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Introductfon

The combination of circumstances which found the carcinogenic hazard
of vinyl chloride (VL) being discovered at about the same time a5 the
science of risk analysis was wndergoing rapid development, and the
great comsercial {nterest and Tong history of wse of the substance hss
resulted in 8 body of Yiterature and pharmacological data greater than
one can expect to have for most substances. It is therefore fnstruce
tive to review the many risk assessments which have been prepared for
YC against the available biological information to determine {f we can
eva)uate the extrapolation methods used, and to discuss the current
regulations for YC in light of this comparison.

Hazards of ¥inyl Chloride

it is necessary to decide first which of the hazards presented by VC
should be the basis for the risk estimation. The substance presents
the acute hazards of frostbite from exposure to the Viquid, of anes-
thesia at concentrations over 8,000 ppm and suffocation at higher
concentrations (von Dettinger, 1955). It alse forms explosive mixtures
{n air above 3.75 volume percent, wnd so the efforts to control the
physical safety of operations generally preclude exposure to acutely
toxic concentrations.

These control efforts were reinforced 4 the mid-1960's where it was
discovered (Suciu, 1963) thet workers who had been exposed to very

high levels of YC developed "vinyl chloride disease,™ the primary
manifestation of which was acroostealysis (AOL), a degenerative disease
of the bone tufts fn the hands, and more varely of the feet and lumbar
reglon. Although crippling to some ree, this disease 15 not fatal,
and 15 at teast partially reversible if axpocure is elininated (Graniger,
Walker and Ward, 1980).

Almost ten years later §t was found that some of the workers having
sinilar exposure alco were developing angiosarcoma of the )iver {ASL),
a rapidly fatal disease. 0Oddly enough, there is only one possible
Case of a worker developing both AGL and ASL (Stafford, 1981) among
the 8G-plus cases of AOL and 90-plus cases of ASL now known worldwide,
although bath are diseases of the vascular system. Several large
epidemiology studies were conducted oh warkers expased to YC (Baxter
and Fox, 1976; Chiazze, 1980; Duck, Carter and Coombu, 1975; Equitable
Enviromenta) Weatth, 1978; Fox and Collier, 1977; Frentzel-Beyne,
Schnitz, awd Theiss, 1978; Theriault and Allord, 1981}, and ASL was
the only fatal disease found consistently to be in excess in Chese

. genetic tests with bactevia and yeasts {tHopkins, 1979) a
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persons. Animal studies have shown an excess of tumors at other
sites, but the lowest expesures at which these occur are cons iderably
higher than that for ASL. For example, Haltonl (1979) reported the
following data:

Concentratien For

Site Signiffcant Elevation
Forestomech papillomas: 30,000 ppm
Neurcoblastomas: 10,000 ppm
Zymbal gland carcinomas: ln,g :;
Nephroblastomas:

$ 200 . 59 mg/k
Liver angiosarcoma ::::io: . 54 m' g .Jk'
Mammary adenocarcinoma: 5 ppm

The Yow concentration for onset of mammary tumars was af cancern when
a prelisinary study of fabrication employees reported an excess of
breast tumors (Chiazze, et al., 1!79% bl'n. a b:onw—& c:::;:o::;nued
st Chiazze, 1900) found no association between

enp":{uge The largest study of ¥C-PVC workers {n the United States
reported s1ight excesses of brain and lueg tumors (Equitable Eaviron-
wental Health, 1978), but this was not seen in the other studies
referenced above, The excess of brain temors was ssall, and not dose-
or exposure-related. The overal) excess of lung tumors resulted from
an excess fn sne plant only, and reexamimation of those cases also
showed na asseciation with Y€ exposure (Waxweller, 1978).

Vinyl chloride has been found to be active in several in vitro -ut:-"
to cause chromosome abnormalitfes tn exposed workers, but these changes
are reversible when exposure s reduced (Hansteene, 1978) and several
studies of neighborhoods around PVC plants have failed to show a
supportable ascociation with birth defects (Edmonds, 1975, 1976). It
is not a teratogen in rodents (Jehns, 1977).

herefore it appears ressonsble to assuse that {f there {s any signif-
Icmr: chronic risk other than ASL, it s considerably smaller than
that for ASL, and that an adequate risk assessment can be based on
only the Tiver tumors.

1

MNOTE TO EDITORS

Under the new federsl copyright law,
publication rights ta this paper are
retained by the author(s).
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Review of Risk Assessments

Schnwiderman, 1975

One of the first attespts to utilize anima) data to estimate
risks at very low exposures was that of Schael(devman, Mantel and
Brown (1975). They used preliminary Maltoni results to compare
the estimates obtained from three possible mathematica) modeis.
Thg‘m assurance level of a "safe" dose at a 1ifetine risk of
10 7 wac qstimated from severa! extrapolatisn wodels as follows:

Log Probit (slope = 1) 73 ppb
Loglt (slope = 3.45) 119 ppb
Logit (slope 2.1, ona-hit) 2.1 ppd

The authors discussed the recogaized difficulties of extending
these rat data to humans and of providing animal experiments that

?wlgumwer satisCactorily the question of human risk at very
o doses.

Kuzmack and McGaughy, 1978

The EPA was the first group to attempt a human risk assessment
for vinyl chioride (Kuzmack and McGaughy, 1975). This ploneering
effort attempted to use both animal and human data, and to show
comparative results from both the linear and log-probit nggels.

It concluded that there was an {ndividua) risk of 71 x 10 ° per
ppm of 1ifetine exposure to YC by the Tinear sxtrapolatSon wethod,
.'f’d;;::t the log-probit results were one-teath to one-hundredth

L] -

This effort 1s subject to several sarjous criticisms. The
exposure data used for human experience was that from & group
with less than average exposure, while the ASL rate was chosen
from only those plants which did report cases, and Ignored the
remainder of the population. Thus, Lheir imcidence rate of 7.5%
compires to an actus) figure of about ¢,1X. .

They used as their primary method a Tinear extrapolation of rat
data, which often has been sezn to overestimate the actua) rates
by at least two orders of magnitude, and they assumed the total
cancer rate to be twice that fownd for ASL.

This same estimate was wsed by the EPA (1379) to estimate the
concentration of VC in drinking water which would produce various
levels of risk. These estimates are, of course, subject to the
same criticisms,

Nisbet (1978) challenged the estimate of Kuzmack and McGaughy
(1975) when ft was used by Wilson in testimony befors the OSHA
hearing on its generic cancer policy. Nisbet stated that his
calculations showed the risk to be 10-30 times greater, by the
same calculation method. Wilson (1978) suggested several flaws

in the Nisbet procadure, including the fact that he chose for his
extrapolation one point at 25 ppm from Baltonl experiment BT-15,
and that this point is not in good agreement with the whole body
aof data. Further, he chose to use total cancer Incidence in the
rats, including those at zywhba) glands, which have no counterpart
in twmans. Both Wilson and Kuiwack and McGaughy had wsed a
factor of two times ASL to account for possible cancer at other
sites. Wilson did acknowledge @ mathematical error which sade
his results hatf the proper number.

Albert [1978) applied this same general procedure to other poten-
tially carcinegenic air pollutants $n the United States and
calculated the expected annual cancer deaths as follows:

Arsenic 15.6
Benzene 17.8
Cadmivm 26.2
~ Coke avens 149.5
VC {after regulation) 1.0

Gehring, 1979

Gehring, et al., (1979) applied an experimentally derived bio-
transformation correction (Gehring, et al., 1978) to rat data and
estimated the {ncidence in humans at two different exposures by
weans of four different extrapotation models. Their estimates at
500 and 200 ppm TWA bracket the observed experience for humins
when derfved from tha probft and the unconstratned linear medels.
The Vinear-through-zero and one-bit models consistently over-
estimited the incidence. Although not considered by the authors,
the 1inear and probit models match rather closely the total U.S.
experience of occupational ASL at an assumed 1,000 ppm exposure,
The 1inear mode] predicts no incidence below 99 wgsln humans.
The prodlt sodel predicts a human risk of 1.5 x 10 ~ at 1 ppm.
Thus, a mechanicm far adjusting for the difference in wetabelism
between anisals and humans appears to be useful.

A 1iwitation of the Gehring procedure is that it uses partial
Malten] data, and tests the results against the CHA epidemioiogy
study. That study was mat the "end of the experiment™; it stopped
at the end of 1973, and several deaths have occurred since then.
Mefther did §t cover the entire population, but anly the amployeds
of thuse plants which met certain criteria for data retenticn and
Tength of operation. The Stafford (1381) data does cover the
entire population and extends the history for seven years. The
size of the population is not known, but a reasonable estimite,
based on norma) worker turnover rates and the ausber of plants

not Included in the CMA study, is certaimly not less than 25,000.
This would give a gross incidence of about 0.1X. Of these, the
number actually exposed to substamtial exposures would be sbout
25-30 per plant at any ene Lime. Multiplication by 25 plants,

and a factor of three for the turmover during Lhis period, would
give about 2,000 highly exposed persons, for an effective inci-
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dence of just over 1X. Persond) experience would indicate that,
for the pariod prior to 1964, when all of the first exposures of
the fatal 26 cases had occurred, the average exposurss of this
highly expoted group certainly was In excess of 1,000 ppm for the
working day. Maltonl (1979} found a 1X incidence st sbout

1-10 ppm §n rats. Calculation of the dose eguivalent to a 1%
incidence i rats gives O ppm by the linear mathod and 7.5 ppm
from the log-probit equation for the comsbined Maltoni inhalation
experiments. This crude and subjective estimate would then say
that man {s sbout 100 times as resistant as the ral to VC fnhala-
:;l'm. a figure generally in sgreement with other estimates (NCAB,

Food Safety Council 1978, 1980

The Food Safety Council has recosmwended (FSC, 1978) the use of
the gasma wslti~hit model because of its flexibility in handling
dose response data of varying curvilinearity at tow doses. It
has calculated (FSC, 1368) the maximum 1ikely and Tower 97.5%
timit doses for substances at varjous risk levels and with
different models. Fer ¥C, st 10 ~ risk, these results are a3
follows (based sn early Maltont dats):

One-hit .0 x ll)_g [
Avaitage-Doll 2.0 x 10_g ppm
Weibull 2.1 x 10_; o000
Multi-hit - 3L9x10 T ppm

For this substance, the goodness of fit of the Weibull model
(0.56) was superior to that of the seliti~hit (0.32}. Neither of
the other two models gave acceptable fits. This was in part
b of the shape of the curve, which included all of
the high doses in the dose response data,

Dow, 1979

A Dow Heath Team performed a relative risk estimation for several
compounds (Langer, et al., 1979) Which consfidered probable expo-
sure, the ¢ quence o P e, the physica! state of the
substance during processing, and-the current exposure standards.
This vesulted in a value of 480 fer VC fn a “closed system but
with employees im the vicinity.” The same procedure assigned
harard rating values to some other substances as fellows:
benzene, 10; phosgene, 410; hydrogen sulfide, S; arsine, 9,700;
and bis-chioromethy] ether, 69,700. In a batch operation with
occasional manual handling, the hazard rating for ¥C increased to
9,700 by this method,

Hehir, 1980
Hehir, et at., (1980} conducted a serfes of tests for the Consumer

Product Safety Commission, 8 part of which consisted of expesing
rats and mice to a series of short, high exposures, rather than

7.

the usual extanded tow dosage. They included one-hour exposures
to rats and mice at 50, 500, 5,000, and 50,000 ppm, 10 snd 40
hour exposures at 500 ppw, and 49 and 1D0 gne-hour exposures at
50 ppw. After tifetime observatinn they found no effects on
rats, or thefr offspring, nor on mice expossd to less than

500 ppm. Those exposed to over 500 ppm developed pulmonary
adenomas, but they also had suffered from pneusonitis,

They considered the published dets sn animal exposures and
concluded that there was a 1ifet{me dose balow which no oncogenic
response {s seen, This was estimated to be 5,000 ppe-hrs for
mice and greater than 50,000 ppm for rats, regardless of whether
the dose was adwinistered over a short or long period. This
concept of equality of effecti for a1l modes of exp 3
does not hive general acceptance and would not appear to be
correct, based on our present understanding of carcinogenesis.
Dose-rate effects are, of course, well known. However, the
degm vhich this can be extended to all types of effects is
not -

These authors also used the Crump-Geess model (Crwmp, Guets and
Deal, 1977) te evaluate the{r data en mouse pulmonary cancer, and
estimated that expasure to 5,000 ppm VC doubles the probability
of cancer, while 50,000 ppm facreased the risk nine-fold. In
view of the fact that preumonitis was present fn all animals
exposed above 500 ppm, 1t is questionable if this was a direct
oncogenic response, or the result of an nongenetic event because
of severe lung damage. Maltoni (1979) also reports an increase
in lung tumors in mice, but not in rats or hawsters. Thus, the
significance of this finding to risk in hmans s questionadle,

Anderson, 1908
Anderson, et al., (1980) extended the work af Gehring, et al.,

{1978 and 1979) to incerporate the amount of metabolic products
from VC which actually was bound to the DNA of exposed rats,

(Gehring and Blau, 1977} rather than the total amount metabelized.

They assigred varieus values to the parameters in a Michaelis-
Menten equation depicting the kinetics of the metabolic process,
and compared the results from extrapolation to low doses by
log-probit and multi-hit models. They feund that the two extrap-
elation models respanded quite differently to these varfations at
very low doses, and that 1t was not possible to select one model
as the more appropriate from the high~dose data. 1Use of the
values of Gehring for the primary piramelers,gave estimates of
the dose equivalent to Iffetime risks of 10 ° of {ess than T ppm
for the probit model and less than 2 ppm for the multistage
mode], a correspondence which the authors pointed out was betler
than the precision of interspecies comparisons.

81-9.
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EPA, 1980

The final wersion of the water quality criterig doctment for ¥
(EPA, 1980) used a different approach far risk estisation. The
slope of the incidence of al) tuwors at the lowest doses of
Maitont experiment BT-1 was adjusted for the fraction of exposure,
the equivalent feeding level to give the same bleod concentration
of VC as by ishalation (see Withey and Collins, 1976), and the
ratio ef the surface area of hunn:_gs. rats, to produce an
estimate that a lifetime risk of 10 ° would be caused by drinking
2 1/day of water containing 20 g/1. There is some confusion in
the sathematics given in the repsrt, snd the assumptions on which
the adjustments are made are far from having general acceptance,
although generally following MAS recommendations. [t appears
that‘t.hls procedure overstates the risk by several orders of
magnitude.

NAS, 1980

The Kational Academy of Science (1977) calculated the upper 95X
confidence limit for risk from drinking water containing vinyl
chloride from the probadbilistic multistage model and ear]y Malton{
rat data. They report (M§5 1980) a Yifetime visk of 10 ~ as
being aquivalent to 3.0830 ~ my/kg/day. For & 70 kg person
consuming 2 1/day, this would calculate to an acceptable level of
1 g/1. The difference betwesn the EPA and NAS nusbers comes
from the different curve-fitting methods for the animal data.

Gaylor and Kodell (1980) applied tinear “interpolation” to the
same early Maltoni data used by the Food_Safety Counci) (1978) to
arrive at a predicted maxious risk of 180 . The upper 97.5%
confidence Timit of the animal dats was taken as one point on the
interpolative Yine, and zera incidence at zero exposure as the
other. !“s produced a Tower 97.5% confi e limit dosage of
7.1 x 10 " ppm for a lifetime risk of 10 ° in rats, Their_gopli-
cation of the nnitg':—l)o" multistage model gave 5.2 gzlo ppm
as the dosage at 10 =~ lifetime risk compared to 2 x 10 by the
Food Safety Coucil. The difference is due to altarnative assuwp-
tions on the value of the exponential dose term.

Crump and Guess (1980) reviewed sowe of the earlier risk estimates
for vinyl chlorfde in drinking water, and recalculated the risks,
using the one-hit and multistage models. They arrived at an
upper 95X confidence Vimit of Ilfe[.gu risk for drinking water
containing T g/1 of YC of 4 x 10 °, based on early Maltoni
fnhalation data. Using the assumption that a 0.7% incidence of
ASL 1n workers had resulted from a lifetime exgosure of 70 g/kg,
they obtained & maninum tikelihood risk of 10 ° from 0.34 g/} by
both the multistage and Vinear models, with 95X lower confidence
Timits of the same risk at 0.24 g9/1. These two models reduce to
a linear form when used at very low doses and with the assumption
of no threshold value,

12.
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These authors cite EFA data on the gtcurrence of ¥ {n public
water supgllu which by their sethads yield a tifatine risk of
3.7 x 10 7, or 12 deaths per year From this cause {n the United
States. WNone of thase has been ohearved, despite the accumula-
tion of 15 years' data on ASL deaths (Poppar, 1978).

Scott (1981) ascrived the decreased incidence of tumors n rats
at the higher doses to a cel) killing process, and adopted the
Weitull model to account for this, Application of the model to
some early Maltoni dats produced a curve which fit the data fros
50-10,000 ppu. He did not attempt te extrapolate te doses beyond
the experimental range.

Carlborg, 1981, atso spplied the Weidull model to 31 bhioassay
reports om a3 varfety of animal carcinogens, He cencluded that
the one-hit madel was not appropriate and that carcinogens could
be divided into categories eccording to the shape of the curve,
e.g.., goncave or convex. He found that the early Maltonl data on
VC fell into the former category. Application sf his parameter
estimates to those dnta. assuming no spontaneous ingjdence of
ASL, gives 2.5 x 10 © ppm for a Vifetime risk of 10 ~ for vats,
Later calculations fncluding all of the published Maltoni data
didlmt. change the results significantly (persona’ communi-
cation).

He found the Welbtull shape parameter to be approximately 0.5,
which f5 assumed to be the number of stages for tumor initiatlon.
This s consistent with the finding by Getwing (1977) of » satwr-
able metabol {c path which produces the proximate carcinogen. It
also suggests that the number of “stages” s the number of finite-
vate steps before the rate-limiting step. There may be other
stages following, but they are not rate controlling. Actually,
there appears to be at least two saturshle mechanisms involved in
the pharmacokinetics of VC, the metabolism to the ultimate carcin-
ogan and the detoxification by sulfhydvy]l groups.

One further evaluation of humen risk can be made from the experi-
ence of persons residing near VC-PVC plants. The EPA estimated
(Kurmack and NcGaughy, 1975) that five sillion persons lived
within Five miles of these plants, and were exposed to an annual
average concentration ef 17 ppb. The present distribetion of
plants was genarally well-estadblished by 1959, thus we have 22
years of history, er about 100 mitlion persow-yesrs. About five
or six of these plants, with 1-2 million nelghbors, go back
another 20 years, but these datz are not firm enough for inclusion.

The fact that no case of ASL has been confirmed as arising from
these ambient gxpesures places the upper baund of risk at less
than 2.7 » 10 * per ppe-yr. It is believed that the exposure
data were overestimated by EPA, and thus this result may be too
tow, but it is in the same general range as that arrived at by
Gehring (1979) and Anderson (1380) after making corrections for
pharmacokinetics.
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Extending this crude calculation, these five million persons are
how supposed by EPA to be exposed to 0.2 ppb (probably a high
figure), which would pradict no more than 0,0003 deaths per year,
or one per 3,700 years in that whole population due to VC exposure.
But {t 2150 must be recognited that with approuimately 20 cases
per year of ASL in the generg) population, there can be expectad
from a purely statistical basis that there should be one case

;ery two years or so among this group of S afllion plant neigh-
rs.

The results of these estimates di&msnd above are compared in Table I,
after conversion to a uniform V0 ° Vifetime risk. Estimates S, (Dow

. 1973} and 12 (Scott, 1981) were not tn @ form to permit this comparisom.

See OSHA, (1380), for references to a few other estimates that were
not considered here. ,

It can be seen that the results I'gp into twa wajor cetegories, those
whith project that the risk of 10 ° occurs at exposures of greater
than 1 ppm, and those which find that risk in the ppd range. The
estimates which yield the higher allowable expasures sve based on
human data (Nos: 3, 7 and 14} or use a log-probit extrapotation mode)
(No. 2, second estimate), or predict a threshold (No. 6). The
reszinder generally are based on the linear, non-threshold model, and
make no biological correction. The result §s a difference of 3 or 4
orders of wmagnitude. The estimates which yield the higher allowable

exposures are {n better agreement with human experfence than are thase
of the other group.

Additional Data

A11 of the extrapolations reported here have used for the original
Maltoni data from his experiment 8T-1. He has now reported (Maltoni,
1973) three other comparable inkalation experiments on the same strain
of rats, and one on another strain, in addition to two fngestion
studies. The rasults of these experiments are shown in Figure 1, on a
Tog-probit scale. It can bt seen that they all follow a similar
pattern, but that there are large varfatfons in slope belween the
various data groups. Table 1l contains the Yog-probit equations
calculated from sowe of the individwal experiments, and various grouwps
of experimants. Excellent fits are obtained tor a single experiment,
23 would be expected from the smatl puwber of data points, but adequate
fits are shtained for the group as a whole. Inclusisn of the historic
control data on ASL (0.09X spontanegus incidence) did not affect the
fit substantially, except for the very low dose data. lnclusion of
the 0,0 {origin) as a data point did give significantly pooref fits.
The combined experiments indicate that a t§fetime risk of 10 ° for
rats fs obtained from a dase in the 1-2 ppb range.

Similar variation is seen with the other mathematical expressions,
such as linear or exponentisl equations.

10
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Regulatory Status

Tab 1
The current regulatory status of vinyl chlaride fs summarized in

L. The ﬂrslg:ew\ctory action on ¥C was taken in 1973 vbgn'\-h!m -
Bureau of Tax, Alcohol and Firearms prohibited the use of rig d Merant
tigquor containers. This was based on it being present as an wt erant,
and not. on congideration of risk. The Consumer Product Safety
Commissfon (CPSC), the Feod and Orug Administration, (FOA), and the
EPA al] acted Lo ban the use of VC as an aerosol prepellsnt thus "
estabtishing 8 zerp Tisk position, The FOA ed (FDA, 1975)
withdraw the prior sanction status of rigid PYC as 3 food Nc:meu
component because of the concern for residual VC that might migrate.
The FOA has takent ne further action on this proposal, and‘nwils
considering a “"constituent® policy which would perait a lifetime
exposure at some !sceptahle tisk Tevel. This risk has been proposed
recently Lo be 310 ° lifetime for the glutlonous consumer. As was R
discussed above, the EPA required a hest available technology w‘]ﬂt
which reduces tha aterage exposure to those within 5 wiles of a p ;:
to about 0.2 ppb, by EPA estimates. OSHA established a rule in 'gnd
which set | ppm for 8 hours as the saximm permissible exposm‘.' oy
also set D.5 ppm as an action level below which most features o M
regulation did not lpgly. These were chosen es Ffeasihle levels, &
not necessarfly "safe” doses (QSHA, 1974; EPA, 1976).

The EPA has established an exposure to the general population only
0.1% of that atlowed in the workplace, The CPSC has requived zero
exposure, and the FDA has considered that approach. Depending on
which method of estimation the FDA may choose, 1ts aliowable :l’::\dm
could be efther greater or less than these curvently set by EPA tod by
QSHA. It has been estimated that the maximum amount of VC inges r
the average European, who uses much more plastic packaging than we, 13
Tesg than 2. g/day, (CEFIC, 1976) which would be in the order of &

10 " or 1D 6 Tifetime risk by even the most conservative models.

re have been various estimates sade of the cost-effectivesess of
L.: Federa) regulation for vimyl chiorfde. Grahaw and Vaupel (1981)
estimated that the OSHA rule cost 37.5 million per 1ffe saved, and
$490 thousand per life-year saved over the option of leaving the
exposure Vimit at 50 ppe. Leken and Niller (1981) state that the "
imputed valve of a life from the OSHA standard is $4 mf|lion. Hon'; L
(1982) uses an aonual cest of $20 millfon and an arwmal bensfit .f.!-
life saved to derfve 3 cost/benefit of $200 wi)tion per Tife for t A
OSHA rule. The EPA has reported (EPA, 1979) that the cost of c:\'mp'l‘d
ance with 1ts VC standard was $295 milliom through July 7, 1981, a ;
witl be an additional $470 miltion during the next five years, all in
1927 dollars. 1¢ the EPA estimate of up to 20 dealths per year wers
correct, this would be a cost of $4.7 million per life. However, as
discussed here, there s no evidence that any |fves have been saved by
this rule. R

There are many difficulties in obtaining accurate estimates of this

L and serisus problems in determining the proper vatue Lo be
ag:éned t.: a llfo? nevertheless, the dovbtful natere of the claims

n
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for any significant benefit from these rules suggests that at best,
these regulations are excessively costly to society. Therefore, we
wust attempt to improve bath sur data base and our methods for inter
preting and applying the data.

Discussion

What can be Tearned from ihis exerciss other then the already
vecognized fact that varicus extrapolation models can yfeld very
different reswlts? In this case, at least, there are several points
which are worth considering.

1. V¥inyl chloride is ne exception tb the rule that husan data always
must be incarporated whenever possible. The epidemic of occupa-
tionally induced ASL which wae feared in 1974 has not materiatized,
probably due to the steps that were takem In the early 1960's to
reduce exposure because af the discovery of ACL. Mo instances of
ASL from exposure ta YU in the general pepulation have been
subttantiated. The uverprediction of occupational cases was duve
to the underestimation of worker exposure and overreliance on raw
animal data without prnger pharmpcokinetic adjustment. We are
not now able to extrapolate reliably between similar species and
::aahﬂy not From rodemts to humans, without much additional

2. The regulations far vinyl chloride were not based rluri‘ly on
scientific data, but on socioceconomic and palitical decisions.
This §s no surprise (Crandall and Lave, 1981), but is a fact
which should be scknowledged openly, along with the understanding

that this position will continue to penalize good science.

3. Mathematical extrapalation sodels are mot adenuate in themselves
for predictions of risks much beyond the experimental range, ac
matter how good the fit s to the data in the observed range.
The vartability of relatively smal) experimental groups adds to
the error range. Thus, Dicassays intended for quantitative risk
assessment applications should be at as Jow doses as possible,
and l? large as possible, and should be interprated very cau-
tiausly.

4. The current state of the art #s duch that guantitative risk
assessaents say be wseful for daterwining relative risks from
similarly acting carci ns, but are not suitable fer across-
the-board application o all wechantses of carcimcgenesis.

This s not to say that we should shandon efforts at developing
ware effective risk assessment methods. We must, however, recognize
the problems inherent in blind application of mathematical models
without proper assessment of the avallable biochemical data, or

an understanding of how applicable the experimental data are te
hamans .

12

82-9.2

Py

We have available to ws at least as much data regarding vinyl chloride .
as we have for any ather swbstance, and we still have difficully in
derfving a suitable expression for risk from a purely mathematical or
statistical basis. Only when humen relevance is conslidered can we
arrive at a prediction that spproximates actual experience.

The regulators are faced with a tresendossly difficylt task whea they
are presented with a few pleces of anima) data which suggest the need
for concern and potential regulation. Ws must develop a suitadle
program to obtain and use as much relevant data as possible to assure
that rational regulations are possible. The vinyl chloride experience
can help us understand the kind of data which are peeded.

3785-A1
2/19/82
1bh
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TABLE |
SUMMARY OF
QUANTITATIVE RISK ASSESSMENTS FOR VC

BTIMATE BASE EXPOSUAE FON 108
NO. AUTHOR SPECIES LIFETIME RISK COMMENTS
1 SCHNEIDERMAN, 1978 RAT 73 prb LOG-PROBLT
118 ppb LOGIT SLOPE = 346
2pob LOGIT SLOPE 2.3, 1.HIT
2 KUSMACK & McGAUGHY, RAT, HUMAN ¥4 pob LINEAR THROUGH ZERO
s 140-1400 ppb LOG PROBIT
3 GEMRING, 1976 RAT, HUMAN >t ppm BIOTAANSFORMAL DATA AND
LINEAR OR LOG-PROBIT
4 FOOD SAFETY COUNCIL, 1980 RAT 2% 106 pph WEIBULL
[ HEHIR, 1960 RAT, MOUSE  THRESHOLDS SEEN N
. BOTH SPECIES
? ANDERSON, 1000 RAT, HUMAN  >1ppm ONA BINDING
[} EPA_1980 RAT 4 uGOAY FOOD OR WATER
. NAS, 1900 RAT - 3 X 105 WMG/KGDAY WATER .
'] GAYLOR & KODELL, 1980 RAT - 0.7 ped UPPER 97.5% CONFIDENCE
LIMIT OF LINEAR MODEL
0.5 pod ARMITAGE-DOLL MODEL
1" CRAUMP & GUESS, 1960 HUMAN 0.7 uG/AY APPLYING WORKER DATA 0O
WATER, UPPER 95%
RAY 0.5 4 G/DAY CONFIDENCE LIMITS
3 CARLPORG, 1981 RAT 2.5 X 105 ppb WIEBULL
" THIS PAPER HUMAN > pon NEGATIVE EPFIDEMIOLOGY

b1.]

L ]

TABLE Il
REGULATORY STATUS OF VINYL CHLORIDE

PHILOSOPHY

CONTROLLED LEVEL

AGENCY
BATF
CPSC
FDA

ADULTERANT

BANNED AS LIQUOR BOTTLE

BANNED IN CONSUMER PRODUCTS  2ERO RISK

USE IN RIGID FOOD PACKAGING

QUESTIONED

CONSIDERING ACCEPTABLE

RISK

BEST AVAILABLE TECHNOLOGY

LOWEST FEASIBLE LEVEL

EPA

APPROXIMATELY 0.2 ppb

.5 ppm

¥ ppm 8-HR TWO MAXIMUM 0

ACTION LEVEL

OSHA

AP00020755



TABLE It

EQUATIONS FOR CURVES FITTED TO VARIOUS SINGLE

AND COMBINED MALTONI EXPERIMENTS

EXPERIMENT

BT
PLUS CONTROLS

BT-2
PLUS CONTROLS

BT-16
PLUS CONTROLS

ALL INHALATION STUDIES {4)
PLUS CONTROLS

ALL INGESTION STUDIES {2)
PLUS CONTAOLS

ALL STUDIES (8]
PLUS CONTROLS

ALL STUDIES; LOW DOSESONLY
PLUS CONTROLS

028
027
305
1.52
65

528
0.28
0.27

1.78
1.74
028
0.29

1.03

LINEAR
y=ax +b
b

338
247

358
113

1.08
030

307
280

0.18
0.20

380
3M

0.87

0.97
0.07

1.0
.88

1.0
0.95

on
0.91

098
0.95

0.73
0.72

079

CONCENTRATION
LOG PROBIT AT 108 RiSK,
P=a IN DOSE +b (LOG-PROBIT}, pom
[ b ¢
03% 278 099 0.03
160 o088 10 b~
088 348 190 0.34
027 208 0.2 0.002
030 3 o038 0.002
D27 305 082 0.001
051 253 075 042
017 271 049 0.0002
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