BIO-MEDICAL. RESEARCH
DOCUMENT DESCRIPTION FORM g3

68 69 76 77 78
Duplicate.'in all cards: — / fﬁ ‘ UUGUZOD ' [E
: - . year as~1961- File number Sub-Index
[Right justify Code
[Numeric only] -

Author(s), as Last Name FS (No Punctuation) and
coden for journal as JAMA preceeded by one blank space

i 20 21 : 40 41 60 61 62
ws Z'_j‘ ﬁm/’ﬂ"x/ VA 11
. 12
13

Title of Report; end with space—hyphen~-hyphen-space. Follow with Index Terms,

separated from each other with comma-space. Avoid other punctuation;
do not abbreviate.

12 , : . ‘ 61 62
[ - 21
KO TI29/0T In  VINPE Cptrftrns 22
SRR : 23
26
S urcé (Joumal, Voll.; Number, Pagés, Date ) . '
. Lo i o . ) 61 62
12 B . :
Anesefif7— [ Z2F— » 13-7 _ J7x | [®
. b : . %
Brief Summary ‘
' 3 : . 61 62
1 2 10 .
SUMMARY : 61
62
63
64

Z.9€11L SBY




€29¢11 gy

'eddition, averege_values‘for the body weight of/ihe animals -

1gated. " Studies in the

on resp1rat10n has not b

rat showed that metabo11sm of VC in cIosed chamber is saturated

at a concentrat1on of 250 ppm (Sec. C3a).

Average ventilatlon values vere used to obtain estimates

of the sustained doses 1isted in Tables I and IIi. 1In . \-l

=

- .
and estimates'of body surface area and conversion factors ‘ii Sl

Py

(Freire1ch et al., 1966) were employed in the calculations -]
(see Footnote a for TahTe 1).‘ Thus, only crude estimates
could be obtained. Based on these, mice may be slxghtly
more sensit1ve to a concentration of 250 ppm than rats or
hamsters (Table Ill). However. as noted above, actua] in
vivo levels of VC are not ava11ab1e, and hence any dxfference ,\
in quantitatlve carc1nogenesis may depend an such. values,

rather then intr1nsic dwstinct spec1es-l1nked responses.

Better relative estxmates could be obtained w1th good

dosimetry data on the three species.

o
-

5. Human'Stodies

i. Conclusion

VC is implicated in the_etiology of hepatic angiosarcoma

and possibly brain and lung tumors, and other kinds of

At

cancer.

i. Literetore‘end Evaluation

wde

Angiosarcoma of the liver was first recognized as

a VC-associated occupational cancer in 1974 (Creech and




Johnson, 1974). Soon after the first cases were reported,
several studies revealed that individuals working and Iiving
near to Pvc polymerizatton facilities had excess mortality
from cancer of the brain and the lung (Monson, et al., 1974;
Tabershaw and Gaffey, 1974). A Dow Chemical Corporation.
istudy found that observed deaths due to malignancy exceeded
those expected\éﬁong workers in the high-e&poﬁure catégor&;
exposure wa§ measuyeé iﬁ two production units, and was
reported’éolrange from 10 to.385 bpm in one an& from S5 to /59Vﬂj
825 ppm in the ofher}_occasiona] maximum excursions reached
up to'# 000 to 1,300 ppm, respectively (Ott et al., 1975).
Waxweiler ett al (1976) in a study. of a cohort with minimum
five-year direct exposure. and Io-year‘latency conf1rmed

exce551ve mortality from neOplasms of the brain. and CNS

v19€L1L S?H

" the respiratory system; Tiver-.and 1ymphatic- and hematopo1etic
systems. ‘There was some indication that the Iarge-cell
undifferentiated type of lung cancer was more prevalent than
expected. Excess mortaligy from "other respiratory disease”
was also foun& (Waxweiler et al.,°1976). A slight but’
signific;nt excess was found for deaths from lymphomas.
There was eyideﬁce that biliary and Iivef dancer deaths
required a 10-year latent period to show a mortality exéess,
while a 15-year latent period was required for brain, reSpiratory.
system, Tymphatic and hematoppietic systems (Infante et al.,
1976). |

. Hepatic angiosarcoma is the best-defined VC-induced

cancer in man, Some 63 cases had been reported by 1977.

-14- ' ' ) A A - . ‘ ca ‘,'\l“ ..




S29¢811L S®Yy

'to 4,500 ft af.a VC or PVYC factory. for 8 to 62 yearsiprioy_

person 11ved only 1 700 feet away for 62 years. The air

. who never had e&posure (direct or 1nd1rect) to VC.‘ The

" high annual incidence of liver angiosarcoma in 1970 through

Most of the tumors were observed in reactor cCleaners.

However, an accountant employed for 10 years in- a vipy]

fabric factory also developed this tumor, which otherwise

occurs at a rate of 25-30 cases/yr in the entire Uu.S. poputation
(Bartsch‘and Montesano, 1975). Aﬁother'fiﬁe perﬁons with ‘

liver &ngiosarcoma could be shown to have Tived: within 500 °

to diagnosis. Their'ages at diagnosis-ranged'from 31'to 62;
It was stated that in one of the cases, amb1ent emissions of

Ve from the factory were as high as 92 800 ppm, and the

levels of-VC around the residences were not known. It-was.'
also found that in- 1958 through 1975, 14 cases of hepatic

angiosarcoma were diagnosed among Mew Xork State residents.

possxbility of exposure to arsenic or thorium d1ox1de known -
to be associated with ang1osarcoma was also excluded. 1It. '

was concluded that New York State might have a’disporporfionate]y'_f"

1975 (0.25 per millioﬁ vs 0.14 million in U.S. ), and other

toxic substances besides VC, arsenic and‘thorium dioxide

were éuspected to have contributed to the tumor incidence

(3rady et al., 1977).. Tybically, occupational 1iver'qngibsarcama
has been diagnosed in men ranging in age from 36 to 58 (X =

46.7 years) and having had 7-28 (X = 17) jears of employment.

In almost a11‘cases,_the latent period exceeded 10 years.

A -] 5"'\
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Industrial Exposure

Barnes (1976) has pointed out that. all significant

medlcal effects such as liver ang1osarcoma and acroosteolysis

have been observed exclusive]y in workers in. polymerization.
plants or, in two cases, plants handling 1iqu1d VC under
Tpressure. No significant abnormalities were said to be

' found among thase workers who handle PVC dust during drylng

A‘l anq packlng.- wiQSwZwau-_ ?JQL y L:Q.ft j{;' "d.v‘fiﬁ- P UL o)

The - po]ymer stirry contains around 500 ppm of VC;
during centrifuging and drylng the content i$ reduced to
about 50 ppm (Barnes, 1976). |

According to. Barnas, the average atmospher1c exposure
for polymer1zat1om workers in the past might have been of
E the following orders;¥;\,.f B .

AN

”1945-1955‘ ?1;*11/??fi;d”TL;unu.ppm_ :

| 1955-1960.1'93 ... . 400-500 ppm
1960-1970 . 300-400 ppm
1975 {Efﬂéfrgi'jf -~ 5 ppm . Ce

However, 1eyeT§ as ﬁigh as 3,000 ppm are aT]ege& to
‘have been encountered by reactor cleaners in the early days.
The study by Kramer and Mutchler (1972) of Oow ChemfcaT
Corporation pfoduced time-weighted average exposure of 155
ppm in 1950, and 30 ppm in 1965; again, these figures do not
reflTect peak 1evels and either indicate that ana]yt1ca1
methods were probably quite inadequate, or reflect a “clean”

process. On-the-spot measurements by Baretta et al. (1969}

A — k ! > e wm st Tt L m m e et ————
S T A T X
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-conditfons in a USSR factory write that maximum tolerated : f';-\v 2

reactor-cleaning job (usually fol]owed by years in a‘Tess

yielded a time-weighted average concentration for a polymerization

operator (not a “"pot-cleaner") of 50-200 ppm.

Prior to dégassing, the concentration inside the reactor
is some 3,000 ppm (Lange et al., 1974). Men enter the | o ':SQ';%
reactors at a concentration of 50-100 ppm, bupﬁgealistical]y,
the‘range is 600 to 1,000 ppm (Cook et all,_197i; ﬁicho]son _
et al., 1975). Filatova and Groﬁsberg‘(1957)-describfng thé ,' :‘:;:;;

levels were set at 40 to 312 ppm, but occasional bursts
amounting to 34,000 ppm occurred. |

Latent Period and.Effective Dose

In one documented case, exposure at-"“high coﬁcéhtration"
for 4 years lead to the development aof hepatic ang1osarcoma_
and death eight years after the first exposure (Fox and ""“*::f‘ii};:§
Colxgr, 1977). On average, the latent period is c1oser ta --:;;-f?fi

20 years (Anonym., 1976), and employment period in the

exposed job) ranges from several months to several years;‘

It is difficult to estimate the total dose for a reactor
cleaner, because of considerable variationlin job_deffnitions
and in the technologic proégss. The general consensus
(Barnes 1976; Nicho]sdn et al., 1975) is that a polymerization
plant operator, would be exposed ta an average VC concen;rgtion
of 1,000 ppm. Assuming that this is a reasonable estimaté
for a reactor cleaner, a year spent iﬁ this job correspoands

to a total dose of (2.56 mg/L)(4800 L/day) (5days/wk) (50




wk/yr)= 22 g/kg. The average occupational exposure of

workers is given as 18 yrs (IARC, 1674) and the average

exposure of workers that developed hepatic angiosarcoma was

18 years (Nicholson et al., 1975). Far exposures of this

duration, the cummulative dose would be 396 g/kg.

The above daiTy dose estimate is perhaps on the higﬁ

side; however, hepatic angiosafcoma appears - to cluster in

certain plants, whereas ophers have no cases at all (Bartsch
and Montesano, 1975). It seems reasonable to assume that
cases arise more'frequently where hygiene is less stringent

(Dinman et al., 1971). "In support of the importance of high

exposure, Heath et ‘al (1975) have. noted that there is a
possible dose- response reTationshxp between the duration of
emplToyment as a. reactor cleaner and the: Tatent period to
development of hept1c ang105arcoma. - o

However, it is unknown whether humans d1sp1ay a saturatwon
1imit similar to the rat.(Sec ¢ 3a) in the ability to absorb
and metabalize VC. _ Thus far, the data are net consi;tent
with such a limit; since most cases of angiosarcoma as
noted, are eseociated with high exposures.\;Theee exposures,
hawever, may be necessary'td achieve the saturation Timit,
which in rats is 250 ppm. If 250 ppm is a maxima]ly.effective -
dose, thed the cummulative dose would be reduced by one-
faurth.

Incidence _

If estimation of the human carcinogenic dose 1is difficult,

the incidence of hepatic angiosarcoma can likewise be related




’fo doee but in an imprecise way. 'Fox end Qollier‘(1§7i)

point out that 4 cases of liver cancer had beenﬁrepqrted in
Great Britain where aover 7,000 men wefe at some t%me between
1940 and 1974 exposed to the monomer in PVC manufacture.
Two of them had angiosarcoma, behh_in men with high VC
exposure. However, orly 8% of the working foeée had been
employed fofyqvee 20 years, and of those.‘oHT¥;§¢'were

exposed to ceeetant highfleeeis. This\1eads-tb_an incidence‘
estimate of 2 34 (6%). However exposure to constant high
Tevels is prob;b!y not necessary. In the-U;S., where about
20,000 workers have been exposed te'VC (Heath et af., 1975)-'
17 cases were reported up to 1975 (Falk and Naxwefler, 1976-' b
Lloyd, 1975).. Nine of these cases were found in.a singTe B
plant empToying less than 300 workers i.e.,3' (Bartsch and
Montesano, 1975)- In the absence oF better data and 1atent

period—adausted analysis, a reasonab]e ‘and rel1ab1e—estimate ’

of 1ncidence as a function of dose in human subgects is

difficult, but may be as h1gh as 20- 25% 1f on]y the reactor -

cleaner popu]at1on at obvious h1gh risk is considered.

However, a number of‘cases can be associated knowingly
wfth onfy indirect eXpbeure} ThiS'ma& indicate a nonlinear
dose- response curve for manm, and probably a degree of 1ndiv1dua1
susceptib111ty, but these cannot be a5519ned any numer1cal
values at this point. Also, there have been suggestlons:'

that some individuals not directly concerned with high level

629¢1LL sy




reactor cleaning were "addicted sniffers". It is most

difficult to evaluate such speculative information in relation

to possible disease development.

6. Human Extrapolation
- {. Conclusion o .

VC is a potent carcinogen.in animals (Sec. B1)
causing mostly angiosarcomas in the liver and other sites,
and also brain and skin tumors over a range of dosage by
several routes of entry. VC is mutagenic to bacteria,

Ew

- . *
yeast, and drosophila, and therefare is a genotoxic carcinogen.

As such it would be predicted to present a canéef hazard .to
humans. In humans, Vc'causes'angiosarcoma.of the_1fver aﬁd
possihly also tumors of the brg%n and tungs. | |

Quantitative extrapolat%onlof risk from animals to man
-on the hasis of existing experimental déta and environmental )
levels is difficult, because a number of crucial questijons
remain unanswered.  In the absence of evidence to indicate.
otherwise, a conservative approach commands that man be
considered sgnsitfve to doses of the same order of magnitude
as those active in the mos£ sensitive animal species.

if. Literature and Evaluation

VC has been shown to be-direc;ly mutagenic for

Salmonella typhimurium (Bartsch et al., 1975; Malaveille et
1., 1975; McCann et al., 1975; Rosenkranz et. al., 1974).

This mutagenic effect was attributed to a direct action of

-20- o . G
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exposures, due for example, to VC or by metabolites formed

by enzyme systems (Bartsch et al., 1975). ~The latter explanation
is more likely because mutagenicity in thése systems:is

increased by the presence of ]iver extracts or hepat1c

microsomes (Bartsch et al., 1975; MaTaveiIIe et al., 1975).

. -

Drosoph1la melanogaster (fruztfly) maTes, exposed to

graded concentratzons of VC 1n air, produced progeny with .

‘ recess1ve-1etha1 mutations which correlated with dose._ The

. Towest effective concentration in a two-day test was 850 ppm

(Verburgt and Vogel, .1977).
In higher aniﬁals, inhalation of VC appears to have a
dose-related carcinogenic effect (Sec. B1). 'However, the

actual in vivo doégs in the specific species were not known

' (SEC- 84). . -'"vwl'-"A‘-""-."‘.'-\E "'- ,'": ) t N ‘ : “' ..‘.":_ '\ " .""

In humans, the problem of dose effect needs further
study. It appears that most cases of angiosarcoma of the

liver were seen in individuals who at some timé worked as

reactor cleaners, and were, thus, mosf likely exposed to

1,000 ppm or more (Sec. B5). However, more recent surveys
have indicated that several cases of this otherwise rdﬁ?;mor
developed in persons who never worked with VC, but liverj
closer to a VChpTant than -their matched controls. It appears
therefore, that higher exposure carries a higher risk, but
Tow exposure may be suffic1ent to induce a.small number of
tumors, perhaps in senstiive individuals.

Metabolic studies in rats suggest.that at extremely

high concentrations, VC cannot be metabolized in proportion -

Cee2l-




to the dose (Sec. C 3a).

Absorption from the air phase no

doubt, also plays a role. It obviously cannot be determined
directly whether humans display similar limits in the cdpacity
to absorb and activate VC. If they did, then exposure- - SR,
duratipn,:rather'than Ve concentration,:might determine the ‘ )
risk of developing cancer. It should be noted that animal
experiments with varying duration‘of dain-exposure are
1acking; and:shoufd be desdgned. It is to be hoped that
_more than one species wi11 be ut11ized and that the problem
of dosimetry as formulated in Sec. B4 receives adequate

attention. Strain studies are also needed to resolve the

question of 1ndfvidua1 susceptibxlity to the carcinogen1c )
effects of VC. |

Dosages of vinyT chlor1de were usually expressed as :
concentrations of vc 1n air.: The—effective dosage in ttssnes L
1n animals depends on the rate of absorpt1on of ve fron air -
in the rep1ratory tract. This in turn is a function of
respiratory rate and transfer of VC from the air phase to'
blood. An animal with a rapid resp1ratory rate, 1ike the
mouse, might equilibrate more rapidly than an animal'with a
slower rate. A man at rest, for exemple in a factory sitting
at a control panel, would have a 'slower respiratory rate -
then a reactor cleaner inside a tank actively engaged in
hard work. EVentually, the 1imiting element with‘respeet-to.‘
patholgoical effects will be the equilibrium value between |

inhaled VC, exhaled material, and saturation effects. The
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'effects of VC. _ ; o o B

latter depends in turn on the rate of removal of VC itself

through metabolism. We concluded that the values tabulated
in this document are approximations which depend a great

deal on the parameters we have listed here. The literature
does not now provude d1rect neasurements of bTood 1evels of

question of ind1vidua1 suscept1b111ty to the carc1nogen1c

-~

Bearing in m1nd, aTT these 1imitatluns the data reveal
a 7% incfdence of hepatic angiosarcona in rats at 7.5 g/kg,
37% in m1ce at 45 g/kg.(Sec B1) and 3-6% in man at 396 g/kg
(Sec B5). Thus no more than a 50 fold difference in.apparent
sensitiyfty ﬁo_hepatic angiosarcoma induction exists between
these species. Evaluation of. the huﬁaﬁ data“suggests that
the estimated dose may be too high and the incidence figures
estimated 1n the Ixterature are probably too Taw because 1) -
the denom1nator descr1bing 1nd1v1duals certainly exposed was -
too inclusive and 2) the potential expression of disease of
exposed individuals has nat been completed. Therefore, the
final human incfdence may prave to be greater,. further '
narrowing any distinction in sensitivity. If a saturation
limit for thelcarcfnogenic'effect of VC to the liver in
humans is assumed, s1m1]ar to that in rodents (Sec B5), the
cunmuiative effective dose would be reducted to abut 100
g/kg. In this case, species differences would be no more
than an order of magn1tude. He belleve that this 15 a more
realistic estimate than others in view of the uncertainties,

alty of‘Which'Tead to underestimation of the human risk.
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