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Tonicologie Tnvestigation of Vinyl Chloride with Relevance to Non-vorker

Populations: with erphsuiz on transplacental carcinogenesis and co-factors.

I P S S

Principal Investigator: E. Bingham Natthels, Ph,D.

Backiround >

Vinyl chloride ponemer (VCH) is & chemical of increasing industrial
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and euvironrantal icportance, VCM hus many uees, «,g. the production of poly=
vinyl chloridc (PVC) resin, me 8 cospolymer in savan and other plastles, as z
golvent, as n propellant for pesticides and halr-sprays, as o refrigerant, and,
in the past, #c an snkcithetie,

Despite the apparent usefulness of this chesical, recent findings
implicate VO as the agent responsidle for imduction of a rexe Iiver canger,
angiosarcomé, arong workers employed in the production of PVC, Toxicological
experinants vich various levels of YO performed by Maltoni snd in 1taly
and by Blotest laboratories, Horthbreok, Illinois haeve demonstroted that simi-
lar rare neoplactic lerions can be induced in experizental anfuals,

A great neced exists for data on toxfcity, persistence and for the
assessment of risks associdted with lov level cuncentrations of VO, fncluiing
those levels that are kely vo exist beyond the Fence line of the nanvrneturinge

plant. Materials loss in FVC production processes has been found te be sppros-

{mately 6%, bur this varies with typoe of proccss; the sge of the plaar, the
level of technology employed and the manufacturing processes, Mowvever, there

i no doudbl that substantial ampunts of VO have been discharged into the envir-
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onment during PVC production processcs, These TVC and VOM losses occur 2s air
ecinsions and as componenis of warer effluent end solid wastes,
A recent report indicates that a woman, living downuind from & PVC

plant and having no occupational exposure to this substance, developed hepatie
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angiosarcoma. Russian scientiste have detemined that expoturc to VO moy be

s

very widespread. 1t has been found, fn & study perfomed in a nevly construcced
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building for child core, that VCH §s continuouely roleased from PVC flooring
for st lcast two ronths after installation, They have recommended excessive
ventilation of & newly constructed duilding be mandatory before occupaney,
Tha use of vinyl chloride as a propellent in aerosol containers has vafsed a
concern for individuals exposed in the gencral population wha may have been
exposed before rezoval of t'hisypropenent from the market,

It eppoars, therefore, that segmente of the pepulation, in addition
to the sndustrial workers, may be at riek from exposurc to VCM, The risk of
such exposures to the various elements of the population must be determined,
in particular the more sensitive groupr such as the developing fetus and news
born, or that segrent which experdences dictary deficiencies.

It has been reported that the enzymes responsible for ethanol metsbe
olisz may be involved in the metabolism of VCM (Gehring, 1974) since the cifeets
of other chlorinated hydrocarbons, such as trichlorenthylene and chloral hydrate,
vhich are bioiogicany transforzed by aleohiolic dehydrogenase are patrntiated
by ethyl alcohiol, ic appears that comparable effects nay oceur with VCM, Thesc
investigations nay help to determine a mechanisn of a.(:t.:{on for this carcinogé.nic
ngant as well ac for other related potentially carcinogenic chlorinated hydro-
carbons, .

There is no inforzation available on the carcinogenic effccts of VC
given together with comuon co-polymeric agents Such‘as vinylidene chloride,
8ince both of thesc co-polymers have simidar properties and structurcs, thare
is & need to Investigate what cffects thic combination ray have on the bio-

logical outcome,

Zurgonc

The purpose of this study is threefold:
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a)  To {nvestipate the effects of VCH on the developing fetus throuph inhalas

tion erposurc {n an effort to determine the risk of developing ontogenic lesfons

via the transplacental route and tvo derersine the effects of inhalation exposure
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to VCM on the nconsle,

b)  To determine whether certain dictary factors such a6 vitanin € deficicacy

ur ethanol coasumption ray influence the biolopieal vorponse to VOM,

¢) 7o develop cell culture vechniyues useful jor the rapid screening of poxcntinl
oncogenic agents, such as VG and c;-faccors. Theee tochnigues will be used 30

provide the weant for atudying mechanisss of the action of similor agents and to

scrve as an {ndfcator of dose~-effect responses.

Scope of Pork
A, I;halntion azposure of pregnant gnimals to level: of VO tu determine the
potential transplacental oncogenic and ether biolepical eifectr.

Sprague-Dawley rats will he obrained from Chavles River Laboratcries
aither timed-pregnant or they will be bred dn our weivel facllitics, Tn the
first experiment, twenty pregnant rats will be expored to 20,&53 ppmoviny) chleride,
or as agreed upon with the contract efficer, in un ivhalation chacher {vom the
10th day of festation to the time of delivery, Aflcr bivih, 1itters of {ive

Y

young will remain with each rothey, Adéitional vonsr will be wuerificed ard

§
-

clagred by the SchultzeDaveon method to visuzlize the rhelion for ossecus chatizes,

-

ok eagos until weaning

-

The mothers ead their surviving vouup will be kept dn d
at four woche of ages Then the vothers and thedr yeong will be fod Furing Lab
Chow and mainteined in rosns contyolled for tempersture, hunidity and light
eycle, The 10D surviving young will be exanined for congenital mallormations
and then ohserved for sipns of tumorvs and other diceares, particularly acro-
osteolysie, X-ray exenination will be done in sclected casee st various times,
Observations may have Lo he contimued for onc Lo tus years,

After weaning of the first bacch of voung from exposed rothers,

another batch of twenty pregnant females will be subjected to a sinilar vinyl

chloride treatment, In this experiment, ten rothers with their licters of five
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young each will be handled like the animals described sbove. Another group

of ten wothers and cheir young will be kept in the vinyl ehloride chamber unti)
after veaning., Jn this way, 50 neonates will be cxpoced to test theiy suscep-
tibility (o vinyl ehloride, This second batch of rothers snd offrpring will
be troated 1ike ‘the first and observed for encologic and other morhid eifects.

Control mothers will be subjected to chazber treatment with only

gbrolute £{lter air,

B, Interaction effacte of VCY with other agents,

It iz proposed that male rats will be sublected to variovs dietery
manfpulations and exposed to one or two levels of VCM (az agreed upon by the
contract officer), The snimals will be housed in n room with eontrolled Yighting
eycle, temperature, and humidity, snd fed Mquid diets ad libitun (16 hours/day).
The 1iquid dfets (Gensral Riochemical, Chagrin Falls, Chio) will he purchaxcd
in dry form ané reconstituted as nceded, The dicts will consist nf a control
diet (without ethanol) and the same diet supplemonsed with 5% ethznol Appropriate
controls will be used,

In addition to rats fed an ethansl supplesented dict and exposed te
VCM, guines pigs on vitamin C deficient dicts and their contyols «ils be used,

Ihe protocol involving guinea pigs will serve 2 du;1 purpose: o tecond specics
susceptibility to VO and the co~factor response io‘vitamiu C.

All erposures will be maincained for 12 months, 5 dnys/veek, & hours/day
to the VCM, or os agrecd upon by the project officer. In addirion, rats will
be exposed to VO and vinylidene chloride at levels agreed upon with the contraet
officer, '

The exposure charbers will be Jocared in a large room which has been
previously used for humsa inhalstion exposures., This room is very guitable for
the proposed testing since it §s sealed o insure sgainnt leakepe., The main

chazber has a double door entry, ‘This chamder 3n a chazber arrangement will
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subatcospheric pressures to dnswve againat leskage. Alr flow in the outer
chamber 8 3n a cedding to floar direction with a comnlere asr chanfe avery
four minutes. MNaheup air !ar-thu exposure chanber and nogative pressure roon
vill he prefiirered through sbeolute Filters. Periodic sampling of both chon-
bers using Sipin punps and activated charcoal tubes will be made,

‘ lo addition, apprapflate protection of peracimel will Le provided,
including mondstory wearsng of full face pas masks with cutside air, supplicd
by the wabildesd cord errasgerent, emergency full face orgoale vapor canister
type gos masks, and portable nir supplies with rechargesble type eylinders.
Periodic personnel monftoring will be mede using Sipin pusps snd charcoal tubes,

AT VC from the expnsure chianber and the negative pressure roon
will be removed from the afir using a f[abricated activatcd charcsal iilter,
spent activated charcoal will be removed froa the filter by prrionnel, appro-
priately proteeted, end pleccd into heavy plastic bags, These baps will be

incinerated,
A pinilar chexber Jor eonfrol oxposure will be used,

Prelirminary experimonts will determine the acount of exhaled VWM
from exposed aniunls and rhe time at which they can bo moved to housing quarters
sfter cyposure, Jn the event the exhaled air concentvations ars unacceptable,
the animsle wi)) be housed in suftable quarters, chich are trolated froz all
personnal, T

Efther the chorcaal tube mothod or gas tigﬁn syringes will be ysed to
collect the saiples. An analytical gas chromgtographic method to be used for
deterining VCM levels fn the exposure chazbers was dcvnlnﬁ&d by our {n-house
analytical departmence MHowvover, 8 number of methodd could b wsed for the
ana;ysis of VG fucluding & halide meter, long petnlenpth (Brooks-Moran) IR
gpectrophotozeter or & gas chromatopraph with a flarme ion;zntion detector. The

GC 18 the method preferred, Facilitics and .personncl experience in analytical
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procedurcs are avaslable for this project,

"he £4rst year will be cutirclyvdevoted to setting up, calibration
and exponing the presnant anirals from Part A, ¥o sdditional animals (on
various dictary vegimens) will be oxposed during tie first vear,

The second yeer w;il be devoted to inhalation exposure at one or twd
different levels of VOM, e.g., 50 and 500 ppm s# agrecd vpon with the contract
offfcer, Aninals will he maintained on the proper deficieney or supplecanted
diets coupled with various exposure regimens os shown in rhe following table,

Suitable control anicsis will also be used,

Ve
Diet Nurboy of Andrale Lxposura {prr)
1) Vitzuin € deflcient 40 X 2 50, 500
2) Vite:dn € sufficient 40X 2 50, SO0 p
: gulnea .
3) Vitawin A deficicent pigs 40 Hone
4) Virasin € sufficient 40 kone
5) Controi diat with
5% Ethanol 40 % 2 " 50, 500
6) Control dict 40 X 2 50, 500
7) Control diet with
CaLS
5% Lthanol 49 Rone
8) Control diet 40 , Rone
9) Control dict 40 VCH + Vinylidene C1,

During the third year animal expotures &nd observations will be
continued, ac based on previous data. The aninald must be kept under cbsere

vation for one to tus years,

C. Tisrue and blood semples fron tho expoued anigals (pért B) will bhe
collucred and transported to ETRL, KERC - Cincinnati for clinical chemistry

and pathological deverminations with special emphasie on electronnicroscopy,
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The nuzber of #nimals to be ueed will be determined as apreed upon by the .
project officer, The current figures represent ten snimals fros cach group
for the sampling. This portion of the work will begin rhe sccond year or

vhere oppropriate the first year as agreed wpon with the project officcr,

D, Tissue Culture Lab ~ Proposed for Svcond Year and Beyond

. The walignant poten;ial of c}wmicalvcarcinngons has been demonstrated
by in vitro cell culture methods. This technique should alse be applicable to
the vinyl chloride monomer, Three ip vitro carcinogenic assay systems are in
general uee: 1, the homster ewbryo cell system; 2., wouse eell lines; and
3. the 313 cell Yine,

: This propesed vork fct”; Qapid écrccning systen ;111 be develeped
using the hanster enbryo ;ciiﬂgggéémiwlthouc a feeder layer, Twelve to 14 day
old fetuses arc sserificed #pé fheir'cells groﬁn in culture, ﬁhe'é dowill be
added to the cultrues in the gas phase in & mixture of 5% 002 in airv, The
desipn of the chamber snd the conceatrations of VO will be deterined 4n econ-
sultation with the contractor, It should be possible to obtein a doce respon:c
eurve §n this syslenlwith concentrations beatween 5 « 26,000 pprt VO, The celis
will be exposcd for seven days, elloweé to geow for an additional 8 - 10 daye
in control redive end then fixed and staiﬁed. Deterrination of cytotoxfeity
ané exasingtion for transforred cells i dona in the same dfsh.  Cytotoxiclity
iy determiped a8 2 percentsge of cells exposed to the anent sgeinst control,

The host medisted assay is of particular incerest to this project
.bccauan VCM 4s 2 pas and thic 1s probably the route of entrance into the anfoal
or ran, This projeet is plso interested in the cffeg: of this agent on the
embryo, In this assay the pregnant hametey or rat w&ll be exposed 1o VOM in
an fnhelacion chacbar 48 howrs before the fetuses are obtained froa the rather
and racrificed, The fetal cells are then ewltured and ohsexrved for trange
forrarion as above,

These techniques have proved quite satisfactory for the study of a
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but becauze of the unuzual nature of this carcinogen seviral other techniques
wil)l be used in censultation vith the contractor. Endothelisl cells are avail-
tble for exposure to VO as well as hiwsan fibroblastic cells, These will be
uced {n tests similar to those outlined above. A séz:a‘.:hat different, dut very
dnteresting approzch to this study, will be the obsexrvation of hyperplastic

or premalignant changes of tissucs —in orgax'x‘culmre. These studies will be
einilar to those previowsly teported by Dithsen and Paleker.on rat tracheas
Rat blood vessels and £xall pieces of rat ldvar will be grows dn organ culture
in an exposure chasber with an atrospheric oixture of VO, cnz and air or 02'.
The tissue will bo placed on rayen rafrs and Lloated on medius in organ cul~
ture dishes, The tissues will be fixed at weekly dntervaln for f£ive vock:s and

provided to tiic contractor for pathological examination. These changes ray be

¢inilsr to changes in the rats exposed 1o VY in the inhalstien chechels,

T Perdodie reports will be subnitted to the project officer on the T T

atatus of the experincnts.

Facilities

The departuont possesses extensiva aniral gusrtere wsed f{or both
short and lonp range tosicologic cnd metobolic studics on exprrimental animals.
A special arca vas recently constructed permitting the m;zin:ﬁnance.of anizéls
on rigidly controlled diets, including diets deffeient i‘n':racc cetals, ete.

The main arca contains pore than 10,000 square f::et.vof aniral roozs
for acute and chronic cxpex_’iu‘;cnts for most lsboratory anfmsls, Large air
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the carcinojenic reeponse of skin to varlous carcinogens (pure, complex-zdx

-s

B cocarcinopens, etc,), inhizlution studfes using coal tar ave ewvrrently unden
: f Plve stuinless stecd, tectanguler cxposure chazbers (Younp and Bed
SO Co., Cincinnary) are operaticnal, Each has a cone shape top and botion and

capacity of 12 £t.3 (340L), In sddition, » lavger chesber { 24 It‘3) of tt
ez desiga ig avaiisblc. “hese chombers are noraally operated at air[i@§s

perzit one exchange of air per wiuute. Eaoch chesher cen accowmodute 60 rats

rats capacity - large chanber) or 90 hemsters or 9 rabbics {n individuslly h
ttainless stecl holding cages,

After the primary aiv supply 15 driwn through an absolute filter t
contarndnent 45 sdded and futvoduced {nto the chambfr, which permits very und
dispersfon as dererafned by tests dn the laboratory, The chachers are opeva
undey subztrospheric pressurca and the exhoust adr s pansed through cither
abeolute filcer, charcosl fflter, or a water spray to relove the contauinant

exhavsting to tha atmosphere,

»
-

In pddicion, four other types of charbers are uged, One hcxagonal

T L it

A
steinlesr vreel chasber with & capacity of 708 liters fs operated In o manne;

-~
¥

similar to thet deseribed cbeve, Four 22 Titer espucity scatheniipherieal g
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chatbers ave also erployeds This particular type &6 weeful for ranpciinding .

tigation as well as for chronic exposures, Each chander cen accomedste up t<

e

L2

10 rats, Three chazber recas, each 12,5 ft." long X 7.5 ft, vide X ¢ {¢. high

vith a volume of [150 £t.3 (24,700L), can sinpularly accozvdats two large eane

o
S b Tk

racky for 120 indlvidurlly housed rats, Adlr. {s circulated to these chazhera

A

A
& Yate of 150 It.a per pinute to each ¢hasber by ceans of two blowers (size C

4
oAl

hmericon Blover Co.) with sbsclute £4lters positioned on both the inler and e

L L ns

-y

ducte, These chucbers are alse kept under a slight substmospheric pressure,

Contaninant generstion cquipment for inhalation chazbers includes:
]
1) Dust peneretion « 7 Wright Dust Teedore (L. Adans Lid,, London, Eugland)

equipped with cyclones and 15 dust tubes, A supply of I&p14crcent parts !

o
[

&: b L B e A 1 CRPREAIAL

is caintained,
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2)  hcrosol gemernting equiprint including aspirating equijssenit “such as that
used for cosl tar inhalation.

3) Fuzes - various techniques £s used for the gensration of metnl fuses,
4) Vapors - pererated by uodificd Creenberg-Smith Iupinpers,
5) Caseous evposure using vorious regulcter valves and orifaces,

A1l chaxbers have 4ndicoting ronozeters (Magnchelic) to raasure
lubaténspherie pProsrures, A;r flow {s nonitored with cither stainless steel

orifacce or rotoneters, .

Other air flow calidration and wonitoring eguipment includee: 9
Rockwell dry test poters (175 ft.glhr. capacily); one calibrated macter 340 ft.3
test coterz; one wet test peter (3 liters/revolution) for calibration of low
flov tace rotoseters, |

Routine sacpling of the contauinant, ete. is performed hourly., Sacpling
equipzent routioely used includest 12 MSA midger bubblore, Greenterg-Snith Jepinn
gors with fritted dire; 7 Andereen cageade Impactors for particle siuc distributinng
and various filter holder sasplers for gravicetric and/or analytical proccduves, In
addition the fndustrinl hyglenc and analytical departrents have a fasxly complete
and varied line of supplecontary sampling equipment that 4a readily available,
Thirteen gant pu=ps (S+10311, 40522, 1-0822) of various eir flow cspabilities

and many other stasdby pumpe are vsed routinely,
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