (86 weeks). Surviving rats were held without treatment for an

" “additional five months.

conbfu!d for total tmr incidence. T»IQ ) | -
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_._The_mean body weights of a1l OCB-exposed rats were often significgasiy
_higher than that of the controls at the same time pericd. - The effect wes - —
especially pronounced during study weeks 30 through 40 and weeks 90 thrsugh
the end of the study. This was due to a lower rate cf welight gain in the

control rats that coincided with the occurrence of a respirstory iafection,

- €. kutscheri, in the controls. The effect therefore is not attridutes to DL

exposure.

The most cwwmon clinical observations made during the study and the high
incidence of mortaiiv, sre considered related to L. kutscheri, The infectica
first occurred in the control group rats after § months on test, fo!lowed
shortly thereafter by itc appearance in rats in the 0.} PPM BADGIUre Group,
and in rats in the 0.3 ppm and i.0 ppm exposure groups nedr Lhe end of tne
study. Clinical observations included colored discharge from the nose gnd/sr
eyes and respiratory abnormaiities such as labored breathing and lung motse,
When mortality was adjusted to eliminate scheduled sacrifices ang ire
incidence of C. kutscheri, the surv val rate for rats exposed to 1.9 pom MR

was lower than that of control and other treatment groups.

At three months after the start of exposure, ien rats escn from the
control and high-exposure grcup were sacrificed. Ten Group Iv rats were giis
sacrificed at 6, 9, 10, and 11 months. At 12 and 15 months, ten rats ‘rom
eich group were sacrificed. /: 18 months, ten rats from the nigh esposure
group were sacrificed, but the scheduled sacrifice of ten rats from eazn of
the other three groups was postponed until approximately 19 months when
exposures were temminated., All surviving rats were sacrificed five mcntns
after termination of exposures,

- 38 -




l\sc coutri&utory to the di"creucc in hmg weights ts the ,r“mu of

& mm five of the control rats sacrificed by design, while oaiy ome o

ut ucriﬂua by ‘design from the Tow-exposure group snd none from the
imrud uo- or Mgh-cmsnn groups were finfscted. After exclusion of
thm rlts with c. kutscheri the mean lmy weights of the control (3.278 ¢
0.#96) -and test groups were not significantly different. Therefore signif-
_fcant diffcmus in lung nights are attributed to body weight differences
- and C. kutscheri infection rather than DCB exposure. Aithough no PCB-exprsed
' groups 'nrisuﬁ:tically differint from controls, 2 similar linear trang in
lung weights was observed at twelve months, but not at nineteen months or it

- the fina) sacrifice.

-39 -
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B Atniutm lsﬂtns. mrumum were terminated, no stacistically

@ signiffcant differences were observed for final body weights or for sbsolute .
| or relative crgan weights of rats in Groups II or I11 when compares to '
controls. All surviving rats (18 control, 23 Group [I, 17 Group I11, snd 3
Group 1V) were sacrificed 24 months after the start of the study. These rsts
had been exposed to DCB for approximately 19 months and neld witnout further
treatment for five months. The mean relative testes weight of the rats in
Group 11 was significantly less than that of the controls. There was 4130 2
nonstatistically significant trend to lower testes weights in the higher
exposure groups. However, this is not attriduted to DCB exposure., The lower
mean testes weight n Group IV 1s attributed to the small group size (3 rats)
with one outlying value, a testes weight of 0.8 g tn a rat with a pituitary
tumor and low body weight. Further since there were no significant
differences in organ weights between Groups [II or IV an¢ controls, the

significantly lower testes weight in Group Il is not attridbuted to (B

exposure.

Two distinctiy different types of iesions were detected on histopalno-
logic examination of the rats in this study. Pulmonary lestons were
assocfated with the respiratory infection and coincided with incressed
incidences of respiratory abnormalities and mortality. The pulmonary lesions
indicative of C. kutscheri infection were: pulmonary abscesses, pleural
fibrous or fibrinous adhesions, Droncho-bronchiolar luminsgl exudate,

pleuritis, and suppurative or necrotizing pneumonia,




ved in Group IV rats starting at 19
n Group [I1 at 12 months, and n Group II at 19 months. Berign

- cavity Nﬂigmt mul tmrs were observed in- Group IV rats ucﬁﬂm in
M mmng 1n-the perfod between 12 and 15 months, in Group 111 rats
: 'Wﬂm: aiig or nro ucrmru aftor 19 months, and in a Group I rat during
~month 17, It fs not clear whether the nligmt tusor in the Growp II rat, o
spindle ccH urcon. was attributable to DC3-exposure since 1t is an

' cxtr-el y nre tumor and t.nereforo comparison data 1s not available.
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e The wlmaf _(_;,.MRﬁerf ‘infection did not sffect tumor incidence

c. t,utsch'ofi, lesfons are included. The only effect of the infection appesred
" _to_be & reduction of the numbers of rats at risk due to an incressed esrly

aortaiéty in groups of infected rats.

Aspects of this study which had to be considered in interpretation of the

data included the concurrent presence of C. kutscheri infecticn, a malignent
nasal tumor (unclassified sarcoma) in a control group rat which also had
C. kutscheri infection, and the unequai group sizes and sacrifices at various
time intervals. After considering these factors, the following conclusions

were made:

o Non-neoplastic Tesions were first observed in the nasal cavity of
Group 1V rats after three months of exposure and in the other two DCB-
exposed groups at the twelve month sacrifice. They were progressiva in
severity and frequency and are considered compound related.

Compound-related benign nasal tumors (adenomas) occurred in all three
DCB-exposed groups, starting in Group IV at study month 10, They were
significantly increased in all DCB-exposed groups compared o the
controls and showed an exposure-related trend.

o Malignant nasal tumors occurred in all three DCB-exposed groust 2t we!!
as one in the control group ard showed an exposure-related trend, Tne
malignant nasal tumors observed at 0.3 and 1.0 ppm are constdered
compound-related but are statistically increased only at 1.0 ppm. The
observation of a spindle cell sarcoma in one Group 1] rat ts not
clear’/ attributable to DCB exposure.
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Mortality and Cancer Incidence Among Workers
,hmimzlpal¢d~to'I;‘-F%Cﬁidtobﬁtéﬁé-z .

at the Victorias Plant
M

Introduction

Dichlorobutene (DCB) is a highly corrosive = - Tal
formed by the reaction of chlorine and butadiene. Froduced and
used at the Victoria, Texas site from startup in 1951 through
December 1982, 1,4-Dichlorobutene-2 has been handled with great
care in closed systems. Although there has been no evidence
that DCB is a human carcinogen, Van Duuren at New York
University reported in 197s that subcutaneous injection of pCH
resulted in an increased incidence of tumors in mice. This
epidemiolcgic study was initially Jndertaken in 1976 to
determine if workers exposed to DCB at the Victoria Plant have
experienced excess cancer mortality or incidence. Preliminary

analyses of data througk 1978 did not reveal any significant

elevations of cancer deaths or cases among this cohort.
Methods

This is a retrospective cohort study in which persons
with a common Past exposure to DCB were identified from records
and traced through December 31, 1989, for vital status.

Several data sources were used to identify the cohort:
® Shift Schedules - These contained the names of a}}
Production foremen and operators assigned to each
Plant Area. They began in 1953 and consisted of at

least one schedule per year.




personnel and §éﬁ§rh11y°1i§ié3'hnly sceas assigned

| riéhétithaﬁ specific opcrationc.

- gocial security number
sex

"paytoll classification'
:tace

birth date




1 3 :£éiiina§ioﬁ'dite and reason

o occupation and dater fcr each assignment in DCB

areas

These data were then keypunched and entered onto a

‘computer tape. Employment status has been updated from

computer files in Wilmington. Medical data from seversl

sources have been added to the tape:

® The Du Pont Company Mortality Pile: This file
contains information on all deaths among active
employees and pensioners from 1957-1980. Cause,
coded according to the International Classification
of Diseases, and date of death are included.
Death certificates obtained upon identification of
additional deaths by the Social Security
Administration (SSA): The names of persons who
terminated employment at Du Pont were provided to
the SSA, who notified us, where applicabie, of date
of death and last known residence. We th.n scught
death certificates from individual state health
departments.
The Du Pont Company Cancer Registry: This file
contaihs cancer diagnoses and deaths among active
employees from 1956-1983. Diagnoses are derived
primarily from Accident and Healtk iInsurance Claims
for disabilities of at least 8 days. About 35% of
the Company participates in this voluntary

insurance program. Deaths are taken from the life




atddé'io.diath. pogiion, o:rpthcr tgasons). or December 31, 1983

i(for actlvc enployocs).

7 Cancet lottality and incidencc ‘sre analyzed
pa atcly. sincc Conpiny rates used in the calculation of
—flcupccted,nunbets are based on ditfetent. but not putually
'Zl}pgclulivel;Populltiﬂn!g The Cancer Registry includes

iinfofiation only on persons who were actively employed at the

'jtiao ot diagnosis, since we are unable to identify all cancer
'Wcascs diagnosed after termination from the Company. Mortality
' r;ton fot the entire Company include both active and pensioned

_employees. Some persons who were diagnoseé with cancer may

00085




also be decessed, and thess cases would be included in both

,uincidcncc and nottclity'nnalyscu.r

-Mortality and incidence co-ptziscns were ladt ﬂsznq o j 71?

Du Pont Cbnpany-wide rates as well as national rates. Since
—stattlticl dctived ftou the general population include persons
hospitalized or otherwise too ill to work, expected nushers
”bs:ed on U.S. rates will be higher than those determined using
a healthier, employed population. For this reason, internal
compar isons using Du Pont rates provide more sensitive
indicators of excess mortality or cancer incidence. The

Du Pont comparison for ‘ncidence is also more appropriate than
using U.S. rates since cases were ascertained in a similac
manner for the cohort and the entire Company.

Age, sex, and time~-specific rates were applied to the
appropriate accumulated person-years, yielding age-specific
expected numbers, which were then summed over all age strata to
give an overall age-adjusted expected number. Company-wide
rates were calculated for wage and salary rolls separately, and
analyses were performed according to payclass at firgt exposure
to DCB. National fates used were for white males, and wece
applied to the wace and salary groups separately, regardless of
race. Only a very small percentage of the cohort was not
Caucasian. National average annual incidence rates were
available for the period 1973-1977, obtained from selected
areas in the U.S. These age-specific rates were applied to the

accumulated person-years over all study years (i.e. 1956-1983) ;

HIRLEEEH




beqan ln 1950.,, 'l'hc:cfotc.

- cﬁgs{dﬁatha ,wh,ic,h{ occurred fifteen years after t‘int exposure
weu und 1n thou deteminations ot obn:vcd and cmctcd

- nuwcu e
Results

The eoho:t consisud of 525 -alu on the wage toll and
 73 ulcs on the salary roll as of first exposure to DCB. An
additional 34 males held jobs in DCB areas, but were not




s;;tneluacd sineu tﬁciz bizchdtect wcrc nat avai's:x«.

B 34. 28 were known from thc S8SA scatch tc i~ ﬁi*vg 5y of

necc-bu 31, 1960, and 6 were lost to foflcw-up. Alwost all

vere shctt-tctl enployces (lcss ‘than 1 year} at the Victoria
Plant. Tvwo females with exposure to DCB were not included in
 these analyses.
The status of the cohort as of December 31, 1980 is
shown in Table 1. Vital status was unknown for only 8 of
598 employees (1%). The person-years of observation
contributed by the cohort is shown in Table 2 by payclass
time period, for mortality and cancer incidence analyses.
There were 23 deaths among the wage group, with 29.6
expected based on Du Pont rates, and 44.1 expected based on
U.S. rates (Table 3). Causc of death was unkrnown fur one
male. Seven deaths due tc malignant neoplasms occurtred: 4
lung, 2 pancreas, and 1 rectum. There wery 6.5 deaths Jue to
cancer expected based on Du Pont rates, and 8.4 expected brsed
on U.S. rates (Table 3). No specific cause o! death or type ol

cancer death was significantly in excess in either analvois,

expected based on Du Pont rates, and 8.5 expected based on U.S.
rates (Table 3). Only 1 death was attributed to a malignant
neoplasm (cancer of the prostate). No specific cauze of death
was significantly in excess in either analysis.

Thirteen cases of cancer among active wage roll
employees were recorded in the Cancer Registry, as compared to

12.7 expected based on Du Pont rates. and 15.0 expected based




-2
gnnc:eas, and 1 oach roctu-, kidney, lcukenia. snd nodghtn 3
d!lcllc) uorc ‘seen vetsuc cxpocted numbers of 8.3 (Du Pont

ratos) and 9.4 {U. s. rates). Pnnctoatic cancer was still

slightly'highx 2 casos (both ‘of whom died} were observed as

eo,-paudrto less than 0.5 expected using Du Pont or U.8. rates

00059




.”IY“" V umﬁfw,

vere not%pctto:lcd for ‘the salacy tolx. since only 2 cancer

T”Tc.'.‘ tnd 1- dcath duc tarcanect occursed in this goup .

Cbnclusions

I ———

‘These data do not indicate that persons exposed to DCB
at Victoria are at increased risk of developing or dying from
cancer. Effects ny not be seen Lecause the time since initial
exposure is too short or because the cohort is too small to
yield statistically meaningful data. Assuming a 15-yoar latent
period for cancer deaths and cases, the study st ¢his point
would have only a 40-60% chance of detecting a two-fold excess
in risk among the DCB-exposed wage group compared to the
Company wage population. Pancreatic cancer appears to be
slightly in excess, but small numbers prohibit the drawing of
any conclusions.

Follow-up of the cohort will continue. Results fro=s

periodic updates of the study will be reported when available.
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'ruzson-fiit:~qf,dﬁcvri::iow
Victoris DCB Cohort, Males
Pn:ioﬁQYéits
_Mortality
Time Period wage Salary

1957-59 431.7 94.8
1960-64 1140.9 177.2
1965-69 , 1785.7 216.1
1970-74 2262.2 269.0
1975-80 3030.0 398.1

Total 8700.5 1155.2

Person-Years
Cancer Incidence

Time Period Wage Salary

1956-59 546.0 120.7
1960-64 990.2 164.9
1965-69 1532.¢& 198.2
1970-74 1918.9 237.3
. 1975-83 3500.4 419.7

Total 84688.3 1140.8
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. Observed and Expected Cancer Cases
B A 1956-1983, Wo Lastency
T Victeoria DCB Cohort, Males
- o s o (K1Y Cancerl and Selected Sites)

' : : Expected Based Expected Based
Cancer Site Observed on Du Pont Rates on U.S. Rates
t.age Roll
Ail Ma . ignant
Neoplasms 13 12.7 15.0
Cancer of the:
Lung 2 2,2 3.3
Sancreas 3 0.3 0.4
' Hgiign&rt Melanoma 2 0.6 0.8 .
Salary Roll
All Malignant
Neoplasms 2 2.2 2.8

nun-melaroma sk cancex







15-Year Launcy -

Victoria DCB Cohort, Males, Wage Roll

(All Cancer and Selected Sites)

Cancer Deaths

1957-1980

Expected Based
cgﬂuzof Death Observed on Du Pont Rates

All Malignant
Neoplasms 4.6

Cancer of the:
Lung
Pancreas

Cancer Casesl
1956-1983

- Cancer Site

All Malignant
Reoplasms

Cancer of the:

~ Lung
Pancreas

1Excluding non-melanoma skin cancer
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