Comments Concerming the Atmospheric Chemistrv of Vinvl Chloride
Roger- Atkinson-

A. Vinyl Chloride.

OH Radical Reaction.

In addition to the flash photolysis-resonance-flucrescence data of
Perry et al., Liu and coworkers (A. Liu, W. A. Mulac ans C. D. Jonah, J.
Phys. Chem., 93, 4092-4064, 1989) have used a pulsed: radiclysis-rescnance-
absorption method to determine absolute rate constants for- the gas-phase:
reaction of the OH radical with vinyl chloride over the temperature range:
313-1173 K in the presence of 1 atmosphere of argon diluent. The rate
constants obtained by Liu et al. over the temperature range commen to the

Liu et al. and Perry et al. studies (313-423 K) are in good agreement with
those of Perry and coworkers.

A product study of the gas-phase reaction of the Off radical with
vinyl chloride, in the presence of Nox, has recently been carried out by
Tuazon et al. (E. C. Tuazon, R. Atkinson, S. M. Aschmanzn, M. A. Goodman
and A. M. Winer, Int. J. Chem. Kinet., 20, 241-265, 1988) using long
pathlength Fourier transform infrared (FT-IR) absorption spectroscopy (o
monitor the reactants and products in irradiated ethyl nitrite - NO -
vinyl chloride - air mixtures in the presence and absence of ethane (used-
to scavenge any chlorine atoms produced from the OH radical reaction).

The major products observed were formaldehyde (HCHO) and. formyl chloride
(HC(0)Cl), with the measured yields (corrected for secondary reactioas of
these products with the OH radical) being 0.96 and 0.83, respectively, in
the presence of ethane and 0.89 and 0.80, respectively, in the absence of.
ethane. These product yield data show that HCHO plus.HC(O)Cl account for-
essentially all of the vinyl chloride reacted, and that Cl atom production
in this OH radical reaction with vinyl chloride is minor, at most. These

data then agree with the reaction sequence shown on page A-46 of the vinyl
chloride document.
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“July 20, 1989

Dr. Richard Corey:

Toxic Air Contaminant ldentification Branch
California Air Resources Boara

1102 Q Street

P.0. Box 2815

Sacramento, CA 95812

Dear Dr. Corey:

As promised in our telephone conversation of Jure 1C, 1989, I enclose:
comments concerning the atmospheric cheéxistry of vinyl chloride,

trichloroethene and tetrachloroethene (perchloroetnere!. 1 hope that
these comments are of use to you.

Yours sincerély,.

by Aot

Roger Atkinson
Research Chemist
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€} The-UK is nor t1vpraiof the-woridwwde—
growth m the exposed: popuiauon.

td) Neo account has.been-taken: of plant im-
provements occurnng prior-10 1964 and hence~
{ewer-cases: may occur in. for exampie: the-
1980-2000 pervod than are esumsied {romw the
1940-1980 expenence:

An assumpuon that thensk of ASL ceased in 1964
ratherthanin 1974 results in a connderable reduction
in the esumste-of {uture-cases. For etherassumpnon:
the number-of new= cases observed-annually should
soon beqmr to dechine and the-rate of decline wiil
indicate which assumpuon is nexrer-10 the truth.

There~ bave~ been- rwo - other- predictions of the-
numberof cases of ASL likely 10 result fronr previous.
exposureto VCM. Nicholson er al. (1984) suggese
that therewill be-s further-1500 cases of ASL. while-
Formas e1 al. (1986) conciude that 3 furtber 1 50=-200
deaths rght be expected over the next 30 vears. Our
estimates rely on 2 more sophisticated model than the -
latter-estimate and on a larger-data set than the-
former- Neventheless, the conciusions of Formam er
al. (1986) are similar to ours. Oniy the experience of
the next few vears will show. which 15 the best
esumate.

Summary and conciusions -

There is fitie doubt that exposure 16 high leveis of
VOM as 3 comsezuence of occupation exs resukt in 2n
incrzased incidencs of ASL. A rsview of 20 epi-
demiolopical studiss invoiving about 25,000 workers
occupanonilly sxpesed 10 VOM showed that neo-
piasms of ihe liver showed an incrzzse in inadence m
the majonty of studies. For brain sancer the 2ss0a-
e betwesz expesurs 10 VCM and a3 increasesd
mncidence was less clear because of the jower relative
risk. Neoplasms of the respratory trzst digestive
sysiezz )ymphaue \nd haemopoenc sysiem. bucsal
cavity and pbanvnx, cardiovascular svstem and
colon-stomach were reponed to show an increased
incidence n one or more swudies. et to show no
incTezse, Or 1 some cases 2 desrsase. in incdeace in
other studies. In view of the increzses inaidence of
brzast neoplasms in rodents exposed 10 VCM. the
stuciss of Caaizze er 2/, (1980). who did not candirm
these findings in Gumans. 2ce of imporiance.

The re@sier of ASL cases now conta:ns records of
99 persons wuh confirmed ASL and occupanonal
exposure 10 VCM. The average laten: pestod between
first exposure 10 VCM and deatn from ASL is 21.9
veass. The majority of cases occusred in autociave
workers. who are recognized as having been exposed
to extremety high jevels. Although premse esumates
of exposure are not available for the penods of most
interest. the patter of cases roughly suggests that
exiremely high exposures were necessarv for the
inducuon of ASL_ For example. ASL cases tended to
OCCur in larger numbers in some pisnts than in others,
: finding that can be explained most easily by
differences m exposure patierns. ’

There 13 an extensive senes of anirmal studies on the
carcrmogemsary of VOM. Some of these preczge the
sPiccuolopmal studies confitmnz the assoqauon

000024
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berneenty O\ exposurcand ASL in man: ASL and
neoptasmw of 2 number-of otner organs have neem
induces:in laboratory rodents by VOM. Estimanon
of the exposure-ievels likely 10 cause 3 bfetme nsk of
ASL of 10* on the bass of these-data pve extremety
low-leveiz.(down 10 1.9 » 10° ppb) which appear 10
be -unresiistic. esumates for man. Parrof the reason
for this 15 that laborstony studies have-shown that
VCM is metabolized 18 the hver tand eisewheretn the
body) 1o the reacuve metzbobites chioroethyiene ox-
ide and chloroaceusldenvde. The rate of conversion 13
limuted -at high leveis of exposure pving inaccurate
esumates. of the slope-of the dose-response- re-
lauonship= It has not been-possibie 10° esumate the -
rate of conversiorrm man. and hence extrapoiation of
these—low.risk- dose esumates 1 conjpeciwral. The
second: part-of the-problenr-of extrapoiation 3t low
risk is the selection of the most smiuable mathemaucal
model for extrapolaton. Using Malioni's data from
rats (Malions er al. 1981), theres 2 subsuantal range-
(up to 10*) of lowerisk dose esumates: depending on
the reathematical modetand the assumptions used in
applving-the modeis:. Using the same-(probn and
log-dose) model and differemt sub-sets of expen-
mental data. a large-range of esumates is again
obtained.. even afier correction. for the non-liear
kinetier of metabolisty at higs dose (which reduces
this raoge 1o about 10°). Larger differemces are
obtained with calculatons veng the Weibull analvss
as & basis of low-dose estumason. suggesung that this
is a presienr with the use of mathemaucal moceis
ratber than one associated wath tae iog-prodit anal-
ysis. Although there was ssamdamzble varability n
the dose-response reiationship in the differeat expen-
memts repertect. in all cases 3 total mewdoiized sose
of 3 x 10° ug (equivalent 10 mhalaton of 200 prm)
was reguired 1o produce as sievation in ASL inz-
cense. This dose represe=:s 1 przcucal threshold in
rodents. Al this siage 3 thar cevelopment. mathe-
maucal models for low-nsk dose ssuma:ss are not
suliciently rsliable or reprocucidle to engencer
confidence in ther use.

Using negauve emdemiolegizal siudies of pepu-
lations living 1n the wicinny of VCM producuon
facilities, an esuma:e of the dose for a 10~ lifeumse
risk in maz may be rnade (Barr. 1982). The vajue
(100 ppb) is similar to the kighest esumates denved
fromr animal data and uking oiotransformauon
data. into account, is sudsuaually larger than the
lowest esumaies. whick a7z up o 10 lower
(3.9 x 10°" ppb using a multi-hit model). The mgher
esumates are compatible with occupauonal expen-
encs and suggest that the current hypiene-standard of
around ) ppm is suficiexty low 10 protect the hezith
of VCM:PVC workers. The esumates aiso pve 2
considerzoie safety factor jor the general pudlic
consumning PVC-packed food and drink or living
near VCM. PVC facilivies.

It has been possibie 10 provide a crude esumate of
the number of cases of ASL that may occur in the
furure from exposure 10 VOM prior 1o 1974, Using
the age structure of emplioyees m one company, the
iowl number of cases of ASL reponed 10 date 2nd
the mortality patters expests2 frem 2 normal popu-
lavox. the-possble furure nz=berof ASL cases h2s
beerr esmxmaled. as.in We r2go3 of 150-300.
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Tabie-18 anwesh mewgenurof ASL cases (daie of daath? Br JPOFTEDINERS ares

No of ASL casev- evepm

Yeperw-  Noru Rewt of Answai- Cumsisuve- Koy

Year Euront~ Amernums weorkd [ ol orme

" ' i I ¢
b ) ' :

198} t 1 ;) -
M 1 \ *
s ) y : ’
H 1 1 1
[l s ] :
] 1 2 3 18

wn t H 2 1% Viels
1 y b b} 2
] ] ] H =
) 1 a b [} n Mahow
4 3 - H n Goagrey~
5 [ 4 1 1) ”
¢ ¢ 3 - 2 t 0
k] ¢ 3 L ] » -
] ? 3 ] 10 ”
L) s $ )

1990 . . 10 (]
1 4 . 4 ” .
* L] 0 0 0

Toml .. §3e ne [} [ [

ASL = Anpowrsoma of the bver

*Doss st mciude US31 (sl asve 13 1982).
*At une of commeistion.

Snctutem GO (awosol aas i) bem oums 10) (mp exzrooert.

the association berween ASL and VCM exposure. A
hypotheucal exposet population of 100.000 has been
used. but this is unimponant (see (a) below). An
ssurmzie of the pge diaridution within the b\'pcmel-
ical "total’ exposed popuiation of 100.000 has vesn
based on UK dats (Fex & Collier. 1977). For persens
already exposed duncy ae whole of the vanous
latent peniods, the st=bers with a latency of 30 yvears
or more forms only a2 s=all proportion of the towual.
Tac numbers of persons 8t risk in the future are
czicuiaied by advancigg ume in S-vear penods taking
account of the age-dependent death retes in the
pepuiation at large. Death rates for an intermediate
vear for the male populauon of England and Wales
have bees used 1n thus caicuiation and the future cases
(column 10) have been obuuned oy multiplicauon.
The meicence fgures jor long iatent penocs (> 23
vears) are unreliabie or non-existent but those for
latencies of 15-25 vears are fairly constant and values
of 0.5 and 0.8 z2ses 1000 persons have been used for

all latency periods over 15 vears to calculate the
expected number of cases for the 1964 and 1974
assuEDUONS.

The alsulation is uzreaiistic m masy respects but
the srroptifications are wilikely 10 affest the estmase
of {uture cases by more 1223 a msall {amor. For
exampie

(a) The pepulzzion size used for the caicuiation
is probadly larges 22 the expased popuiaticn.
but the caleulation depeands on the raue of
“persan-vears 10 come and “person-vears ex-
penenced™ and tais ravo 13 the same for aay
population size.

(b} Exposure level bas beerrignored. The calcu-
lations are based on the overall nisk 1o the
tonort and although the incigence fyures for
sub-cohorts could be nighest the esumate of
future cases will change very- little. Similarty
duration of exposure has been jgnored.

Tabdie 15. Hypothetcal calculauer of furure ASL cases unag two d:fememt assumpuons soout the dats 3t wiuch e hevels bucame free of

"X

Calculsuons ansumung no rsk after 1964

Calcuisvoms astummag 0o nsk afier 1974

Fawre Future
Lawsey Cases Pemroms at Sar Semont Future Persoms at Swr perions Futare
(G4 te date nsk 10 date inerdence at gk e nsk w dae inodence at sk e
1=3 [ 100.000 0.00 1] [} 100.000 0.00 '] 0
6&~10 1 95230 0.0t [} [ 94,500 0.0 50 0
11=18 n 05500 0.12 0 0 71.000 (X7} 12500 :
16-20 e 23] .13 5780 2 45500 0.60 42,000 et
2128 p ] 61,400 0.46 R 1 1.0 .97 20 b2
26-30 18 b % 1} 049 41,750 20 18.750 .96 9.0 7
31-38 6 21250 o 43.100 i3 10.350 0.43 58,500 n
360 6 50 0.9 51730 “% 3500 L 42,000 11
&) =48 [} o0 bd 44.7% * 30 ? 44,150 7
44-30 0 0 T H.300 ’ ) ’ .50 .
Si- 0 0 N 43,600 " 0 1 2 ,
ot ¢ 50 300,730 150 0.30 0300 3
for araus of the punm=Imoes an2 Deiots weww (pr. 197 & 195)
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Tabire1). ASL chse sumbers-br vaar of AT CLDOSUIY SNU- JEOY

- ORA

Yearof ASL casmm® wm. .
e - Ney
caposare- Wesern Eyroor— North Amencs Rent of wond eveny
199 US24s
40-
1 Prit €. Usa?
N US1), LSy
) Frie . Us1y
4  UKI Cl, C8. LSS, US?. Us2g
H Sel Cs, US3 USY .
¢ Frl, Fd, Swa €7. €9, USs, LS, US2l.
US3g
? Se} Ce. US2. US2S
] Fro & 11
9 Fri2 Fre v
1950 Fr?, N1, UXK3 Usie YL Q2
1 Swil. UKS Us10. US32
2 G3 USé
3 Gis C10 Japi. Y1
4 G7.GL UX4 Gl usis Y3
$ Gi1. Gis. Gis US2 USIT, USM
[} Fria, Gl
7 Fre. G4, I G2 (1)
Fré, B1 usn Japd, Y4
9 Frd I
1960 Gs, G13
! GA. GIo, GI12. G117
G20, G2 a
1 G UKL G Usé
3 Fr1l, UK?
4 Sws TS
s Brs
¢ UX)
e
| §
9
%70 Viels
1
) Mahors
Joul.. &£ 3 [

) ASL w Anpoureoms of ihe bver
*1t01 is not conmsent with other ASL casa: the pmmary wmour may kave been of the pencarcium. The

mas extruded PVC sacks
+For exolanaiory gev. e Tadie il
+Chalas
§US3! s sull alive
LAgrosol s filler.

The cau required are:

(1) Annual populations of empiovess ciassifed
by age;
(2) ;A.nnua.l exposure estirzates for each person
i (1)

{3) An exposure—response lateacy model for ASL
induced by VOM.

The dawz uader item (1) are availabie in the UK as
2 result of the data extracied from the relsvant
occupational records (Fox & Collier, 1977). Exposure
cat jor item (2) are more difScult 10 obuin, but e2n
be gleaned from the records that are used to define-
tbe occupational population. The problem of oc-
cupation changing, which occurred frequently. bas
been dealt with by using the principal emplovment
Qategory or the highest exposed emplovment cate-
gory. The esumation of time-weighted average ex-
posures for the least exposed emplovees is straight.
forward, as the exposures were essentially conunuous
and constant, but for autoclave cleaners: maiote-
saoce workers and laboratory workers. exposures

Qiculauors deseriped below, it has Sezxr possibie 10

avoid using the exposure data directly by relving on
the similanty in exposure levels in differing locauons.
The exposure:response-latency catz indicaled under
item (3) can be derived from esubiished cases.

The key dawu for these procedures are the set of
cases woridwide. together with the descriptive dat
(Tables 12~14). It bas been possidie to caiculate an
incidence rate for each latency period for each ex-
posure level for each age group (on the basis of the
UK data and assurming that 1t 15 representauve of tne
woridwide population) and to use these rates o
derive 3 simple model of dose-response latency that
can be applied to the population data. The broad
conclusions are that most cases have a lateoey of
about 20 vears and cases will continue to oesur for
the next 10 vears.

In the calculation used to estmate the future
oumber of ASL cases (Table 15) an assumption has
been made that when exposures were reduced to low
levels. the future risk of ASL became segligible. Two
dates at which the negligible risk ievels were antained

' ‘Bave been selesteds 1964, whes ievels were reduced
cowld vary fromr 270 10 pear marsotic-levels. 1o he. to auzdreds of ppmrand 1974 woen the levels were

recnoed 1o pelow 10 ppm followiag e discovery of
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Vinyl chiomde—rrik atscaamene” . 197
Table-1? ASL caw numnrvr »r vear of 62310 ane prograpinel ' 17011 !’!. )
- ASL cauesrm: . ) LA
\« S Ke i \
dasth- W eveerw furone Nomh amence: Reu of worid pubbcations -
1988 Ct
[
? Q
]
9
1960
\ Uss
3 (]
3
4 Uss Ca2
s .
4
7 Fi -
] C4. C&, US4, LST, LSO
1] Gt USis USis
1970 Sel rsn Viols.
1 QQ Ce. V82
b N1, S« UKL I [y}
3 G Q1. LSl Usl Uss Y. YL Gt Mahons
4 G4.G5 L) €, LUs1) Cresch &
H FLFLGE G GL W US4, USY. USIZ LS Japd Johmow-
s BILFOFS Fe F1, Sw) US1y. US. LSS Japd, Y3
7 FLPY. GO GILGIY Sed  CI0, US2, US4
] F1C. F1t1, G9. G131, Gis,
Gi6 G117 LTS7. U Y4
9 F1X F1), UK4, UXS. Git
1980 UR6 UK, GI9, Ses. G20,
a2l CSI7. LS9, US30. US32
l . F14. UKL G2
Towl.. 2 n ]
ASL » Aapiosarcoma of e bver
*Italian case 01 was not 3 typell ASL: hu pamary was prossoly of Loe e, Thic mas ans

e2paped x exzvemon of PVC sk

“dwbeigsn. Ga W Gomary Sw e Swearn C = Canadt Ji e iyt UK ® Unted Kingess: G
Caseaonovaxia: Jap = jspan: Y w Yupesiavia: F » France: N w Norway: US & USA Taus G wonse
85. 9 m Vst Germany. Cases UK. G4, US4, USLS and LSS were shows 20t 16 be 35s0Cated wih
VOM exdosc=x 222 Seax swbctawn from e oSt

SAsrosol cas filler.
§Chelasporsreams.
-Dom not mende LU'S3] (sull alive).

North Amencan PVC plants have not recorded an
ASL case so far.

The averzge latent penod berween staming work in
an occupauon invohving VOM exposure and death
{rom ASL for the 99 cases is 21.9 vears (in Frames.
Sweden aad the USA betwesn 24 and 2§ vears. in
Germany about 18 vears). It is sull too easly to
preciet whether the anpual aumber of ASL cases
amongst VCM workers has reached 3 peak. ASL
cases appeared carlier ;n North Amenca than in
Western Europe and while the ocsusrencs 1s tending
10 decrsase in North Amenes (Tabie 12). it is still
high in Western Europe,

On the basis of tbe data in this case register. it is
possible to draw cenain conclusions about nsk fac-
tors assocated with ASL. The large numper of ASL
cases in some faciones and the absence of ASL cases
in others of similar age indiczies thar variations in
manufacturing pracness between faciones mav be the
cause. These vanauons may reflect both differences in
the types of job carned ouwt by individual workers and
differences in engneening pracuces. The bulk of the
cases have occurrec. howevers in highly exposed
autoclave cicaners. with relanvely few in ather PVC
or VCM producuon jobs. So far mo well-
aurthenpeated. o282 pave ossurred in PVC com-

000021

pounding or fabrication where marny more people
have been exposed dut to 2 much lower cose.

Prediction of future 4SL cases cs o cornseguence of
pre- 1974 exposure

The causal relationship between V'CM and ASL is
proved beyond doubt by the specificity of the tu-
mour. the high relative incidenss of that tumour in
highly exposed workers. the consistency of the excess
in diffecent parts of the worid. the ume reiatioashup
berween exposure and diagnoms and the dose-
response relatonship. An intensive analvsis of the
pre-1974 coborns should establish the dose-response

curve for ASL after VCM exposure and predict the-

lixelv outcome for the future.

It will be impossibie 10 collest 3 compiete data st
on which t0 calculate risks of ASL for the whole
world, but within 2 single comrpany therz may be
closer definition of the conort. the number of cases
and the pattern of exposure. Using these data and
averaging acrois the woridwide population exposed
1o VCM.: it is possibie to caleulate the future ino-
dence of ASL using relanvely crude assurnpuacns
which can only be tested in urne wien the predicuon
can be judged aganst the fnal ouicome.

SP1-05629
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ually. igherthanz those-caiculaied=for-the-rar and-
mouse and:theres sull a range-of over-100-foid 1n the

estmates™ derrved- fromr-the-different rodent experr

ments. Wherrthis amount of vanabilily ocsurs in the-
extrapolation of the nsk of low-dose- exposure 10

VCM based solely on different expenments i the

same speciess the-rehiability and hence-the uulity of

these procedures is open 10 question:

The general relauonship betweenrthe dose admmms.
tered and the incidence-of anposarcomas derived
from 52-week exposure-does not apply 10 exposures
of shorier durauon (Table 8). In all experiments a
total metabolized dose in excess of 5 x 10° ug was
required 10 produce an incdenceof angIOSArcoms in
excess of 1-2%. This relationship-was seen m both
raus and mice and in expenmenmsn which VOM was
admunusiered by gavage or by inhalsuon. In long-
termr inhalation studies. 2. 10wl metsbolized dose of
$ % 10° g 15 equivaient to about 200 pprr adminis-
tered over 52 weeks and represents a practical thresh-
old for this senes of experiments.

In conclusion there is a wide varistion in the
esumates of dose for a 10~ lifetime risk. This van-
auon is due 10 the type of mathemaucal model that
1S 2pphied. 10 the assumptons that are made and to
he parucuiar expermment that is used 10 provide d212
for the extrapolation. A high level of confidence
@anot be placed on low-dose extrapolations whea
variables that would not be expeczed 10 aher the
expression of risk have 3 profound effect on the
esumaiec risk. In addinon. the mterspecies exape-
lauon frore experimental arurmals 10 ma2a is largely
imTeTnve. 11 is clear that esurnates of risk shouid ke
1210 account ali available dawa. including em-
demuology. 10 provide & degres of rekiability.

Risk assessment {rom human stodies

Register of ASL cases

Sinee 1954, lists of repored ASL cases auribuabdie
10 VCM exposure in the VCM.PVC industry nave
besn kept by NIOSH (Spirtas & Kamunski. 1978).
=y 1ARC and by the VCM Commuties of the
Assocauon of Plasues Manufacturers in Evrope
(APME). Details of 99 cases in the APME register at

Tabie-t) Clusiermy-of ASL casevwrmaved

Plam>
no Country

s esserw Earopn~
West Germany- 1
VWen Germany
Wenr Germans
Vet Germane
Franee:

France

France

[P &

LR

Sweden—

s - O

P e ™ Y

SAsmBI WA IS A A NS

Towl ..

-

North Amenape
Canatda.- "0
LUSA n
USA ’
USA -

e —

'
Towl. .. ko
Ram of Wortd -
Japas

1 Y upoaiaviea

1 Caschoslovakis.-.

[ N 7]

Towl. ..

*For tae purponss of thrs Clie WUGY, N 13 DOl MMEEELATY 10 10eBUY
the pracse owoeninp aAsd locatow of e Pasis..

e end of 1952 kave been anmahvsed by country and
by manufactuning company and plast The c2ses
hzve been recorded from all major VOM PVC manu-
facturing countries (Table 10). but the incideace nas
not necessarily been in proporion 10 the PVC oro-
ducion capasity now or prior 1o 1942 In the 2bsenze
of daia on ibe mumber of workers eompioved. $TO-
duction capacity 1s the oniyv availabie ingisauon of
the susmbers of peopie poteaually exposed.

Toe majonty of the ASL cases are PVC autociave
cleaners or men who have worked in or around
auioclaves. There are ASL cases among men wno
saacfasnmed VOM and a few cases were mvolved
both with monomer and with polymer procucuon.
Only one case suffered from both acro-osteoivsis and
ASL. The ASL zases tenged to occur in larger
surmbers in sorme plaats than 1n others (Tablz 11). Of
thetotal of 39 ASL cases recorded in Nonh Amensa
3¢ have occurred at four PVC plants. while ever 20

Tabdle 10. Disziduuon of ASL cases v country

PVC producuos famepusie GIAOLY

(kilotomnes v)

Ne. of

Country- ASL ases 1942 1962 1972
TSA 29 9 T04 2090
West Germany ol = =80 1188
Franes 14 1n 17 67
Cansds : 10 s - 113
X ? 7 1ksd )
Sweden ] 3 20 108
Yugosiavia~ ) 3 s &0
laky 3 9 2n ™
Casedosiovaka 2 | ] o
Japan 2 12 1 7] 1699
Belpum 1 ] h ] 198
Norway | : 20 [}

Total. . ]
Weners Europe 2 | ¥4 ! 3950
Nora Amenc 9 19 26 m
Rest of Worig [} 8 709 3334

Touwl, .. 99 3 past {3 9462

ASL @ Appowzerms of the bver
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lable ¥ Quauti nl st dessved from wearkible nnlmal van ooprwicity dete smd ved as the of vinyl (Whrnle
cabulatcd to give » Metime sk of ASE of 10 ® cither e dhoe fussln of bog-peobiit annlysis o0 8 Weibull distribution
Fapunme Aol metahedisred tnholised Fup ireb)
Tahle o teslents " b he by senbente by smients calvulated foown V
) Faperinwtal i S ) (V ppiei) (TM mg) (S cah wlated hiw mant)
og-problt snalyeh|
] S 00 vate, inbinbition asors [ ]] [ B 01 [T}
3 Wistar puts, miale sy,
indealstoen L1 1% m L]
[} Nats, ingestion - Widne | XN I mpfly &% mpfibnee mm
-8 h Saln ‘mpfg 709 wppdoee [ 3] -
- Indhg 6wl ‘appp 1 70 mplidise em
M Mur, mhedaten 2uin o 20063 (11}
4.3 Wistar and § 12 sas
vombincod, inkalatnn aow (R ]] [ R} an
L} S 12 vann, short-teeme inkialaturn - [ 1 2] 286 -
Welboll diotolbntina)
4 S 10 4nis, innhabation Iuinr om [ 11 1)} nne?
Wastar siass, miale only,
s fehalstsn lwin ' "7 en [ J 1]
[ Hats, ingesthon - Wistas 9u i Yupy Vu 18 *mghbose (1 0]
~-80 4n 0 ‘mgpy 8 Y0 mpfidose (1]}
) Inie .!ﬁ?. RN wghbine (1 03}
MW Mice, inhalstion wain @ Iwin? Iuin® Ixie’
4.3 Wirtar and S 17 0ty
combined, inkalation exnin? ann [ 1.} (T L]
» S0 aats, shinit-teome anhalsinn - Inin® [(34)

*Puregt whese staterd osthcrwise.

1ngmeanee cnboulated foomms V gin cnhomn 1) wamg the Sornnba: § =V u MOJIATS ¥, wheie V_ Tor wan is 1673 pop/8 e,

[Vistnunterl weing mmsiresnen bl chhoml.
IWirtne nmd N §0 aute conntunesd
IStuly W14 iy

ASL. -~ Anguisarcoma of the livee S 1) = Sprague Dawkey

AABIEIEITIN AsbunIDUOND AU,
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194 - ILF Il PURemass o o
[ R %)
Tahig=? Vsl cALNOr GMImsng INCOENCT Of NETINE SAMMAICEME W e @ E &l B
Amouss me » any (3Y] '
Conen e == Esome
iy TE) o w§ nowl) \Maie Femaie esn no
10.000 11.245 1.7 =10 3t 0 172 A
6000 11.007 1.7=10 6.7 7Y N BT4
2500 10.24 1.4 =10 0.7 133 ot T4
1000 o - a0 hL Y 00 M7 Leesalt
00 02 1.0 = 10* 200 »? i % | T4
=50 9% T4 w100 3.0 »o 3.0 3T
50 ”ny 14210 40 40 S Leerar -
%0 1506 - o =10 33 (] 1.7 5T
) 1506 19 = V0 103 (] 82 lemevalr
0 0 0 0 0 0 STé &k lmn o
. *Suns mece. bi-wk cxpermenc: dosed for 30 wk.

*CD. muce. 5)-0k cpmmene ¢ hr dav- exposury (Lae #1 ol 1970). Thew revsits Asve not beew-
mncivded 1w the aaivuistions for Table § bacause Le CIPCIIMENKEL GEPED MESrPOrSINE IMASTI

ills.
Thus: presented in Table 9. This caculation can be carned
001l mé out on the basis of the concentrauon inhaled. the
Vg (mouse) m Vg (rat) X s daily dose metabolized or the toual quanuty metabo-
0.045 m* lized during the whole experiment. There is 3 wide
= 5706 ugi4 hr x o.01! varisuen in the esumated dose depending on the
iy 0.045 . database useg for the calculation. The largest van-
=395 ugahr - ation berweemr dases derived {rom the rat experiments

is 360-fold (0.025 ppb ¢. 9.1 ppb) when exposure iz
The values of 0.045m* and 0.011 m* are the body ppb is considered, but this decreases to 100-fold for
surface area of 2 rat and 2 mouse. respectvely. Since  otber esumates of dose. The results from muce are
toxiaaty 15 2 funcoon of the conceptraton of the toxie  substanually lower when expressed in  ppd
metabolite in the tissue. the amount transiormed (2 x 10" ¢pb) but the diference is iess for other
must be normalized for mass to estimate an eguive expressions of dose.
alent response. Thus V. must be adiusted on the basis Similar caleuiziions of the dose expested to give 2
of the bocy waights of 3 rat (0.25 kg) and 3 mouse 10~° Lfeume msk of ASL have besn tased on 2

(0.03 kg) v sndding by 0.03025= 0.1, ‘eibull amalysis (Table 9). This 1s a2 more ‘conser-
. The \_'= for the mouse on 2 mass-equivalent basis  aive mathemancal model and the esumates of doss
1s therelore: ase aceordingiy jowes. The variaton m estrzates of
1205 dose te. if anythimg, l2eger thea that observed witk the
s 11628 gg 4 hr log-pronit analvsis (for exazpie. 3 10~} difference

. . between the S values denved from Wistar and
This value of V', has been used in calculating the 101al  Sprague-Dawlev rau). Toe doses for fuce are so
amount of VCM metzbolized (Tabie 7). much lower t2an those calculated for rats or man that

From the variety of modeis (or matbematical ex- the assumpuons used in their calculauon must be

trapoiavon tschugues) used for Jow-dose msk extra-  suspect.

polauon g‘Tz‘:ie 4). an aroitrary choies of modeis has A fusher calculauon to desive the human dose
been macde 10 test the robusiness of the extrapolation  likely to produce a nisk of 10~* is gven 1n Tabie 9 (S
from the ciflerent ammal studies. calcuiated jor maal. Toese caiculations are basecd on

A log-prooit 2nalysis of the dose that would be a V., forrmanof 1675 ug § hr based on correcuons for
expeciec 10 produce a lifetime nisk of ASL of 10-*is  body surizce arez and mass. The valuss are subsian-

Tabie §. Vinyl chionde (VOM) dose and hep

B coma w Sprague~Dawiey raws exposad 10 VCM by
mhaiauon
ADounl Mradoursd: AfEorToms modeer (%)

Concn No. of r Sxpmt
(e Schedule* doses ug-4 hr ug (towl) Male Femnale Mean no.
10.000 i N 82 14 n10 10 133 1.7 BT!
10.000 1l 1S 82 47 = 10 [ 0 0 8Tl
10.000 m £ 82 1.4 620 1.2 ] 0.8 BT 10
10.000 184 100 1379 1.4 x 00 1.7 0 R ] BT 10
10.000 v s 2121 1.4 m 10 0 1.7 o8 BT 10

€00 ! 260 03 14 nie 10.3 n3 20 BT

6000 11 [H 03 46 %0 0 33 1.7 BT3

000 m s 03 léx 10 0 (] 0 8T 10

6000 104 100 1150 1.4 %10 14 1.7 s BT 10

6000 v 28 %403 1.4 %10 (] 17 [X] BT 10

“Afur Mahow e af. (1981).

’S:h'ﬂula: l==d hr-day. $ dava-wi for 42 wk: [l==é hr.day. § davswi for 17 wix Ll—d Brday, S cavswk for § wk:
Ne—i br-dav. 4 davi-wn for 25 wk: Ved br dav. | davowi for 3¢ wi.

+Aount DIULOLZEG (v) m 4 bour derved from tae formuie V (L gharjm vV, s SRy S sbex ¥V, i 46 of e 6br
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inhalsuon (Table$) (or rats exposed:orally (Tabie 6)
and for rmce exposed.by inhslauon (Table:?) are 2iso
presented.. Dats. {rom- expermments- wath vanous ex.
posure penods of short dursuon are-pven m Table
8. For caiculaung the-amounts of the dose metabo-
lized 1n raus in the imnhalauon expenments. the con-
siants. calculaied (Gehning-er al. 1978) have been-
apphed. For Wistar rais, the K, and V, vaives
derived for Sprague-Dawiey ratis have been-used.
These esumates of mewabolized dose have been n-
cluded 1n the tables

For the expenment in which VCM was gven by
gavage, the data from Fig, 2 were used 10 esumate the
amount of VCM exbaled unchanged. As the t,. for
exhaiation of VCM was 14 susutes. these data based.
on 3 72-hour period give a good estmate of the
fracuon of VCM exhaled in the: 24 hours between-
doses. It has beerr assumed that the VCM not exhaied
was metabolized, an assumption similar 1o the one
used for esumating metabolized dose in the in-
balation experiments. Greesr & Hathway (1975 &
1977) showed that VCM administered by gavage 10
Wistar rats was exhaled and metabotized in 2 similar
manner 10 that in the Sprague-Dawiev rats. and e
V. and K, values derived for Sprague-Dawiey raus
bave bees used. In the experimments by Feron e al.
(1981). who used Wistar rais. the same assuUmpHons
about V. and K, bave beer made. The quannry of
VCM administered has been deait with 2s of it had
besn administered by gavage.

0 -~

r

o=

Winory encrelon (7% of dove )
s
| 4

H e o o - = \
—L_L_

00.01 01 4 L -}
VCM ¢one:img/eg)

Fig. 2. Summarr of dose-dependent unnary and pulmonary
excreuon of vinyi chionde monomer (VCOM). Urinary exeve-

uos (@ ) represents metabolites of VOM, while puimonary:

elirunsuon (A ) is unchanged VOM. [After Watanabe &
Gehring (1976)).

For mice; the data have been combined in Table 7.

The estimation of the dose metabolized in muce has.
beer calculated using values for V_ that have been-

adjusted on the basis that for a8 chemucal requiring
metabolism to 1ts active form. the quanuty metabo-
lized will be proportional 10 the body surface wea
and must be expressed m terms of meabolized
dose kg body mass. This iechmique has aiso bees used
by Genring et al. (1978) for esumatng the dose
metabolized by man, i

Table 8. Vinyl chisnée dose ané :andence of hepaue anposarcoms n male Wistar
3 exoome ot & dave wi 0T S wi

Amount meudohzed

_ F‘;’:‘;ﬂ'
L XX 4
L 8

Espiation of VCM 1% of dorel s~

1.

Conen Anpiossrcoms Expm:
(opm) sgdhr ug fowl) INCIBINEE (%) no.
10,000 51 1antor b X 1 BT?
6000 %503 1.4 = 10 11.5 BT?
2500 5030 t3x1i0 12.0 8T?
00 ui3 8 10 10.7 BT?
X pL i3] [BR BT kA T?
b 9 19=10° (] 3?7

! 17 $d a2 1O 0 5T 17

0 0 0 0 8T 17

Tabie 6. Vinvi chionde (VCM) dose and of hesauc anpomsreoms m rats gven VOM b gavase or mpesuon

Amount Amount k Anp (%)

Do haled® Expmt
kol 23 1) % of dove) ug doe? «§ ltomh Male Femakr Mean ne.
brod 0 6250 L6810 4 pai 12 el

16.68 15 N8 M ER 10 151 123 T

333 10 T80 0= 10 [ 0 0 BT
1.0 N 3248 “=I0 1.3 =7 pi BT

0.3 1.7 4 2iex10 0 1.4 0.7 BT2Y

0.03 14 74 2163100 [ 0 (4 b

0 -— 0 (] 0 0 0 BT 27

3001 ] 15,000 €2x10° 49 9 1

14.1¢ BH 2190 1.65 2 10° ] 18 1 Feron

5.0 16.5 1040 “Wx 10 10 4 ? ot al.

1.7 2 ax 9n 100 0 0 0 asn

0 (2] [} ° 0 0 0

*Caicuinied from caw denved from Wataats & Genng (1976) preanisd. mn Fig. L

*Assurvng & 250-g rat

:Spnigue-Dawiey nau dowed by pavage itk VOM in corp ol § umasrwh for 52 wk.

§BTT? dossd Jor 49 wk.

'Winar rao used A CODTOS Oy Ferow o al (190]) an¢ dosed for §3 vk

W U eevag 4 e e VoM duanw m PVC

ocao17”
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Tabie3. Vinol chionerdoe
an ¢ dave wa for &2 wi*

BRAF
Sorapuss-Dswirvrare _i‘ { A

Amount mrisbekrelT Anp
Congn—' Expmr
(ppm? - ug 4 hr u§ LBl Maie~  Femair—  Mesw no
30.000 . 3647 1472 10° 160 4.} B0 3T ¢
10.000 - 3521 | 48w 10* 10.0 13.3 (18 aT!
9000~ o) 141 310" 10.) N podt } 8T
=300 030 ideio® 0.0 3.3 bR T
00 M 88 )0 0 b1} 100 8T!
250 2438 63 10° e (%) LR 8T
b ] b (XN R J 1"y 3 108 T2
150 1761 om0 1.7 £l L0 | Y
100 1309 lev o 0 1.7 08 BT?
% 79 1.9 v 10 [ 2, a2 SRS
3 395 1.0 =10 1.7 .? 42 BT1S
10 169 44 w0 L] 1.7 o3 TS
s “ -t i [} o 0 TS
H 17 44w 10 0 ] 0 BT 18
[ 0 ° [ [ [} l'r;.:.s

Afer Makom ¢t ol (1981).
Experoment BT 6 ended afuer only 65 wi. while the st weve Al spprexmswly 140 wi: therefore

U perenntape of tumours m BT 6 & prodably low retauve 10 the rest becnuar of Lhe shon launcy
penod sveilabie:

muhtistage model by the Food Safety Council (1980) exposure values in the ppb range. A large vanabie

and. by Gaylor & Kodell (1930) showed that for the
same 10~ lifetime risk. the Food Safety Council
estmmated the dose as 2 x 10°2ppm wherezs Gavior
& Kodel] esumaied the dose as 5 x 10~ ppm. The
cifference berween these two estirmates was due 10
aliernative assumptions on the value of the expansion
of e exponential 1erm used

In general. caiculations based og tnhe awmount of
Zalenal metabolized or on human c¢ata rave pro-

2ppears 1o be the selection of the mathermaucl model
applied to the experimental data.

In the following wection two medels are used 10
calculate the exposure for 2 107 risk from 2 vanery
of expenmental animal data applying the correction
for metabolism used by Gezsing er al. (1979).

Calculgtion of exposure for 10~* risk
A summasy of the crude ASL icadenss rases for

cuced exposurs vaiues of about | ppm for 3 J0-*

inkalanos studies ir Sprague=Dawiey rats is gvea
lifeine nsk. Al t3e other studies mave procuced

Tadle 3. Sik=ilar da:z for Wistar rats exposed by

Tadle 4 Summan of guastitatiwe M3k assexsmesy (or wevi chlonde Mmonemer

Saposure for
10~* tifenme
Referenee Specres g (pporYy Comymeny
By abainves~
Schamaermas or o (1975) Rat 3 Protet (slope » |, Manueh
19 Logs tsope w 1.45)
. Logt 1siooe = L3, one-tut}
Kuzmask & MeGavgdy (1975) RaL man 14 Lines? wrough 2er0
140} 400 Log-proom
Cinizy o1 al (1979) Rat. man > 1000 Bioraasiormauce daa 1chuded
Lisasr or log-proon
Rat < 10~> 1000 Deoenss oz mainenaucal model used
Food Safery Counail Rat ] Casiint
(1980 ] Ammtage-Doll
1 a i~ Weibull
39 x 10 Muhu-bat
Asdenson . &l (1930) Raz, man > 1000 DNA Wading waed for donmery
Gavior & Kodell (1980) Rat 0.7 Upper 97.5% coubdence wmn of bhoear model
0.3 Acmsage=-Dol
Casibory (1981) Rat 1etx 107! Weibull
1!;: "“2)(7 9 Mas > 100 Demvws from Barr's nepauwe e;denmoiory
paper (Tabd Rat 0.025-5.16
Mouse 2x 10" Log-proont
Man 0.63-90 Log-probnt b Y dau for man
Rat 22 10°-2x 10-* Weibull
Mouss bx 10°%
Man 0.067-3.14 Weibull icinding totaasiormauon for man
By iagmnes
EPA (1930) Rat 4 ug-day Food or waur
NAS (1980) Rat Ix 10 makpidey  Wawr
Crump & Guess (1980) Maa 0.7 up:day Apphnz worker data 10 waer
Rat 0.5 ug-dav Upper 9%, conhdence hmu
*Afier Basr (1982

*Except where naiad otbowue
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Cuopes (1981)
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M IINA)

filutova et ol (1902)

I hgeative system
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Vinyl chionde—ri- sucsment 'i“ ‘. ‘ E *

Lung SMR = 426

fung
ASE. = Angianicima of the bver SMNI = Stamlbusdized awntabity eale  PMR = Propurtional meriality sste

*With pescentage folow.up in heackets.

of VCM metabulisrn rats 1 piverrn Fig- 1. On |hr-
basis of this schemerthe highiy reacuse inermedistes

in the metabohic process tparuculariy chioroetmiene:
oxide} react with celiular macromoiecuies. including

DNA 10 produce the cnucal lesions ieading to mu-

tauon or the inducuon of cancers

Studies on the quanutative aspeet of YOM metab-
ohism have shown that there:s a dose dependency 1n
the raie of metabolism After admumstrauon of
"*C-labelled VCM by gavage at doses between 0.5 and
100 mg kg to Wistar rais. the amount of “C excreted-
in the unne and faeces and retained in the carcass was
esumated over 72 hours (Walanabe- & Gehnng.
1976). As the dose of VCM was increased. jhe-
proporuon exhaled increased and that excreted io the-
unne and faeces decreased. (Fig. 2). The proporuon
rewned in the carcass aiso decreased. The same-
general wrend occurred afier administration by in-
halation. although the magmitude of the differences
in retention and excretion was Jess (Watanabe &
Gehring. 1976).

Studies of the amount of non-volmle material
rewained in the carcasses of rats exposed to vanous
levels of *C-labelled VCM for 6 hours demoanstrated
that the metabolism of VCM appeared- 1o be In
accordance with Michaelis=Menten kineucs (Gehring
er al. 1978). The constuants for maxinur veloary of
metapolism (V, in pg metabolized 6-hr) and the
Michaelis constant (K in ug VOM Tlitre air) aczord-
ing to the formuia:

V.S
Ke=5 |
(whers V -\eloary of meubolists = ug-6hr and
S meomcenirauon of VOM bemg izbaled) were
V.= 8558 ug metabolized:6hr and K, =860 ug
VCM .litre a1r. Thus there was a connderable change
in the rauo of administered dose to metabolized dose
s 1he exposure concentrauon mncreased (iatle 3). Al

the higher doses a smalier proporuon of VCM was
metapolized than at low doses.

Ve

Review of earlier calculations of risk

There hzve been 2 number of atter=pts 10 2iculate
the nsk of ASL development on the basis of extrap-
olauon from experimental data. These bave been
reviewed by Barr (1982) and a2n adaptauon of his
data is presented in Table &.

The introduction of biowransformsauon data into
the esumauon of nsk increased the level of exposure
salculated to cause a 10 lifeume nsk. from parts per
billion 10 in excess of one part per million. A further
refnement of the technique using DNA binding as
the measure of dosimetry (Anderson er al. 1980)
provided 2 similar esumate of the exposure.

A variety of mathematical models can be used for
extrzpolating below the expermmental dose range. and
it is not possible to seiect from amongst these math-
ematical modeis on the basis of goodness of fit to
expenrmental cata. Attemnpts to do so have shown
that most of the models fit the data equaily well
(Gehning er al. 1979). It is equally difficult 1o selest
amongst the modeis on the basis of the assumed
mecranism of acuon of VCM. Thus a companson of
We lifetime nsks calculated using the Arm:tage-Doll

geGco1s
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Vinvr chiondeea=rgi- s shtaEmient™

whcts Bss-mmgrated-into the- food: or- beverzge: Since
1974, the-zmount of VCM in PVC has beerrreduced

10 less than } mg. kg with the resuit that the maxsmum-

human daily intake of VCM in food and dnnk s
0.1 ug day (Mimsiry of Agncuhture- Fishenes &
Fooa. 1978).

The founth group with potential exposure 16 VCM
are those who hve in the wiamty of VCM or PVC
manufactunng or fabneaung faciones. The levels in
amear 3ir around 3 faciory are-very-low (in the
pants per 10° range) but much larger- population
poups. which inciude all age groups. are invoived.

For the workers in YVCM manufacture and PVC
polymerizauon and fabricauon. the route of exposure
1s by inhalauon. Much of the aumal carcinogenionty
dawa are based on nbalaton exposure and the buman
epidermology is predominantly of populations ex-
posed occupauonally by inhalation. Thus an assess-
ment of tbe nsk factors and the quantitative nsk of
inhalaton exposure is the main objecuve. For the
consumer exposed o VCM via food and beverages
the route is by ingestion. Relatively few experimental
siudies Bave used oral adminisiration and only one
siudy used a comparabie exposure pattero (Feron o7
al. 1981). Similarly there are no speafic em-
dermuoiomcal data on oral ingestion. Risk assessment
for exposure via the oral route must rely oz ibs
exsung animal data and on extrapolation from epi-
demiological and expermmental studies of inbalation
exposure.

Risk assetsment from experimental acimal dats
Assumprions

lo camying out a risk assessment on the basis of
animal d2t2. 1 number of assumpuons have 10 be
raade. The Arst of these reiates 1o the overall dosi-
@iy, Expentnental animals are exposed 1o concen-
wrations of vinyvl chioride or dosed with amounts of
vinyl cnlonde that allow an estimate of the amount
to which they have been exposed. 1t is possidle to
caiculate 2 correction {actor for these quznuues so
that they are apphicadle to man. However, rats and
muce live for relauvely snom penods of time (up to 2
vears) dunizg which they develop cancers of a type
similar to those seen in man. The latent period for the
SATIE NIIOULY 1N Man miv be berween 20 and &0
vears. [t is therefore assumed that the lifetisne of man
is equivzient to the hfetime of an expenmental amurnal
spzaies even though the chronological ume is sub.
stantally different.

Strictly spezking. mathematical extrapelation of
nsk on the basis of experrmental amimal data pro-
vides an esumaie of the risk ar low doses 1o the
expenmenial animzl under consideration. A variety
of fycrors. parucularly inberent biclogical sus-
cepupility and differences in metabolism. render the
extrapolation of tbe dawa from amimals directy to
man sudlect to numerous ervors. [t is at this pont
B3t scieaufic judgement is requured 10 dacide whether
tbese data are applicable 1o the human situvation.

Meteboitsm

Is ras. VCM bas been shoun to be metabolized
exteasively. produsng 3 raases of excrzuon procusts.

000013

After admrmustration by gavage of inhalation: pant of
the dose-1s exhaied unchangee and the rerrainces 13
excreted or retained 1n the C3rCAss. A general scheme

(8}

‘l
H.C e CHC) et (e H -—-ntn:tno
(a) N e {»} (o}
9
~CSH

I {¢)
(<™
{
Cly Gly
t" =0 C=0
! |
&'»cn.sr_u.cn: CHCH.SCH.CO.H
| l |
H On \H
! .
C-lu Ciu - ’
i
1 A\
rlD,H ?o:u
CHOH SCH.CH, " CHCH, SCH,CO.H
l I I
N\H{azy OH SH.
{e) L tr
€o.M

€ == CH.SCH,CON

lg

${CH.CO, M),
£ ()

Fig. 1. Scheme thowing the rmewxbolism of vinvl chionde
meonomer (VCM) in raus 10 §-cosummg meuabohes. VCM
(a) is convenied to chioroetbyiese oude b) which 15 trans-
formes spontaneousiy 10 chioroace:aidehyde (¢). These 1o
meiabolites are munagemc and hencs are conmdered 10 be
the Pro}umALe Carcnogens. The UNDRry excreuon products
N-aceryl-§ 2-hydrexvelryl)cyneme (¢) S<carboxymeisyi)
cynaze () aod thiodighycoliic acid (g) are derrved from
these mutapenic merabolites 13 (d). Gly and Glu are the
giycne apc punziw resigues of Luluone (Aflie Greex
& Hataway (15777]
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- Daws.from- Mahanr o1 ot (1981),

doses (7-10%) in both amimais and man. The doses
responsibie for acute toxaty are about 1000-fold
higher-than the minimumr dose for carcinogemicity
and there 18 frequentiy no sign of overt organ toxicity
prior 10 the development of the carcinogeme re-

‘ sponse.

VCM is mutagenic in a variety of test systems
including Saimonelia 1yphimurnsm - (Rannug et al.

" 1976). Saccharomyces (Lopneno er al. 1977) and

Drosophila (Verburgt & Vogel, 1977), usually with

some form of mammalian microsomal meaubolizing,

sysierer to convert VOM into its active metabotites,
chloroethviene oxide and chloroacetaldebyde. The
dau on the muugenicity of VOM provide usefyl
quaiitative informaton on s mode of action and
mewdolism. but are not swiabie for the granusative
esumatiop of sk to maa

The mest useful expemmesial data are derived
from lengterm amirmal circinogenicity studies. An
exzszsive seniss of 17 studiss (Maltoni er al. 195])
gives 2 useiul dawabase for risk assessment Other
studies (Feron er al. 198]; Lee o1 /. 1978) 12nd to
confirm the fincings of Maiton.

Carmnogenic sfscs were ooserved ‘in mice. rats.
and hamsters. A commpiication in the seiecuon of these
data for nisk assessment is the variery of temour types
observed (Table 1). Some of these occurred 3t very
high exposure leveis. but mammary adenosaranoma
in ferzles and ASL in both sexes of both rats and
rmice ocsurred at S0 ppm or iess. exposures similar to
those beiieved 10 Rave occurted on manwfaciunng
plans (Barnes. 1976).

Epidemiciogical siudies

Several major epideruological sindies on workers
exposed 1o VCM have been reported (Tabdle 2. The
main organs that have deem 2550ci3ted with higher
incidences of cancer in workers exposed 10 VCM are
the liver. lung and brain. Increasey in the standard-
ized mornality ratios of cancers in the buccal aavity
and phannx. of lymphomas and of cancers of the
lympnatic and esrdiovasculas svsiems have been. re-
poned in one or Two siudies. The analysis of canesr
of the respiratory sysiem is often confounded by
smoking. making quanutauve analvsis of the con-
tnbution of VCM difficult. The excess of liver cancers
18 due 10 an excess of ASL in many of the studies.

An anaivsis of the suatisncal power of vanous
studies for assoc1auon berween VCM exposure and
cancer of the lung. liver 2nd brain {Beaumont &
Breslow. 1981) concluded tha: the resulis for liver
were COpSifient w1 21 2euciogeal role for VCM.
For bran cancer, where three out of five studies had

000012

siausucally significant findings. the resulls were more
vansble; positive findings occumnng s the swudies
with the greaten susustical power. The most reason- -
able interpretation was that the daia were consisient
with 3 causal associzuon betweenr VCM exposure and
an excess of brain cancer: Infame (1981), in reaching
the same conclusion. points out that the relative nsk
for brain cancer u much lower than that for liver
cancer. Only two out of eight studies on jung cancer
(Beaumont & Bresiow. 1981) weided sausucally
significaat resuhs and, because stydies with a high
pOwEr were segative. 3 causal associanop was coand-

ASL is the most suitable endpoint for analvas of
the risk of exposure 10 VCM for 2 number of reasons.
1t is a rare cancer o umexposed populatioas. makiag
anzmbution to VOM exsosure on tse sasis of work
nisiory a rezsonable azproasn. ASL octurs i bowh
anunals and humans exposed 10 VCM and it is
uxziikejy tBat aay other casmaogezic efect of VOM
will be found 1o occur at lower exposures than the
lowest exposures that :scuce ASL. For these reasons.
wmox work on the guanuianive nsk assessmest of
chromic exposure to VCM bas used ASL as the
eadpoint to study.

Case register

The availability of daz2 jrom a comprehensive Gase
reqster of ASL cases wih 3 history of occupaunonal
expasure to VCM prowvides an opportunuty (o idenufy
risk factors for the ingusvion of ASL.

Persons potentially exposed to cinyi chioride

Current manufacture and use of VCM and PVC
results in the porenusi exposure of four groups of the
population. The highest exposure caiegory covers the
workers involved in the manufacture of VCM. its
polymerization 10 PVC and certain other industnal
uses of VCM. Within this group. certain occupauons.
particularly autociave cisaning, involve higber poten-
ual exposure than others. although all groups would
now be expected 10 have exposures complying with
hymene standards of 1-£ ppm.

The next caregory covers these exposed 3s a result
of using the PVC. Workers 1n the compounding and
{abrication of PVC produsts are exposed to residual
VOM reiessed from PVC on heaung (but PVC does
not decompose 10 VOM when heated). In general the
exposure levels for these workers are very low in
campansos to these for PV'C poivimertzation workers

(from 10 10 100 uxes iowers.

Consurz=rywho ezt food ané d=ink be\'mgﬂ,lhn
have been packed 1n PVC mavingest unreacted VCOM
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(Recerred 14 December 1983; rerisions recemed 1) January 1936)

Intreduction

Vinyl chionide monomer (VCM{). more properiy
tamed monochloretbane. is 3 colouriess gas normally
handled under pressure as 3 bquid whick boils a1
= 14*C a1 sormal pressure. Discovered around 1835,
VCM's commermalization did not begin untl the
1930s and did not reazh high volurse unul afier 1945,
Presest mzaufacture is arousd 12 x 10° tonnes per
annwn. pearty il of whieh is used o0 maxe the
polvmer poivvizyi thlorids (PVO).

Until the 1960s. VOM was regarded as 2 maie=ial
of low human oximty and the main concerns were
rziated to the compound's narcotic efect. lndesd
inere are maay reports of empiovees exposes 1o YOM
monomser in pehvmer plaaw besomung &imy and
unconscious. Because V'CM was considered w0 be
relatively innocuous. it had a wreshold limit value
(TLV) of 500ppm. 8-hr ume-werighted averige
[TWA) for many vears (ACGIH. 1974: Lester er al.
1963: Torkeison er ai. 196]1). Measuremests of em-
ployee exposure were inirequent. since most mea-
surement and warming sysiems were designed 1o
ensure thai plant aumospheres were bevond the ex-
plosive limais. @ir2 and explosion being the main
hazards of VCM. Retrospective estimates (Barnes.
1976) of uwpical TWA personal exposures (in ppm)
for poisvmer:izztion workers have been cited as: 1000
in 1945=1955 300-300 in [955-1960. 300=300 in

1960=1970, 130 in mid-1973 and § in 1975. However:

in some jobs. parucularly in the clezning of the
auociaves in which VCM is pohymerized to PVC,
very much higher exposures. in thousands of ppm.
were undoubtedly expenenced for short. medium pe-

*A longer vermon of this pa has been published 1
Toxreologcal Risk A.rsrwne:: tdited by D.pB. C)avsor:
D. Krewsks ané L. Munro and published by CRC Press,
loc.. Boca Raton. FL (1985, )

Abbrenianons:  AOL = acro-omeolyns; ASL = angpio-
sarcoma of Wit iver: PVC w poivvinyl chlonde: TLV =

tarethold en value TWA w ume.weignted average
VM = vioy chicnge mosomer

ogceriz

rods, sinee 1 some planits operators became {aint
and unconscious from ume 10 ume.

The first clear indicayon of chronic bealth prob-
lems assomated with VCM arose in the 19605 in men
who entered VCM pohmenzation autocizves 10 re-
meve build-up of polymer from the walls. Some of
these men developed acro-osteolvsis (AOL: Cook er
al. 1971: Hawms & Adamss, 1967: Suciu et al. 1963).
ModiSzanon of working pracuces led 10 2 recuctios
ia the inmdense of AOL cases in autoiave cleaners.
Although AOL is occasionally seen in peopie not
exposed 10 VOM (Meverson & Mesier. 1972 Wilsen
et al. 1967) it is a rare disease. in the ime 1960s.
studies in rals involving exposure 1o kigh coneen.
trauens of VCM for leng penods (Vicla. 1969) faled

“to produce AOL but showed an increase in the

incidencs of tumouTs at vanous fites.

Further studies (Maltoru er a/. 1980 & 1981: Maltoru
& Rondineila. 1980) showed the rare tumour 3ngpo-
sarcoma of the liver (ASL) in exposec rats. and
confirmee VCM as an animal carainogsn. Taree ASL
cases 1n emplovess at a PVC polymenzauon piant
(Creseh & Johnmsonm. 1974) confrmed VCM as a
human czronogen. Other known actolopeal agenus
for ASL in ma23 were thorium dioxide. arseruc and.
possibiv. anabolic sieroigs (Malom &1 al. 1980).

Sincs 1974, the heaith hazards of VOM have been
the subject of many investgations. sciestdc papers.
semunars 2nd other presentauons (Conlerence to
Resvaluate the Toxieny of Vinyt Chloride Monomer,
Polv(vinvl Czloride) and Sirustural Analogs, 1981
Gauvain. 1976; IARC Working Group, 1979,
Selikofl. 1975 Szadkowski & Lehaert. 1982: US
DHEW, 1980). The picthora of information (and
misinformation) now available suggesis that an ob-
jective histoncal case study of VCM wouid be of
value.

Experimemal and buman dats

Experimental studies

The prinazal ‘eﬁen seen in the acute and subacute
studies 15 anassidesiz. which occurs at reiauvely gk
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A Divigion of The Society of The Plastics industry, inc.

Septamber-12, 1989

Mr. Robert Barham, Chief

Toxic Air Contaminant Identification Branch
Air Resources Board
P.0. Box 2815

Sacramento, California 95812
Re: Draft Report on Vinvl Chloride
Dear Mr. Barham:
The enclosed article was referenced in comments submitted on
September 8th by The Vinyl Institute on the Air Resources Board's

Draft Report on Vinyl Chloride. I would appreciate it if this
report is appended to those comments.

Sincerely yours,

Al che ke
Meredith N. Scheck
MNS/pmb Assistant Director
enc.:

I.F.H. Purchase, J. Stafford and G. M. Paddle, "Vinyl Chloride:
An Assessment of the Risk of Occupational Exposure”,
Fundamentals of Chemical Toxicology Jourmal

, Vol. 25, No. 2,
pPp. 87-202 (1987).

.05618
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Purchase, et 'al. A very extansive evaluation of the available.
information at- that- time is included- in this-article, and: a.
very compreshensive ‘examination-of risk assessment: approaches:
to vinyl chloride:is: examined.. We-believe: that this document
demcdnstrates-a much more studied and scientifically defensible
approach- to- assessing risk of exposure to vinyl chloride.

In summary, there are at-least twenty epidemioclogical studies which:
involve over— 45,000 workers who:have occupaticnally beemr exposed:
to vinyl chloride.. To dismiss this body of epidemioclogical study"
in favor-of basing risk assessment on animal data is questionable
at best. 1In the paper by Purchase, et al., information that 1is
precisely the issue being addressed by DHS is. present. In
addition, an epidemiclogical study of populations living in the-
vicinity of VCM production facilities had.been conducted previous—
ly. This. study, Barr; et al. 1982, suggests that 100 ppb re-—
presented the estipated dose representing a 1x10-6 lifetime risk
in man. That value is similar to the highest estimates derived
from the animal data when taking biotransformation data intc
account. The studies discussed in the paragraphs above, will be
forwvarded under separate cover.

Finally, the Vinyl Institute is extremely interested in reviewing
the revised draft document before it is forwarded to the Scientific
Review Panel. Please add our organization to your distribution
list. Materials should be forwarded to:

Meredith N. Scheck
Assistant Director
The Vinyl Institute
155 Route 46 West
Wayne, New Jersey 07470

Thank you for your attention to this matter.

Sincerely yours,

Nre DL Y e the

Meredith N. Scheck
Assistant Director

MNS/pmb

cc: Mr. Richard Forey .
Substance Evaluatior Section
Air Resources Board
P.C. Box 2815

Sacramento, Califorria 95812
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Many of the- epidemiology” studies: that-have- beem in the published
literature have:been-updatad:imthe past year or two.. One example
is the study Update of Vinvl Chloride Mortality authored. by Dahar,
et al. vhich-wascupdated: as rscantly 2s:1988 and further-demonstr--
ated a decreasing cancer incidence rate: in workers: as the latency
period. has: been- expanded. substanttally. The- person yYears in this
one particular- study has: been expanded from. only approximately
4,000 persomn:years-to cver 17,000: person years, thus.a substantial
increase- i sengitivity of the- study, as only one example. The
Chemical. Manufacturers Associatiomr (CMA) Vinyl Chloride Panel-
sponsored. epidemiclogy study- was.updated- as recently as 1986. It
is a very compreshensive epidemiology- study consisting of a cchort
of over- 10,000 workers employed at 37 different plants belonging
to 17 different companies. That study identified at that time,
over 1,536 deaths. These are only several examples of many’
epidemiology studies published-on vinyl chloride and DHS's approach

to dismiss human epidemiology evidence in their risk assessnent is
inadequate.

Many of the human epidemiological studies point out a statistical-
ly-significant association betwveen an increase in lung, liver and-
brain cancer- and exposure to vinyl chloride. For brain cancerf,
three out of five studies demonstrate statistically-significant
findings, although the results were somewhat variable. Positive
findings occurred in studies with the greatest statistical powver.
Most reasonable interpretation of the data is consistent with the
causal association of vinyl chloride exposure and an excess of
brain cancer, however, the relative risk calculation for brain
~cancer is much lower than that for liver cancer. Only two ocut of
eight studies on 1lung cancer yield statistically-significant
results, and because studies with the higher power were negative,
a causal association is unlikely. It is for these reasons,
therefore, that the incidence rate on the angicsarcoma is the most

suitable end-point for analysis of risk of exposure to vinyl
chloride for a number of reasons:

1. Vinyl chloride angiosarcoma. is a rare cancer in unexposed
populations, thereby making the utilization of angicsarcoma
as a demonstration of vinyl chloride exposure on the basis of
work history truly a reasonable approach.

2. Angiosarcoma has been demonstrated to occur both in animals
and humans when expcsed to vinyl chloride.

3.

It is therefore demonstrated unlikely that any other car-—

cinogenic result from vinyl chloride would incur lower

exposures than those lowest exposures that would inc}uce

angiosarcoma. Recent publications entitled Vinyl Chloride.
e o o)

o a sure, was
published in 1987 in the X

Journal, Volume 25, pages 187 to 202, 1987, authored by

oceoas SPI-056186



Point One: Pharmacokinetic. Intormation.. There are several
publications: in the literature not-cited.in the: DHS document, that-
address the incorporation of pharmacokinetics= in low dose- risk.
estimation for-chemical. carcinogenesis. Onea:sucirarticle was.

published as. far-back as. 1980 in Toxicology-and Applied Pharmacol—
oqy: authored- by Anderson;,; Hoel. and - Kaplam.. That- docunent-
demonstrates how to incorporate the pharmacokinetic information on
vinyl chloride intc: a risk. assessment approach: for- low. dose: riskc
estimation. There  are numercus other- publications on' the phar—
macokinetics of vinyl chloride as well. Another- such. document,
published in 1981 in the Axchives of Toxicology authorad. by Bolt,
Filser and Buchter, demonstrates significant information that is
relevant when extrapolating low level carcinogenic risk estimates
from the existing data base. The DHS document-fails to incorporate

any of the established pharmacokinetic information in its treatment
of theoretical risk for vinyl chloride..

A number of studies indicate that probably a reactive metabolite,
not vinyl chloride per se is responsible for its toxicity.
Although some inhaled vinyl chloride is excreted unchanged,
depending on dose, a varying amount is metabolized. The metabolism
of vinyl chloride has been the subject of numerous. studies. and it
is currently thought that vinyl chloride is metabolized by
epoxidation with subsequent production of chloroacetaldehyde. The
further oxidation and conjugation with glutathione are responsible.
for the metabolites found in the urine. Gahring, et al. analyzed.
the metabolic and carcinogenic data from man and laboratory
animals, and used several models to predict the incidence in man
from the animal data. They found that all models over-predicted
the risk to man unless corrections were made for the varying rates

of metabolism and for the surface area differences of the different
species.

Point Two: Epidemiology. There have been many published epidemio-

- logical investigations of occupaticnal workers exposed to vinyl
chloride at a variety of occupational exposure levels. Vinyl
chloride may, in fact, be one of the most epidemiologically-studied
industrial chemicals in the literature. To dismiss that data and
relegate it only for comparative purposes to animal data is
unacceptable. DHS demonstrates a bias towards the utilization of
animal experiments as a priority over human evidence in their
approach to risk assessment. This results in a dramatic over—
estimate of likely human risk at the low environmental levels being:
addressed by the document. The DHS goes on to state that risk
extrapolations based on the human data yield results they judge to
be comparable. The practical aspect of responding to an order of
magnitude or two in risk assessment can often be dramatic,
therefore risk estimates that yield order of magnitude different
estimates of risk are extremely important. When adequate OTr
substantial human evidence exists, that data should be given
preferential treatment in the risk assessment process.
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Institote:

A Divisiorrof The Society of The Plastcs industry, inc:

Septamber 8, 1989

Mr. Robert Barham; Chief

Toxic Air Contaminant Identification- Branch
Air Resources Boarad:

Attn: Vinyl Chloride

1102 Q Street

Sacramento, California 95812

Re: Draft Report-on Vinvl Chloride

Dear Mr. Barhanm

On August 29th, the Vinyl Instxtute* received the preliminary draft
report on vinyl chloride dated July 1989 being prepared by the
California Air Resources Board (CARB). There has been, therefore,
a limited amount of time for our membership to thoroughly review
the documents prior to the comment. deadline.

Nevertheless, after reviewing the document, there are at least two
areas of discussion that are inadequately treated in the california
Air Resources Board (CARB) document. Therefore, most of the
comments will be spent on thosa two areas. They are the phar-
macokinetic knowledge of vinyl chloride in the risk assessment
approach and a total znadequate treatnment of the large number -of
epidemiclogy studies in the published literature. These are very
concisely dismissed by the Department of Health Services (DHS) as

being unacceptable to be used in the risk assessment process for
regulatory purpcses.

The Vinyl Institute is an operating divisien of the Society
of the Plastics Incustry, Inc. Its members include Air
Products and Chemicals, Borden Chemicals & Plastics, Certain-
Teed Corporation, Dow Chemical USA, BFGoodrich Company,
Georgia Gulf Corporation, Occidental Chemical Corporation, PPG
Industries, Shintec2 1Inc., and Vista Chemical Company.

Together, these comranies account for more than 80% of the
domestic production of both vinyl chloride and polyvinyl

chloride.
0000606 SPI-05614
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In the past; residual vinyl chloride concentrations..in PVC
resins- at the time of shipment; were-as.high as. 2000 ppm-
Curently, PVC resins contain: about- 10. ppm: residual vinyl
chloride at-the time of shipment and-may- lose vinyl.
chloride.at- a rate of 20 to.50 percant per month during-
storage. In additicn, most:-of the vinyl chloride. will.
vaporize- and- escape- during- the higlr tampsrature processes-
in which PVC resins are melted and made intoc final products..

Bage A-27
. Emissions of vinyl chloride. from-

Landfill Emissions.
landfills mainly occur-by two mechanismgs: 1) direct

vinyl chloride emission from disposad wastes which contain
vinyl chloride (i.e.. chlorinated organic compounds):; and.

and the formation of vinyl chloride. from the biodegradation
of chlorinated. hydrocarbons. '
It is hoped that by making the previously desq?ibed suggested
changes, the readers of Report A will mﬁre readily underséand that
the major source of VCM emissions in California in landfills is
from chlorinated organic waste disposal, not from the disposal of

PVC fabricated consumer and construction industry pfoducts.

Thank you for the opportunity to comment on the Part A and B
Reports. Please feel free to call me at (216) 374-2962 should you

have any questions on our proposed additions to these documents.

Sincerely,

S bl

1)

Kathleen E. Stimler
Manager, Government Relations

6661W
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Page=2-

2)

3)

RAFT
N AW mo i

Wu, W.: Steenland;. K.: Brown, D.: Wells, V.:; Jones, J.:
Schulte, P. and-Halperin, W. "Cohort and.Case~Control.
Analyses: of- Workers Exposed. to: Vinyl Chloride. — An.
Update™. NIOSH Report Draft, October, 1988.

Wong; O.; Whortom, M.D.; Ragland, D.; Klassem, C.; Samuels,
D. and chaxtom, K. "Final Report —An Update:of an
Epidemioclogy- Study of Vinyl Chloride Workers, 1942-1982".
Prepared: for- Chemical Manufacturer*s Association, October
17, 1986. -

The second area of concerm with the CARB document is more an issue

of semantics: nevertheless, we offer-it for your consideration.

The PART A Report at pages A-l, A-17 and A-27 accurately states

the following facts, but we would like to see clarifying phrases

added or sentences reordered as described below.

Page A-1 to A-2

® PVC is fabricated for use in several products of
which many are used by the construction industry.
In California, the identified sources of vinyl
chloride emissions are landfills, PVC production
and fabrication facilities, and sewage treatment
pPlants, not PVC fabricated prodycts for
: . 1 X

-17 -

* Plastic Materials and Consumer Produycts. Plastic
products made of PVC and other vinyl chloride polymers
are ubiquitous in most homes. Because vinyl chloride
monomer can remain in the PVC resin for an extended
period of time, an indirect source of indoor vinyl
chloride emissions may come from the release of unreacted
vinyl chloride monomer- frow these plastic products.
However; emissions of unreacted vinyl chlcride monomer
have been substantially reduced due to improvements in

monomer- stripping technology (Wheeler, 1987). Ihus,
q ,

v ontaj
A4 i v vi 3 onome d
u ve vi i .

006004
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BEGaodricte ; DRAET

he BEGooancit Company-

3925 Emdassy Porswoy
Akron. Ohio 44313

September- 6, 1989

Mr. Robert Barham, Chief

Toxic Air Contanminant Identification Branch
Air Resources: Board

Attention: Vinyl Chloride

P.C. Box 2815

Sacramento, CA 95812

Comments on Technical Support Document:
Proposed Identification of Vinyl
Chloride as a Toxic Air Contaminant
Part A and Part B Reports

Dear Mr. Barham:

The BFGoodrich Company welcomes this opportunity to comment on the
above~captioned documents and we would like to commend CARB for
accurately assembling and summarizing the extensive data
describing vinyl chloride’s uses, emissions, physical properties

and exposure in California.

We have only two comments for your consideration. First, the
primary deficiency of the CARB document on identifying VCM as an

air toxic from landfills is that it fails to note these important

epidemiclogy studies:

1) Doll, Sir R., (1988) "Effects of Exposure to Vinyl
Chloride: An Assessment of the Evidence", Scandinavian
Journal of Work, Environment, and Health, 14(2):61-78.
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2 September 1, 195RI\ -

An adequate review-of the medical studies of the effect of exposure
to vinyl chloride can: not be satisfactorily completed before the end

of the first comment: pericd. Therefore, a request is. being made. for-
an extension of the initial comment period.

If you have questions, please call the writer at 216-796-2698.

Sincerely,

C.A Sas

C A See
Environmental Engineer
Corp Environmental Enginee:i.ng
CAS:cas

000Q02
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DRA
TheGoodyear-Tireé-RunhberCompany—

Akror;, Ohlior aazis-0c00Y
CORPORATE ENGINEERING
September- 1, 1989

Alr Resources Board

Toxic Air Contaminant Identification Branch
P.O. Box 2815

Sacramento, California 95812

ATTN: vinyl Chloride

Mr. Robert Barham, Chief

Dear Mr Barham:

The following comments afe offered in response to the "Report to the

Air Resources Board on Vinyl Chloride - Proposed Identification of
vVinyl Chloride as a Toxic Air Contaminant”, :

Clarification is requested concerning the relationship between the
California ambient air quality standard for vinyl chloride - 10 ppb,
as it was discussed in the report, the level of concentration of
vinyl chloride which poses "no significant risk* to the population -

0.3 micrograms/day and the interaction of these two values in the
regulation of toxic air contaminants.

In the sampling and determination of the concentration of vinyl
chloride, the use of analytical technigques comparable to and as re-
liable as the method outlined in the report should be permitted.

000001
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Comments: -~ page 2

x .
!.
- [ORA
Noa Radical Reaction.

A rate constant for the gas-phase reaction of the "03 ra2ical with
vinyl chloride. has recently been obtained, using a reliative rate techmique-
(R. Atkinsom, S. M. Aschmann and M. A. Coodman; Int. J. Caex. ¥inet:, 19,
299-307, 1987). Combining the measured rate cecnstant fat:o at 298 = 2 K
of k(NO3 » vinyl ehloride)!k(N03 + ethene) = 2.08 : ¢.03 <ith the room
temperature rate constant for the reaction of the HOB ricical. with ethene
of 2.1 x 10~16 cm molecule™! s~ (R. Atkinson, S. M. ise==nn and J. N.

Pitts, Jr., J. Phys. Chem., 92, 3454-3457, 1988) leads tc a rate constant
of

k(NO3 e vinyl chloride) = 4.4 x 10716 en3 polecie~’ s~

at 298 : 2 K.

Lifetime.

As noted, the lifetime of vinyl chloride in the troposphere is
calculated by combiniag the measured rzte constants for the gas-phase
reactions with OH and N03 radicals and 03 (and other gas-phase loss
processes, if applicable) with measured or estimated amsient
concentrations of OH and NO3 radicals and 03. Few, if acy, reliable real-
time measurements of ambient tropospheric OH radical concertrations exist
to date. The most reliable global tropospheric OH radical ccncentration
value is that derived from tne ambient tropospheric concentrations and
emission inventory of methylchloroform, leading to an anrually and
diurnally averaged global tropospheric concentration o 7.7 x 10° molecule
em™3 (Prinn et al., 1987). For the N03 radical, the measurec >ower:
tropospheric concentrations over continental areas range froz <1 part-per-
trillion (ppt) up to 430 ppt (see R. Atkinson, A. M. Winer and J. N.

Pitts, Jr., Atmos. Environ., 20, 331-339, 1986). An average value of 10
ppt (2.4 x 108 molecule cm™3) seems reascnable, with tne recczmition that

this concentration is uncertain at any given time oy a factor cf + 10.

000023 . SP\-05637



Comments: - page 3

With these ambient OH and NO3 radical concentrations, the calcula.
iifetimes of vinyl chloride with. respect to.reactiom withr OH u’;d.:NO“r
radigals are then 2.3 days and 220 days, respectively. Since the-lifetimes
of vinyl chloride with respect to reaction with 03 is. (Tatle IV-2) =50
cays (using the rate Qata cf Zhang et al. anc Gay et:al.), the OH radical

reaction appears to be the dominant tropospneric loss process for- vinyl.
chloride.
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Conments- from=the-Goodysas"T{re-& RubberCompany—

1.

Comment> Clarificatton:= is. requested-concerning- the:-relationship-
between-the:Californta=10.ppb: ambient_air-quality standard for-
vinyl chloride=and=the=0.3.ug/day concentration-of-vinyl chloride-
which- poses no:-significant-risi to. the:population.

Response: This. comment=is. addressed-in Part-C, I1I. Department: of-
Health Services- Responsess to- Comments on-Part B.

Comment= In: the~sampling- and-determination of the-concentration-
of-vinyl chlorides. theruse:of analytical techniques: comparable

to,-and:as reliable-as,-the:method.out1ined- in- the repoct shouild
be-permitted.

Response: The ARB did not- intend to imply that:the sampling and
analysis techniques-described- in the preliminary-draft- report on
vinyl chloride: should. be: the-only method-used- by factlities
testing for-vinyl chloride-.

Comments from the B.F. Goodrich Company

1.

Comment: On page A-1 and A-2, the report should clarify that
polyvinyl chloride (PYC) products used by consumers and the
construction industry are not sources of vinyl chloride.

Response: Page A-2 of the second draft report states that
finished commercial PVC products are not expected to be
significant sources of vinyl chloride due to current processing
and shipping procedures. ARB staff can not conclude that these
products have absolutely no vinyl chloride associated with them.

Comment: On page A-17 and A-18, the report should emphasize that
consumer- products of PYC no longercontain elevated- residual
Tevels of vinyl chloride.monomer—and are not expected to be
important contributors to indoor levels.of vinyl chloride.

Response: The last sentence on page A-17 of the preliminary draft
report states: “Thus, consumer products made of PVC resins no
longer- contain elevated..levels of vinyl chloride monomer and,

therefore, are not: expected. to be an important contributor of
indoor- levels of vinyl chloride."

Comment:- On page-A-27 the ninth line from the top, the report

should insert *{.e., chlorinated organic. compounds” after, "which
containm vinyl chloride®.

Response: The preliminary draft report states: “Emissions of
vinyl ch!oride from landfills mainly occur by two mechanisms: 1)
direct vinyl chloride emissions from disposed wastes which

-1-
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contain-vinyt chlorides= and=2) the:formation:of vinyl chloride-
fromethe: biodegradation: of- chrlorinated:hydrocacbons.” The
“chlortnated: organic: compounds® referred-to- in- the-comment-are:
addressed:-by the second mechanisms.

C. Comments from:0r: Roger—Atkinsom of the:Statewide:Air Pollution
Research  Center—at the-University of Califormia, Riverside:

1.

Comment= The report- (page-A-44) should. indicate: that the results
of the:study of Liu and coworkers (A. Liu, W.A. Muloc, and C.D.
Jonahs- Journal of Physical Chemistry, 93.. pp- 4092-4094, 1989)
which determined- absolute rate constants for- the gas-phase-
reaction-of the hydroxy! radica&_vith' vinyl chloride:over—the-

tempersture range- of 313 to 423" K" agree-with those-of Perry and
coworkers.

Response: The second draft of the report reflects this additional
information on page A-41. ’

Comment: The report (page A-44) should include. the most-relipble
estimated average hydroxy! radical concentration-of 7.7 X 10
moleculas cm - derived by Prinn and coworkers (Prinm et al.,

1987) through the use of the ambient tropospheric concentration
and emission inventory of methyl chloroform.

Response: This additional information {s included on page A-4l in
the second draft of the report.

Comment: The report (page A-46) should indicate that a study by
Tuazon and coworkers (E.C. Tuazon, R. Atkinson, S.M. Aschmann,
M.A. Goodman, and A.M. Winer, Internationa) Journal of Chemical
Kinetics, 20, pp. 241-266, 1988) confirmed the- study by Pitts and
coworkers (Pitts et al., 1984) which demonstrated that the

reaction of one moiecule of vinyl chloride with hydroxyl radicals
yields one molecule of formyl chloride.

Response: This additional information is included on pages A-42
and A-43 in the second draft of the report.

Comment: The report (page A-47) should include new data (R.
Atkinson, S.M. Aschmanm and M.A. Goodman,.

Interpational Journal
of Chemical Kinetics, 19, pp. 299-307, 1987 and R. Atkinson, S.M.
Aschmanm and J.N. Pitts, Jr., Journal of Physical Chemistry, 92

pp. 3464-3467, 1988) concerning the rate constant of the gas-
phase reaction of vinyl chloride and the nitrate radical.

1 8

Response: This new data is included on pages A-43 and A-44 in the
second draft of the report.
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Response to Comments: Vinyl Institute DE [A E‘

I. General comment-
Comment: *"ThHere are at least: two- areas. of discusaion .that are:
inadequataly treated..... They are the pharmacokinetic knovliedge of

vinyl chloride in the risk assessment approach  and= a. total inadequacs:
treatusnt=of the large number- of studies in the published. literature.”
(sie)

Response: DHS staff note the wusefulnass of the commenter’s general.
suggestions advocating more explicit consideration of the pharmacokinetic
model and of the epidamiological data in the- quantitative- risk: assessment:
Therefore, in the revised document, DHS staff have described- quantitatively
the Michselis-Menten kinetic model, as developed by Gehring et al. (1978),
which the. commenters specifically mention. The model has been included in

the risk analysis of the major epidemiological study and in the quantitative
analysis of the animal studies.

II. Specific couments
A. Concerning the assertion that the risk assessment does not adequately
treat pharmacokinetic knowledge of vinyl chlorida:

1. Comment: The DHS risk assessment did not citce several
pharmacokinatically orientad studies. One such study was.
Andarson et al. (1980). Another was Bolt et al. (1981).

Response: DHS considered both the references that the coumentsr mentioned.
The original DHS risk assessment cited ons of these two references, as well
as many other references on pharmacokinetics. See pages 2-1 through 2-17,
and especially page 2-4, where Bolt et- al. (1981) is citad. The original
public ammouncement listed the Anderson et al. (1980) paper, but the DHS risk
assessment did not cite that reference because. the original DHS risk
assessnent. did not use the pharmacokinetic approach in the quantitative
modelling of risk predictions. That reference obtained. a multistage risk
estimats in the lower end of the range of risks, consistent with the DHS
calculations for the early Maltoni data that Andersomr et al. used. The
ravised risk asssessmant now cites Andersom et al. (1980).

2. Comment: "The DHS document fails to incorporate asny of the
established pharmacokinetic information in its treatment of
theoretical risk for vinyl chloride."”

Response: The revised document now includes a pharmacokinetic model in the
quantitative prediction of risk. The original version of the document
included on pages 8-1 and 8-6 a summary of the implications of the
pharmacokinetic. information and concluded that the pharmacokinetic analysis
is not quantitatively necessary (for- laboratory- rodencts) because of
sufficient bioassay data at exposures below-the saturation concentration for-
rats. This view ' is consistent with an indapendent analysis. of Krewski et al..
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(1987). They reported. that vherr basing- the quancitative risk analysis. for-
racs on doses: below- 200-500 ppw;. vhich is within the linear range- of dose-
response,. thereris. virtually no difference: betwveenrunit risks ocbtainad. using-
adainistared dose- and. dalivered-doss, as-obtainsd:in a pharmacokinstic modsl.
The revised analysis did find a greatar- difference, and the revised version
of the documant performs-the analysis using a pharmacokinatic modsl.

3. Coument:- A reactive metabolits is probably responsible for- VC™
toxicicy:

Response: DHS agrses: The original vinyl chloride risk assessment document-
stated at page: 8-1, "the oncogenicity of vinyl chlorids appears to be duas- to
one or more: reactive- metabolitas, rather- than the- parent molecule®. Also,
the first sentsnce in Chapter 2, Mstabolism. and Pharmacokinetics, stated,
"Experimsntal evidence. has suggestsd that vinyl chlorids must undargo
transformation to a reactive metabolita(s) by the liver to be toxic.”

h. Coument: "It is currently thought that VC is metabolized by
epoxidation with subsequanc production of chloroacetaldehyde.
The further oxidation and conjugation with glutathione are
responsible for the metabolites found in the urine.®

Response: The risk assessmentc ncm::l.éncd both the epoxidation process and
the conjugation with glutathione -- on pages 2-1 and 2-13 respectively. Both
also appeared in the IARC diagram, vhich is Fig. 2.1.

5. Comment: Gehring found that several models overpredicted the
risk to man uniess correctad for varying rates of metabolism and
for surface area differences of the different species.

Response: In 1978 Gehring et al. used pharmacokinetics in fitting a probit
modal to observed cancer rates in the rat bioassay. Those authors then went
on to use surface area scaling on the assumed. rate of metabolism to
extrapolate the results from rats to cospare to a human risk measurement,
derived from an occupational study (Fox and Collier, 1977). In 1979 Gehring
et al. used the sams pharmacokinetics in fitting four models to observed.
cancer rates in the rat-bioassay. Those authors then went on to extrapolate
all four results from rats to compare to an occupational risk study that was
then recently completed. by Equitable Environmental Health (EEH, 1978). The
comparison by Gehring et al. considered the probit prediction to be im
satisfactory agresement with the new human measursment without any scaling of
risk by surface area. Of the remaining three models, the authors reported
one as being too low and the other two as being too high. A follow up study
of the occupational group (Wong et al., 1986; see coumment: B-2 below)
subsequently indicated much higher rates of human liver angiosarcoma than had.

the earlier study. These last two occupational studies (EEH, 1978 and Wong
eC al., 1986) remain unpublished.

B. Concerning the assertion that the risk assessment does not adequately
treat the large mumber of epidemiology studies in the published
literacure:
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1. Comment: To dismiss. the: large- number- of epidsmiology studies.
and- to relegate themr only- to comparisons: with animals is.
" unacceptable. “"DHS damonstratss  a bias towards the utilization
of snimal experiments as. s priority over- humam evidance in their
approach. to risk: assessment. This results in a dramacic
oversatimats of liksly human-risk at the lows envirommsntal.levels:
being addressed- by the document.® Tha DHS judges that risk.
extrapolations based: omr the: human:- data are- comparable to those:of
the animal predictions, yet- differences of an ordar of magnitudas-
or two in risk- assessment- can often: haves a.dramacic practical.
effecet: *When. adequate or substantial human evidence exists,
that data should be given preferential. treatment in the risic
assessaent process."”

Response: The original document pointed out at pages 1l-4, 7-55, 8-7, B-2
and B-3 that the epidemiological data are important: to consider in the risk
assessment but mostly are not sufficient to construct reliable dose-responsex
functions. Omne of the main reasons for this.limitation: is the inability of"
the occupational studies to account for the effacts of sex, tumor site and-
age of exposure, all of which are found to be important in the animal
carcinogenicity results. Also, there are large uncertainties of exposure in
the occupational studies. The original document did. make the comparative
statement that, taking all the limitations of the occupational sctudies into
account, “the human risk estimates are consistent with those obtained for
laboratory animals." (page 1-4). See also page 8-10. TUsing suggestions of
the commenter about pharmacokinetics, DHS has rev:l!cd. dl‘ estimate of
lifetime unit risk for all cancers to be 4.5 x 10°° ppb~ based on an
occupational study by Waxweiler et al. (1976). This. estimate is only a
factor of four less than the best animal predictions. Such a result
represents reasonable consistency, considering that the occupational results
may not take proper account of the greater sensitivity found in females, the
greater risk to children, and the inability of the human studies to detect
any, except relatively large increases, in any specific type of tumor. The
DHS has revised the document to include the two most reliable human results,
both from the Waxweiler et al. (1976) study, which do now overlap the
narrowved range of risk for animals.

2. Comment: Two updated epidemiology studies, one of over 10,000
wvorkers, are cited in support of the commenter’s position that
"DHS’'s approach to dismiss human. epidemiclogy evidence in their
risk assessment is inadequats.”

Response: The original document reviewed epldemiology studies on pages 7-31
through 7-55 and developed quantitative analyses in Appendices B and C. The
document cited both tha studies mentioned by the commenter. The first is the.
paper of Daher st al. (1988), which is cited at page 7-46. This paper, which
is less than two pages in length, continues to follow- the same- 593 Dow
employees as did the study of Ott et al. (1975). The number of persons in
the study is still too small to expect to detect any effect. The second
study mentioned by the commenter is the epidamiological follow up for the
Chemical Manufacturers Association (QMA), which was summarized in the Tables
B-1 and B-2 of the original document. This study recordad-359 cancer deaths.
The SMR for liver and- biliary cancer was very large, 641, and the SMR. for
brain cancer, 180, was statistically significanc. On page B-10 that study"
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vas-also: cited-as providing somersvidance-against-a relationship between- lung-
cancer-and.vinyl chloride exposurs. This. work: for-the CMA was listed in the
‘original. bibliography- by the corporats: author; Envirormental Health
Associates (1986). The risk assessment-has-been revised-to use a consistent
means of rsfsrencing chis unpublished:work as Wong- et al. (1986). DHS staff
has not put much- weight- on this work. because: it does not appear to be-
proceeding- to' the peer—rsviewed.litaraturs: and- it is problematic to relats.
most-of the-studies:to expasura. ' :

3. Comments Liver angiosarcoms= "is the most suitable end-pointc
for-analysis of risk.of exposure to vinyl chlorids.”

(a) The “most reasonable incerprstation of tha data. is
consistent vith- the= causal_ association of vinyl chloridas-:
and an excess. of brain cancer; however, the relative risk.
calculation for brain cancer is much lower than that for:
liver cancer."”

(b) "Only two out: of eight studies on lung cancer yield
statistically-significant=results, and because- studies with
the higher power were negative, a causal association is
unlikaly.” (sic)

(e) "Vinyl chloride angiosarcoma.is a rare cancer in unexposed
populations, thereby making the utilization of angiosarcoms.
as a demonstration of vinyl chlorida exposure on the basis
of work history truly a reasonable approach.”

(d) “Angiossrcoma has been damonstratad to occur both in
animals and humans vhen sxposed to vinyl chloride.®

Response: Liver angiosarcoma plays & major rolée in the current risk
assessuent, for the reasons given by the commentsr. Nevertheless, other
sensitive indicators of carcinogenssis, such as breast cancer observed in
rodents and several cancers in humans are also considered.

4, Comment: A recent paper by Purchase et al. (1987)
"demonstrates a much more studied and scientifically defensible
approach to assassing risk of exposure to vinyl chloride.”

Response: The approsch of Purchase et al. is not dafensible by current
standards of risk assessment in the U.S. The modals that they use in their
risk assessment to interpret animal data have becoms of marginal importance
compared to the multistage (or single stage) modsl, vhich has more biological
plausibility and also provides more stable estimates of confidence limits on
risk. Expressing their results as dose producing one-in-a-million risk, they
use the marginal models i% produce an excessively large range of dose, with
the highest dose being 10*" the lowest-dose. The higher doses are said to be
consistent with the occupational experience, but there is no support for that
statament in spits of a lengthy analysis. of data on liver angiosarcoma. in
vinyl chlorids workers in several countries prior to 1982. The only dose
that the paper darives from the human studies is from s sketchy envirommental
effects analysis of Barr (1982). See the next itam.

S. Comment: Barr (1982) conducted an analysis of liver
angiosarcoma cases that could be- located among populations
inferred. to be living in the vieinity of VCM production.
facilities. The results. suggest that "100 ppb represented the
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+ estimated dose representing a 1 x 10 lifetime risk in man.
That value is similar to the highest estimate derived from the
animal data vhen taking biotransformation into account.”

Response: The risk assessment did not cite the study of Barr (1982) with
its brief analysis of 1liver angiosarcoma because that analysis 1is so
unsubstantial epidemiologically and the work remains unpublished in the peer-
reviewed literature. As a counter to Barr‘s brief analysis, a well
congsidered recent assessment by the Committee on the Evaluation of
Carcinogenic Substances, National Health Council of the Netherlands (1987),
published in the scientific literature, has found carcinogenic risk based on
published occupational studies to be one in a million per ppb, which was
about the same as found in the original DHS risk assessment, 2.1 x 10 "/ppb,
before revising the model to take account of the pharmacokinetics of vinyl
chloride.
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Response to Commencs: . The Goodvear Tire and Rubber Companv

Comment: *Clarification is requested concerning the relationship between
the California ambient air quality standard for vinyl chloride - 10 ppb, as
it was discussed in the report, the level of concentration of vinyl chloride
which poses "no significant risk" to the population - 0.3 micrograms/day and

the interaction of these two values in the regulation of ctoxic air
contaminants." (sic)

Response: As pointed out at page A-1 of the risk assessment document, the
Air Resources Board in 1978 adopted 10 ppb as the ambient air qualicty
standard for vinyl chloride in Califormia. That standard is not to be
exceeded in air within the jurisdiction of the Air Resources Board.

The rate of intake of vinyl chloride which poses "no significant risk” under
Health and Safety Code 25249.10 is 0.3 ug/day. DHS decermined that intake
- rate to ensuré that the estimated lifetime r%sk of cancer from intake of

vinyl chloride by all routes is less than 10"~ or one chance in a hundred
thousand, taking the carcinogenic potency of vinyl chloride to be 2.3/(mg/kg-
day) in accordance with the U.S. EPA (1984) assessment based on a diet study.
For exposure by inhalicion alone that EPA potency is equivalent to asunit
risk of 7 x 1074 ppb " vinyl chloride for a 70kg human breathing 20 m”/day
wich 40% absorption. Thus, the potency used to calculate the current intake
rate for no significant risk corresponds to a unit risk that is above the
range of unit risks for inhalation in the revised risk assessment document.
See Figure 8.1 of the revised document for more information.

The quantitative relationship of the 0.3 ug/day intake rate to the &0 ppb air
qualicy standard is obtained by converting the 10 ppb (26 gg/m ) to its
equivalent intake rate of 210 ug/day for a human breathing 20 m°/day with 40%
absorption. Thus, the air qualicy standard, which was set at the detection
limit at the time of adoption (1978), is 690 times greater than the existing
DHS determination of intake rate posing "no significant risk.”
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Response to Comments: The B.F. Goodrich Company

Comment: The ‘primary'deficiency of the CARE document on identifying VCM
as an air toxie from landfills is that it fails to note these important
epidemiology studies:

1. Doll, Sir R., (1988) "Effects of Exposure to Vinyl Chloride: an
Assessment of the Evidence", Scandinavian Journal of Work, Environment,
and Health, 14(2):61-78.

2. Wu, W.; Steenland, K.; Brown, D.; Wells, V.; Jones, J.; Schulte, P. and
Halperin, W. "Cohort and Case-Control Analyses of Workers Exposed to
Vinyl Chloride - an Update". NIOSH Report Draft, October, 1988.

3. Wong, O.; Whorton, M.D.; Ragland, D.; Klassen, C.; Samuels, D. and
Chaxton, K. "Final Report - An Update of an Epidemiology Study of Vinyl
Chloride Workers, 1942-1982". Prepared for Chemical Manufacturer's

Association, October 17, 1986."

Response: Reference to Doll’'s recent review of cancer mortality in
occupational studies is a useful addition to the risk assessment, and it has
been included in the revised documentc. ~-

The Wu et al. study has recently been published in the Journal of
Occupational Medicine 31(6) 518-523 (1989). That study provides useful
additional information on following up the worker outcomes for one of the
four plants of the Waxweiler (1976) study of vinyl chloride workers. DHS
staff has included a discussion of this recent work in the revision.

The Wong et al study, an industry-wide compilation, remains unpublished.
Neverctheless, the original version of the risk assessment did cite it by
authors in Tables B-1 and B-2, and by corporate authorship, Environmental

Health Associates, in the list of references. The revision uses a consistent
method to site this work (Wong et al., 1986).
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IV. LANDFILL GAS TESTING PROGRAM UPDATE
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IV. LANDFILL GAS TESTING PROGRAM UPDATE

Landfill Gas Testing Program data on page A-31 of the preliminary draft
report were amended on page A-29 of the second draft to include test results
through December 1989.
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V. AIR RESOURCES BOARD STAFF LETTER TO THE GOODYEAR
TIRE AND RUBBER COMPANY REGARDING THE REQUEST FOR
AN EXTENSION OF THE FIRST COMMENT PERIOD
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-1 I George Deuxmeiisn, Ge—--

=
N'RA RESOURCES BCARD %f'a‘_i
133 S rTaees —~ W ~— —p—- u\:,,_:_
S - t S0 RN e % -t
LalAamENTD Ca 03812 voan -

SEAY N

September 2%, 198%

C.A. See

Corporate Environmental Engineering
Department 1:00

Goodyear Tire & Rubber lcmpany

1144 East Market Stree:l

Akreon, Ohic 44316-0001

Dear Ms. See:

Thank you for your response to the crafi report
Proposad Tdentifijcation of Vinvl Thlarice 2 a Texic Airp
Lontaminant. Your comments will 2e considerec anc addressed in
rart C of the second draft of the renort. '

The second draft of the report will be mailed tec you
and other members of the public fecr final review. It will
include Parts A, B, and C of the report as well as an executive
summary which summarizes Parts A and B. A 2C-day comment perioc
will be given for your review. During this comment period, only
comments on the executive summary anc any revisions made to the
report will be accepted. All of the comments received and our
responses wil]l then be incorporated 2s an addendum to Part C.
The final draft report, including Part C, will then be submitted
“o the Scientific Review Panel for its review.

. The Scientific Review Fanel has reguested that all
public comments be directed to the Air Resources Board within
"the time spans allotted for the two comment perjods. In

dccordance with this process, we are unable to extend the first
comment period as you requested.

IT you have any guestions, please call me at
(S91e) 322-7072.

Sincerely,

Ss=

Robert Barham, Chief
Toxiec Air Contaminant
Identification Branch
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The Goo&yemr’l'im&ﬂnhbér{;umpmy

Akron, Okio aazi1e-0001
CORPORATE ENGINEERING
September 1, 1989

Air Resources Board

Toxic Air Contaminant Identification Branch
P.O. Box 281§

Sacramento, California 95812

ATTN: Vinyl Chloride

Mr. Robert Barham, Chief

Dear Mr Barham:

The following comments are offered in response to the "Report to the

Air Resources Board on Vinyl Chloride - Proposed Identification of
vinyl Chloride as a Toxic Air Contaminant*®.

Clarification is requested concerning the relationship between the
California ambient air quality standard for vinyl chloride - 10 ppb,
as it was discussed in the report, the level of concentraticn of
vinyl chloride which poses "nc significant risk" to the population -

0.3 micrograms/day and the interaction of these two values in the
regulation of toxic air contaminants.

In the sampling and determination of the concentration of vinyl
chloride, the use of analytical technigues comparable to and as re-
liable as the method outlined in the report should be permitted.
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~2- ‘ September 1, 19{'9‘ ré -g‘

An 2dequats review of the medical studies of the effect of exposure
to vinyl chloride can not be satisfactorily completed before the end

of the first comment period. Therefore, a request is being made for
an extension of the initidl comment periecd.

If you have questions, please call the writer at 216-796-2698.

Sincerely,

C & Sas.

C A See
Environmental Engineer
Corp Environmental Engineering

CAS:cas
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I. PART C ADDENDUM
COMMENTS RECEIVED
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3 UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
m 3 REGION IX
. w‘c‘, 215 Fremont Street

San Francisco. CA 94105

June 8, 1990

Genevieve Shiroma, Chief

Toxic Air Contaminant Identification Branch
Air Resources Board

Atm: Vinyi Chloride

P.O. Box 2815

Sacramento, CA 95812

Dear Ms. Shiroma,

Thank you for the opportunity to comment on the Air Resources Board’s
technical support document entitled "Proposed Identification of Vinyl Chloride as
a Toxic Air Contaminant” dated May 1998. Please incorporate the comments
listed below into the the final report. Also, the Environmental Protection
Agency’s risk assessment group is conducting a detailed review of the report. Any
additional comments resulting from this review will be delivered by June 22 of this
month. Ms. Barbara Cook of your office assured me that these additional
comments will be addressed by the Scientific Review Panel.

Please note that the Operating Industries, Incorporated (OIT) landfill is currently
a federally listed Superfund site. As part of the Remedial Investigation at the site,
EPA is conducting a 12-month ambient air quality study at the OIl landfill.
Twenty-four hour air samples are being collected every eighth day at nine
ermanently located stations (including 2 background statons) near the landfill.

e detection limit for vinyl chloride for this study is 0.30 parts per billion.
Meteorological data is also being collected for this study. The results of this study
will be used to support EPA’s risk assessment for the OII landfill.

Please include the following paragraph- in the Executive Summary:

The Operating Industries. Incorporated (OII) landfill is
currently a federally listed Superfund site. Subsequent to the Air
Resources Board’s vinyl chloride sampling during 1987, the
Environmental Protection Agency (EPA) has implemented more
stringent landfill gas control measures. EPA has aiso selected a
remedy for landfill gas control that is expected to substantially
reduce landfill gas emissions from the OII landfill. It is fully
anticipated that these control measures will substantially lower

the levels of vinyl chloride in the ambient air in the vicinity of the
OlII landfill.

Thank you for the opportunity to comment.

Sincerely,
A7
M’ Aot G
oy Herzig,
Environmentai Engineer

G5G044
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June 11, 1990

Genevieve Shiroma, Chief

Toxic Air Contaminant Identification Branch
AIR RESOURCES BOARD

P.0O. Box 2815

Sacramento, CA 95812

ATTENTION: Vinyl Chloride

SUBJECT: PROPOSED IDENTIFICATION OF VINYL CHLORIDE AS A TOXIC AIR
CONTAMINANT BY THE CALIFORNIA AIR RESOURCES BOARD (ARB)

Thank you for the opportunity to provide comment on the ARB's
proposal to identify vinyl chloride as a toxic air contaminant.
Waste management of North America (WMNA) is a comprehensive waste
management services company owning and operating, among other
things, landfills and waste hauling companies in the State of
California. In addition, Chemical Waste Management, Inc. (QWM)
provides comprehensive hazardous waste management services

including hazardous waste collection, transportation, treatment,
and disposal in California.

Both WMNA and CWM are supportive of your efforts to identify vinyl
chloride as a toxic air contaminant. Indeed, identification of
this compound as a toxic air contaminant is mandated by state law
by virtue of the fact that it is identified as a hazardous air
pollutant pursuant to federal law. However, we are concerned about
the bases for identification that are contained in your staff
report in two primary areas:

1. Presence of vinyl chloride in the atmosphere and the
inference that landfills in California are the principle
source of this proposed toxic air contaminant, and

2. The degree of public health risk that is posed by vinyl
chloride.
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ARB/Vinyl Chloride
June 11, 1990
Page 2

F CE OF V

On page A-23, the second paragraph states, "Based on the emission
estimates for two landfills in Califormia (BKK and O;I), landfl}ls
are the largest identified source category of vinyl chloride

emissions in the state. The information necessary to eetimape
vinyl chloride emissions for the hundreds of other laqdfllls.ln
California is not available." Other references to landfills being

the largest source of vinyl chloride emissions are made elsewhere
throughout the report. It is erroneous to assume that these two
landfills are representative of all landfills. Both BKK and OII
are landfills that are currently included on the state superfund
list of hazardous substance release sites. Both of these sites are

reported to have accepted significant quantities of waste vinyl
chloride during their operating life.

In fact, contrary to the statement made above, significant
information DOES exist that landfills are NOT a significant source.
The Air SWAT programs mandated by Health and Safety Code Section
41805.5 show that waste management units operated by WMNA are not
a significant source of vinyl chloride emissions. Unfortunately
the ARB's report makes only passing reference to the Air SWAT data.
Even this passing reference indicates that, while the presence of
vinyl chloride has been detected in some landfills, the
concentrations and amounts are vastly lower that those represented
by BKK and OII. Rather than attribute vinyl chloride emissions to
landfills, the report would be more accurate in attributing such

emissions to superfund sites that once received vinyl chloride
waste for disposal.

Attached to this letter I have included summary tables of the Air
SWAT results for six of the landfills owned and operated by WMNA.
This data shows that, while vinyl chloride is detectable at low to
very low levels within the landfills themselves it is, with only
minor exception, v1rtually undetectable in surface samples and in
downwind ambient air samples. Finalization of the rulemaking for
vinyl chloride as a toxic air contaminant should be delayed until
this recent and very critical information can be properly
incorporated into the report. In fact, section 39660(f) of the
Health and Safety Code mandates that DHS and the ARB give prlorxty
to the evaluation and regulation of substances as air toxic
contaminants based on a variety of factors including amount or
potential amount of emissions and ambient concentrations in the
communlty To proceed with identification of vinyl chloride as a
toxic air contaminant while identifying landfills as the largest
source of emissions based on two unrepresentative sites would be
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ARB/Vinyl Chloride
June 11, 19%0
Page 3

a disservice to the waste management industry and contpary to state
law. This is made even more true by not using readily available
Air SWAT data which provides a much more accurate indication of the

true contribution of waste management units to emissions of vinyl
chloride.

PUBLIC HEALTH RISK OF VINYL CHLORIDE

While we do believe that it is ultimately appropriate to regulate
vinyl chloride as an air toxic contaminant, we are concerned that
the unit risk factor that you have attributed to this compound is
overly conservative. I have also attached to this letter a copy
of a brief paper on Carcinegenic Risks from Landfill Emissions
dated June 6, 1988. This paper was submitted in comment on a
preliminary draft document circulated by EPA in March, 1988, "Air
Emissions from Municipal Solid Waste Landfllls--sackground
Information for Proposed Standards and Guidelines". This
information provides a much more realistic assessment of the health
risks posed by municipal landfills not only from the standpoint of
vinyl chloride but a number of other compounds as well. In summary
this brief paper, based on an assessment of the cumulative impact
of all landfill emissions, concludes, "Using a dispersion model for
area emissions, we find that for persons spending their whole lives
100 m from the edge of such a landfill the lifetime risk is about
20 x 10°®, while even for persons staylnq permanently at the edge
of the landfill the lifetime risk is only 50 x 10°¢

In addition, I have attached some specific comments prepared by
Dave Dolan, Waste Management Inc. toxicologist, listing specific
concerns we have pertaining to the risk assessment information
contained in the ARB's Technical Suppert Document for Vinyl
Chloride. The report Mr. Dolan cites in his second item (U.S. EFA,
1985) is entitled, "Techniques for the Assessment of the
Carcinogenic Risk to the U.S. Population due to Exposure from

Selected Volatile Organic Compounds from Drinking Water via the
Ingestion, Inhalation, and Dermal Routes'.
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ARB/Vinyl Chloride
June 11, 1990
Page 4

RECOMMENDATION

Due to the fact that the ARB knows that the Air SWAT data is now
available to assess the impact of vinyl chloride, identification
of vinyl chloride as an air toxic contaminant should more properly
be delayed until this information can be included in the report to

provide a realistic assessment of landfills as a very limited
source of risk to adjacent communities.

Thank you for the opportunity to comment on your draft Technical
Support Document. If you have any questions or concerns pertaining
to these comments, please do not hesitate to contact me.

Sincerely,
Iy (;z:"‘ :
Q&w

Charles A. White, Manager
Regulatory Affairs

CAW: fal

Attachments

cc: Dave Dolan .
Sara Broadbent
Sue Briggum
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ATTACHMENT |

TABLE 2.1
_ SUMMARY Of ALTAMONT ASWAT RESULTS (ppbv)

Gas Charactenzation Ambient Air (Net Downwind
incraasa Comparea with
Langfill Gas  Inzegrated U o Camtnaois
Sample
Primary Terget
‘Menitonn n .
Vinyl Chioride 3,000 3.0 Q.0
lemertal T
Monitoring Gompgunds
' Benzene <500 <20 -
Ethylene Dibromide <50 <0.S -
Ethyiene Oichioride 32 <0.2 -
Maethylene Chloride 21,0000 <1.0 -
Perchioroethyiene 8,400 Q.8(b} -
Carbon Tetrachioride <$ <0.2 -
Methyl Chioroform 210 0.5 -
Trichioroethylene 8,600 0.9 -
Chieraferm 430 <0.3 -
Methane 430,000,000 3,000 -

Note: ppbv = pars per billion by veiume.

(8) This resuit is potentiaily due to limitations of the analytical methods specifiea by the ARB
i?1 'thng’esting Guidelines (i.¢., a non-Calderen constituent may coeiute with methylene
chioride).

(b) Altamont integrated surface sample vaiue of 0.8 ppov for perchicroethylene is similar t0
the ARB background vaiue of 0.6 ppbv for the Bay Area Region (1985 data) in wnich
Altamorntis iocated.

(c) Altamoent integrated surface samoie vaiue of 0.5 ppbv for methyl chicroform is nearly
identical to the laboratory detectien limit (<0.% ppb), and is waeil below the ARB
background value of approximately 2.1 ppov for the Bay Area Region (1985 data) in which
Altamont is iocated.

(d) Altamont integrated surface sample vaiue of 0.9 ppbv for trichicrosthyiene is similar to

the ARB background value of approximately 0.5 ppov for the Bay Ares Region (1985 data)
in which Aitamont s located.

SPI-05662



TABLE 2-1
SUMMARY OF LANCASTER ASWAT RESULTS (ppbv)

Gas Charactarization A‘;‘:%‘.T:gggmﬂd
) Upwing Concentrations)
Landfill Gastd  In807ATRd 24-Hour Directionail
Sample Cantinuousid Controliedic
Primary Target
Momtering Compound
Vinyt Chioride 4,629 <2.0 g.2t) 0.0
supoiements| Target
Mgnitoring Compounds
Senzens 71 <20 c.0 0.0
Ethylene Dibromide _ B 3 <0.5 0.0 0.0
Ethylene Dichioride <20 <0.2 0.0 0.0
Methyiene Chioride 2,094 <10 4,00 2.3
Perchiaroethylene 578 0.4 020 0.0
Qarbon Tetrachioride <$ 6.8 4.8 (®) 0.7(
Maeathyi Chioroferm 824 <0.% 0.9¢) 3.7¢1
Trichioroethyiene 442 <0.6 0.0 0.0
Chioroform : 40 . <08 0.0 0.0
Methane 62,000,000 10,000 . ‘

*

Note: ppbv = parts per billion by volume.

8) Lancaster integrated surface sampie vaiue of 0.4 ppbv for perchiorosthyiene is similar to the

( ‘A bgc(xgreru%f ?lzt;o of 0.2 pp%v for the South\zm Defen Region in which Lancaster 1s
ocated (see Table 2-2). o

(B} These downwind ambient incraments are greater than expected considering the low
concantrauons for the integrated surface sampies and landfiil gas sampies. However, these
downwind increments are iess than S5 ppov, which corresoonds to inherent data uncertainties

with ASWAT ambient air data associated with limitations of the analyticai methods specified by
the ARB in the Testing Guidelines.

(c) Based on composite data which includes all sampies.

fa¥a) =7 2-5
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TABLE 2-1
SUMMARY OF DAVIS STREET ASWAT RESULTS (ppbv)

Gas Characterization Ambient
24-Hour Ambient Air (Net
Landfill Gas '";:%':“:d Downwind '"3.:;" cém pared
Sampie Upwind Concentration)(a)
Vinyi Chloride <500 <2.0 a.0
Senzene <500 <20 ' 0.0
Ethylene Dibromide <1 <0.5 0.0
Ethyiene Dichioride <20 <0.2 0.0
Methylene Chioride <60 8% 0.0
Percnicroethyiene <10 <0.2 0.0
Carbon Tetrachloride <$ <0.2 0.0
Methyl Chloroform <10 1.1 © Q.4
Trichioroethyiene <10 <0.8 0.0
Chioroform <2 ' <0.8 .0
Methane - 530,000,000 <2000 s

Nots: ppbv = parts per billion by voiume.

&)

{c)

@7

Basea on composite data for ail sampling days. o . :

Oavis Street integrated surface sampie vaiue it higher_than expected cansigering the
nongetection of this constituent in tne landfill gas samgie. The reported vaiue may nave ceen
affectea by amoient backgrouna levels, which may exceed 10 ppbv in the Bay Area (see
Tabie 2-2), anc/or limitations of the ASWAT anaiytical methoas speafied By the ARB in tne
Tesung Guigelines, which may resuit in data uncertainties of lﬁnroxxmamv Sppbv.

Oawis Street integrated surface sampie vaiue of 1.1 ppov is higher than expectea considering the
nonaetection of this consutuent in the lanafill %as sample. The renortea vaiue 1s simiiar To the
Backgrouna vaiue of 1.4 ppbv based on BAAQMD data for San Leancra. (See Table 2-2.)

his gownwind concentration incrament may be due to limitations of the ASWAT analytical
methods specified by the ARS in the Tesung Guideiines, which may resuit in data uncertaintues
of approximately S ppbv. The resuits presentec above Qo NOt inciude the pnmary sampter
resuits, which have a contamination bias of approximately 4 ppov.

2-5
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TABLE 8-1
SUMMARY OF DURHAM ROAD ASWAT RESULTS (ppbv)

Gas Characterization Amﬁ_i:;‘.‘.ﬁ' ;‘:,a?x"t‘:i"d
Upwingd Concentration)
Landfili Gas  Infegrited '
Sampie 24-Hour Continuous
Primary Target
Monitorin mpouyn
Vinyl Chioride 3,000 <20 0.0
§ggglgm‘emgl Jarget
eniterin ngs
Senzene 1,000 <2.0 -
Ethylene Oibromide <1 <0.5 -
Ethylene Dichioride <20 0.2 -
Mathylene Chioride 7,500 <10 -
Perchioroethyiene £,200 0.3 | -
Carbon Tetrachioride <$ <0.2 -
Mathyl Chicraform 300 1.3®) -
Trichioroethylene 2,000 <0.6 -
Chioroform 260 <08 -
Methane $20,000,000 <2,000 : -

Note: ppbv = parts per billion by volume. -

(@) Durham Road imoqrited surface sampie vaiue of 0.3 ppbv for parchlorcethyiene is simiiar

1o the ARB background vaiue of 0.6 ppbv for the Bay Area Region (1985 data), in wnich
Durham Road is jocated.

.(b) Ourham Road integrated surface sampie value of 1.3 ppbv for methyl chioroform is similar

to the ARB background value of approximately 2.1 ppbv for the Bay Area Region (1985
data), in which Durham Road is located.

5-2
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TABLE 2.1
SUMMARY OF BRADLEY ASWAT RESULTS (ppbv)

Ambient Air
(Net Downwing Increase
Compared with Uowind
Gas Characterization(c Cencentrations)(c
Integratec 24-Hour Directionaily
Lancfill Gas  Surfaca Sampupte Qantinuous Controtied
Prmary T3
Menieang Cemoound
Vinyt Chlorice 33,828 2.5 0.2 0.0
i 1T
nIterin

Benzene 900 1.8 ' 0.1 0.3
Ethyiene Dibromide <3 <05 0.0 0.0
Ethylene Dichieride <30 <0.2 0.0 0.0
Methyiene Chicride 2570 <1.0 0.0 1.3
Ferchioroethyiene 373 - 0.4 <0.1 Q.1
Carbon Tetrachicride <$S Q.2 <0.1 Q.0
Methyi Chioreform <10 A (] 0.8 0.0
Trichioroethylene 1438 <0.6 0.0 0.0
Chierotorm <4 <0.8 0.3 0.6 -
Methare £00,000,000 <5,000 w— =

Notes: 1. ppbv a pars per billion by velume.

)
(1)

{o)

2. The landfill gas samples were collected in Decernber 1987/August 1988, inteagrated
surface sampies in May 1980August 1988, and ambient sampies in May 1983,

8ased on composite data, which incude all downwind samoies.

Thit resuit may have been afHfected by sampie matrix interferences, ¢osiution of constituents
with simitar GC retention times, ang other inherent limitations of the ASWAT anaiytical methods
specified by the ARB in the Testing Guidelines. Ambiem air concentration resuits confirm that
Bradley Lanafill gas emissions for this constituent do nat atfect offsite air quality.

Value is similar to the ARB range of background values (1,11 - 7.07) for the South Coast Region.

Q
3
oo}
W
!
.
V)
i
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TABLE 2.1
SUMMARY Of KIRSY CANYON ASWAT RESULTS (ppbv)

Gas Charactenzation Ambient Air
24-Hour
Emission Comtinuous
Landfiil Gas Screening Downwing(s)
vinyl Chiende 41,0000 - <20
Benzene 2,500 - <2.0
Ethyiene Dibromide < - <0.5
Ethylene Dichioride <20 - <0.2
Metnyiene Chioride $9,000¢! - <1.0
Perchicroetnyiene 2,100 - 0.7t¢
Carbon Tetrachioride < — <0.2
Methyl Chicroform 190 -~ 1.0(d)
Trichioroetnyiene 2.200 - <Q.6
Chicrotorm 2,000 - <0.8
Methane 2,600,000 <$0,000 -

Nota: ppbv = parts per billien by voluma.

(a)
(b)

(c)

(d)

One sampie day with two coliocated sampiers.

These resuits may have been affected by sample matrix interferences, co-
eiution of constituents with similar GC retention times. and otner inherent
limitations of the ASWAT anaiytical methods specified by the ARB in the
Testing Guidelines. Ambient air concentration resuits confirm that Kirby
Canyon Langfill gas amissions for these constituents do not affect offsite air
quality (in fact, they were not detected in the ampient sampies).

This concentration is higher than expected considering the low
concentration detected in the landfill gas sampte. However, this
concentration of 0.7 ppov is similar ta BAAQMO/ARB resuits for the San
Jose/Bay Area (0.5-0.8 ppov mean with 1.6 ppev maximum). Therefore, the
Kirby Canyon resuits are attributabie to background conditions.

This concentration is higher than expected considering the low
concentration detected in the landfill gas sampie. However, the
concentration af 1.0 ppbv iy similar to BAAQMO/ARB results fer the San
lose/Bay Area (0.6-4.1 ppbv mean with 47.3 poov maximum). Therefore,
the Kirby Canyon resuits are attributaoie to background ¢anaitions.

2-5
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TABLE 2-2
COMPARISON OF KIRSY CANYON AMBIENT AIR RESULTS (ppbv) (BASED ON THE 24-HOUR
CONTINUOUS DOWNWIND STATION) AND AVAILASLE REGIONAL BATA

Number of
Mean Maximum ~ QObsarvations

Kirby S.F. Bay San Kirby S.F.Bay Kirby $.F. Bav

Canyon  Aresis)  ose® Canyoni® Areai®) Canyonic) Aread
Vinyt Chionde <2.0 (&) (3] <2.0 (¢ 2 (t?
Benzene <2.0 1.8-3.2 4.4 <2.0 18.6 2 91
Ethylene Dibromide <0.5 0-0.01 ~ {e) <0.5 Q.1 2 82
Ethylene Dichicride <0.2 0.05-0.07 (o) <0.2 0.3 2 84
Methyiene Chioride <1.0 0.7-4.3 2.6 <1.0 . 11.9 2 82
Perchiorcetnyiene Q.7te 0.5-0.8 0.5 13 1.6 2 84
Carbon Tetrachioride  «g.2 0.2 0.1 0.2 0.5 2 a3
Methyl Chioroform 1.0(h 0.6-4.1 1.8 1.2 47.3 2 83
Trichioraethylene <0.5 0.3-0.7 0.3 <0.6 1.0 2 43
Chioroform <0.8  0.03-0.05 0.0% <0.8 0.1 2 84

Note: ppbv » parts par nillion by volume.

(3) Based on avaiiable ARR data for the San francisco Bay Area (Califgrnia Toxme Air Quality Oata -
mmary of 198S Toxic Air Quality Qata, Preliminary).

(b) Bases on avaiiable 1986 BAAQMD data for San Jose (Toxic Air Monitoring Summary, 1986-1987,
Boarg of Directars Meeting, Seotemaer 2, 1987).

(¢} Infermation net avaiiable for this report.

(d) One sampie day with two collocated sampiers. )

(@) This concentration is higher than expected considering the iow concantration detacted in the
lanafill gas sample. However, this concentration of 0.7 ppov is similar 1o BAAQMO/ARS resuits for
the San Jose/Bay Area (0.5-0.8 ppov mean with 1.6 ppbv maximum). Thersfore, the Kirby Canyen
resuits are attributabile to background conditions. )

(f) This concentration is higher than expectad considering the lew concentration detected in tre
lanafill gas sample. However, the concantration of 1.0 ppbv it similar 1o BAAQMUO/ARS resuits for
the San Jose/Bay Area (0.6-4.1 ppnv mean with 47.3 ppbv maximum). Therefore, the Kirby Canyan
resuits 3re attributabie to background conditions,

NoeTR 2-7
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ATTACHMENT 3%

DATE: June 11, 1990
FROM: Chuck White \
TO: David Dolan 19 ;:/
L
RE: Comments on the Air Raesources Board’s "P;oposod
Identification of Vinyl Chloride as a Toxic Alr
Contaminant" : '

I have reviewed Part B of the Air Rescurces Board’s "Proposed
Identification of Vinyl Chloride as a Toxic Air contaminant”. The
ARB is to complimented for the thoroughness of this report. There
are, however, ssveral issues that deserve some attantion. Giyan
the short amount of time available for this memo, please excuse its

. terseness.

First, why bother using the linearized multistage model under the
pretense that it is a true mechanistic model (which it is not),
when a simple linear regression usually yields nearly identical

estimates of g,* (r' = 0.98)(Personnel conversation with Curtis
Travis, Oak Ridge Naticnal Laboratory)?

Second, the discussion of uncertainty in the quantitative risk
estimates is given short shrift. Although the uncertainties or
absence of exposure data in the occupational cchort studies s
mentioned, there is no discussion of the conservatism built into
the risk estimates by the selection of data for extrapolaticn, and
the extrapolation assumptions, and the effects their underlying
assunptions may have on the risk estimates. For instancs, the use
of the most sensitive sex/strain/specias instsad of the average may
alter risk estimates by "several orders of magnitude." (U.S. EPA,
1s85) similarly, the issues the extrapolation of rodent potency
estimates to humans, particularly on the basis cf surface area, and
the use of upper 95th percentile eastimates of carcinogenic potency

instead of the MLE, may alter potency estimates by an order of
magnitude, or more. (U.S. EPA, 1985)

Third, it is perplexing that the Krewski et al. (1987) chapter is
referenced, yet the 36-fcld lower carcinocgenic potency factor they
derive is omitted from the brief discussion. Some discussion on

the merits and limitations of the Krewski et al. analysis is
necessary.

Fourth, the,ARB cites the concordance of the potency estimate
derived from the Drew et al. (1983) study and the Maltoni et al.
(1984) experiments. It is unclear whether the Maltoni experiments
were conducted in his medieval castle/laboratory where the
nycobacterium infection is endemic, or in some other facility.
(Personnel conversation with E.E. McConnell, Naticnal Toxicclegy
Program) 1In the U.S., myccbacterium infections in test anizals

w:uéd likely viclate GLPs, and serve as grounds for invalidating a
study.
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Fifth, the recommended use of a potency factor derived from animal
instead of the human occupatiocnal study of Waxweiler et al. (1876)
is not robust, given that the human data alrsady repressnts an
upper-bound estimats in the target species of concern (l.e.,
humans). The  additional rationals that the selection cof the
highest animal estimate is justified by the limited evidencs of an
effact by age at first exposure (Drsw et al., 1981) suggests that
perhaps the ARB should consider using a true mechanistic model,

perhaps one based upon the MVK nod-l paradigm, as the basis of its
potancy deternminations.

ce: Jim McHenry
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ATTACHMENT 2

Carcinogenic Risks fzem Land®ill Emissioss.

Addsndum
te

Commants o2 a Pralizinary Dzaft Decumant
-cdrculated by the EPA in Mazrch, 1988:

Sdmund A.C. Crouch, ?2h, D. and Laura C. Green, 7h. D.
Envizonmental Health and Toxicslogy Group
Merza Systems Inc.
Campridge, MA 02141

Procauced at the request of

The Natiznal Air Pollution Contrsl Tachniques Advisory Committee
To the EZPA

and

Waste Management Inc.

June §, 1988
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AR estimata of carciznogenic risks from landfill emissioxns.,

Iatzoduction

On May 18, 1988, we presented testimony to the National Air
Pollution Control Technigues Adviscry Committee to the EPA con the
risk 2ssessment aspects of a2 Preliminary Drafc Document, "Alx
Emissions from Municipal Solid Waste Landfills -- Backgrounc
InZormation f£or Proposed Standards and Guidelines." The gist cf
that testimeny was that the carcinogenic risks predicted by the
Drazft Document were incerrect. The analysis that 2ollows is our
attempt to derive such risks more cerrectly. Ia pazticular, we
cerive estimates of "average" and "worst-case’ risks oI cancer
that could be attributed to volatile organic compounds that may
_be emitted Irsm municipal solid waste landfills. The estimates
are all "standard" in the sense that they are deliberate
overestimates, predicated upen "ne-threshold"” models Zor all
chemical carcinogens of interest, It is cur toxicologic opiaicn
that many of the chemicals of interest here are in fact likely t2
-contain thresholds ia <heir dcse-response curves for
carcineogenesis, such that the very low-level exposures involved
carry with them nc excess risk cf cancer to humans. Nonetheless,
we have not "taken cxedit" Zar this probability, Lut insteac
moceled all compounds as if they carry excess risks of cancer at
all non-zerc lavels of exposure.

‘ -
G200Cn
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1. Dat3 uUmmAZY

Table 1.1 summarizes measurements of landfill gases
collected at § municipal landfills, labelled A to E. All these
measuremem:é are given in ppm by volume, and include entrained
air (the amount of which can be estimatad from the nitrsgen and
oxygen cantant cf the gas). The landfills labelled 8, C, G anc =
were used in the past for co-dispesal of municipal waste anc
nazardous waste, altiough tRkis practice has aow ceased. This
former practice of co-disposal is likely ts have led to emissions
of larger cuantities of chemicals of interest than would have
occcuzed Zzom the cisposal of municipal solid waste alcne.

Table 1.2 shows the average concentrations of ccmponents of
the enitcted gases 2frsm each lancZlill, These averages may cte
compared with the values given in the EZPA Drafi Document, Table

3.8. Despite the differing data sources, .the average
concentrations are very similar. In this data, carbon
tetrachloride was never detectecd, whereas the E2A data has 2n
average concantracion cf 0.0118 ppmV. Alsc, the averace

corncentration of 1,l-dichlorcethene (vinylicene chlcricde) is 2
facter 10 lower here than in the EPA data. In both cases, tXe
CShcentIatisns were very low even in the EPA cdata.

Also shown in Table 1.2 are the molecular weights of all the
measured components, together with upper bound estimates 02 "unit
risk" feor the known carcinogens. These estimates were taken
cdirectly Zrom the Carcinocgen Assessment Group (CAG) assessments
where they have made such estimates. Otherwise they come IIcn
CAG estimaces Ior "potency” of a compound, and assume that 2
human breat:b.es 20 m3/d.ay of air, and that 100% of a ccmpounc is
absorbed. At tiis breaching rate, if a material is present at 1
ug/m3 in air, a person will inhale 20 ug/day or 3.33 x 10”4
mg/kg-day for a €0 kg person. For a compeund with potency P
mg/kg-cay, this results in a unit risk (risk fzem 1 ug/m° of aixz;

-- -y
4

e? 3.33 x 10°° p. The estimaces in Table 1.2 generally acrse

G240+2
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with those in the EPA Draf: Document, except for carten
tezrachloride, where we take the upper end of a suggested range
(EPA usSes an average ¢Z the range); vianyl chloridcds, where a more
recent estimate by the CAG (which we use) has raised the
carcincgenic potency estimate by a large factor; and viavlidene

chloride, where our estimate is again substantially higher than
that of che EPA Drafs Document.

Using the molecular weights of the compenents, toqetne* wish
the unit risks, we can define an average unit risk Zfor the "as
measured” average landflll gas. This is obtained by findizng
weighted average unit risk £or all ccomponents, where =tlhe
weilchting facter is the produc:s of molecular welght and
velumetric cencentraticn £or each component. The result obtained
is 1.6 x 10”% per ug/m3 Zfor the landfill cas including eatrained
air, and approximately 1.8 x 10'9 per ug/m3 after carreczisn Z2cr
entrained ai:x. We do not usa this average, since it s
prefarable te computa risk estimates cn a landf:ill by landfill

case, taking intc accsunt the difs --“g concentrations and
emissicn rates ac each lancsill,

The unit cancer risks estimated by the EPA in Table 2-4 c:2
the Draft Document sufler from major deficiencies. The Iirst tweo
"scenarics" cannot be Jjustified at all. Averaging together the
unit risks of the varicus carcinogens found in landfill gas ccula
cnly be Justified if there were equal emissicn rzatas (by mass) of
tlose carcincgens, but it is clear that this is inccrrect.
Furthermore, the Draft Document includes one carcinogen (Table 2-
3, ethylene dichloride) which was apparently never fcund in their
samples cf  landfill gas (Table 3-9, although it is listed twice
in 7Table 3-8). The "scenaric 1" estimate appears to ignere
measurements of non-methane VOCs which indicate that the majer
components (certainly more than 75%) are simple alkanes

(especially ethane and propane). Furcthermere, it is unclear what
is meant in this decument -y non-methane VOCs. Since thaese are
3GCe2
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SITE
Carbon tetrachlorice
Chlorsbenzene
Chlorcethane
Chleorefora
Chlorcmechane
Dibremochloromethane
l,1-Dicklorcethane
l,2-Dichlercechane
1,i-Dichlozrsethane
t-1l,2=-Dichlozcechene
1,2-Dichlereopropane
c=1,2=-Dichloroprobene
t-1,3-Dichloropropene
Methylene chloride

1,1,2,2-Tetracrlcrceshane

Tetrachlorcetlhene
1,1,1=-Trichlecroethane
1,1,2=-Trichlorocethane
Trichlersetrens
Trichleroflucromethane
Vinyl Chloride
1,2=Dichlorcbenzene
1,3=Dichlorcbenzene
l,4~Dichlezchenzane

Chlercdiflucrometiane
DicilorcdiZluorcmethane
Dichlorcflucromethane

Metnane
Zthane
Propane
n-3utane
n-*fentane
n-Hexane
Acrylonitzile
Benzene
Toluene
Zthylbenzene
Total Xylenes

TNMHC (as CE§)
Carben dioxide

Oxygan
Nitzcsgen

E

nd
4.3E-0Q1
9.lE-02

nd

1.25+00

nd
7.6E-Q1
nd
nd
1.12-01
2.2E~-01
nae
nd
3.2E+00
1.12-01
6.,9E+00
2.0E=-Q1
nd
4.1E+00
4.4E~Q1
$.32+00
na
nd
nd

6.92-01
nd
4,6E-01

4,7E+0QS
9.5E+02
1.1E+01
nd
4.12+Q00
6.1E+00Q
nd
2.7E+0Q0
1.2E+02
2.4E+Q1
7.2E+Q1

9.7E+02
3.8E+05

1.7E+04
l.4E+05

03U

6

TABLE 1.1 (contd.)
<

F
nd
nd
7.0E~01
2.5E+00
1.1E+01
nd
2.0E=-01
nd
nd
nd
nd
nad
nd
9.2E+00
nd
3.8E+Q0
nd
nd
€.0E-01
2.0E=-01
3.12+Q0
ad
nd
nd

§.0E-01
nd
8.0E-01

&8.1E+05
7.6E+02
S.62+01
1.7E+01
E.8E+0Q0
£.42+00
nd
2.0E+00
S.8E+Q1
1.4E+01
3.4E+01

9.9E+02
3.7E+Q8

1.1E+04
1.1E+08

GCe T

G
nd
na
3.8E-01
nd
3.6E+00
naé
1.6E+00
nd
nd
nd
nd
nd
nd
1.4E+01
nd
1.28+01
1.7E~-01
nd
2.9E+00
7.6E+00
2.82+00
nd
nd
nd

4.0E-01
nc

2.0E+00

3.7E+QE
5.0E+02
1.58+01
2.8E+Q0
2.8E+00
6.92+00
nd
2.0E+Q0
1.4E+02
2.3E+Q1
8.4E+01

1,0E+03
3.0E+QE

6.5E+04
2.6E+08

g

nd
2.12+01

nd

nd
£.25-01

nd
2.8E-01

acd

nd
1.4E+00
nd
nd
nd
1.38-01
4.2E+00
nd

ad
2.0E+Q0

4.72-31
nd
nd

3.1=2+08
1.6E+03
2.32+01
nd
1.52+00
4.0E+00
nd
7.2E+00
£.2E+01
2.78+01
7.12+01

1.3E+03
3.1E+05

1.8E+04
1.6E+08
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Cagkon tatrachloride
¢rlozchenzanas
Chlorsethane
Chlorafern
Chloszcnatiane
Dirxronochloromatinane
1,1-Dicalorcethane
tr2=Dichloxcsethane
1,1-Dichiczserrane
t=1,¢=Dichlozrcethane
wra=Dickloroprapane
¢=1,¢-Dichlozepropene
. e=1,3=Dichlorepropene
Mathylenes chlorida
i,3,2,2-Tetzachlozcetnane
Tatzrachleroethane
1,1,i-Tzichlezcezhane
1,1,2=-Tsienlorcecnane
Trichlercethens
Trichlczeflucromechane
vinyl Calezide
1,2=Dichlcrobanzens
1,3-Dichlcrobenzene
1,4-Dichlerchenzerne
Chleoredisliucremathane
Dichleorecisivoronecnare
Dicklarzfliuercneatiane
Methane
tthane
Fregane
n-3utane
n-Fentane
n-Zeaxane
Aczylondicrile
Senzene
Toluene
fthyllenzene
Tetal Xylenas

TYMHC (as C§)
Carkon &icxi&e

Oxygen
Nitreeern

7

TABLE-1.2 .

Average
cane.

PPRY

nd
2.78+00
3012'01
¢,3E+00
ad
2.8+00
203!‘02
8.82-02
2.4E-01
5012-02
nd
nd
2.78+01
1 . 43-02
1.4E+01
1.72-01
na
$.0E+00
L.4E+00
$.7E2+00
nd
nd
2.82~-01
1.38+00
5.4E=02
4.4E+00
4.7E+08
7.7E+02
2.42+01
J.8E+0Q0
3.12+00
7.32400
nd
2.8E+00
7.8E+01
1.8E2+Q1
{.4E+Q1

8,.3E+02
A,6E+4Q8
2,8E+04

L.82+083

Mol.
weight

1.5E+02
1.12+02
6.35+01
1.5E+02
$.08+01
2.18+02
$.5E+01
9.82+01
9.72+01
§,.72+01

1.1E+02°

1.1E+02
1.1E+02
8,52+01
1.7E+02
1.78+02
1.32+402
1.3E+02
1.38+02
1.4E+Q2
6.28+01
1.82+02
1.8E+4Q2
38.6E+01
1.2E+02
1.0E+02
1.62+01
3,08+01
4,4E+01
£, 82+01
7.22+01
8§.62+01
g, 3E+01
7.8E+01
8.2E+01

18402
1,1E+02

§.4E2401
3.2Z+0Q1
2.3E+Q%

09G0x~

riak

unit potancy weighted
. unit

zisk

¢.3E~-08 1.32-01

2.3E-08

2,0E-08 8.1E=~Q2
3093-04 1.23+00

4 075"07

5072-05 ZQCE.OI

§.8E-07

1.9E-08 5.7=2-0%¢

1.7:-06

3.8E-12

3.0E-12
1.3E-10

J.8E~11
5 ¢ SE-IZ

3.13‘11

1.8E-10

4,08=-1
9.4E=-05 2.5E-01 1.2E-0S

8.0E=-0S 2.4E-01

8.0E-0€
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2. Masdaodalogy-

2.1 Tmiasien zatas

Table 1.! gives tha concsatraticas ¢f various gases msssursd
{n collsezed gasss at variocus land2ills., Also available for each
land#4ill is the rats at wnich those gases are released. 7Takizg tle
producs of teosal emissicn zate for landfill gas with these
csncentrzations gives the volumetzic emission rass for each gas. Tils
volumerric smissicn rate may be converted tToO a mass emission rate by
using the gas density, which we approximate by assuming all the gases
bshave parfectly., For the 8 landfills cansicered hers, tle iverage
welumetric emission rate is 2,7 x 106 c2<d per lanmefill, frzea an

average amount of refusa in place of %.4 x 106 tcns per landsill,
This is about £0%

igher than assumed Lin the EZA Drafs Toecument oz
wet landdills.,

LA 4

From tle mass emissioen =cate, we may use alr dispezsicn
modelling to estizmace the expectad long term Average ConCsATritions
¢f each component of the landfill gas &t variocus positions off-sitas.
The product of those concantzations (in ug/md) and the upper sound
unit zisk estimate (measured in wnits c¢f ad/ug) gives an upEer dounc

estizate £¢ lifetize zisk. The net effect of all the landdill qas

- a0
can T3 Ie obtaingd Zrem the gum over all component: of She precucs

©f mass emission rate and unis risk for each csmTonents. Table
2.1.% shows this product (in units of m3/s) fsr all cdacectad
components o2 e landfill gases whienr have unit risks cefined, Also
shewn aze the sums of products for each landfill.

CaGC~"™
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Chlerzsfaera

1,e-Dichlercethane
1,1=Dighlorcetans
Matnylene ehloride

1,1.2,2<Taczrachlozcethane

Tatrachloroathane

2,1, 1=Trichiszoatnans
Trichlorcethane

Vinyl Chlcozide
Benzana

Total

SITE

Chlerodern

1,2=-Dichlorcatrana
1,l=-Dichlozcet=ene
Methylene chlorida

1,1,2,2-Tetzachlozoetrane .

Tatzachlorcethena
1,1,1-Trichlercethanse
Trichloreezhane

Vinyl Chloride
3enzana

Tatal

9

TARLZ-2.3.1
Mass emission raca x upit Tisk (nd/e)

A

0
¢
4 133-02
3 . 53-04
0
5 . 48‘03 .
2-0!'03
2 . ‘3'03
1-58'01
8.8E-03

2.28-01

cCoOoo0 M

4. 6E‘°3
4.SE=02
4,0E-02

- 1.8E2-02

1.25+00
6 . 12'02

1.4E+Q0

Average totial 1.4B+00

¢3G

Q
3,5E=-02
5.2E8-02
4. 5%‘02
il. 85'02
1.6E-03
2.3E-02
€.4E-01
;.2£°03

7.9E=01

F

1 075-01
0
o .
7.02-03
¢
1.12=-02¢
¢

2.6E-02
3.62~01
2 . 42-02

S.8E-01

0693

o]
0
0
o
1. 23’02
0

§.88-02
4,7E=03
3.3E-02
2.7E+00
§.0E~02

2.8E+00

G
Q
q
0
3 .73-02
0 .
- 02!-01
2.88-02
4,3E-02

1.12+00
§.28-02

1.48+00

3 s 38-012
4. 02'02

§.8E-01

oo K

0
L.3E-03

e
2.2E~02
0
0
2.62400
4.5E-01

3.12400
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TSe iverage total f£or all tRe landgills is 1.4 =3/3, and the
maxisum {2 3,1 m3/s for landfil: B (which was used i the past 2ot

co~dispesal) . .Ia every case, the viayl chlorids pressas contriduces
tha majezrity ¢f the risk.

2.2 Zationwide iveracs Tisk’

T¢ make an estimate Qf the nationwicde average sisk fzen
land?ill sas now requizes a aca.le-up, tegether with seme dispersien
sodalling, “The landfilis discussed in the previcus secticns have an
average amount of refuse i place of £,.4 milliion tona, which is 1/900
¢f the total estimated refuse in place {n muniecipal land2ills (n <&

e ‘wan

U.S. (EZPA Drafs Documant, page 3-I)', . The land area of the contigucus

-gw
U.8. is abeut 7,84 x 106 'xml, so that the U.S. land area per average

landfill is about 8.7 x 109 m2, corzesponding to a radius of amout 52
x=.

As 2 first approxizacica, tha effecss o2 landfills on the U.S

€an thus te obtained by Zinding the average effects of a single

land2ill on & racius of abous 50 km around 4t. This apprexizmasion

would Ze correcs L2 (1) ‘landfills were unifazmly distritutad over the

U.S.; {2) trhe population were aevenly ciszributad; and (3} =ne
landsill 2ad any e!!ncn‘heyond §0 2=, It is plausible that the thizd
cf these is correct, since thne chlorinated VOGS which cantoiluts €2
carcincgenic sisk are relatively short-iived (viayl chlezide, o7
example, 2as a half~l{fa in air qstizated at 1.5 - 1,3 days). The
$izst two ars clearly incorzesecs, Sut will be compensazed Sy the
overestizaticn of risks to those close to lancfills (seq below).

for an average landfill, we have an emission =Iate X
carcinagenic unit risk of 1.4 m3/s, Using tha setandard  gaussian

piluze mocel, the average concentzation cbtained frgm this cver R
racdial range 0.1 =s !0 km coz

Tesponcs To A& lifetinme sisk e
2.6 =z Lc'a

Tals assumes 2 unifcrm wind rese, & wind speed ¢f 2 m/s,

ancd a simple Werag-uq cver 7 wind gcabillisy classes (A, 3., C., Dday,

00000
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11
Daighe, E, 73,

inc- azizsion height-of 1 m, and a recapssr Reight: of
1.8 m,

This averaging procacuzs has bdeen Zsund SS give estizatas

within 20% of those obzained Using tle ISC sodel- in parzicular cases
vith observed wind rsse ane staknilizy class dati, providad. tle
iverage wind speed i5 used. Tha assumed tverage winad speecd ¢f 3 n/s

(6.7 mph) 4is a reasenanls estizata, probably a 1i3sla lew (resulti=c

i an overestizacy of 2isk) %2z most of tRe U.S. TOL 67 citias
tte 50 eontd

§.7 mph.

in

guous states, Just 3 repor: average windspeeds lass than

I%e niaimum distancs used Z22r ki avearaging, 190 =

Y
c::-:espe’nas T8 an estizate ¢f ==g miéim diszance fo2z2 tha center o
tanasily

2t which pecple can s axpectad s be iiving., 1I2 landei:l

Gas is collecsad at some landfill, it may ba collected togetler at

ARy Point over ths landsill. However, 12 i=

=2 it i3 collaeczad it will te
Slarec, so =hat there is regliginle exposurs of anybedy t©s i2. I4 is
is not cellected,

tfen tne emissicns will take place cver ==e whaole
‘ancdfill, and sc the ngaresc Ferscn ¢ tie lancfill =may be clesers

than 100 =, In tRat case, however, =t=a dlsparsican mocdelling
perziined above i3 a SuBstantial evergstimate far estizasing
eXTCSUTES Clsse e tme lanegil:
cizensicns of =-a ’.an:::,‘.’.:.‘. . TEis i3 dealt with balow far the worse
case estimatse,

(witiin diszances sizilar =2 tas

SPI-05681
The estizate of iverage eflfgcz,

Srresponds tO am annual cancar
States,

-
a lifemizma risk cf 1.6 x L0 7,
Lacidence of ($.05 ia cha CUnited

Considerizg the eiffering methodologies, this agrees well
with tha EZA Drart Socumant estizarg of 0.11

(Seenmazis 2, the only
one whizh

can e given any credancs). Eowever, tha diffsrences notad

above, especially tRe deminant erfacs ef vinyl chloride in tlese

esTinates, suggesws Shat tha EPA Srass

eTTTT. .Iasurii

Sceument Ls esnsicerably iz
Sient daza i3 given {a tha Craf- Décumens TS Locats

Y Rave arisen, but cne ~ikely place iLg ia 2k

8Cls Mocel. The tegnniste cescriled of ~¢cazing =cpulazicn
senters rsglative sz angfills Ls Trene Iz leac s supsTantial

G2co™"
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cversstizacas of exposurs L{f a small arrcr L3 made in tia losatica ¢f
3 populaticn close To 2 landfill. 7The averige oXposSuUre may thaa ke
dominated By those estimasad for nearby populatisns.

- 2.3 Hoxzw- czse risk sstinatos

TRS WorsT c2se risk estizats will be foz tRkcse parsons liviag
near TS 2 landfill. As menticned above, however, the disparsicn
modelling used Zor tha naticawide average (both here and ia tha EBA
Oraz: Docuzent) will give very mislsading rssults clsse 2.  IZ
lanafill gas is collactad tcgethar inte a single vent, that gas will

se Ilared. The worsSt ¢ase exposurs aestizata will ccorrsspend 2 o2

-ancZill with no collectisn system, in which case the emissicns will
take place fr=

= cver the whols surfics area ¢2 tia land2ill. 1The
concaatraticns Izem such irea emissisns aze consideranly lower than
these IrSm a vent pipe emitting the same tetal quantity of gas, as
equal distances £om the edge of the area o the vent pipe.

To make an estizace of tha worst case emissicas, censider

landZill labellad E abeve (Table 1,1), This was previcusly used 23

So-disposal of hazardous wasts as well as municipal waste. The total
e2LS2i0R ratA X unit Tisk f3r this landdill is 3,1 =3/s, ang iz
centaing 12.6 million tens of refuse., 7The WOrst case will ocsum with

TAXITUT IMLSSLCAS Per ULt aresa of lamefill, se we will assuze wasts

Filed ts 2a heighz of 100 Zfset and with an avez:gs deasity of o

tsn/cu. yd. (doubls that assuzed in the EPA Draz: Doctment). The
emission rate x unis Tiask

8.2 x 10°% m/s, and the landfiil csvers an area cof abeus 3.2 % 105

24, corresponding to a diimeter of about 640 f.

=i

o

am

Fer unlt area Zor t=his lanafill i3 tlen

Jsing 3 dispersion model far area emissions, wa £ind That 237

3 person spending their whoele lives 100 = fzocm the edsa of sueh 2
landfill the lifetime risk ig abour 20 x 1.0"5, whilag aven or a

FeTsen 3taying permanently at tha edge of the lanmasill tne llletize
sisk s caly $0 x 10”¢ ‘

{414 A
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-GG~ THE DOW CHEMICAL COMPANY

SAIDLAND. MICHIGAN 48674

1803 BUTLDING
July 3, 1990

Ms. Barbara Cook

Project Manager

California Air Resources Board
1102 Q Street

Sacramento, CA 95814

Dear Ms. Cook:

Attached are our comments on the unit risk derivation presented in the May,
1990 Draft Technical Support Document, Proposed Identification of Vinvi
Chlorid Toxic Air C . .

We appreciate your accepting our comments, which have been submitted to

promote the best possible science in the performance of heailth risk
assessments. :

Pleased call on us should you require additional informaton.

Sincerelv,
g \

Neil C. Hawkins, Sc.D.

Senior Research Risk Analyst
Health and Environmental Sciences

1803 Building :
(517) 636-8237
kal ’

Attachments -

o2n072
SP1-05683



COMMENT: DRAFT TECHNICAL SUPPORT DOCUMENT, MAY, 1990,

"PROPOSED IDENTIFICATION OF VINYL CHLORIDE AS A TOXIC AIR
CONTAMINANT"

Derivation of a unit risk for Vinyl Chloride (CAS 75-01-4)

VCM is clearly a rat and human carcinogen, causing liver angiosarcoma in
both species and zymbal gland tumors in rats. Thus, for regulatory purposes,
there is interest in deriving a quantitative estimate of a level of no significant
risk. There are two general approaches to this problem. One approach has
been the use of safety factors or uncertainty factors applied to no-observed-
. effect-levels (NOEL'’s) in animals to derive a safe level in humans. The other
general approach, which has been used more recently by regulatorv agencies,
has been the use of quantitative risk assessment to estimate levels of risk for
any given exposure. The risk assessment process involves a number of
decision points for which there is no scientific consensus as to the correct
approach. These areas of uncertainty, inciuding the presence or absence of
thresholds, the shape of the dose response model, and animal to man
conversion factors, have been resoived within the agencies through the use
of policy decisions as to a default methodology. The default methodology is
conservative in nature, so as to protect public heaith. However, the State of
California Cancer Risk Assessment Guidelines as well as EPA and OSTP
guidelines on the use of risk assessment clearly state that the default .
methodology should pot be used when other data are available. In particular,
epidemiology data and pharmacokinetic information should be incorporated
into risk assessment when the appropriate data are available. The DHS unit-
risk for vinyl chloride of 20 x 10(-5) per ppb, as cited in the CARB Drait
Technical Document (CARB, 1990), does not utilize the available
pharmacokinetic or epidemiological information.

Pharmacokinetic Information

Pharmacokinetic (PK) information can be used in two ways to augment risk
assessments for vinyl chioride. PK data have been used to demonstrate and
explain nonlinear behavior at both the high dose and low dose portions of
the dose-response curve. The bioassay data of Maltoni (1979) clearly indicated
a plateau in the dose-response curve at high doses. This phenomenon can be
explained by the use of a Michaelis-Menton function to calculate metabolite
concentrations, as suggested by Watanabe et al. (1976), and implemented by
Gehring et al. (1978), Crump (1982) and USEPA (1987). However, this
methodology only explains the high-dose results in the animal bioassay
rather than addressing the problem of low-dose extrapolation. Low-dose risk

assessments utilizing PK data have been discussed by Gehring et al. (1979) and
Anderson et al. (1980).
00607
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Purchase et al. (1980) reviewed risk assessments for VCM and showed that,
among the linear models used, risk estimates varied from the current DHS
value, (equivalent to a unit risk of 20 x 10(-5) per ppb), upwards (less risk) at
least a factor of 100-fold. The different values derived from animai models
vary primarily on the basis of whether or not pharmacokinetic information
has been utilized in the assessment. In evaluating the use ot
pharmacokinetic data, Anderson et al. (1980) conclude that: "Based on the
present understanding of the mechanism of carcinogenesis, we believe this to
be a more rational approach to the low-dose extrapolation problem."

Gehring et al. (1979) fit a number of extrapolation models to the metabolized

dose of VCM, and showed that risk estimates derived without consideration

of low-dose metabolite formation potentially overestimate risk by at least an

order of magnitude. For example, the one-hit model applied to metabolized

dose predicts a risk of 189 per million at 1 ppm for an occupational exposure
(Gehring, 1979). By comparison, use of nominal dose (air concentration),

predicts upper bound “risks” of 37,000 per million using the unit risk of 20 x

10(-5) per ppb.  Other viable dose response models predict much lower risk.

Not withstanding the fact that the health criteria represent one aspect of
many inputs considered in the standard setting process, we submit it is
essential to base any proposed regulation on the most complete information
-possible. For this reason we believe that risk assessments for vinyl chloride
should include PK data, or preferably, the use of actual human data.

Risk assessments derived from epidemiology data

In the early 1970's, vinyl chioride was reported to cause a rare form of cancer,
angiosarcoma of the liver, among workers who had been exposed at
extremely high levels for many years in polyvinyl chloride (PVC)
polymerization plants. Since this discovery, there have been approximately
50 angiosarcoma of the liver deaths reported throughout the United States
and Canada which have been associated with previous vinyl chloride
exposure. Eighty percent of these deaths occurred in four PVC plants where
exposures to vinyl chloride were known to have been over 500 ppm in the
1950's and 1960's. Today, there.are strict emission limitations under the
NESHAP regulation, and the OSHA regulated 8-hour time weighted average
for vinyl chloride is 1 ppm. It is particularly noteworthy that there has never
been a reported death from angiosarcoma of the liver among Louisiana
chemical workers who have worked with vinyl chloride.

Vinyl chloride has not been shown to cause cancer at any other anatomical
site in humans. Epidemiologic studies conducted in the 1970's suggested that
there may be an association with brain and lung cancer, however, recent

updates of these studies have reported either no association, or associations
only at a much lower statistical level of significance.

00007 SPI-05685
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A world-recognized expert in epidemiology, Sir Richard Doll, recently
reviewed the existing vinyl chloride literature as it pertains to cancer in
humans. He concluded that vinyl -chloride is a known occupational -
carcinogen (only for angiosarcoma of the liver) which is due to high
occupational exposure levels which have not existed since this association
was reported in the early 1970's. According to Doll, the risk for cancer in
communities surrounding vinyl chloride production . plants from
environmental emissions in today's tightly controlled and well-regulated
environment "must be negligible.” (Doll, 1988)

Generally, risk assessments utilize animal data as the basis for quantification
of risk. Human epidemiology data often do not have sufficently precise
exposure estimates or sufficiently well-defined populations to be of
quantitative value. Human results are clearly preferred, when available,
however, and shouid be included in any risk assessment review. In the case
of VCM 'there are at least three assessments of sufficient precision which
utilize the human database to estimate risk. In one analysis (Barr, 1982),
negative epidemiological studies of people living near VCM production
facilities have been used to estimate human potency. Barr estimates that 100
PPD is the approximate lifetime dose corresponding to a human risk of 10(-6).
Purchase et al. (1987) note that Barr's estimate is similar to the highest
estimates of 10(-6) dose levels derived from animal data and are orders of
magnitude higher than the conservative dose estimates which do not take
into account low dose PK. This result is consistent with other observations

that humans may be less sensitive than animals to the carcinogenic effects of
VCM.

Gehring et al. (1979) compared the results of an epidemiological study of
approximately 10,000 occupationaily exposed workers to the values predicted
by four different mathematical. models derived from animal data. They
conclude that the observed human results are inconsistent with the two
linear non-threshold models used, and are consistent with both the probit
model and a linear threshold model. The latter two models predict 10 risk
levels at occupational exposure levels in excess of 1 ppm.

These analyses by no means prove the validity of the two models and
undoubtedly numerous other models would fit and give quite different
results for predicting the ambient level corresponding to a 10-6 risk level.
However, these analyses do show that human epidemiology data can be used
to derive risk estimates for VCM exposures and that the models indicate that
the linear non-threshold models are conservative by a substantial margin.
This is to be expected in light of the well known conservativeness of the
models. U.S. EPA, for instance, when presenting risks estimates describes
them as upper bounds and notes that: "the true value of the risk is unknown
and may be as low as zero" (Federal Register, 1986).

In an analysis of alternative modeling assumptions for animal to human
extrapolation, Elizabeth Anderson. (1984) as head of the U.S. EPA Cancer

000075 SPI-05686
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Assessment Group found that altermative plausible modeling assumptions
would lead to risk estimates that were 15-fold to 10,000-fold lower than the
standard LMS procedure. Thus it is essential to use the available human data
to place some perspective on the resuits predicted solely from animal data.

In an independent review of VCM, the National Health Council of the
Netherlands (1987) derived ambient exposure levels corresponding to risk
levels of 10(-6) in humans. Their estimates were derived from both animal
data and from epidemiological human data. While noting that the estimates
did not differ greatly, they expressed a preference for the human data and
reported a value of 1 ug/cubic meter as corresponding to a risk of 10(-6). This

value is approximately 80 times higher than the exposure level derived using
the DHS unit risk of 20 x 10(-5) per ppb.

The over prediction of the models can be further demonstrated for VCM by
comparing predictions of risk utilizing the DHS unit risk with human
exposure scenarios. To make this comparison, Table 1 shows the “risk”
predicted from the DHS model for a number of occupational exposure

situations. The relevance of the specific exposure scenarios are also discussed
below. :

The specific exposure scenarios used in Table 1 were based upon a
retrospective study (Barnes, 1976), in which past typical VCM exposures in
PVC plants were estimated as: 1000 ppm in 1945-1955, 400-500 ppm in 1955-
1960, 300400 ppm in 1960-1970, 150 ppm in mid-1973 and considerably lower
afterwards. Considering the latency of carcinogenesis in general, and for

VQM in particular, tumor incidence rates noted in the 1980’s reflect exposures
from the 1960's.

It can be seen from Table 1 that incidence rates predicted from the linear
animal model are completely incompatible with that observed in actual
human studies. For example, in the study examined by Gehring (1970) there
were only 5 observed cases in 9677 workers. This is approximately three

orders of magnitude less than that which would be predicted by the DHS
model.

Thus, there are a number of assessments based upon human epidemiologica.l
data which would indicate that linear models utilizing animal data
overpredict risk by at least one to two orders of magnitude. In the interests of
assuring that any proposed regulation is supported by as comprehensive a
review of the available health data as possible, we submit these assessments
should be incorporated into any risk assessments which will be used for
regulatory control.' This is particularly important in view of the fact that they
are based upon human data rather than on laboratory animal results.

It can be seen from the above analysis that standard risk assessment
me:hqdology and the use of reported literature results lead to orders ot
magnitude over-estimates of the (gredicted risk from emissions of VCM from

30c7h SPI-05687
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existing facilities. We recommend that these inconsistencies in the risk

estimates be resolved if they are to be used as the basis for any proposed
regulation. ‘

TABLE 1. "RISK" PREDICTED FROM LMS MODEL
(using unit risk of 20 x 10~5 per ppb)

Occupational Exposure Upper Bound on "Risk”
: _Scenario (Cases Per 10.000)
400 ppm 9999
30 years

400 ppm 9995
20 years ,

300 ppm 9998
30 years

300 ppm | 9964
20 years

200 ppm 9960
30 years

200 ppm 9770
20 years

100 ppm 9400
30 years

100 ppm 6090
10 years

100 ppm 3750
S years

Q3GCT ™
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SPI-05690






A. COMMENT FROM THE UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

1. Comment: Please inciude the following paragraph in the Executive
Summary:

: “The Operating Industries, Incorporated (O0II) landfill is

. currently a federally listed Superfund site. Subsequent to the

Air Resources Board's sampling during 1987, the Environmental
Protection Agency (EPA) has impiemented more stringent landfill
gas control measures. EPA has also selected a remedy for
landfill gas control that is expected to substantially reduce
landfill gas emissions from the OII landfill. It is fully
anticipated that these control measures will substantially lower
the levels of vinyl chloride in the ambient air in the vicinity
of the O0II landfill."”

Response: The paragraph (corrected to indicate that OII sampling
was performed by the South Coast Air Quality Management District
during 1986) appears in the revised Executive Summary.

B. COMMENTS FROM WASTE MANAGEMENT OF NORTH AMERICA, INC.

1. Comment: It is erroneous to assume that BKK and OII landfills are
representative of all landfills since both of these sites
accepted significant quantities of vinyl chloride waste during
operation.

Response: Landfill records of whether or not vinyl chloride
waste was accepted may not be a reliable means of predicting the
potential for vinyl chloride emissions. For decades, vinyl
chioride waste (as well as other halogenated industrial waste
which can form vinyl chloride) was disposed in some Class II as
well as Class I landfills. In addition, Class III landfills
accept disposed consumer products containing chlorinated
compounds which can form vinyl chloride. Also, incomplete
recording of vinyl chloride waste disposal and illegal vinyl
chloride waste dumping have occurred to an unknown extent.
However, a statement has been added to the report indicating that
the vinyl chloride emissions measured at BKK and OII may not be
typical of all landfills.

2. Comment: Significant information exists that landfills are not
significant sources of vinyl chloride emissions. For example,
data from the Air Solid Waste Assessment Testing Program
(Landfill Gas Testing Program) mandated by Section 41805.5 of the
California Health and Safety Code show that six waste management
units operated by Waste Management of North America (WMNA), Inc.
are not significant sources of vinyl chloride emissions.

Response: After considering the data available on potential
sources of vinyl chloride emissions, the staff of the Air
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Resources Board (ARB) concluded that landfills are a potential
major source. Modeled estimates of vinyl chloride emissions for
just BKK and 0II landfills were far greater than emissions
estimates for publicly-owned treatment works (POTWs) and
polyvinyl chloride (PVC) fabrication and production facilities:

soqurce Emissions (tons/year) Inventory Year
BKK Landfill 44-197 1987 .
0II Landfill 4-51 - 1986
POTWs 1.7 1985

PYC fabrication 0.78 1982

PVC production <0.5 1988

Although BKK and OII landfills may not be typical, one cannot
rule out the possibility of elevated vinyl chloride emissions
from other California landfiils using preliminary Landfill Gas
Testing Program data. The preiiminary data show that vinyl
chloride was detected at or above the detection limit in the
internal landfill gas at 160 out of 340 landfills tested. Also,
vinyl chloride was detected at or above the detection 1imit in
the ambient air near 24 out of 251 landfills tested. However,
because landfilis vary in the amount and composition of wastes
accepted as well as disposal methods used, estimating total
statewide vinyl chloride emissions from landfills is not possible
at this time. Therefore, the staff report has been revised to
indicate that landf{1ls are a potential major source-category.

Comment: Section 39660 (f) of the California Health and Safety
Code mandates that the Department of Health Services (DHS) and
the ARB give priority to the evaluation of a substance's amount
or potential amount of emissions and ambient concentrations in
the community. To proceed with identification of vinyl chloride
as a toxic air contaminant (TAC) while identifying landfills as
the largest source of emissions based on two unrepresentative
sites (BKK and OII landfills) would be a disservice to the waste
management industry and contrary to the law.

Response: In the revised vinyl chloride report, based on
available data, the staff of the ARB conclude that landfills are
a potential major identified source-category of vinyl chloride
emissions. The staff further conclude that sufficient overall
data are available to proceed with the identification of viny!l
chloride as a TAC as provided in the statutes. Furthermore,
vinyl chloride, as a federally designated hazardous air
pollutant, must be identified as a TAC pursuant to Health and

Safety Code Section 39655. Also, please see the responses to
comments 1 and 2.
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Comment: Waste Management of North America, Inc. recommends that

identification of vinyl chloride be delayed until Landfill Gas
Testing Program data are included in the report.

Response: Preliminary Landfill Gas Testing Program data have been
inciuded at appropriate places in the revised vinyl chloride

report. In addition, a table of Landfill Gas Testing Program
data has been provided in Appendix VI.
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RESPONSE TO COMMENTS:
WASTE MANAGEMENT OF NORTH AMERICA, INC.

June 11, 1990
PUBLIC HEALTH RISK OF VINYL CHLORIDE

COMMENT: "While we do believe that it is ultimately appropriate to regulate vinyl
chloride as a toxic air contaminant, we are concerned that the unit risk factor

that you have attributed to this compound is overly conservative."

RESPONSE: The DHS document of May, 1990, provides estimates of unit risk that use
data, assumptions and methods that are highly defensible, based on standard
procedures utilized by DHS and EPA. The anaiysis uses animal and human data.
Dose rates to tissue have been obtained from a pharmacokinetic model. The range
of unit risks does not include some of mouse data which is up to 2.5 times above
the top of the range in the risk assessment, as indicated in the text at page 8-8.
The best estimate of unit risk for regulatory purposes is the top of the tightly
clustered -- less than 10-fold -- range, containing numerous results, including
human results. The two top points include liver angiosarcoma in the female rat,

this tumor being one of the most distinctively linked to vinyl chloride exposure

in both rats and humans. DHS staff conclude that this choice is not overly
conservative.

COMMENT: "I have also attached to this letter a copy of a brief paper on
Carcinogenic Risks from Landfill Emissions dated June 6, 1988. . . . This

information provides a much more realistic assessment of the health risks posed by

municipal landfills not only from the standpoint of vinyl chloride but a number of



other compounds as well. 1In summary this brief paper, based on an assessment of
the cumulative impact of all landfill emissions, concludes, ’'Using a dispersion
model for area emissions, we find that for persons spending their whole lives 100
m from the edge of such a landfill the lifetime risk is about 20 x‘10'6, while
even for persons staying permanently at the edge of the landfill the lifetime risk
ts only 50 x 10°6.+=

RESPONSE: The cited paper, which was an addendum to comments to EPA and not a
journal article, was produced at the request of Waste Management Inc. and of The
National Air Pollution Control Techniques Advisory Committee to the EPA. This
response will focus on the unit risk estimate utilized in the document and not on
site-specific factors such as emission rates, source areas aﬁd meteorology. The
cited paper uses for vinyl chloride a unit risk of 22 x 10'5 ppb'l, expressed as
9.8 x 1073 (ug/w®)"l in their Table 1.2. This risk estimate is essentially
equivalent to the DHS best estimate of 20 x 10°° ppb'1 for unic risk. Therefore,
DHS is recommending essentially the same unit risk as is the basis for the

calculation of risk for landfills that is advocated by the commenter.

The cited paper refers to EPA (1985b) as the source for that unit risk, but DHS
staff, after obtaining and reviewing that document, calculate that the unit risk
corresponding to the EPA's (1985a) potency of 2.95 x 10°1 (mg/kg-day)'1 is 11 x
107 ppb'l, using EPA’s own assumption of 50% absorption, which the cited paper’s
authors evidently did not use. The reason for that EPA unit risk being 55% of the
DHS best estimate stems from the EPA analysis combining male and female rats,
giving a lower risk than the DHS use of females, the sex with the higher risk in

this case. For comparative purposes the EPA 1985b unit risk has now been included

in the document at page 8-13 and in Figure 8-1.
QoGCE "
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SPECIFIC DOLAN COMMENTS

COMMENT: *First, why bother using the linearized multistage model under the
pretense that it is a true mechanistic model (which it is net), when a simple
linear regression usually yields nearly identical estimates of ql* (r2 - 0.98)

(Personnel conversation with Curtis Travis, Oak Ridge National Laboratory)?”

RESPONSE:. The linearized multistage model aff.ords an efficient v(.mified approach
to determining carecinogenic potencies of most substances for which chgre are
enough data to determine the potency. Once t:hé appropriate computer software and a
knowledge of its use have been acquired, the model is quite convenient to use.
This model accommodates pharmacokinetic comversion of dose rate and can account
for a wide range of test results in a way that allows extrapolation that is
frequently in accord with available knowledge of mechanisms. In contrast, the
simple linear regression becomes inappropriate at high doses in many animal
experiments. Even in the case of vinyl chloride, the multistage model indicates
an improved fit to the data by including a quadratic term. Thus, a simple linear

model would introduce some bias into the low dose extrapolation.

COMMENT : "Second, the discussion of uncertainty in the quantitative risk
estimates is given short shrift. Although the uncertainties or ab;ence of
exposure data in the occupational cohort studies is mentioned, there is no
discussion of the conservatism built into the risk estimates by the selection of
data for extrapolation, and the extrapolation assumptions, and the effects their
underlying assumptions may have on the risk estimates. For instance, the use of
the most sensitive sex/strain/species instead of the average may alter risk

estimates by 'several orders of magnitude.’ (U.S. EPA, 1985). Similarly, the
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issues of the extrapolation of rodent potency estimates to humans, particularly on
the basis of surface area, and the use of upper 95th percentile estimates of
carcinogenic potency instead of the MLE, may alter potency estimates by an order

of magnitude, or more. (U.S. EPA, 1985)." .

RESPONSE: DHS staff do not agree that there is unjustified conmservatism builc
into the risk estimates. DHS used procedures that are standard for EPA and DHS,
taking account of the pharmacokinetiés of vinyl chloride. The DHS risk assessment
did not use the most sensitive species and strain.( Some of the mouse ‘data
resulted in unit risks up to 2.5 times higher than actually used in the risk
assessment. The assessment does use data for the more sensitive sex in order to
protect women as well as men because female rats had a 3-fold higher risk than
male rats. The assessment does use the 95th percentile estimates, clearly
identifying them by UCL throughout the document. The analysis uses these
estimates in the risk assessment only when the ratio of UCL to MLE is less than 3,
specifically avoiding- the possibility of that ratio being "an order of magnitude,

or more”, as found in other circumstances by EPA (1984a).

In order to expand the discussion of uncertainties, DHS staff have added a brief

paragraph to the document at page 8-13 as follows:

"All these estimates are subject to substantial uncertainties as have been
discussed in the scientific literature (DHS, 1986, and EPA, 198&;).. The available
information does not suggest that there is a threshold for vinyl chloride's
carcinogenic effect, though this remains uncertain. The multistage model is the
best choice based on the plausible mechanism of vinyl chloride carcinogenicicy.
Nevertheless, our incomplete understanding of cancer makes this choice subject to

uncertainty. Furthermore, the present approach uses other assumptions that are
n o« -
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designed to be somewhat health protective in the absence of precise knowledge.
One of the most important of these is the extrapolation from humans to animals on
the basis of surface area in accordance with DHS guidelines (1985). This approach

may overpredict or underpredict human risk.

COMMENT : *"Third, it is perplexing that the Krewski et al. (1987) chapter is
referenced, yet the 36-fold lower carcinogenic potency factor they derive is
omitted from the brief discussion. Some discussion on the merits and limitations
of the Krewski et al. an;lysis is necessary." |

RESPONSE: The Krewski et al. (1987) result of 0.0058 ppm’l is based on virtually
all the relevant female liver angiosarcoma data of Maltoni et al. (1984) and is
unadjusted for lifetime exposure. When adjusted for lifetime exposure the unit
risk is 9.7 x ].0'5 ppb'l. On this basgis, the unif risk of Krewski et al, rather
than being 36-fold lower, is actually 45% higher than the result from the analysis
(BT-9, 15) which corfe;ponds most closely in the document, 6.7 x 10-5 ppb'l. This
is among the highest rodent risks in the assessment. Because of the rather good
agreement despite the differing analyses, adding a discussion of the merits and

limitations is inappropriate for this document.

COMMENT: "Fourth, the ARB cites the concordance of the potency estimate derived
from the Drew et al. (1983) study and the Maltoni et al. (1984) experiments. It
is unclear whether the Maltoni experiments were conducted in his medieval
castle/laboratory where the mycobacterium infection is endemic, or in some other
facilicy. (Personnel conversation with E.E. McConnell, National Toxicology

Program) . In the U.S., mycobacterium infections in test animals would likely

violate GLPs, and serve as grounds for invalidating a study."

Q2CC-
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RESPONSE: Both EPA and IARC have relied on the Maltoni et al. data for their
assessments. DHS knows of no documentation that casts serious doubt on the
validity of these data. The concordance of the Maltoni data is not only with Drew

et al. but also with Bi et al.

COMMENT: *Fifth, the recommended use of a potency factor derived from animal
instead of the human occupational study of Waxweiler et al. (1976) is not robust,
given that the human data already represents an upper-bound estimate in the target
species of concern (i.e., humans). The additional rationale that ché selection of
the highest animal estimate is justified by the limited evidence of an effect by
age at first exposure (Drew et al., 1983) suggests that perhaps the ARB should

consider using a true mechanistic model, perhaps one based upon the MVK model

paradigm,.as the basis of its potency determinations.”

RESPONSE: .‘I'he human data in itself does not represent an upper bound in humans
because (1) that data does not include a lifetime exposure, and there is evidence
of greater sensitivity of tﬁe young and (2) the human data that is sufficient for
the risk assessment includes almost no females. As to the remainder of the
comment, the DHS staff note that the MVK model does have the potential to be more
closely linked to the biological observations of cell proliferation than the
multistage model. When the necessary data are available and the mathematical

analysis is adequately established, then an analysis related to the MVK model is

worth consideration.

CoGO~
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RESPONSE TO COMMENTS:
THE DOW CHEMICAL COMPANY
July 3, 1990

Derivation of a Unit Risk for Vinyl Chloride

COMMENT : "VCM is clearly a rat and human carcinogen ...". In order to
address cancer concerns, regulatory agencies have recently used "quantitative
risk assessment to estimate levels of risk for any given exposure.” 1In order
to resolve uncertainties in this process, agencies have developed default
assumptions which are "conservative in nature so as to protect public healch.”
California and federal guidelines “"clearly state that the default methodology
should not be used when othepr data are available. ... The DHS unit risk for
vinyl chloride of 20 x 10°° per ppb ... does mnot utilize the available
pharmacokinetic or epidemiological information.”

RESPONSE:. The DHS staff disagree with the assertion that the current DHS
risk coefficient does not wutilize the available phamacokinetic or
epidemiological information. DHS staff, in response to comments on the first
draft document, did specifically incorporate the available pharmacokinetic and
epidemiological information into the analysis that produced the estimates of
unit risk. All the DHS calculations of unit risk in the document under review
directly use the available pharmacokinetic information. In addition, the risk
assessment specifically shows how the best estimate of upper confidence limit
(UCL) for unit risk, 20 x 10°° per ppb, vited in the comment above, is
consistent with human occupational data when adjusted from males in that
workforce to females who would be exposed in the general population.

Pharmacokinetic Information

COMMENT : "Pharmacokinetic (PK) information can be used in two ways to
augment risk assessments for vinyl chloride. PK data have been used to
demonstrate and explain nonlinear behavior at both the high dose and low dose
portions of the dose-responses curve." The Michaelis-Menton "methodology
explains only the high-dose results. Low-dose risk assessments utilizing PK
data have been discussed by Gehring et al. (1979) and Anderson et al. (1980)."

RESPONSE: Contrary to the implication of the comment, Gehring et al. (1979)
and Anderson et al (1980) used the Michaelis-Menton methodology to incorporate
PK data at all doses, high and low, in essentially the same way as the DHS
document. The low dose extrapolations in those two studies differed from the
DHS document in that they explored extrapolation not only by the single stage
model, as did the DHS document, but also by the log-probit model. DHS scaff
consider che log-probit model to be inappropriate based on the data that

became available after these articles were published and the apparent
mechanism of carcinogenesis.

COMMENT: "Purchase et al. (1980) reviewed risk assessment for VCM and
shoved that, among the linear models used, risk estimates varied from the
current DHS value, (equivalent to a unit risk of 20 x 10°° per ppb), upwards
(lgss risk) at least a factor of 100-fold. The different values derived from
§n1m31 models vary primarily on the basis of whether or not pharmacokinetic
informacrion has been utilized in the assessment. In evaluating the use of

oGO~ -
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pharmacokinetic data, Anderson et al. (1980) conclude that: "Based on cthe
present understanding of the mechanism of carcinogenesis, we believe this to

be a more rational approach to the low-dose extrapolation problem."”

RESPONSE: Contrary to the comment, Purchase et al. (1987) do not make clear
comparisons among linear models, nor do they make clear comparisons between
those models that use pharmacokinecic adjustment and those that do not. The
work of Anderson et al. (1980), does clearly account for the role of the
pharmacokinetic adjustment and the role of the carcinogenesis model.  Anderson
et al. (1980) found that for the multistage model, which extrapolates linearly
to zero exposure, "incorporating the pharmacokinetics has only a moderate
effect on the low-dose estimates."” Table 1 in that work shows that the effect
of incorporating Gehring's simple pharmacokinetics into the multistage model
is to increase - - by either or 4- or 26-fold, depending on the specific
choice of rat data - - the extrapolations of risk estimates to low dose. The
more appropriate choice of rat data, eliminating the two highest and therefore
most saturated exposures, corresponds to the 4-fold increase.

DHS staff agree with the Anderson et al. statement about the rationality of
the pharmacokinetic approach, provided appropriate data are available.

COMMENT : "Gehring et al. (1979) fit a number of extrapolation models to the
metabolized dose of VCM, and showed that risk estimates derived without
consideration of low-dose metabolite formation potentially overestimate risk
by at least an order of magnitude. For example, the one-hit model applied to
metabolized dose predicts a risk of 189 per million at 1 ppm for an
occupational exposure (Gehring, 1979). By comparison, use of nominal dose
(air concentration), pred}cts upper bound "risks” of 37,000 per million using

the unit risk of 20 x 10°~” per ppb. Other viable dose response models predict
much lower risk."

RESPONSE: Gehring et al. in their 1979 article did not derive any estimaces
of risk without using their model for low-dose metabolite formation. The four
models in that article use the metabolized dose at all dose levels. In that
article the authors did characterize the results of their models C (linear
forced through the origin) and D (one-hit) as overpredicting the number of
liver angiosarcomas reported in the Equitable Environmental Health (1978)
study. However, a follow up study (Wong et al., 1986) of those worker
populations showed a marked increase in incidence of deaths attributable to
liver and biliary cancer. Neither of these papers on workers has appeared in
the peer-reviewed literature, making acceptance of either of their
epidemiological results problematic.

All the DHS estimates of risk use a metabolized exposure that is
essentially equivalent to the metabolized dose of Gehring et al. (1978, 1979)
at low exposures. For the 1 ppm occupational example in Gehring et al (1979),
their assumptions of 40 hr/wk for 35 years does not give a risk of 37,000 per
million for the DHS unit risk of 20 x 10°° per ppb but gives 22,000 per
million. This risk is 126-fold greater than the Gehring et al. result of 189
per million, not because of differences in analysis of the data but because of
three different choices in applying the results of the rat analysis to the
human. In the one-hit analysis for §h° rat the result of Gehring et al.
(1979) is a unit risk of 1.1 x 10°° per ppb, when adjusted to lifetime
exposure. This result is actually somewhat greater than that of the negrest

analysis in the DHS document, for BT-1,2, giving an MLE of ql = 0.8 x 10 ~ per
CoCCs
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ppb. The sources of the higher risk estimate for DHS are (1) the use of later
Maltoni et al.(1984) data, BT-9,15 for the best estimate rather than the
earlier Maltoni and Lefemine (1975) data used by Gehring et al.(1978),
resulting in a 3.2-fold increase, (2) the use of the 95% upper confidence
level on risk rather than-the mean regression estimate (similar to maximum
likelihood estimate), resulting in a 2.3-fold increase , and (3) the use of
DHS standard scaling of humans to animals by body weight to the two-thirds
power rather than the Gehring et al. ad hoc scaling that has never been
accepted, resulting in a 17.7-fold increase. The result of multiplying all
these increases together is an overall 130-fold increase.

COMMENT : *Not withstanding the fact that the health criteria represent one
aspect of many inputs considered in the standard setting process, we submit it
is essential to base any proposed regulation on the most complete information
possible. For this reason we believe that risk assessments for vinyl chloride
should include PK data, or preferably, the use of actual human data.”

L

RESPONSE: DHS staff agree and have used both in the risk assessment.
Risk Assessments Derived from Epidemiology Data

COMMENT : After introductory remarks concerning vinyl chloride in the
workplace, the commenter asserts, "It is particularly noteworthy that there
has never been reported death from angiosarcoma of the liver among Louisiana
chemical workers who have worked with vinyl chloride."

RESPONSE: It is difficult to respond to the comment about Louisiana chemical

workers without specific reference to surveillance programs and exposure
estimates.

COMMENT : *Vinyl chloride has not been shown to cause cancer at any other
anatomical site in humans. Epidemiologic studies conducted in the 1970's
suggested that there may be an association with brain and lung cancer,
however, recent updates of these studies have reported either no association,
or associations only at a much lower statistical level of significance.”

A world-recognized expert in epidemiology, Sir Richard Doll, recently
reviewed the existing vinyl chloride literature as it pertains to cancer in
humans. He concluded that vinyl chloride is a known occupational carcinogen
(only for angiosarcoma of the 1liver) which is due to high occupational

exposure levels which have nor existed since this association was reported in
the early 1970's.

RESPONSE: In his review article Doll (1988), cited in the next comment,
discusses this issue at length. He concludes in a manner contrary to that of
the comment. "It is, however, still difficult to decide whether vinyl
chloride produces small risks of cancer, compared to those due to
nonoccupational causes, at sites other than the liver, and, if so, whether, in

§9ca1. these risks might cause almost as many deathes as angiosarcoma of the
iver."

COMMENT : "According to Doll, the risk for cancer in communities surrounding
V}nyl chloride production plants from environmental emissions in today'’s
tightly controlled and well-regulated environment "must be negligible." (Doll,

1988)." oono
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RESPONSE: Doll (1988) did not estimate unit risks or any other numerical
measure of the relationship between exposure and response. He did not specify
numerically what he or his reference considers to be a negligible risk outside
a vinyl chloride plant. Also, he does not consider other environmental
exposures such as landfill sites. So his remark is difficult to apply to the
present assessment.

COMMENT : "Generally, risk assessments utilize animal data as the basis for
qualification of risk. Human epidemiology data often do not have sufficiently
precise exposure estimates or sufficiently well-defined populations to be of
quantitative wvalue. Human results are clearly preferred, when available,
however, and should be included in any risk assessment review. In the case of
VCM there are at least three assessments of sufficient precision which utilize
the human database to estimate risk. In one analysis (Barr, 1982), negative
epidemiological studies of people living near VCM production facilities have
been used to estimate human potency." .
RESPONSE: The previous response to comments from the Vinyl Institute pointed
out that the Barr (1982) analysis is too unsubstantial epidemiologically to be
considered in this risk assessment.

COMMENT . “Barr estimates that 100 é:pb is the approximate lifetime dose
corresponding to a human risk of 107", Purchase et al. (1987) note that
Barr’'s estimate is similar to the highest estimates of 10 " dose levels
derived from animal data and are orders of magnitude higher than the
conservative dose estimates which do not take into account low dose PK. This
result is consiscent with other observations that humans may be less sensitive
than animals to the carcinogenic effects of VCM."

RESPONSE: Contrary to the comment, Barr, in his Taple 1 and consistent with
his text, found that the lifetime exposure for 10°° risk was greater than 1
ppm, not 100 ppb, which was a mischaracterization appearing in the Table &4 of
Purchase et al. (1987). The present DHS docyment gives 0.5 ppb as the lower
confidence limit on lifetime exposure for 10°° risk. Barr offers no rationale
for using the weak data he selected from a 1975 EPA report in order to
calculate his epidemiological estimate. These data do not appear to be
appropriate for that purpose, and such inappropriate use of data would account
for disagreement with the DHS value by orders of magnitude.

Also contrary to the comment, Purchase et al. (1987) do not specifically
comment on Barr’'s estimate in their text. As stated in the response above,
Purchase et al. do not present clear comparisons of eéffects of
pharmacokinetics or of the results of using different basic forms of models
for carcinogenesis. Finally, the commenter has offered no supported
observations to show "that humans may be less sensitive than animals to the
carcinogenic effects of VCM."

COMMENT: "Gehring et al. (1979) compared the results of an epidemiological
study of approximately 10,000 occupationally exposed workers to the values
predicted by four different mathematical models derived from animal data.
They conclude that the observed human results are jnconsistent with the two
linear non-threshold models used, and are gonsistent with both the grobit

model and a linear threshold model. The latter two models predict 10 risk
levels at gccyupational exposure levels in excess of 1 ppm."
oCge--
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RESPONSE: As pointed out in the response above and in the previous response
to comments of the Vinyl Institute, the comparisons that Gehring et al. (1979)
made are now out of date because of a follow up study of Wong et al. (1986),
which found much higher rates of liver cancer incidence in vinyl chloride
workers than in the data used by Gehring et al.

COMMENT: "These analyses by no means prove the validity of the two models and

undoubtedly numerous other models would fit and give quite different results

for predicting the ambient level corresponding to a 10°° risk level. However,

these analyses do show that human epidemiology data can be used to derive risk

estimates for VCM exposures and that the models indicate that the linear non-

threshold models are conservative by a substantial margin. This is to be

expected in light of the well known conservativeness of the models. U.S. EPA,

for instance, when presenting risks estimates describes them as upper bounds

and notes that: “the true value of the risk is unknown and may be as low as-
zero” (Federal Register, 1986)."

RESPONSE: The DHS document does use human epidemiology data in the risk
assessment. The DHS staff does not agree that the linear nonthreshold models
extrapolate conservatively by a substancial wmargin, relative to acrtual
incidence of cancer. Certainly, such models extrapolate conservatively
compared to the log-probit model (Gehring et al. 1979: Model A), but that
model is not in accord with present understanding of mechanisms of
carcinogenesis applicable to vinyl chloride, whereas the linearized multistage
model is in accord with such understanding and therefore most likely to
extrapolate to low exposures accurately rather than being overly conservative.
The feature of the unit risks that is health protective and might be
characterized as in the conservative direction is the use of the 95% upper
confidence limit (UCL) in order to provide adequate protection in the great
bulk of cases. Any model with sufficient data can incorporate this feature.
EPA does call such estimates "upper bounds,” a term that is now commonly used
for UCL although that usage is not in accord with the strict mathematical
definition. The true risk is very unlikely to be exactly zero; so the quote
from EPA, though possible as a point of logic, does not appear to enhance the

readers perspective, particularly in cases of the maximally exposed’
individual.

COMMENT: "In an analysis of alternative modeling assumptions for animal to
human extrapolation, Elizabeth Anderson, (1984) as head of the U.S. EPA Cancer
Assessment Group found that alternative plausible modeling assumptions would
lead to risk estimates that were 15-fold to 10,000-fold lower than the
standard IMS procedure. Thus it is essential to use the available human data
to place some perspective on the results predicted solely from animal data."

RESPONSE: The wmain issue in this comment is the question of what is
considered plausible. If an extreme curve-fitting model such as the log-
probit is compared against the more mechanism oriented linearized multistage
model, then many-fold lower risks will be obtained for the log-probit.

COMMENT: "In an independent review of VCM, the National Health Council of the
Netherlands %1987) derived ambient exposure levels corresponding to risk
levels of 10°° in humans. Their estimates were derived from both animal data
and from epidemiological human data. While noting that the estimates did not
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differ greatly, they expressed a preference for the human daga and reported a
value of 1 pg/cubic meter as corresponding to a risk of 10°°. This value is
approximately 80 times higher than the exposure level derived using the DHS
unit risk of 20 x 10™“ per ppb."

RESPONSE: As pointed out %E the DHS document at page 8-5, the Netherlands
council obtained 1.2 x 10°° per ppb for the unit risk of mortality due to
liver cancer and 2.5 x 10°° per ppb for all cancer. "Both these results were
based on estimated atmospheric exposure. When those results are modified to
take account the pharmacokinetics and to provide 95% upper confidence limits,
the results are close to the present results.” The DHS adjustment of the
council’'s worker exposure of 500 ppm is 115 ppm, requiring a 4.3-fold
adjustment upwards of their unit risks to account for pharmacokinetics. The
council’s average unit risk needs to be multiplied by about 2.3 to estimate
the corresponding UCL ~value. The wunit risks resulting rom both
multiplications are 10-fold greater, or 1.2 x 10°° and 2.5 x 10" per ppb.
These values are about half the corresponding epidemiology estimates in the
document, based on the data of Waxweiler et al. (1976), which was one of the

studies used by the Netherlands council for data on mortality due to cancer in
vinyl chloride workers.

COMMENT: The over prediction of the models can be further demonstrated for
VCM by comparing predictions of risk utilizing the DHS unit risk with human
exposure scenarios. To make this comparison, Table 1 shows the "risk”
predicted from the DHS model for a number of occupational exposure situations.

"It can be seen from Table 1 that incidence rates predicted from the linear
animal model are completely incompatible with that observed in actual human
studies. For example, in the study examined by Gehring (1970) there were only
5 observed cases in 9677 workers. This is approximately three orders of
magnitude less than that which would be predicted by the DHS model.

" Thus, there are a number of assessments based upon human epidemiological
data which would indicate that linear models urilizing animal data overpredict
risk by at least one to two orders of magnitude. In the interests of assuring
that any proposed regulation is supported by as comprehensive a review of the
available health data as possible, we submit these assessments should be
incorporated into any risk assessments which will be used for regulatory
control. This is particularly important in view of the fact that they are
based upon human data rather than on laboratory animal results.

It can be seen from the above analysis that standard risk assessment
methodology and the use of reported literature resulecs lead to orders of
magnitude over-estimates of the predicted risk from emissions of VCM from
existing facilities. We recommend that these inconsistencies in the risk

estiamtes be resolved if they are to be used as the basis for any proposed
regulation.”

RESPONSE: The incompatibility of predicted and observed incidence rates, as
derived in the comments, arises because of the commenter’'s errors in making
the predictions and the citation of incidence data that are not current and
that do not permit adequate estimates of exposure. Thus, the commenter has

made no sustainable case for overprediction or inconsistency of risk estimates
in the document.
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