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Toxicgiagy, Cartimoaanc ity .ot Aepreructive Effecss g+ ¢ irtle
and Muitiple Zesesuras 2 Vinyl Chiorida in Ratg ang Mics

l. INTRODUCTIO!N.

The background infgrmation sn vinyl chloride monomer (V)
with technical details is raviawed in "Scientific and Technical Assess-
ment Report on Vinyl Chloride and Pclvinyl Chioride”, US Eavironmental
Protection Agency, EPA-500/6-75-00%, June 1975.1

VG4 studies fn rats and =ica reported herein were conducted
3t the Chemical Systams Labora»ory (“3L) undar inzaragency agraement
with Consumer Products $a "ety Commission (CPSC).’

11, EXPERIMENTAL PFOCEDLFES,

A. Exoosuyre Procedures fnr Toxicologv and Carcinogenicity.
1. Doses. '
Male and fenale rats (Fischer 334) and mica (A73 or ICR) were
totally exposed in one of the following ways:
2. One single one-hour exzosure at 0, S0, 500, $,000 or
‘i%.ooa ppm,  (Flamhar 344 rats, ICR “‘fce) (Appendix, Table I)

b. Ten one-hour exposures at 300 ppm (one-hour per day,

-

five days per week for two weeks). (Flscher 44, A/J Mice) (Appendix, Table [}

-.€. One-hundred one-nour exposures at 50 ppm (one-hour per
day, five days per week for 20 wasks). (Fischer 344 rats, A/J Mice)
2. Exposyrs and Sampling Tachnigues.

The sxpasures wers conducted in 1000 Titer, stainless steel
dynamic flow chambers of the Ruchestar type. Cahstruction insured laminar
flow and uniform exposure of the test animals,

Dﬁrfﬂg ont-;our exposura periods four 0.5 ce gas samples were
collectad at selectad times for conc:nt*ation analysis.

A Hewlett-Packard series 383CA Reporting Gas Chromatograph

equipped with a dual-flame iontzation datector was used for VCM analysis,

ucce

057780

—rereara
ammais = -
——aaal
ekt g
petaibirre-e
b
e
——rtd

o
[

I

|

N




The system {s sensitive to 60 parts per billion of vinyl chiorida.

Following exposure the animals were dir-washed in the ciampar
until less than 1 pom of VO was detsctable. They wers then placed in
the animal holding area for the remainder of the observation pariod (up
to 24 mnthsj. '

" 3. Observation

Animals were observed twica daily for indications of the
genaral health. The following signs mere noted: mortality, health
external sores, subcutaneous massas, alertnass, = "and.. .. '
activity. A1l tast groups we;-u weighed weekly for the firse eight wasks
past exposure and monthly thereaftar. '

No bleod chemﬁtry or hematolagy studies wers per‘ormed.

4. Pathology

3., Gross an;i Light Microscooy
1 —_ A plete gross pathological examination'vas performed on mast
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control and exposed animals which died or were sacrificad. Autolysis
precluded such examination fn a few casas. Light micrescapic examination
was made of the following tissues: lu;tg, trachea, heart, liver, stemach,
small intestine, large fntastine, spleen, kidneys, bladder, bone marrow
(sternum), adrenals, pancreas, duodenu, brain (2 sections), pituitary,

spinal cord (cervical), skin, thyriod, utarus-ovaries, eye, ear, nose,

miscle and bone (femur). Particular emphasis was placed on examination of
brain, }ung, liver and the Zymbal gland in the rodent ear.

A1l rodents wers t be serfally sacrificed at 8, 16, 24 mnths
post exposure. However, the 1ife span of the mice forcad some changes in
the later times of sacrifice and termination of mouse experiments. ror

the single exvosurs the planned 16 and 24 month sacrifices wern roplazad s
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" an 18~month sacrifica., The latter is minx‘mﬁm suggestad by the Natianal
Cancer Institute for cancer bioassays in small rodents. Far the multiole
dose studies (SO0 ppm x 10 exposuraes; 50 ppm x 100 exposures) in mice the
final sacrifice was at 20 months rather than 24 months. The change was

made in consideration of the risk of animal loss thraugh death and possible
cannabolism.

b. Electron Microscooical Studies.

For the electrun microscopical studies the follow ng animals were
Isc!ectnd at random: '

Three groups consisting of five males and f{ve female Fischer 34’4
rats from sach of the singla one-nour (50._ 500, 5000 and 50,000 ppm) exposures
with equal numbers of their corresponding control group. The thrse groups

were sacrificad at-8, 16 and 24 months, respectively, afier the exposure. -

Three groups cansisting of five males and five famale Fischer 344
tu from sach of" the syltiple one~hour exposures' (10 X 3C0 pp,, 100 x 50 ppm)
with equal numbersof their control group. The thres groups were sacrificad
at the end of 16 and 24 months, respectively, aftar the final exposurse.

"'One group of five male and five female Spraque/Dawle.y/wtstar rats
from the parentsral generation of the reproduction greup (59 x 50 ppm, 49 x

500 ppm) with equal numbers of thefr control group. This group was sacrificad
« 24 months aftar the fimal exposure.
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The rats were anesthetizad with pentabarbital and their 1ivers

wers perfusgd via the vena czvuith chilled alectron microscopical fixative

i

consisting of 4% formaldehyde, 1% glutaraldehyde in 0.1 M phosphate buf<er’
(E.M. McDowell & 8.F. Trump, Histological Fixatives Suitable far Oiagnostic
Light and Electron Microscepy, Arch. Path. Lab. Med. 100:405-415, 1975).

.Aftar ‘mincing the tissues were post-fixad in 15 phospiate duffared
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osmium tatroxide, dehydrated in graded alcchol solutions, clearsd in propylens
oxide and embedded in E90ﬂ3 (J.H. Luft, Improvements in Z30xy Resin Embedding
Methods, J. Biophys. 8iochem. Cytol, 9:409-414, 1961).
* 8. Reproduction Study and Carcinogenicity.
Fy male and female parents Sprague/Oawley/Wistar Rats wers exprsed
to S0 ppm or S00 ppm of VCM one-hour per day, five days per wesk for 10 weeks

(49 exposures) before they were matad. (Appendix, Table IIl) This assure’
exposure of all forms of male garm cells. The females were exposed duriry
411 phases of the cogenic cycle. The parents were evaluated for numbers of
matings, percantages of pregnancies, fertility and lactation indices. The
Fi» Fy and F, off-spring were evaluatad for 1ittar-size, percent of stilidorn
pups, post-natal growth, viability, survivability and resroduction ancmalies.
The parentaral gencn;éion of Sprague/Dawley/Wistar Rats were
_ .maintained for Z&dgnnthi post exposure for carcinogenic evaluation.
® N - RESULTS. -
A. Toxicolagy (single and multiole exoosurss).

1. Qbservation Ouring Exoosure.

LY

Exposures of rats and mice for one-hour to concantrations of 50,
£00, 5,000, and 50,000 ppm produced no ramarkable sings df toxicity
excapt for mica exposed to the highest laval. Fifty percant of the males
* ware hyperventilating aftsr 45 minutas of expusuro{ twitching and possible
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ataxia were noted. At 39 minutas tremors were seen, Females showed some
hyperactivity at 40 minutes and 2527 showed respiratory difficulty and
ataxfa aftar 55 minutas. No other effects were notad.

There wert no remarkable sfgns of toxicity during the ten
repeated exposures of mice and rats at 500 ppm of VCM, nor in rats
during the 49 exposures at 500 ppm, nor in either species during the
100 axposures at 50 ppm.

2. QObservations Aftar Excosure

Thers were no consistent or dase-related differences between centrol
and expose? (single or multiple) mice or rats in: death rate, (Appendii. Fig ¢
IX, inclusive) toxic signs, gain in body weight. (Appendix, Figs X-XVIII {nclus

8. Gross Pathology

There was a_suggiktion of a higher fraquency of massas in tha
lungs and 1ivers of mice and rats exposed once or repeatsdly at the
_ higher dose levels. (500, 5,000, 50,000 ppm)

C. Light Micrescooic Patholoav

1. Mice (single exvosurs)

Histological examination at 8 and 18 months -in ICR mice expased
once to concentrations of 0, 500, 30C0 or 50000 ppm shcwed the following chang
* attributable to VCM. (Appendix, Table [V-Vl, inclusive) The deveiopmant of

adenomas increased with exposure to higher dose levels of vinyl chloride:;
control - 12/120 or 10%

50,000 ppm - 45/137 or 32.82

" 5,000 ppm - 24/143 or 16.3%
500 ppm - 18/139 or 12.9%
50 ppm - 14/139 or 10.1%

Prograssion to carcinoma was minimal;




control - 0/120 ar 9%
50,000 ppm - 3/137 or 2.2%
5,000 ppm - 1/143 or 0.7%
S00 ppm - 1/139 or 0.7%
50 ppm - Q/139 or 0%

Pneumonitis was evident in all animal groups which wers exposed

i

to YCM {n doses of 500 ppm or more.

2. Mice (10 expcsures)

Changes attributable to YCM in A/J mice exposed ten times at SO0 ppm .

.
I-
H
H

ex.uﬁned at 8,16 and 20 months are as follows (Appendix, Tables VII-X, inclusive
The inducifon of pulmonary adenomas:
contruls - 31/90 or 34.4%
500 ppm - 124/15§ or 74.7%
. Prograssion to malignancy (carcinoma) in the tast group was

1‘ greater than in the controls: .
controls - 3/90. or 3,3%
S00 ppm - 22/166 or 13.3% )
3. Mice (100 excosures)

Marginal increases in the occurrence of adenomas of the lungs
were attributable to VCH iﬁ A/J mica exposed 103 times at 30 ppm and
eya!uatad at 8, 16 and 20 months. (Appendix, Tables VII-X, fnclusive)

contrals - 29/34 or 34.5%

50 ppm - 65/158 or 41.1%

_ Progress tn malignancy (carcinoma) was apparent:
controls - 2/84 or 2.4%
. S0 ppm - 7 /158 or 4.4%

i - ; i : UCC
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Single FExposure

A

Swnmary of Pulmonary Findings Vieyl Chiloxide Ishalation

Pulmonnry Adenomas

I'rogression to Carclnoman

(ICR Mice) (6°s 10 Mo. Sacriflce) (n Ho. Sacrifice)
Control 12/12¢ 10.0% : o}lzo . 0.0%
50,000 PPM 457137 2.m /137 2.2
5,000 reM 24/14) 16.0% . 17143 0.7V
500 PPM 18/139 12.9% ' 1/139 0.7
50 PrM 14/139 10.2% 0/139 0.0V

Muitiple Exposure

Pulmonnry Adonomas

Progresslon to Carcinomns

{r.J. Mice) {0.16 & 20 Mo. Bacrlfice) {I6 & 20 Mo. Bacrifice)
Controls 31/90 34,44 3/90 3.0
500 PPM x 10 1247166 1478 22/166 13.0%

Controls

29/04 34.5% 2/04

2.4»

50 PPH = 100

65/150 a8




4. Rats ¢ingle axgosures)

Except for aggravation of latent pulmonary changes, particularly
bronchopnsumonia, changas attribuytable to VCM were not apparent in any
of the tissues evaluatad microscopically at 8, 16 or 24 months frem
Fischer 344 rats expasad to.concentrations of 50. 500, 5000 or 50,000 ppm.
(Appendix , Tables XI-XIY¥, inclusive)

5. Rate (Multiole exoosyres)

No changes attributabls to VCM were apparent in any of the

tissues evaluated mi:roscopically at 8, 16 or 24 months from Fischer 344
rats exposed'ten tires at 500 pom or 100 times at SO ppm. (Appendix, Tables
XV-XVII, inclusive)

' 6. Rats (49 exposures from the resrgductive study)

The following histological observations were made 24 months

past exposurs {n Sprague-Oawley/Wistar rats which had been exposed 49
times at 50 ppm or 500 ppm of VCA. - (Appendix, Table' XVII)

i %eoplgstic and non-negplastic Tesions were abserved in approxi-
mataly equal frequency in control and test animals.

The only lesfons that occurred in higher frequency in the
¥CM exposed animal than in control ratslwerq easinophilic call altarations
presented as foci and/or areas. The appearance of thesa foci was relatsd
to dosage. The niture of tﬁasc lesfons is controversial. Some pathologists
" fael that basophilic Tesions have greater significance with respect
to neoplasm development than do other cellular altarations. Others

feel that a1l of thesa callular alterations may be part of a spectrum

——

capable of praogressing to the formation of neoplastic nodules.

7. Summary of Light Micruscooz Studies.

The carcirogenic, or possible related changes (easinophilic foci)

attributable to exposura of VO1 in rats and mice ars summarizsd in Table 1.
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Table 1

*
VINVL Cllﬂllli STUDIES
eri- PPN DAYS SUHIAARY SPECTES/NUMDER EXPOSED RESULTS
ial (1 hr/day) {ppu-trs)
l.l-lll ‘ - eyl ey
A* 50,000 1 50,00 ICR Mice 1680 332 adenomas
Fischer Rats 178 neqative
cx 500 1 24,500 Sprague-Dawley/ 49 Eosinophilic
' Histar Rats changes
A 5,000 1 5,000 ICR Hice we 16.8% adenowas
Fischer Rats 100 negitive
D 500 flo i 5,000 Ad Hice wo 1AL adenomes
controls : Fischer Rats 180 negative
B+ 50 100 5,000 AJ Hice Y'Y TS adenomas
controls ‘ Fischer Rats 180 ngative
c* 50 49 2,450 Sprague-Dawley/ 47 Eosinophilic )
Wistar changes
A 500 1 spo 1CR Mice 80 T like contrals
Fischer Rats 190 negative
A s 4 s0 IR Mice s fike controds "
Fischer Rats 180 negative
...... o o 8 " ICR Hice 170 )
Al Mice 190
SD-M Rats 45
, Fischer Rats an
TOTALS , . . . ..« ... 301

0 On Rttt

* Controls - A, 8, C
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0. Electron Microscooical Resulss.

1. General.
In general, these studies indicate that exposurs %o vinyl chloride

increased organelle turnover (Fig. XIX) as well as lass of valume control (bleb
formation) and increased lysosomal activity in the liver of rats (Figurs XIX).
These alterations progressively decreaseil as recovery time after exposure
increasad, .. —

Hepatocellular earcinoma was sesn in one male Fischer rat which
had recaived tan exposures of 500 ppm. Lymphosarcoma was notad in on; female
Fischer rat which had received a single exposure at 00 ppm. Since thesa were
individual cases, and since no cancers wers sesn at 50,000 ppm, the lywphosarcoma
and the hepatocellular carcinoma are not likely relatsd to ;hl vinyl chlotide
exposure. Thus, it appears- that exposure to vinyl chloride did not produce
cancer in rats in any of thase single or multiple exposures.

General conclusions concarning these various segments of the

electron microscopical rtsults'fbllaw.

" 2. ©  General Conclusion of 8-Honth Recavery ta Single Excosurs
‘? : 50, 500, 5000, 30,000 oom=ar) of ‘Hui Chlorice in Fiscnsr Rats.

a.  Alterations from control (Fiq. XVIII) occurred in all treated

‘animals at each concantration.
b. Changes were less severs in famale animals.
€. Hepatocytic altsration included 1ipid accumulation (Ffg. <iX),

increasad dense bodies (Fig. XX), lipofuschin granulas (Fig. XX) and residual
bodies. These are an indfcation of cytoplasmic sublethal injury.

d. Alteration was incremental with increasing exposure concentra-

tim. e
e, Most severs changas involved cellular necrosis with subsequent
phagocytosis by Kupffer cells. CFigure XXI}(seen in single and multiple exposures).




f!

. may indicate a

.

a.
b.
Ce

animals.

4

dose animals, w

4.

2" Tawer exposurs concentratians.” When compared to the alterations in the 8 months in

gxtruded are3s of hepatacyta cyteplasm (in bleb formasicn) (Fi=

FR

means of removal of altsred norsians of cells.

General Conclusian of Z-Month Racavar
2xoosures: 3
1scner Racs.

%2 Muleiola Excosures
gom X 100 exposurss) =9 Viny

Changes were seen in male and female treated animals. (Fig. XXI)
Less altaration was encountered in female rats.

Cellular changes was greater than that sesn in single .ase
Altarations involving hlaatncyta nuclei, not ;een in si-gle

ere ancountered in males of this group. .

General Conclusion of 16-tonth Recovery Aftsr Single Expasurs

, 900, 3 . ' pom x | nr) to Vinyl Chiorige in rischer
ts.

.

Normal morpholagy (Fig. XXII) was noted afier 16 months in the

the 8 months animals, the access recovery period appesred to be sufficient
-,‘ attaimment of control morphology.

b.

When changes in controls were subtracted from those in treated

animals, the most significant finding was htpat;cyte necrosis in high‘dose malas,

5.

a.

Genera) Conclusion of 16-Month Recovery to Multinle Exposures
§§§§ §om X I§ axposurss ; §Q ocm X gxcosurss in Fischer <ats,

Electron microscopic evidence supportivcnof a diagnosis of

hepatocellular carcinoma was seen in one male given 10 doses of 500 ppm vinyl

chloride. (Fig.
b.
Xupffar calls,

XXI11)

Other changes included cleft-11ke spaces in hepatocytes and

These wirn intgrpreted as age-related changes in hemoglobin/

hemos{derin qltabolisu.

c.

Changes were more severs in males.
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8. General Conclusion to 24-Manth 2ecavery from Single fose
20, 500, 3000, 30,C00 oom) Viavl ZThioride in riscnar 2a<s.

3. Age-related changes including formgticn of cleft-like spacss
(possibly related to hemog!obin/hemos{derjn), inflammatory infiltrate (pericholar
gitis) and some collagen accumulation ware seen in controls (Fig. XXI¥Y) and
treated animals in this group.
‘b. In this group hepatocytic injury - not encountared in contrels -
was abserved. At 5000 ppm one female showed ividen:a of lymphosarcoma.

7. Genera] Conclusion to 24-Month Racovery Afte; Myltiole Dosas
]§§ §§§ X 10] of Vinyl Chlorice in rischer Racs. .

3. Controls and treatad animals showed changes similar to those

sesn after 24 months recovery to single exposurs.

i

b. These chinges were reqarded as age-related and non-specific{Fig.

8. General Conclusion to 49 Exoosures for 1 Hr at Dafly Intervals
Follow nth of Recovery (30 and 300 gem) (Sorague/
Dawley/Wistar Rats).

3. Age-ralatad non-specific change was engnuntarnd in all groups.

'1I b. Most advancad changes wers related to 500 pom group of male

rats in which cell swelling and platalet aggragation were sean.

E. Multigeneration Study in Rats (Scracue/Dawlav/VWistar) .
B No cons{stent changes attributable to VCM were found in F0 parsats
, which were. exposed to 50 ppm or $5CO ppm of the viayl chloride monomer one hour
‘ per day, five days per week for ten weeks befors mating and evaluatad for numbers
“of matings, percantages of pregnancies, fertility and lactation indices. The

. F]. Fz’ and F3 offspring wars evaluatid for litter size, percent of stillborn

pups, post-natal growth, viabjlity, survivability and reproduction anomalfes.

(Appendix, Table XIX - XXV , inclusive)

- Electron microscopical examination of the parent rats which were he
for 24 months after the 49th exposure revealad age rtlated changts celT swellinr
and platelet aggregation but no tumors, (Fig-.
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v, DISCUSSTON.

A. Factors in Carcinogenizicy.

Theorstically, a single molecule of 2 carcinogenic sybstance may

produce a cancer-if {t {s not destroysd in the body before it reaches a suscept-

ible body cell, if it makes a2 carcinoganic biochemical combination (‘hitf) with
the cell, {f this combination is not repaired, if the cancar c2lls ars nct de-
stroyed by the immune system, and if other host factors ars favorable ta
carcinogenicity. On the ather hand it may be assurmad that not every molecule
will make a carcinogenic “hit®, that some “hits® will bde rspaired, and some
‘ﬁits' may not develop into tumors because of unfaverable host factors, and in
some situations the cancar cells may be destroyed by the bodies immune systgm.
" The higher the dose rate the-greater the numbar of hits and the grsater the
freguency of tumor production.

The above considerations suggest the existencs af “no effect” doses,
threshold doses, and dosc-respoﬁie curves which have the hockey stick shape
d#ﬁbe& by Bryan and Shimkin.‘ Thase c’nnsideyaﬁons have basn discussed for

5.6 7.8

radiation and chemical carcinogenesis by numerous aythars,

The Food Protection Committae, Food and futrition Soard of National
Academy of Sciences - National Research Caunicl9 notad that dosa-response re-
laficnship applied to carcincgens. The higher the dose, the greater is the
incidence of response and the sﬁorw the tize required to elicit the responsa.
This relationship has been reportad for 1,2,5.5,-dibenzoanthracens (DBA)4.
20-methylcholanthrone (HC)’Z. and OMBA plus ¢roton oil ]2, p-dimathylamincazo-
13, and carbon tatrachloride.'®

“—

_ for ultravialet 1ight'S and fenizing radiation.'$17, .
Thére are non-tumorigenic levels of exposure to carcinogens for
given experimental canditions. Carcinogens do not produca cancars in all

exposed animals. In bicassays, the lower dose Ieve;s §ometimes do not
1,12,13

benzene Dose response curves have been given

produce tumors while higher dose da produca tumors.
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The possibility is recognized tnat "no effect” doses may exert
carcinogenic affects which are tao weak to a2 dotected with the numbers
of animals uysed in routine tasting.

The concept of lifetime accumulative, non-tumorigenic and
tumorigenic doses of radiation has besn adoptad. Tha Fsderal Radiation Cmcm:ﬂ]8
stucad that for occupationally exposed personng! the accumulatad dose of
radiation to the whole body, head, trunk, activa blood forming organs,
goneds or lens of the eye shall not excesd:

1.. In any calendar quarter, 1.25 roantgen equivalent mammal (rem)

2. Total lifetime dose of 5 (N=18) ram whare { equals the prasant
age in years.

é

h. .. Yinvl Chloride and Carcinoaenicicy.

Maltoni described 2 dose-response »2lationship for the carcinagenic

effect of vinyl chloride in animals. The neoplastic response was affectad by

the length of cxposurn.lg?zo
‘1} Lee ot al..ZI noted that the incidance and severity of tumors

increased with tha concentration of VC and the langth of exposure.
The above statments indicata ;hartha total dose (concantration

X exposure time) may be of importance in the carcinséenicity of vinyl
chloride. Total inhaled dose can be approximatad by the daber cnncupt.zz
In its simplest form this concapt statas that the total inhaled dose, C:
(mg min/cu m) is the product of ¢ (concentration in'mg/cu m) X t (time in
minutas).

~ Tha concentration can be expressed also in part per million (ppm)
and the time can be expressed';;.hours preducing Ct in ppm-hr., Factors
for breathin&-ratc and detoxication can be added when thesa data are

available. However, the. simplified Ct approximation of total inhaled

dosage is sgmatimes useful.
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A rough calculation of total doseges has bean mads for some of

the data of Malctoni ‘9'20; Lae ar a12‘.. Viola et al..23 Caputn at al..24

and Kaplinger et al. e

LI}

These Ct calculations are surmarized as follows:

MALTONI STUDIES 19.20
Test Species . Results (carcinogenasis)
8N rats no affects at S2K* ppn-ht"s
BT2 rats negative at 17X, 85K and 170K ppm-hrs
' pogitive at 850K, 2000K; 3000K ppm~hrs
876 rats . positive at 24,500X ppm-hrs ‘
877 rats negative at 52X, 260K, 320K, 2500K, 6200K
pen=hrs
positive at 10,400 ppm-hrs
874 mica " negative at 30K ppm-hrs ’
% : positive at 150K, 300K, 100K, 3600K and
600X ppm-hrs
*X = thousand (0C0) )
LEE et al., Studies 21
Test Specias ' Rasults (carcinogenesis)
Table 1 mice All tasts essentially negative balow
Table 2 mice 48K* prm~-hrs and positive at 48K ppm-hrs

Table 3 mice and above

——
*X = thousand (000)

“In the studfes of P.L. Viola, A. Bigott! and A. CaputoS tumors
were seen in rats which had been exposed to 30,000 ppm of vinyl chloride four

hours per day, five days zer wee:k for 12 minthe. The total dose (Ci) was

14
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. 28,800,000 pgm-hrs.

A. Caputo, P.L. Yiola and A. Bigot‘:iz“‘ exposed rats to vinyl
chloride four hours per day, five days per weak for 12 months. The concant-
rations were 20,000; 10,000; §,000; 2,000; 5C0; or 50 pem. The total dose
(Ct) for the 50 ppm was 48,000 pem-hrs. N0 tumars were producad at this
level. The total dese for 500 ppm-was 430,000 ppm-hrs., Tumors did
oceyr it the lattar dose appearing as sarly as eight months. The total
Ct in the 500 ppm study in efght months was 320,500 pgmenrs. ‘

Tumors appearsd in the rabbits after nine months at 10;000 ppm.
Thus the lowest total dose was 7,200,000 ppm-hrs.

M.L. Keplinger et al. .25 exposed rats, hamsters and mice to vinyl
chloride. Onl'y the data on mice was sufﬁciergtly coralesa for examinattion
of total dose effects. The animals were expased seven hours par day, five
days per week for eight months. The lowest C% was $5,000 ppm-hrs. This Ct

{d 4171 higher ones did éﬁduc: tumors in mice.

Consumer Products Safety Commission Studies (Tables 1 and 2)
Tabel 2

Species - Resulis (carcinogenesis)

ICR Mica 50 and 500 ppm-hrs - negative
5000 ppm=hrs - borderline pasitive
50,000 ppm-hrs - positive

A/d NRica $000 ppm-hrs - pasitive

Fischer Rats 5Q, SOO_._S.OOO and 50,0C0 ppm-hrs - negative
24,500 ppm-hrs = eosinophilic loci, no cancers

These calculations indicate strongly positive carcinogenic effecss

may not appear in rats until the total dosa (Ct) of VCM reaches or excseds
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. 50,000 pgm-hrs.
The maximua respensa in the rats was the appearancs of easinopnilic
cells which might suggest a pre-cancarcys change,
The CPSC VCM tests in mice indicate that increased frequencies of
idenoma may appear in this species at Ct's of 5,969 ppm-hr and above. This
total dose for carcinagenicity is in genarzl agrasmeat with Lae gg_gl,.21

(48,000 ppm-hrs) and Maltoni 19‘2°(betueen 30,000 gpm-hre and 150,000 ppm-hrs),
and the other 1nvcstigatnrs.23'24'zs In general, fn ordars of'magnitude

carcinogenic tendencies are sesn in some species at Ct's of 5,000 to 50,000

ppm=hrs. Definita carcinogenicity appears in both rats and mice at Ct's of

£0,000 to 500,000 ppa-hrs, 9nd high incidsncas of carcinogensis are noted in

mice and rats.at Ct's of greater than 500,000 pp=m-ars.

The pravious studies‘g'zo'21'33'24'zs and present CPSC study are

fn agreement as to the dose-time relationship for carcinogenesis relatad to
-.yinyl chioride exposure.- All of these stuifes c:psidcrud collectively may

1!L1¢atl that thers may be a life-time t2tal dose for vinyl chloride below

which carcinogenicity is not likely %0 occur. This "no cancer® Ct ssems to

be below 300 ppm-hr for mice. For histological confirmed carcinogenesis the

“no cancer” Ct in rats appears to be 750,000 ppn/hrs. Tha results of the lignt

.. or the electron microscopical study did nst reveal carcinogenic responses in

rats at Cts from 50-50,000 ppm-hrs. However, Ci's of 2450 ppm-hr producad

eosinophilic loci but no tumars in rats in shne CPSC tasts.

uce
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As an additional comsideration in the :0t3l desa concapt,
Ct's of 5000 ppm-hr producad incrsased insidancas of adancmas in mice
when the exposures were at 50CO ppm for one day, 303 ppm for 10 days or
50 ppm for 100 days. The increased incidence of adenomas produced by
the single exposure of mica at 5000 ppn is of Sarderline significance.

However, there is tha indfcation that even sirgle exposure of sufficient

T

magnitude may be carcinogenic in sensitive spacies, -

I

The dose-response relationsaip and the "no effect” dose :oncapt

Bl

have been described for other carcinogens.

It {s difficult to relata thesa animal studies to man. Data on

{ lil i:

It
1
1

HEIHE

vinyl-chloride exposure in plants have been limiced. However, acute dizzyﬁess.
headache, naus;a and chronic liver damage have deen seen in vinyl chloride
workers. It is assumed that peak exposure levals of several thousand parts
per million were experienced at times. Air uonitor1i§ ;f one gr;up of plants
y ng 1950-59 indicata that time-weighted (shﬁr),avcrage exposyre were 120-38%
pp. (This would give daily Cis of 960-3030 pzm-hrs). Peak exposurss prodably
excseded 1000 ppm. This may not have been typical of all polyvinly chloride
plants.(]l
' Data on vinyl chloride in ambient air are limited also. Awmospherie
measursments in the vicinity of production plants fndicats that concsatrations
are below | ppm. One peak grab sample of 33 psm has Seen reportad at 0.5
kilometer from the canter of one plantJ(l)

The timn-uciqhted threshald lim{t value of the Amarican Confersnce
of Government Industrial Hygiengit for 1977 1s 200 ppm. Thera is a natice of
{ntended change 28 . The Environmantal Protection Agenqy27 has established
the following emissfon limits for vinyl :hiorida: (1) formation and purification

processas is 10 ppm, (2) emissions from equipmen: precading and including the

17




'stripper in the plant prucess flow is 10 spn, (3) amissions from 2quismant
following the stripper are to be controlled by strioping dispersion resing
to 2000 ppm and other resins to 400 ppm.

Assuming that man {s as sensitive as the mouse or rat the car-
cinogenic effects of vinyl chloride might be expectad after an accumulated Ct
of 5000 ppm~hrs or 150;000 ppm-hr respectively. Basad cn the high pollution

values given above (1000 ppm-hr per day) carcincganic doses could have been
dccrued in ane week (mouse) or 30 weeks (rat). At the TLY of 200 ppm (daily
Ct of 1600 ppm-hr) the time to accumulate a carcinogenic dose woul& be 3 days
(mnﬁfil) or about 19 weeks (rat). Comparable accumylation times at 10 ppm
(80 ppm-hrs per day) would'Pe about 12 weeks [mouse) or 375 waeks (rats).’

The calculations are basad upon a five day uorkiﬁq week.

N




v, CONGLUS QNS

A.  Except at the highest concentrazion. 3G,000 pem, where poassidly
anesthetic-type effects were ssen vinyl chloride preducsd no pharmaco-toxic
(excluding pathology) signs in mice or rats curing or after exposure.

8. No reproductive or teratogenic chanjes attritutable to vinyl
chloride were found.

-------

]

(R

C. Vinyl chloride seemed to procuce preumonitis in mice and to

i
!

aggravats bronchopneumonia in rats.

(v oe
D. Vinyl chloride produced eosinepnﬂic channes in rats but no frank
(1ight microscopy) carcinogenesis.

E. ﬂecton urlcroscop'lcal studies revealed some hepatocallular changss

TR

but no can:inogencsis relatad to the vinyl chluride exposurds at Ct's of

50,000 ppm-hrs or less.

F. The findings from these Consumer Products Safety Commission tasts
a%fn agreement with resylts of previous smdiu.j'"'s'a'g‘m'n'13'15’15’17

T. The carcinogenic effactiveness of VCM depends upon concentration

and exposure time, c:_o,.s.s

1

2. There were VCM doses which were not carcinogenic and thers
appeared to be a total accumulatad dose above which tumors wers produced. 13,15,16,17
e - Similar effacts have been noted with other chemicals.

3. Tumors wers not seen in mice at Ct's of 500 ppm-hrs nor in rats
at 50,000 ppm-hrs or Jess.*:9:6+9,10,11 ' :

|

Syt

_ 4. Carcinogenic effects of YOI were ssen in mice at total dosas
(Cts) of 5,000 ppa-hrs and above:i’n

N
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Sinyle [)osnro Schedule of Anlmals

Table ).
To V(H
Exposure date Exposure il.gu at time
Specles  Sex Dose ~ MY [ IR group size{s) _ of crpasure
Ppm wecks
] 50 3747715 . 90 15
600  3/21V/75 90 16,
5000 3/18/75 (113 V7
I;Ischcr S0000 3725725 90 14
N — T
F 50 - 3/4/15 90 15
500 3/1V/715 ‘100 16
’ - 5000 3118715 95 17
50000 37254175 80 18
N 50 3/4/15 %0 TR
500 3/\\/18 90 16
5000 3/18/15 90 17
1CR 50000 3/25/28 90 8
House -----memcmcemccncnnes ————— —mmemess e mctacacccncnmnn-
F 50 /41715 90 15
500 3/1)275 90 16
5000 3/18/715 90 17
50000 /257715 90 18
Rat M Neg/Cont. 92 15-18
F Heg/Cont/ N 79 15-18
M Heg/Cont. a2 15-18
Wuse ¢ jey/Cont. 28 15418
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. APPENDIX S L

Table [I. Exposure Schedule ;ﬂf Animals Expnhad Repeatedly to VCM

Specles Sex Dose “Exposure  kxposure daftes . Exposure Group Ago
periods . size(s) .
. ¥From To Start End Biart End
e pps days wks
Fischer M _ 50 100 8/27/75_1/26/16____ .90 86____ 21 41
Rat 500 10 2/7/78___1/18/76 90 20 14 16
¥ 50 100 8/27/16__1/28/18 20 87 21 M
) 500 10 7/7(75___1/18/78 80 00 14 Wi
M 50 100 2]7/75___1]18/75 80 87 15 45
Al : ; o an a T ia
Mouse f— . 500 10 9137129-_1139175 20 80 g......_._..;l.g..
P 50 100 1/7(15___7/18/76 90 88 15 _a5_
L 500 10 8/27/78__1/236/18 90 __90 8 10
M - Neg. 100(c) - 560 60 21 11
flscher contrel __ 10(ec) __ - 50 60_____14_____ 10
P Neg. 100(c) -~ 50 47 21 11
control __ 10{c) __ -. 50 L . S
M M - Neg. 100(c) - 32 20 15 45
Mouse co!ltrol lgi‘—:l - ﬁg -——%_----_g--__.__.].g_
F Nog. 100(c) - 50 50 156 a5
contral lo(e) - 60 60 8 10

0N

NOTE: (c¢) control for corresponding dogse above.
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APPENDIX
A .

Table 115. VCM Multigeneration Study F‘l Paregts

) tumber of
Compound Dosa . Males -

Air - Contro) 25

VCH Low Dose 25
(50 ppm)

High Dose
(500 ppm)
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