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February 1, 1990
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Mr. Donald 0. Ames s“*%fﬁg:‘n:
Assistant Chief ‘ﬁmwgﬁ"
Staticnary Source Divisicn

A1l Rescurces Beoard

< Perchilorcethvliene

. Box Z21s

amentec, CA 95812
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Dear Mr. Ames:

The Halogenated Soclvents Industry Alliance (HSIA) crffers “he

enclosed —omments on the draft Technical Support Cocument:
Proposed Identification of Perchlarcethylene as a Toxic Air
Centaminant (Part B: Health Effects of Perchlorcethylene).

HSIA Is an association of prcducers, distributcrs,
ilaporters, and users of halogenated solvents, including per-
Snloroethylene. Our members, as well as cther users == Ter-

cnlgroethylene have a vital interest in The accuracy

uracy z2ng

sclentific validity of the Report.

Sincerely,

) .
Paul A. Cammer, 2h.D.

President

Znclosure

(?nﬂf\v- -—
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RESOURCES 20ARD

COMMENTS CF THE
HALCGENATED SOLVENTS INDUSTRY ALLIANCE
ON THE
DRAFT TECHNICAL SUFPORT DOCUMENT:
PROPOSED IDENTIFICATION OF PERCHLOROETHYLENE
AS A TOXIC AIR CONTAMINANT

({Part B: Health Effects of Percnlorcethylene)

Halogenated Solvents Industry Alliance
1225 1s8th Street, N.W.
Suite 300
Washington, D. c. 20038
202-223-5890

February 1, 1990 Paul A. Cammer, ?h.D.
' President
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BEFORE THE
CALIFORNIA AIR RESOURCES EOARD

COMMENTS OF THE
HALOGENATED SOLVENTS INDUSTRY ALLIANCE
ON THE
DRAFT TECHNICAL SUPPORT DOCUMENT:
PROPOSED IDENTIFICATION OF PERCHLOROETHYLENE
AS A TOXIC AIR CONTAMINANT

(Part B: Health Effects of Perchloroethylene)

Intrzduction

The Halogehated Solvents Industry Alliance (HSIA) offers
these ccmments to the ajir Resgurce EBoard (ARB) cn Part 3 (Health
Tffects cf Perchlorcethylene) of the draft Technical Supg:zrs
Document for the Proposed Identification of Perchloroethv.iene as

a Toxic Air Contaminant. Our comments include a summary sf the

LI o W o WL
T PO W



*

(o}

rertinent literature on the carcincgenic gpotential <

erchlcrcethvlene in animals and humans., 2 discussicn ~r ==e

‘U

-mpertance of species aifferences in metabolism cof th:is chemical,

i

and 2 reccmmendation to cevelop a mere plausitle est:-za

e e o] : _— o . e
=STantizl rigk 2T LlNCSrperatas charemacsl

85IA i1s an association cf users, distributors, and Troccucers
cf chlorinated sclvents, including perchlorocethylene. Zur
members, as well as other users of perchlorcethylene, Rave =

-

vital interest in the accuracy and scientific validity c? zhe
Technical Support Documgnts which serve as t*e basis fzr zhe
Proposal to identify perchloroethylene as a toxic air
contaminant. Decisions made by the ARB on the basis of the
Technical Support Documents will nave a significant effect on
actions taken by local air districts in California to reguliace
perchlorocethylene, on possible future proposals from Cal-2SHA to
change worker exposure levels, and on other risk éssessmen:-
Telated legislation and regulation within the state. As a
consequence of those actibns, a large number of industrial and

commercial users of perchlorcethylene will be affected, as will

the public that benefits from the applications of the chemical.

’ nr‘r;\(\
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xecutive Summary

The cverall weight =of the scientific evidence faor

carcinogenic risk t2 humans at ambient envirznmen

r
W
,_‘
O
~

cccupational exposure levels. The health erfects cof

'

erchlcrcethylene have been studied extansively.

Long-term bicassays of perchlorcethvlene have shown =—-mat -=

Froduces liver cancer in certain species c¢f =ice, =uUT net -a
rats. The proximal carcincgen appears to ke trichlorvacetic
acid, 2 metabolite of perchloroethylene, which induces
Proliferation of peroxisomes in liver cells. Humans preduce less
trichloroacetic acid than mice and rats, and do not exnibit the
ritical bioclogical response of peroxisome proliferation, whica
ls responsible for the formation of liver “umcrs in rodents.
“hese docunented species differences in response <t
perchlordethylene expoéure between mice and rats, and between

rodents and humans, provide strong support for the conclusicn

that the chemical does not pose a carcinogenic risk to humans.

Adding support toc this conclusion are the findings of
epidemiclogic studies in workers exposed to perchloroethvliene.
The overall results of epideﬁiclogy studies carried cut on
drycleaner workers to date de not provide support for the

conclusion that perchlorcethylene poses a cancer risk to humans.

croe-
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The draft report must te revised to reflect Tere zlearly the
significant qualitative differences in metabolism of
rercilcroethylene between mice and rats, and between r-dercs anc

. . = - - . - PRy -y .
-2 negative evidence for sarcincgenisisss an

studies. The weight of the available scientific evidence, zas
reviewed by the International Agency for Research cn Cancer
(ZARC)} and the Science Advisory Board of the U.S. Invircnmental
Protection Agency (EPA), does BQt support the conelusion =hat the

chemical is a probable human carcinogen.

If the final réportrincludes aﬁ estimate of potential risk,
HSIA strongly rTecommends that it incorporaté available pharma~
cokinetic information. Ih the past year, both ARB and its
Scientific Review Panel (SRP) have recommended that the
Department of Health Services go further to incorporate
pharmacokine;ic information into its risk assessments. Although
the pharmacokinetic data for pPerchlorocethylene are discussed in
the draft report, the final risk assessment range (5-21 x 10°7%
for a 2 ug/m3 lifetime expcsﬁre) was calculated without
incorporating pharmacokinetic information. Since this is the
range that will be used for regulatory purposes, pharmacckinetic
information has for all practical purposes not been reflected.
This is flatly inconsistent with the California Carcinegen
Guidelines ("Guidelines") which provide (A-16) that

"[plharmacokinetic data on metabolism of dosed substances,

CIZC2L0



2rfeciive <ose at target site, or specles differences tcetween

-aboratcry test animals and humans shouls -e csnsidersed -

Zose-response assessments wnen They are availablie."

The CHE risk estimate is more than zn =rder =2 =—n=mi=oss

- nigher than the most recent range under consideraticn tv IPA
{2.9-2.5 x 1077, which was calculated using pharmacckinetic
data. Inccsrrorating metabolic and pPharmacsokinetic data ints the
risk calculations will reduce the uncertainties inherent in the
risk assessment process and will result in a mere clausible
estinate of risk to humans. Tn light of =zhe availabilizy
extensive pharmacokinetic data (as reflected in the draft) and
the Guidelines requirement that they be taken into account,
rejection of a physiologically-based pharmacokinetic model in
favor of an approach based on default assumptions appears to be

an abuse ¢f the Agency‘s discretion.

Carcinogenic Potential of Serchlorcethvliene

I. Experimental animal Data

The principal animal carcinogenicity studies reviewed in the

draft are summarized below.

A. 1978 Rampy Study

In this inhalation study, groups of male and female Sprague-~

coertl



fawley rats were exposed to 0, -00, and 600 ppm ¢ the caemicai
for £ hours per cay, 5 days per week for << months. Thev wers
tlien observed for an additiocnal 18 months. No lncrease ln tTumors

17 the exposed animals was Observed.

B. " NCI RBicassav
An increased incidence of mouse liver tumors was Cbserved in a
Naticnal cCancer Institute (NCI) gavage bioaSSay'repcrted in

~877. There z2re a number cf contraversies surrsunding the use cf

-

this study to determine human’ cancer risk. The National Researcn

Council, in a review of the NCT study, stated that "the
quantl*les of TCE [tetrachloroethylene] given were so large that
marked, dose-dependent mortality in both species occurred
throughout the study periocd" (NRC, 1980). It concluded that "the
findings of this study should be interpreted with caution,
recognizing the limitations of the experimental design {e.z.,
nassive doses of TCE, large volumes of oil vehicle, marked
nephroteoxicity, diminished lifespan)." we questicn whether tnis
is "properly conducted bicassay," as required by the Gﬁidelines.
for the evaluation of Potential human hazard from

perchloroethylene.

¢ote12



. HTP Sipassavy

The Natisnal Toexicolegy Program (NTPD, ;é86a] sonducted
inhalasizs Slcassay and zzncludes =sae the
evidence cf carcinogenicity in male Fischer 244 rats, based cm an
increase in the spontaneous incidence of Zononuclear cell
leukemias and a nen-statistically significant increase in reznal
adenomas and carcinomas: some evidence of carcinogenicity in

female rats based on an increase in the spontanecus ingidence =

e,

aoncnuclear cell levkemias: and c2 ear evidence of carcsi geniyc

4

o

av
4

be

in male and female 35C3Fl mice based on an increase in the

Spontanecus incidence of hepatocellular adenomas and carcincmas.

II. Ipterpretation and Significance of Animal Bigassay

Results

A. Rat_Mononuclear Call Leukemia

EPA’s Science Advisory Board determined that the high
spontaneous inéidence of rat leukemias observed in the NTP
inhalation bicassay was not related to perchlorcethylene

éxposure. Slight increases in mononuclear cell leukemia, which

|

SCCurs spcontanecusly at a high and variable incidence in zhe
Tischer 344 rat, were observed in male and female rats expesaed to
200 or 400 ppm tetrachloroethylene for two vyears. Incidences

increased from 36 percent in contreol male rats to approximately

f\hr\lsi
L SRR S Y



30 percent Ln exposed ma;es and from a csntrcl value of 35
Percent o appreoximately 80 percent in eﬁpcsed femaie rats.
mpertantly, the incidence of moneonuclear cell leukemia -2 the
exposed T3ts was not dose-related. The increased incidencsa

hgarres

n

- - S mmAiem e s o - e o -

unesnvincing with respect ©2 Ruman rieb sinas
questions were raised involvihg whether the prcrer staging
criter;a were used, (ii) it is uncertain whether there is
actually a human counterpart for this Type ci leukemia, and :[iii)
the ccntrol incidences exceed those previocusly seen in the
<esting laborétory, and also exceed the NTP historizal contrel
value. Zn this regargd, is should ke neotea :hatrincidence rates
in the tetrachlorcethylene-treated rats were 37/50 (male 200
PPM), 37/50 (male 400 ppm), 37/50 {female 200 ppm), and 29/50
(female 400 ppm). Comparison to a study conducted at the same

laboratory at the same time shows leukemia rates in untreated

rats of 34/50, (NTP, 1986b) .

The eticlegy and pathogenesis of mononuclear cell leukem:ia
in the rat are unclear, which has to this pPeint precluded
mechanistic study of this response. Be that as it may, several
associations in the response render the biological significance
of this observation for humans doubtful. As noted above, it is
exceedingly common in the Fischer 344 rat. importantly, leukemia
“as not observed in the .977 NCI study (Osborne-Mendel rats) nor
by Rampy (Sprague-Dawley rats) in the study described above. Nor
has tetrachloroethylene induced leukemia in mice. These data,

coupled with the apparent lack of genotoxicity of

Fa X .
ecTo14
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-&tracnlcorcethylene, lead us to conclude tnmat =he coserved
Fischer 244 ratc mononuclear cell leukemia s & straln-scec
snencnenon and, as the Science Advisory EBcard stated, is not =7

reievance T humans.

8. Male Rat ¥Yidnev Tumcrs

AS tC the other result in rats, a marginal, non-statistica
significant increase in kidney tumors observed in the sane study,
the Ecard stated tHat the Techanism responsible "appears =z kte
unicue t= male rats", and that recent research "indicazes that
for many halogenated organics, probably including perchloro-
ethylene, the mechanism producing these types of tumors is
Probably not cperative in humans and, therefore, Jay not ke

relevant for human risk assessment" (SAB, 1988).

Two renal tubular cell adenocarcinomas were observed in male
Tats in the NTP Study ar 300 ppm, while none were observed at 200
PPm cr in the control group. Two renal tubular cell adencmas
were also observed in the 400 Ppm group of male rats versus three
at 200 ppm and one in the control group (NTP, 1986a). This
sex-specific cobservation is not without precedence -- small
increases in male rat kidney tumors have been occasicnally notéd
across the class of short-chain aliphatic nhydrocartons. Renal
tubular cell neoplasms have been shown to_be pProducsd by unleaded

gasoline in male rats only.

(\ﬂnrsl
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An elegant series of experidents conducted on unleaded

Jascline at the Chemical Industry Institute of TIxiczolzey ZIITY

-,

Nas shown the male rat kidney tumor response to ce related to the

7 -

Iclicwing events: complexing of trimethylpentane with an

Ty
thy

- - = -y H
=2 —weamaaTo, S=RAL

2lsha-lueglohulin, renmal tuzular aksgrptizn o -
tubular hyaline droplet formation, renal tubular ~njury, enhanced
Tenal tubular regeneraticn, and subsequent tumor development
Seéccndary to ongoing injury. Perchloroethylene, under the
conditions of the NTP study, has been shown ts be nephrotcxic and
~as teen shown, like gasoline, also t5 elicis this nyaline
droplet nephrcpathy in exposed male, but not female, rats. In
Tecent experiments conducted at CIIT (Goldsworthy et al., 1988)
and at the Central Toxicology Laboratory at ICI, Ltd., oral
gavaée administration of 1000 mg/kg and inhalaticn of 1000 EPm
perchlorcethylene s hours/day for 10 days resulted in hyaline
droplet formation in the P2 sSegment of the proximal tubule. The
work at CIIT has further confirmed deposition of alpha-zu-
globulin in renal proximal tubule cells, resulting in ceilular
toxicity, and an increése in cellular regeneration in the P2
Segment of the proximal tubule. Thus, perchlorcethylene, :in
addition to its generalized nephrotoxicity at doses used in: the
lNTP study, has been shown to elicit the male rat-specific hyaline
droplet nephropathy. This is a qualitatively different response
(male-rat specific) which would not be expected =5 occur :in

humans.

22016
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It saculd te menticnea tnat data from the laberatany oI Ir.
Henséhler in Germany suggest the existence cf a seccnd, rery
=1ineor =etaZcllic pathway lavolving percalcroethylene ccnjugatizn
w“ith glutathione (Dekant et al., 1986). This cznjugats
represents apprecximately 0.1 cercent of the administerss icse in
the mouse and approximately 0.0l percent in the rat tased on
pooled T2-hour urine. Dr. Henschler has suggested that -his
2iner metabolite may be a substrate for renal beta-lyase,
Procducing an electrophilic metabclite that could pctentially
Teact with rsnal tissue macrsmolecules including CNA. The
exlstence of a perciilorcethvlene-glutathicne ccnjugate in mice
and rats has been identified at ICI. The minor metabolic
pathwvay, GSH-transferase, has been shown Lo be approximately six
times more active in rats than in mice, and renail, beta-lyase
activity to be approximately five to six times higher in rats
than in mice. Within its limits of detection, <the ICI laboratocry

has found no evidence for conjugation of perchlercethylene with

GSH in human tissue.

Thus, while this minor pathway could conceivably have played a
role, in concert with renal cytotoxicity as well as male
rat-specific hyaline droplet formation, humans appear
qualitatively different from rats due to the apparent absence of
zormaticn cf the initial GSH conjugate. Moreover, the absence cf

2 direct conjugate-mediated genotcoxic effect was demonstrated in
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(Goldswor:hy et al., 1988).

Some scientists believe that liver tumor findings in the
8gC3F; mouse, :in the absence of demonstrable direcs
genctoxic activity, but in the Presence of other epigener:s

{Promotiznal) events, are not relevant --o humans. The hign
Spontanecus incidence cof these tumors complicates tzth the
statistical and bPioclegical evaluation ©f the weight of the
evidence. Two recent papers show that DNA from liver tumor
tissue taken from untreated BGC3F1 mice that have
spontaneously developed the tumors expressed the active H~ras

oncogene (Fox and Watanabe, 1985: Fox et al., 1987). These

Studies indicate that the BgC3Fy mouse may bhe genetically

n

0
|

 Predisposed to iiver tumors, making it an inappropriats model

direct comparison Lo the human.

Perchloroethylene, in common with many nongenotoxic promoters
of carcincgenesis, induces hepatic peroxisome preliferation and
cellular replication in BgC3F; mice (but not rats) at
levels used in chronic bicassays. Moolgavkar describes how a
multi-stage process consisting of lnxtlatlon (i.e., by a direc:
genotoxic agent° by indirect effects on the genome secondary t=2

the pharmacologzc/tox1colog1c effects of an agent; or by conceogene

CZTC18



2cTlvaticn via & spontanecus -or chemically -nduceg Tecnanisa)
< cwed £y cellular replicaticn induced Ly a nongenotcxic agent
wOUld ledad LD an Lncreased ;nc‘dence of Tumors (4oclgavkar ana

Xnudson,  1981). This thecretical explanaticzn suggests :that

'Q

erchilercethylene, a nongenotsxic agent, would ==

8

1--

) -

marve

1
n
tn

sikely to induce tumors in species that are not jenetlcally

rredispesed.

In sum, there is widespread sclentific agreement that an
increased incigdence of Qouse liver tumors. in the apsence cf
other significant carcinogenic effects, is cf guestianabkle
signifi;ance in assessing cancer risk to humans (international
Expert Advisory Committee to the Nutrition Foundation,71983:
Schach von Wittenau and Estes, 1983: Butler and Newberne, 1975;
Tomatis et al., 1873; Grassoc and Crampton, 1972). COne reason is
the very high spontaneous incidence of liver tuzers in mice. The
recent identification of an oncogene in BgCyF, =ouse liver
umers casts further doubt cn the value of =zouse liver umors as

an end-point is assessing human risk.

IIZ. Species Differences

The increased incidence of liver cancer in rcice exposed to
perchlorocethylene appears to have resulted from ceroxisome
proliferation, a mechanism to which rodents are extremely
sensitive relative to Primates and humans. 1In addition,

perchloroethylene is biotransformed to trichlorsacetic acid, the

pr\l\l
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Sroxizate percXLSome-prcliferating agent, tO a greater extent .in
Rice that in rats. Humans, in turn, bicactivate even less

Fercrilorcethylene than do rats.

Trizhlcoroazetiz acid mas itself been shcwn Tz -~auss
percxisome profileration in mouse liver cells and <= induce liver
TUMOrsS in mice when given alone (Herfen-?:eund et al., 198¢).

The level <f peroxisome pPreliferation in perchloroetnylenef
eXposed nice corresponds closely to the level of trichlcrcacetic
acid producticn (O0dum et al., 1888y, signifiCantly, research nas
shown that percxisome proliferaticn does not occur in human liver

cells following jin -vitrs exposure teo trichloroacetic acig

(Elconmbe, legsg).,

Specifically, mechanistic Studies published by scientists at
CIIT and ICI’s Central Toxicology Laboratery have shown
peroxisome prcliferatiqn to be induced in mice, Lut not rats.
after repeated gavage dosing of 1000 ng percnloroe;nylenE/kg/day
for 10 days, and after inhalation of 200 or 400 PPm perchlerc-
ethylene for up to 28 days (Odum et al., 1988; Goldsworthy and
Popp, 1987). The induction of peroxisomes haé béen shown to be
directly related to the metabolism of perchlorocethylene t2
trichloroacetic acid. Aftar exposure to 400 PpR perchloro-
etlilyene for 6 hours, peak blood levels of trichlorcacetic acid
were 13 times greater, and the area under the plasma
concentration vs. time curve §.7 times greater, :in mice than in

rats. statistically significant increases in the peroxisomal

£TC20



narker enzyme -- CN insensitive palmitoyl CzA activity -- 35 welil

as increased numbers of hepatics percxisomes, were aiss scseras

in the mice. Consistent with the marked relative insensitivicy
<f higher mammalian species, including numans, =z cercxiscoe

W& 2gents, Trichlcrzacesic EYuihiind

ti
fal
th

-

These data strongly suggest that perchilorcethylene would net
cause liver tumors in humans (Stott, 1988). Even :if per:xispme
rroliferation is cnly 2 marker =of liver ce2ll lnvolvement i the
carcinogen process, it is clear that human cells have a quali-aT
tively different reacticn to the rodent proximal carcinogen.
‘Thus, humans are doubly unlikely to show a carcincgenic response
to perchloroethylene due to (i) significantly lower preduction of
trichloroacetic acid, and (ii) the relative insensitivity of
humans to peroxisome proliferation, the critical bicchnemical
response. Indeed, the SAB has indicated that 4 mechanistic model
such as peroxisome proliferation is likely %o be imporzTant for

perchlorcethylene (SaB, .2988).

Induction of peroxisomes is not thought to be a linear
function of trichlorcacetic acid concentration in the liver and,
in the case cf perchlofoethylene, is accomplished by the
induction of DNA synthesis in the BgC,F, mouse liver. The
data suggest that rPercxiscme proliferaticn and inducticn c=f
hepatic DNA synthesis, along with the genetic predispositicn cf

the BgC3F) mouse liver to liver tumor induction, act in

(\nﬁ’\ 1
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=Sncert Lo enhance tumoer formation in percnlorceth Ylene-exrcosed
2¢C-7, =mice. By analegy <= trichleroethvlene, = aprears
that genetic predisposition is a critical factor. Henschler has

~epcrted that, after oral exposure to purified, amine-stac:ilized

_______ trcetiylene, 3wiss mizz 2s net apce

{1
"

T Zevelsz nacssic
turors (Henschler et al., 1984). BgC3Fs mice do deveics
hepatic tumors, on the other hand, although both strains are
:aougnt put) metabollze trichloreethylene in a similar fash:izn

quantitatively.

The Zforegoing data, taken tcgether, everwhelmingly surport
the concept that perchlorocethylene appears to be enhancing
Spontaneous liver tumors in BgCiFy mice by a secondary
(promoticnal) mechanism, which conceptually embodies the
Principle of a Practical threshold. TIf a substance acts as a
promoter, rather than an initiateor, the dose-responée
relationship would be expected te exhibit a.practiéal thresnecld’
(Ames et al., 1987). Much of the scientific research referenced
above is neither discussed nor referenced in the draft reporsT.
Copies of the relevant articles are attached. It is very
important that the final report take into acccunt these recent
scientific f£i indings showing a clear specxes difference in
response to perchlofoethylene. In this regard, we would be
Pleased to arrange for a meetinglwith the Air Resourbes Scari or

Department of Health Services staff to discuss this scientific

information.
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Jverall, zthe draft report’s evaluaticn of the epidemicliczagy.
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SAB) which stated in 1985 that the data availablerf::m the six

—

epldemiology studies on dry cleaning workers exposed o

')

erchloroethylene and other solvents as cf the time cf the
Board’s review "do not substantiate the hypothesis that the
Snemical ls carcinogenic Ts humans® (SAB), 1885). Interpretaticn
cf the majerity of these studies is cemplicated by the existence
cf cne cr more of the fellowing confeounding variabies:
simultanesus exposurss to petroleum distillates and/or other
Solvents; absence of worker smoking histories: and an absence of
distinction between laundry and dry cleaning workers which

complicates characterization of types and levels of exposure.

Since the time of the Board’s review, results have beccme
available from the most cbmplete epidemioclcgy siudy of the
industry ccnducted to date (Brown and Kaplan, 1987). 1In this
retrcspectivé cohort mortality study of the dry cleaning industry
sponséred by the National Institute for Qccupational Safety and
Health (NIOSH), the authors examined the vital status of 1,690
workers employed for at least one Year pricr to 1960 at shops

where perchlorcethylene was the primary solvent. The vital

Status of cchort members was determined as of December 131, 1932.

rsﬁ(\z
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The authors found ne increased risk cor cancer .n & supcohors

Sf 6l Zdrvy cleaning workers éxposed only =

1
ercnlzrcethvliene,

1)
0

-n the cchort of workers exposed to other solvents as well, the
=verall cancer mortality r-ate was higher <than, zut nct

' ¥ 2iflzrent frcz, shar Fredicted Usinz U.3. moresliso
rates. The relative numper cf cancer deaths amongy the workers
studied was reduced when compared to the higher cancer mortality
fates in netropolitan areas investigated. No deaths due tc liver
Cancer were observed. ~Ameng the site-specific cancer
nortalities, urinary trac:t cancer (Particularliy tne tladder; was
=he cnly cne found +5 have 2 significant :ncrease. Withiin zhe
Subcchert of workers exposed only to perchloroethylene, <he
incidence of mortality from urinary tract cancer (and from cancer
in general) was lower than that expected based upon overall U.s.
mortality rates. 1In Sum, this study shows ne increased risk of
&ancer in dry cleaning workers expesed only to Perchlorcethylene.

-y

7. Genotcxic;tz

The draft report mentions (Page 3-22) in vitrs studies that

Provide mixed results as to the genctoxicity of synthesized
tetrachloroethyiene oxide, an epoxide of perchlorcethylene.
Such results must be interpreted cautiocusly. Tetrachlorcethylene
oxide was administered directly to cells :in culture at éxcessive
(non-physioclogical) concentrations that frobably cverwhelmed the

éapacity of the cells to detoxify the purported netabolite.
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Thus, the reported positive results were cenerateq under

'y

artificial chysiclogical conditions with TespectT Lo evaluat

b T3 T T

T2 liRkzliliced of activity cf tetracnlcroethylene epoxide.

The extensive zenotaxizisy 2a%z mace “=» zerchl
AUSt supercede these in vitrs resul+s. Perchlorocethylene nzs
consistently shown negative 8CTiVity in a wide variety cf zznzz:
tcxicity tests under normal physiologic cznditions of zetacz..ze
fcrnationt Thus, perchlorocethylene is considered to be
acngenoteoxic by NTP (1%86a). Moreover, the Halogenated Crzan:izs
Subcommittee of the EPA Science advisory ZBoard specifically

addressed the tetrachlorcethylene epoxide cuestion (1887 :

The Subcommittee disagrees with the
statement in the draf+ Addendum that
perchlorcethviene is genotoxic by
implications Eecause a metabolite cf
perchloroethyliene is genotoxic.

Tetrachlorcethylene oxide, the
metabelite in question is not a
demonstrated metabolite of .
perchloroethylene but a postulated
metabolite, although *he assumed

pathway is reasonable. The hypecthetical
conversion of perchlorocethylene to

tetracalorcethylene oxide does not

""ﬁ_f\
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appear to acccunt far the carcincgenic
Properties of per:hloroetbylene,
because get € 1s not
-AUtagenic and because tetracalcrce-
thylene zxide :s aprarently nmex

carcinogenic.

VI. HWeight of *he Evidence for Carcinogenicity

It would ke scientif‘cally inappropriate not T take

by
-

ava;lable scientific evidence inteo consideration in dssessing the
carcinogenic potential'of perchlorbethylene. The Executive
Summary of the draft report States that EPA is likely to classify
percnlcroethylene in category By, but it is our understanding
ffom Tecent discussions with EPA staff that the Agency has net
reached a final decision as to how Lo classify the chemical. The
Sonclusioen in tne'lsae draft EPA Addendum T2 the Health
Assessment Document for Perchlorcethylene was ROt consistent with
the Science Advisory Board’s review of that document, or with its
JOST racent statements (1988) that the weight of the evidence for
Perchlorcethylene "lies on the continuum between the categories
B> and ¢ of EpPa’s risk assessment guidelines." The Board’s
conclusion should be reflected in ke Execuzive summary of the
draft report and throughout the draft report wherever EPA’'s

Classification of perénloroethylene is mentioned.
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in IS mosSt Cecent review of perchlorocethylene, IARC -as
scncluded that there is not sufficient evidence == warcans =

determination that perchlorcethylene is probably carcincgenic =z

7umans. applying the same criteria as IARC results Lo

L ) - L -
fgTerzinazizn at rcerzhlzr

3]
i

= CEsS.C .~ ZETTlnzZzZEnLT Iz

-1 N
.riene is
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humans; It does not justify hazard identificatisn or regulatcry
action premised on a deterxmination that it :s more likely than
not that rerchlorcethylene coses a human cancer :isk. Zndeed,
the change in terminolaogy describing IARC Group 2B was made in
Tart because cf the "misuse, =r ... exaggeraticn ... in the use

is
-

and intercretaticn of experizental animal results" (Tomat

1987),

There are other significant reasons why perciilorcethylene
should not be identified as posing a cancer hazard to humans.
The Guidelines recognize (A=14) that when there is csnflicting
evidence in several animal bioassays, the positive and negative
_ resuits shculd be weighted by the adeguacy of the study Zesign,
the appropriateness of'the species tested, the pharmacckinerics
of the species, and the statistical power of the test. The
Guidelines further state (A=15) that final conclusions concarning
the carcinogenicity of a chemical shoulq be drawn from evaluation
of the total body of relevant evidence. Because the nature,
extent, and the gquality of data concerning carcincgenicity vary
widely among different compoﬁnds, the evidence of :arcincgenicity'
also varies among them. The final evaluation of a specific
chemical must, under the Guidelines, contain an assessment of the

lakaXd
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STIength of the evidence as te its carcilacgenicity and snould

ilso czntain a description cf the uncertainties underlivine the
issessment.
The zvailanl:z Zatz o= matakelis, ~8ZNENAsSTlZ., :nd zenszT.z

facters, summar:zed above, has been regarded as highly
significant SY EPA’s Science Advisory'aoard and cthers in the
scientific community. The Air Resources Board‘and the Departrnent
OT Health Services must make a full and fajir evalyaticn ¢ al:
these data, as cart of an overall weight-of-evidence

determinatisn as to the potential carcinegenic hazard of

~bPerchleorcethylene.

VII. Available Pharmacpkinetic Information

The risk estimates Presented in the draft repcrt range from
5 ©o 21 x 107° for lifetime exposure to 1 ug/m3 cf
perchlorcethylene. In comparisen, EPA has developed unit’riék
estimates ranging from 2.9 to 9.5 x 10~7 (1986 draft Addendum '
to the Health Assessment Document for Perchloroethylene). ‘“There
1s, in our view, no good.scientific basis for the presentation of

20-fold higher risk estimates, based on default assumptions, :ban

these being considered by EPA.

The draft report should incorporate physiclogically~-based
pharmacokinetic (PE-PK) information in order to develop 2 more

Plausible estimate of potential risk. At a Public hearing of the

CLlies



Zalifornia Air Qesour-es Beoarg ccocncerning :ng proposed
identif;cat:cn cf methvlene chlcride as a TZX1T 21r csntaminanc.
chalirweoman Jananne Sharpless stated that such an estizate would
"help this Board try ts interpret the inforz=aticn on Rcw we zC
abcut conmtrolilin

T = T AT .aT ., vm -QSQ)- - = -l = - =Tt i Soa
- - v - - g - - . — - —— -

Jy}

to the upcoming reviews cf other chlorinated solvents {(i.=.,
perchilorocethylene and cthers), and expressed her desire on Denalf
©f the Board that a "mgst plausible" risk estinmate be cevelcped.
HSTIA Lrges the Zevelopment of such an estimate by reflectins

Tharmacckinetic informatizn.

Use of body-surface area correction factors are‘npt
appropriate in the case of perchlorcethylene. Surface area
scaling assumes that humans are more sensitive than redents,
despite the fact that carcinogenic responses in redents after
eéxposure to perchlorocethylene are unlikely to be ohserved in

humans. Body weight provides a better basis for dose adjustment.

In a previous draft assessment of perchloroethylene, <the
Department of Health Services recognized that "ft)here is
extensive information available on the metabolism and uptake [of
perchlorcethylene] in mammals," and the "ftihe product(s) cf this
metabolism, rather than PCE molecule Per se ... are thought to be
Tesponsible ... for the carcinogenicity in laboratory animals."

The drarft report menticns some of “he oclder pharmacckinetic

CITi29



informaticn, but does NOT address several sore recently cuclisnea -
works applving a physiolcgically~based Ehamarcskinetiz SR-cut
2odel. While section s contains several calculated dose

adjustzents, the draf+ report concludes (pa

0
m
]
1]
i
14
fu
rt
'-
ot

1
‘1]

Pears cremature T use «he metabellized Zgse in surren-

estimations cf human risk."

The fajilure to incorporate availablé tublished infcroatien
seems inexplicable, in light of the reguirement in the Guig elines
{A-le) that "fp}harmarcaklnetlc data on metabolism cf dosea
substances, effective dose at target site, cr species difZerences
between laboratory test animals and humans shall ke considered in
dose-response assessments when they are available." 1f the
report centinues to provide an estimate of potential cancer risk
associated with exposure to perchlorcethylene in the environment,
all available scientific data should be incorporated inte the

estimate.

Several scientific articles published in the last two yeafs-
apply PB-PK models to perchloroethylene. These lncludé wWard, et
g;., Pharmaccklnetlcs of Tetrachloethylene, Tox. APP. Pharnmacol.
93: 108-117 (1288): Travis et alt., a Physiologically Based
Pharmacokinetic Approach for Assessing the Cancer Risk of
Tet:achlorcethylene, in The.Rigk Assessment of Environment and
Human Health Hazarzds: a Textbook of Case Studies (Paustenbach,

ed), J. Wiley & Sons (1989); and Chen and Blancatc, Role of

Pharmacokinetic Modeling in Risk Assessment, Perchloroethylene as

hr\l‘\ o
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in Ixample, .n Naticnal Research Csuncil, rFharamacckinetiss ang
Risk Assessment, DOrinking Water and Health, Veol. . Nat:izcnal
Lisdemy rress (1987). Cories of these articles are attacned.

#e urge that the final TeporT zake use cof %he availlabis

-
- - -—a o

VIZZ. Flaws 10 Tstimates n Drafe Report

The range of unit risk estimates Presented in the drar:
Tepert s entirely inconsistent with past human experience. In
srder TS test the predictive value cf the risk estimates :in zhe
draft report, we have calculated below the risk to individuals
cccupationally exposed, assuming exposures to have been 2T or
below 200 pParts per million (the AGGIH TLV for 1948 toc 1981 -~
the relevant latency period). Using the upper end cf the range

presented in the draft repcrt (144 per million at 1 ppb), =he

risk at 200 Epm is:

1-exp(-200x1000x144x10(-G)x

10 cubic meters x 5 days x 49 weeks x 30 years)

- — —— - = 0198

20 cubic meters x 7 days x S2 weeks x 70 years)

Adakakel 1
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CORRECTED PAGE

Thls calculatich shows, in other words, a potential risk of
£80,C00 in 1,000,000. Needless tc say, this is a very large and
wery detactable potential risk. The example cof 2 30-vear
exposure at the TL? may be unrealistic, however. Thus, the table
Presented at the end of our comments shows similar calculations

‘

for different fractions of the TLV and for the lower and upper

bound of the risk estimates in the draft report.

It can be seen from this table that even the lower bound on
tie risk estimate range shows extreme (e.g., 7,000 in 1,000, 000)
rpotential l;fetlme risks. Assuming that the exXposure scenarios
are rea;istic, either the calculated potential risk is real, does
exist, and has gone undetected, or the calculated unit risk
estimates are wrong. Past manufacturing plant experience would
indicate that particularily the low end of the ppm-year scenarios
are very consistent with past practices and may even be under-
estimates. For example, drycleaning workers, who have a
geometric mean exposure of 22 Ppm with a skewed distributicn, hay
have an average exposure generally exceeding 25 ppm. Yet‘the
drycleaning industry has been the subject of numerous
epidemiology studies, none of which have detected a risk of the
magnitude shown in the table. This is true as well for other
industries that use perchlorethylene. Thus, we are left with the
conclusion that the unit risks estimates in the draft report

vastly overestimate the potential risk tc humans.
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Cther Comments
We are

™.

The =

ee decaffeination is incorrecs.
ylene has ever been used for coffee
tiat purpose currently

XEZUTLIVEe S

ethylene is used far coff

Nt aware that perchlorceth
it is not teing used for

decaffeinaticn;
The Executive Summary states that =he COSHA PEL Ior
-ST an 8-hour TWA. The GOSHA PEL was
-hour TWA.

Perchlorecethylene is sg ERPR
recently changed and is now 25 ppm for an 8
-2 that the Era range cf risks

The statement on page 1
the draft report is arithmeticalily
whereas the

includes the DHS range in
The EPA range is 2.9 to 110 x 1077
is S0 to 210 x 10-7,

’

The interval 50

incorrect.
range in the drart report
the interval 2.9 w2 110.

5-2 that metabolizead

0 210 is not included in

The statement near the bottoﬁ of page

doses lead to higher unit risks than administered doses is
irrelevant.

Tisk estimates, but

mathematically Correct, but misleading and
Metabolized doses will lead to higher unit
thus risk estimates themselves

equivalent doses will be smaller,
depending upon the metabelism and

can be higher or lower,
distribution of the particular compound.

ccon33
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The Q* correction on the bottom of Page 5-8 snould :e
Tlarified «z differentiate between exXposure perizcé ang
SLservatisn period. The correction is used as a Policy decision

“hen the cEservation peried of an experiment :s less than

e

-.l2tine, far examgle in «-=2 first butadiene STuse ZToZy

dosing is for Cne year, and the animals are observed far zn
additicnal year, as in many of Maltoni‘’s Studies, the correction

factor :ig 104/Te raised to the unity power, not the thirs cower.,

The ccomment thae inter-individual variability is net
acczunted for in the PB-PX zodels is correct, but the same
comment could be made for other models, including the IMS model,

unless the surface area factor isg viewed as an individual tissue

sensitivity factor.

O~y '
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EXxposure
Scenario

UPPER EOUND

LOWER BCUND

RISK RISK
144/MIZ22I2CH 4 3L MILIIIn
) per ppb - per cgb
200 ppm 0.98 0.59
30 years
150 ppnm 0.96 0.4%
30 vears
100 ppm 0.87 J.2¢8
30 vears
30 vears
100 ppm 0.75 0.26
20 vyears
100 ppm 0.50 0.14
10 years
50 ppm 0.29 Q.07
10 yvyears
25 ppm 0.29 Q.07
20 vyears

coonds
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-oJarpary 27, 1987
Honcraole Lae M, Thamas SAB-ITIET-57-513
Aeminiseracser

Y. 8. kavirzcrrencal sroteczinn Agency
401 M sStrees, S, W,
Washington, D. €. 20850

Dear “Mr, Thomas:

re Sciange Advisnry 3caru's Envirormental Heajs= Camitt2e has
crrlenad 183 review of 3 draft Adcendum to the Aeaith Assessment Document
for Fermnlorsetayiene, Tha Camittee Previcusly reviewed the draft
fealth Assessrent Documenc on May 9-10, 1984. an Addendum is cesiranle
Necause of newly availaz'e <ata, primarily an inhalaticn cicassay of
roaents ty the Nazional Texioology Program. The Cammitces has conducras
1S raview Frimarily threucn tae Halogenatnd Organics Subcormizzee, wnese
regort is actached.

Ihe Subcormittes heliwsvas it is reasonable ta Tescride che weigh: of
the soicemiological evicence in humans as conforming to tme EPA guiceline
Sor carsinogen risg assesstent definition of "inadequat2.” The Subcamittre
C3ncluces that the animal 2vidence of carcinogeni-ci- s is "1imited® SDecause
of positive results ip only one strain of mouse cf » type of turor tihac
1S coTon ana citficult to interpret. Thus, the . comittee conclucdes
thac rerchlorcechylens Selongs in e owerall] weiss c-of-zhe-evidence catenory
C (possizle human carcinogen).

Siven the currene evicence, the Subcomirtee byTothesizes thaz,
peratiznally, prrehlorcetnylene may be an indirect aczing carcincgen or
carcinogenic proroter of low potency. Ry srawoter, tne Sutcomitsse means
that gercnloroesnyiene alone Coes not induce tumors. Instead, percnlorcecnylena
aJpears to act in ooncert withh other substances, encocenas pracusses, viruses,
oncogenes, or radiacior, ~Nicn can initiate cancer in =he aosence of sIomters.

we apcreaciate the SPEOrTunity to comment on this imporzant public
health issue ang Fequest that EPA formally respond to cur repore.

Sincerely, .

1, " R

i.., ,L‘Jm - e e
Norton Nelson
Chair, Executiva Coritree

4 -
@0_4./1.4’— N At DT

Richard A. Griesemer _
Quair, Envircrrencal Health Comittea
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Dr. Ricrharz A, Griesemar

Chair, Envirsrmental Healen Cxmissae
Science Advisory Boars

J.5. Exvircrmencal Frtecticn Agency
401 ™ Streer, sw

wasnirgten, OC 20460

Cear Dr, Griesamer:

The Halegenacac Jrganics Subcormitsee of the Znvircrmenczl Healen
Committee nasg capleteq 1ts roview of a draft Addendim o the Zesalen
Assessment Docurent f-r Te::amlcroe:nylene (Perznloroecnylene: lpcarad
Carcincgenicity Assessrenc: LPA-450/8-22,/005F - Marcn, 1986). The Eaviren-
mental Heaith Coammis-ae FTEVIUSLly raviewed the cratt Health Assesspene
Docurent for Pemlommylene on May 3-10, 1934, ang Sfansmitiad a repore
en this craft to rma Agency on sameary 4, 1985,

The craft addennunm :ig cased on a Nationmal TIvieslagy Program innalaricn
Dicassay of P2rchlorcetnyiene in recents, The <. ommittee finds that the
Sicassay is of feascnadly goexd quality, and thar _serul results for risk
assessoent can be obrained fram iz, The Subcomm trse cisagrees with the
Agency's interpretatinn of the data that increac..s in either renal tubular
cell neoplagia o rononuclear call leuxemiae in 7333 rats were assoclatad
wins PRI loroethylene éxposure. The Subermricree agTees with rmhe conclusicon
in the document thar rerchlorcetnylene inhalatien ls associated with a
Significant inecrease in tle frequency nf lives carcinama in BEC3FL mice.
ihis result crovides experimental verificacisn of an assureg extrapolation
JeTween routes cof aaministration Srom 3 Javage stugy, as descrized in tne
fmalth Assessrent tomzene.

+12 SuCoorminrede believes it is reasonable %o descrie the weight of

the epidemiological evidence in humane as onforming to the FPA r;uideliqe
for carcincgen risx assessment definitinn of “inadejuace.” The Subcormittee
concluces that the anima) 2vidence of carcinogenicity 1s "linmicec® Secause
of positive results in Only Sne strain of mouse of a “ype of tumor that is
commn ang Cifficulr eg intargree. Thus, the Subcormitiee concluces thar
prrciloroethylone ™lergs in the cverall weight-cf-zhe-eviderce category ©
(possicle numan carcincgen)., :
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n tme elnion of same memoers cf vmp Subcammzzee, 2 Suane
iSsSesgsmant of rerchloroetiylene g Sesiranle, ang the mouse ~<asa
agecuace fzr thig SUrnose.  Trearmene o5 ~ls assessrent as 3 ‘whagersn
calculat:ien, as Fresented in tne Criginal Healen Assessment coene,
1S desiracle. Suem a gquantizat:ve assessment PIORADly Wil se=~ mrat as
-hCrease in zancer would not me ceteczed in tne groups mose XTCSed oo
Perchlorcettylene ae CSITant exposure levels, This inference ‘eserves
menticn 1n tne execurive srrary. The analysis of rharmacoxines g in =2
araf: Aadencunm is cTmendazle ang will Support further estlates 27 pae
POSsisilicy 2f cancer in exposeqg >opulations.,

he Subcermiitsea Tequests that rne Envirsrmenta} SRalth Carmisrea
adcress t=e 3<estion of uhe:ner'on&:ailed Or two—tajled Statlsiical =ag=z
of significance are appropriate for sme routine analysis of Sisassay cara,
Agency sctafs reportes at rhe meeting tnac cne—tailed tests are Tutinely
usec. This use assumes thae chemical Susstances can only incraase rhe
freqrency of cancer, but this assumption seems contrary te empirisa]
coservations. Resolutien of Llls issue wyl] :nfluence the conclusicrns
recarding ;e:‘::‘.lor::e:nylene. i 2agizion, the Subctrraitrce recuests thas
e Eavirsnmeneal Health Camirsuve 3rrange fcr a detajled review of the
physiclqzcal—pnamacoxinetic mCel ysec in the analysis of peres!ore-
etiyleane. The Subsommitree Teviewed some Tesults of the mocel Xt not =ha
fMoCel cer se. rpa is likely to use the mocel ia whe future to assess tha
risks of oemer Supstances.

In suppors of the review of Percilorcetnyler -, the Subcomit=ce requests
thac the AGency srovice the memers with analyses ~f /1) muman carcinogens
and their effaces in the rac ang rouse, (2} hyma- wepatotoxins ang their
effects in eme fat anc rmeouse, and (3} human rena; oxins and treir 2ffecrs

he Subcormittee Selieves that :ne final Addencim will ennarce the val-e
of the Healen Assessrent oczment and thae, contingent =n the cetTIction of
tle 1ssues Ciscussed in ecne attacnea resors, the cormnt will se sclencifio-
ally acdequate =g meet its statceg FULTCSses, we appreciate the xToorIinity
L3 cTmat on enig punlic nealth issue And request a3 formai response ts oyr
advice, :

Sincerely, \ - .
- 4 . - —}*\
/ / \ -r:.‘f__;}

e TN S
- ’:)—""\I’ 2 Jd'lﬂ m‘“no . p Ph.D..
—— Y- Chair, Halogenated Organics Subcammissos
. .

=

S pye Ot e u&-:&fm

/
/Seym:ut Abrahamson, Ph.D. ‘ ‘
Vice-Chair, Halogenated Organics Subcoamittee
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R HI HALOGRMNATED CREANICE SUBCIMMITTIE f THET
DNVIRSNMENT AL GEAITH CoMMITIZT o A CRAFT LDDENDIM THE

P A e e - — 8 - —— - WS T T

TNt ASEESSMENT ICCTMENT R S ISRAGLIROETZYIDNE (PERCHIQROET=7 o0 E

e Halocenaten Crzanics Subcaomitzee cf e Envircomencal Seai-:, —TITittze of
PA's Science AIViscry Boarc met an May 15, 1986 in “acison, Wiscorsin, iz saview
3 Cr2it Adcdencum to phe Health Assessment Socument far Ten:amlorae::ylene (Fer=
Shlsroeetnylene: Updacea Carcinegenicizy ASsessmenc; EPA-400/8~32,/00SF2; Mare-m,
2986). The Envircrmental Healrn Camictee FTeVIQUSly reviewed the cras: Sealtn
Assessment Socurene far ferciloroetnylene on May 9-10, 1984, a rexcrt 2n mis
Srait was sent t- e Acency en Jaruary 4, 1883, The drafc Addencim FTimar:ly
analyzes tre resuirs of a4 l¥8S innalacional Siloassay v the Naticnal Texicslogy
Procram Ferizrmeq ar Baczelle Pacifics Northwest Lacorateries. The Subcamizspe
SaANKs tne Naticnal Texiczlogy Program for Sending a representative, Dr. sonn
Minnear, o centrisute to the discussicn ar the May 15th meering.

The Suceomitses concluces that the Accencum :moroves the Scilentific fmuncat:icn
N2 existing Sealss Assessment Document anc furthesr Lmproves the Agenc:'s
7 "2 perizmm a risk assessment {or thig wToounc.  The Agency intenmes fer
2:2h Assesspent Dcument o serve as 4 muitimedia source goctTent. The
Itee Delieves rhac, SAtIngent on hne correcticn of =he issues ciscussaen
7TALT Acdencum will alsg ne sclenciliically adequate for cnisg surscse.
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wdaline AsSsurance of smp Bicassav

“he sSubcomitsse reviswed the availasle quality assur=::e informaticn z¢ the
Sicassav. It ecsncludes that these audits were sroperly carsiad aut and gererally
aAre uonsistant wizh each other. The quality assurance Proc:ss idencified
ciscregancies uTing the collection of in—-iife toxicology 2ata, werificaticn of
analyrical Chemistry results, cage injuriaes, =rief overexposure of the nign dese
GTRUD 2f rarg, autolysis of some Specioens, and the failure te secticn all lesions.
SO animal escapes anc confusion over animal idencis ication were reportec. HCw—
ever, itnere is lirela PCSS1bility that animals ol fzom conerel to test cages,
or erween test GBS, Decause the animal Rousing in ehe Battalle innalac:on
Slamper 15 well contrzlled, and the Clamoers are in rooms within a Zarrier fae:lies,.
e Succamittae also Soes not believe thae msorting a few animals would lixely
create a posicive result as an arrtiface with a rare cumor, The rancem moverent
of 2 few animals Setween cages is more likely to obscure the cetection of a

Stacistizally positive finding of an infrequenrt lesion.

These problems are fairly cammon in Sicassay work and do not impece the inter~
Precat.cn of clear, distinceive findings. ‘e Subcomittee belisves that =me
Picassay zrzvided 2ata that are adequate for risx assessrent, unless EPA attampes
TC interzrat small Gi1fferences between groups of animals,

The Subcommiczae recarends that whe ACency sumarize and assess the wmeli-
caticns <f tme Quality assurance informacion in the £inmal Adcenaum.
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sntersrorarien cs =mp Carz:imcoenico= Fesyule

The craf: Adcdenmcim Cescrides two lesicnhs <f ootemsial interest ==ar ;ocurTas
in Fisner I34/N rats--renal tusular mecciasia ans Tencruc.ear ceil lsuxemias,
The Subcomittee cancluces tnat the Natiznal Toxicclogy Frogram Licassav Zoes nor
FESVICR & scientific magig %S associace eitner les:icn ~“1Th imnalat:isnal 2XTCsure
.52 percnlcercetnylana, Sctn fincings wouls Tesult Irom small differences setween
cznersl anc Lr=ateq groups, anc they conflicn wiewm Otner tioassays cf ~ercnlcro-
etnvliene in tne rar ang wnicn are ErTblemacic in relatizcn to the Gualicy assurance
SShcliusions, Roen findimss have fuitizle zroplems, eny one of which cverwrelms
the intargreeatien. Nese sroblems e luge:

a) ?er::lorce:nylene 7ellner agpeared to incuce én LACrease in rare renmaj]
tulular reoplasia in male rats, nor was the trend in these tumors arong the

male racs dese~ralated. \n renal eubular necplasia were omseried in female

Tats. The reporreg nunoers of acenamas in male tats were 1/49 (ec=nerel), 3/49
(200 pom) amd 2/50 (400 zmm). Rena) tebular carcincmas eccurred in /49 (conerol),
0749 (200 FER) ard 2/50 (400 P cf tne male raes, when results of morn

SUMrs are reporsad, rse Mroers of animals affecrag ~were 1/49 {conerol), 3,49
(290 =) ang 4S9 (30C zm). Toa STilute stacistical significance to the
Sincings in maje Tats, the analysis aggreczated adencmas ang carcincmas. However,
the analysis of rCers of animals wipe &leNaras or carcinemas as a group is

A0t an covicus Slolegical cracedure, ‘

e, Fatholagy of these STors is noe well=-unerseaeg. and little Sackground
1aformarion is available in tme literacure. The dia:"sis of renal tutular
Aecplasia in the rat is not a clearly uncerstsod proc.-iyre anong excerts.
Whether or noe conversion fram adenoma en carcinama -rours is not Xnown, and

e draf: Addenchm coes not review this subtecz. 1In =diticn, the statistical
énalyses Supporting onelusizas in tra Laxt 2re in erv-r. The Fisher exace

test has heen Miscalculaced, ang trent has not been analyzed.

e Subcormitsee TeCOmmends thac the Agency cevelcp better descriptions 2f (1)
She patholagy of the renal tutalar decolasia in racs {inclugding spectlartions
ABQUL Crogression or conversion), ang 2) the raticnaje for aggregzating the
numSers of animals wieh acenamas or carcincmas. At 2 minimm, it sneuld assass
facn cata ser inCependently befors evaluating the aggrecated data, andg tre
results of stacistical tests for any trenas, For the tenefit of potencial
non—excert readers, tne £inal addendum needs to clarify that the erumeration ct
Tats «ith carcinama eor acenama is subject debate,

To analyze tme Tenal tubular necplasia results, the Agency has to acdress
Several competing hypotheses, such as an unusual occurance within: the specilic
STOUE of F334 rats used in the bicassay, aberant housing conditions, histori-
€al undercetection of remal titular necplasia, induction of tuors by perchloro-
ethylene, and so forea. Fight (8) ouc of 148 (5.4%) male raes had fincings

- of adenama or carcincma. Either this frequency or the frequency for all un-
traated rats, male ang female (8/296: 2.7%) can ne Compared to the reportec
historical frequency of 4/1,720 or 0.23%. (The rote in the drafr Addencum

coes not cleariy stcace ehe Sasis of the historical observations.) The Addencum
also needs ts address tme credidbility of this number in tne light of the probably
variable search for lesions in the apsence of CIOSS observations that suggest 2
necplastic response. Histcrically, renal tubular necplasia in control racs tend
tS e uncer-reported. : ‘
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CUeSTISNS an Te 2sxed inC Tmen anseeres, iseus sessitla cicliogical
SiZas reasens Izrotne ciiferences La STntrol ang sverall t-meisence.
STTmLIItee suggests that the stass zalcuiate nre srior lixeliihooo cf the
¢ renal tusular neeplasia uncer Zifferent nYPCLneses abpcut the average

Sl ocourrence, USING the PolsSson 4isTrisuzion. e stafi can capare t-ese
r23ull3 T2 each ctner ang no cowe Ciolajical inzerpreracicns of e2qm nymcsnes.s.
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Sroetnylene dic nct aggear o induce a marginal lncrease in meno—
e ell leuxemia :n rits. At z-e cresent time, =me scientiilsl cammuniz,
Ras a peor understangine of tme Fatnology of —~ononuclear cell leukemia. —-e
n2ign frequency in all GgTups. lncluding controis is not usual far F384 rass=.,
Ne resglizs suggest faulty pacnologieal ciacnosas or some 2nusual ciroomscances
<0 the 2t oolonmy at the tumz.  The execant of characterizing monomnuclear ssll
leukermias was nistopatnclogical examinaticn.  Other means of Charactar:izat:izn,
NI are necessary o distincuisn necolas:: fram leuxocytic hyperclasias ==ap
may Zevelct in older rats, were not usec.

“he resulss of cthe statiseical analysis are not convincing. The Addencum
~resents tne renonuclear cell laukemia dara in terms of a srogressive throe

Staze classification wnich appears = =e greliminary and ad hec. The stajing

of cilagncses does not resresant 2 cInsensus efizrt of the corrunity of exparienced
J2tolegists.  However, tnhe drafr Addencum STates thacg the strenich of the
evidence for carzinogenicity in tae £334 ear rests on the resnluticn of issces
T3:jarcing Ine uncertainey in zne assigment of frequency witqin the stages i
Tononuclear cell leukemia.. No Suman analocue is xnown Sor ~ononuclear ceil
seukemia cf zne rac. This absance is a2t Umpartant for EPA‘s olicies on
carcinogenicity, althoucn a lack of corresconcence dess concern same biolegists.
ficwever, tne acsence of a human analegue is importanc. <hen staging is considered,
Since staging refars to the usually more extensive i=-Irmaticn on leukemic
Prrassisn in ho-ans.

It 2 two-tailed test is used, the most Striking coser-ation in the results
acsurrad at 200 pom, in which 18 of 50 female rats ln the control group wers
reportadly diajnosed as Naving rononuclear cell leukemia in 2ne of the three
sStages versus 30 of 50 of the perchlorvettylene nrpated ferale rats. This
CIMArison leads to a confidence limit of about p = 0.U3 &y the Fisner exact
test (two-taile2q). Regardless of the stacistic. .3 versus 30 is not a seriking
ooservaticn and, given the generally nign frequency of mononuclear cell leuxemia
alagnoses 1o all groups, it is worth imuiring ~hat the chance is of finding
Such a rasult if two of six groups are drawn at randam, each Jroup being susject
€5 the same hign, random frequency of diagnoses (repnreec as 179 of 300 or
apcut 60%).

In oral stacements at the meecing, Acency staff reportad thac a statistically
significant difference becween untreated andg perchlorsethylene treacad racs
czuld Be otserve! for rononuclear cell leukemia, if the Lime-to-turor was an-
alyzed. This may %e the case, but these oral statements contradic: the writzen
Statemnes in the drafc Addencunm reyarding time-to-tumor. Same Subcommittes
memders have attempted to evaluate whether or not diagrosable roncnuclear cell
leukemia ocourred earlier in perchlorcethylene expaosed rats than in unexposad.
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-8 Zresenzaziin of caga s otne ~radt Logencum s suem wmat mmis cxTariscon
~2NACT Ze mage because neltner TSe acTilal cata, -zor tre cepencant [rIianil:i-:ee,
are fresancec. {(See “statistisal anaiyses," Selcw.; Heowever, tne cratt Ac-

fencum states anectodally ac several poinsts thnac --is CINSArison LS net wore-
Taking Secause of analyses containeg in nre Naticral Toxiczliogy Procram Tremxcre.,

ine Craf: ilcdencdum coes not review tnhe analysas, anc soes not sresent tne
SUEPCETing Zata. However, if the cral coments are CTTrecT, then eirther t-e
naricral Taxicology frogram analysls, cr tne intergTezacisn o s analysis 1n
the drai: Adcenqum, is in errcr.

aat

Scientiiic support for the conclusion that Percnloroetnylene exposure is associzcen
“1ti increased frequency of morcnuclear cell leuxemia in rats, baseqg on the
Naciocnal Toxieology Program Dicassay data. Any effcre to do so shouid begin

with an exglanacion of wny the frequency of this mmor did not increase afrer
perchloroetnylene expesure of rats in ghe bisassays perifsrmed oy the Nacicnai
Cancer Institute and By Rampy and co-worxers.

The Sudcomitiee suggests thar the acency will experience i€ficuley in gaining

The Scocormictee agrees with the statement in the craft Addencum thac firse
ceneraticn nvSric mice of CSTBI6 ama 3y carenctal crgin (36C3FL) exnibit stagistically
significant increases in carcincma cf tnhe liver associatea with expesure to per-
cnlorzethylene Sy innalacion. These resulis confimm the findings of a National
Cancer Iastisuza Stugdy with the same strain of mouse and administration of per-
chlorsetnylene by 7@vage. The Envirimental Healtn Cammitree and its Subcmmittees
have consistantly <rged the Agency to calculate the sotency of a carcinogen for
all routes of acministration when caca are availanle &= cnly one rcute (using
the best Seneral informacion about uptake, absorption, ~acacolism, distritution,
eliminaticn ard mechanism). Once cata has existed for ne route, it has acvissd
EPA to use the empirical evidence as the nasig fer feciiion-making and to forgo
the hypothetical calculation. Parchlorcecnylene provi-s an example of experimental
valizZation, hoth Gualitatively and quantizatively, of tme hypothetical extrapolation.
However, this validation Joes not Shange the interprecation on which a decision
might De tased. No new, aispositive informaticn has »een gainen.

Although the POSSidilizy exists that carcinomas arise ce nova, the available
evidence strangly Supports the icdea that the adencmas and carcincmas represent a single
.Cisease crocess %o wnien scientists have applied an arsitrary division into two
alagnostic t2rms. Since we usually don't know the rate at whicn the various lesions
progress aftac exposure to a given test cnemical, amd because nistolegic e?idence alone
is not entirely a satisfying indicator of biological behavior, the Subcommittee _
recamends analyzing the lesisns boch sepcarately and cambinez. It snould e remempered
that many mice with hepatic caircinomas aiso have acencmas that have not teen inclucdes
in the summary tallies. :

Other tata from the National Toxicoleay Proaram Bicassav

The Subcarmzittee requests that Agency staff fully assess all of the information
availanle from the Naticnal Toxicolegy Program study. The draft Addencum notes
the occurrence of squamcus cell netaplasia of the nasal cavity in male raes Sut
does not provide sratisecical analysis of significance or trend with dcse. The
dratt Addencum refers wo a finding of renal tusoular cell hyperplasia in rats, Sut
no data are provided. Renal tubular karvamegaly is noted in rats and mice of
bDoth sexes, out no data are provided., . ‘
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Te Suzegmmiitee alss recorencs Lhat Agency srtars ngrougnly a2ssess anc
-STerzrec tne significance cof morvals Y Qutcoaes for roents ehrInically axpesec

S perchlicroethylene in tme Narisnal ToxicTlogy Program micassay. These 2ara zan
SPorTant in setting scancarcs for Qrinking water. Cne ~AtEeresting possiziiisy
-5 that e xidney also i1s a target oSrzan. The drafc iddemei=s ~cres <XCRss
Terzality in mice at 100 Fe and 200 pEm but suggests tmae smis result s causec v
hepatlic cancer. an 20propriate statistical analysis gf MrTallily Will Sorree=-

$Zr this effecs SY correging ior ceatns from negatic cancer ‘a Le-loencte-torr
falculaciza).

i

g

Starisrcical An2lvsis of eme S8icassav Resulrs

The display of cata ang Statistical analysis of these data in tne drafs sccencio
needs revisizn. The Subcarmitzee foung some ¢ritical instances of Tlsguotatisn
anc errcor.

While tne statiscica)l analyses reported in the Accendum can e Teprocuced oy
the Subcormittee, this can only be done if a one-tailed Fisher exact rest js
used. The use of a cne—trajileq test is appreoriate, if rercnlorcethylene only can
‘ncrease tre frecuency of cance-. This assumotisn is cuticus wnen t=e tackgrounc
-1 the conersl group is hign, ane it is contrary to the general knowledge apcut
n2 effects of chemicals ¢ tumor Irequency in rodents. * instead, a two-tailed
t8St seems apcropriate. The Acency should stace whether an analysis is one-rajles
Or two—tailed in che texe.

Mecacclism ane Bharmacokinetics

The Suocommittee believes that the draft iddendim g the final Health
ASsessment curente Provice a thoucheful response to t-.. comments regarding
rlhArmacokinetics made ring the previcus review, The :aca in the draft Addenchm
are adecuace feor evaluating porential Tetabolic mechan:sms which pertain to
possible carcincgenice effects perchloroethylene. Further, the Subcaomittee
COMMANGS the Agency for the discussion of the different mechanistic implicaticns
of Percnlorcetnylene metabolites in the inducticn of cancer.

At ~resent, rme Subcormmittee has only reviewed scme results of s=e el used
Y Agency staff to analyze caca for perchlomethylene. Because of the =tential
rPorTance of such srocels £5r EPA risk assessments, the Subcormiitice recTmencs
Chat the Envizzrmental Healen Commitree undertake a revies of the general appruvach.
Hdowever, the Sutcomiitses has developed a consensus regarcing sne issue that was
Subject to contenticn Quring the public Teeting. FPA has not double ccunted the
factor for interspecies extrapcolacion of metamolized dose. Secause stafl have
™celec the apsolute amcunt P£2C unit volume (tissue specific concentration!,
Sane axtrapolation between species is required. However, the Acency lcses scme
of the power =f the physiolegical-phammacokinetic zmdels when this approach is
taken., :

* See, for example, J.K. HASEMAN, "Patterns of Tumor Incidence in Two—year Cancer
Bicassay feeding Studies in Fisner 334 Rats,” Fundamental and Acplied Toxicoloy
3 (1983}, pp. 1-9.
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Secause of the rolicatien cmac setracilceroecnylene oxicde is a carcinocentis
‘ntermearate, discussicn of tee Teaciivity cf varisus haloechylene ox:des smeyi-
oe incluced. Agency staff shoyld Search Lor studies whicn correlacs the chemiza.
Teactivity, hega:atoxici:y and carcincgenicity of Nalcetnvlene =-x:zes, SuESh as
those Cy nenschiler or Yan Duuren.

Most sticies mave atirilutec tme metapolige o) o percilorcetsaviene ts a Srooeses
reactive metabolire, tetrachloroercnylene oxice, wnicn is ceonverteag SY rearrangemenc
t2 trichlorcaceeyl enloride, e latzer wil] acylate rather than alkylata macera-
mlecules. The acylation reacs:zn could Se follocwed by Spontanecus nyrdrolysis
ard regeneraticn cf the free macromlec:les. Thus, no genetic effect may be
cbserved. Indeed, Van Duuren anc coworxers Nave concluded from their studies af
the carcincgenicity sf varicus Ralo~sucstitiices etnylene oxides thar tetracnlor-

Cetnhylene oxice is NOt carcinogenic when administered to rars Dy any of several
routes,

The ciscussion in the addencum sugoests tmac tetrachloroethylene oxice is the
Snly reactive, carcinagenic metamnlire formed folloning perchlorcethylene ad-
;kaistracion. The Subcarmitiee recormernas that sther putative carcincgenic
“etamolites be described. Tor example, clutatnicne conjucaticn procducts snould
also be inciuded. The role nf tmese potancial revanolites in eliciting effects,
sueh as renal damage or carcinogenicity, snaule be discussed. Henscnler nas
Sucested glutachicne conjugates of vari-us haloernylene erDaincs as the preximal
lnitiators of renal toxicity, particularly afrar hydrolysis in the kicdney renal
runule,

Several authors nave descrited the covalent Sindin: of radicactive perchlero—
etivlene to tissues after metaonlic aczivation. This “.nding may be parvially
Que to the formation 2€ acyl derivatives after the formacion of tricnlorcacyl
chloride as an intermediace, as Suggested Ly stucies ir +hich trichlorcacetic
acld was found aftar acidic nydrolysis of labelled macramolecules. The sig~-
nificance of the acylation reaction in genntoxicity is mot clear. However, no
covalene Sinding to Ceoxyrzbomcleic acid has -~een cemonstrated, which is in=-
dicative of a Ffotactive or hydrolytic mecnanism, Perhaps accelerating the
cecomoosition of Setrachlorcethylene oxice to trichlorcacersyl chloride before
the oxice can gain accese Lo ceoxyribonucieic acis. Trichlorcacetyl chlorice
can react with macroolecules to form varicus tricnlorcacecis acic eSTers wnicn
may uncerge rapid SnZymatic hydrolysis to 7ield trichlormacetic acid and re-
generates the macITolecules. This hypothesis merits investigation,

Genotoxiciey

The Subcammittee gj Teées with the statemene in the draft Addencdum that er-
chlorcetnylene is genotoxis oy implicacion “ecause a rmetabolite of percnlc;'c-
ethylene is genotoxic. Tetramlomethylene oxide, the metamolite in questicn,
is not a Cemonstrated metabolire of perchlorcethylene =ut a pastulated mecamolite,
although the assumed. rPathway is rzascnaple. The hypothetical conversion of
perchlorsechylene ro tetrachloroethylene oxide coes Not appear to account for
the carcincgenic Frooerties of Peruilorcetnylene, becayse pemlorcemyleng is
not rutagenic and Decause tetrachlorcethylene oxice is apparently not carcincgenic,
fercnlorcetnylene has Deen tested in many rutagenicity hicassays, a few of which
show positive activity, but on balance the weight—of-the-evidence is borderliine
ard not conclusive.

I atate)
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Jiven tne current evicence, the Sbcommitize nvpcrtnesizes that, sreraticnacly .
.De:‘::‘..‘.:r::ec::ylene'my De an inclrect acIing cargimeogen cor carcinogenlic Sroamter
St low crmency. By prooter, the Subcommittae means thac percnlorcetnviene alcre
S0es not incuce tumcrs. Instead, percnlicroetnylene appears to act :n congers
¥l Cther suostances, endocencus srocesses, vimisaes, Sncocenes, or raciaticn,
“Nlc can Lnitlate cancer in the aosence of FEOOTers. [nitiators are usually
SOZUGRT T Mo genotoxic sucstances, Sinding ta cdeoxyribcrucleic acid ia crer ==
cause 1n1tiating events. when rerchleroetnylene 1s rresent, however, SuUmors ars
coservec Jnen they would not otherwise be, even “hen the 1nitiacor is not xnown.
Aitnougn Zefinitive evicence is lacking. perchlcroecnylene appears to act at 3
~ata2r stace in the carcinogenlic process.

The evigence whicnh leads to the Subcomittee's nypothesis thar cerchlcro-
etnylene may act as an indirace 4Cting carcinogen or a sromoter is that percnlore—-
ethvlene: (1) procanly is not mcazenic: (2) aces not =irg o ceoxyritonucleic
aciZ: (1) increases the freguency of liver carcinamas in BACIF1 mice when these
CIOrs are commonly seen in the sane Strain not exposed to perchloroetnylene: (4)
induces liver carcincma in a Species and strain specific manner: (5) induces
Peroxisames in the livers cof 36C3FL mice, wnicn crovides an altarnative mecnanism:
anc (6) aces censistently in comparative stucdies of tale—substituted echyvlienes
wN1lch Lncicate tnat asyrmetrically substizured compouncs. generally are carcinegen:ic,
~nereas symmecrically sunstisutes senerally are noe.

The Envirsrmental Heains Commitsee has previcusly reviewed the epicdemiological
evicence as i: <as ciscuissag in the Health Assessment ~~mment. The Subcarmittee
finds no reason to alter the Cammittee's previcus fingi-x;s ac this time. The
Nat:isnal Cancer Institure may puslish a new epidemioles study of perciilorcecthylene. *
The Subcammitiee recommends that the: Agency svaluate rrase results in the Adcendur,
1f they are availanle in a tizely and sacisfacrory for-.

Weichtecf-rha—avidence Catecorv

Based cn the Maticnal Toxicology Program ticassay results amd the Agency's
Guicelines for carcinccen risk assessment, the Subcommitose concludes that
“limizes” evidence exists for the carcinogenicisy of rerchloroethylene in animals
Secause zhe 2vicence arises only £rom a single scrain of mouse and because the
kKinc of tumre assocrated with perchiloroethylene exposure in this mouse strain
maxes it difficult to create an inference rejarcding human carcinogenicity. The
2pidemiclogical evidence is described in the Healt: Assessment Docment as "in-
adecuate.” Working from EPA's propesed guidelines, the Subcomittee concluces
that tne overall we ight—of-the-evidence category is C (“possible 'wman ca:‘cmoge_n"’ .
The Subcommittee has carefully considered and rejected the pasition of scme statt
that positive evidence of liver carcinama in the B6C3Fl mouse associated with
eXposure to perchloroetnylene oy two different routes of administration should
change the weight—of~cna=—=vicence cateyory to B ("probable human carcinexgen®).

* See A. BLAIR, P. TOLBERT, T. THOMAS and O. GRAUMAN, (Abstract) ch:ali;y among
Dry Cleaners. Fourth Internacional Symoesium on Ecicemiolocy in Ocrunaticnal
Health (September l0-12, 1985). '
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Retrospective Conhort Moridality Study of Dry
Cleaner Workers Using Perchloroethylene

Demd P. Brown, MPE. cnd Scmuel D. Eapian, MD

TO evamiuse the CErClBegeIc poctecnal [ram occupanooa:
#TPGLUre 2 percaioroeinvisce (PCE). a retrospectve cotors
TWOITALLY JTUQY of WOrTers empioyed iz the dry cieantog
Bdustry was coaducted amony 1.550 worzers (rom four iador
dmions. Tls Ze)orty of the cogort cad pocantial exposure to
POLTOIOND s0ivents a3 well as co PCE waue wormep i3 tae dry
clessing :austry, Morzality from primary cagesr of tie iver
VRS of pAruCUAr (OteTewt. due o e Ondicgy of excass liver
SROcer i zuce expoasd to PCE Otler xitew of cancer were aiso
of incareye

4 tocal of 453 deazhs wore cossrved, wasreas 57355 were
xpected based op qumwvmw
CROCery comoined WA gTeatsr tian expevied (142 obsarveq v
122 9 expected). No deatss due to lLver cancer wery stasrved.
U&m}yﬂnmrmmmy:m.nn wYiere there
WAs & sucuticaly sigmificant excess i otmerved deathy (12
cimerved v 4.7 sxpecsed), TRhere LS s0@me coRmTaGCY i thase
dndicys scross the four individue! UILoOS And SCTURN rRON SOX
FTOUPKR. 4 JUOCOAOrT of Workers wao ewrv empioyed only 3
dry ciaaning iops that used OCT as thotr primary sdvess
was deatled Som the umon recorcy. There was onty cas
deazs from urinary SRet caocer wosrens !.J dearss were
' expected in this suscosort.

Pore:.unmthyion- (PCE). also known as tatrwchioro-
stiyiene. i3 a soivent used commoniy fer cieaniog
fabric (dry ciesaing) and for degreaning metais, [t has
been estumated that at least 1.8 uilion workers in the

Prom e ndustrywuis Staties Sraccs. Divisien of Sarveiianss,
In-nlvummmm:lmh—--ro--
panonss Safety sas Hewta Clzonsan OH (Dr Sroww, Asmstant
Gu.n:mmsmul—nnhlutuuhmibrm
be is currwntiy smoeyed by e Cailformis Department of Hesmita
Serviams ).

Addres smrrersesdence w: (sdusrywids Stadiss Erases. Divimen
d’m““mmm.ﬁ“hﬂ-
nmhmhﬂ;mhm“mmﬁ
Qamasas. OH 452041998, :

-1 T/ ST/ 3N8-00 308800/
Capyruyn © by Amsress Oessenmemes Modian Asssnaes

United S:tates are poteatially exposed to PCT.' Pyt
poanipility <=at PCE couwid pose & mgmificant occuca-
Sonal heaith mak to these worzers was reised artar a
National Cancer Insututs (NCT) biomssay indieazed thas
PCE induced liver tumors 10 exposed mics. In addisian,
toxme uLUAr Zeparopetly was observed i the Treated
=ice.

2 an uapubifahed stody conductad by The Dow Chem-
ical Compaay in 1977. there was uo evidencs of & tu-
TArogeiic reSponse in rats ¢xposed by inhaistion to
PCE. There was iccrensed morality among the racs io
the high-doss group. )

The Naticoai Toxicoiogy Program (NTP)? recently
completad & stady whare F344/N raes and BGEIF, =uce
were exposed to PCE by inhalation, PCE produced remai
tabuisr cail karyomeguly, whick is an sbnormal enlargo-
ment of the cwil sucieus, and renal tutuisr cail hypon
plams iz rzta. It also incressed the incidenes of renas
tubuiar call adenomas or sdenocareinomag in maie rats.
Bo:hlc'mhigad.om“m'lﬂmndmmu
incrwased incidesce of mononucisar ceil lsuksmua in
male rats and in femaie rats the iow dose increased the
incidence of leukemia Iz mice there was a dose~reiated
inerwase in the incidence of hepatocsilular Reopiasms.
PCE aiso produced renai tubuiar esil karyomeguiy in
mice.

Due o the poteatial carvirogwnis effect of BCE as
demanstratad by the animsi studies sad due ta the
widespread use of PCE in the workpiace. az epidemuic-
logic retrospective cokart mortality study waas con-
ductad ts exsmine the effacts on exposed worikers, par-
Henlariy the mak of mortality from cancer. Aftsr evai-
CAting the gumeruucs occnpational fTOups pozantisily
fIPaaed 3 PCE. the dry ciesming industry was chosec
for tie epideminiogic study, becanse PCE bad heen used
48 & clsnaung solvent in this ipdusery for at lemst 30
yours., .

PCE was iptroduced inzs the dry clsaning industry ig
the iats 1930s but did noc rapisce other synthatic. soi-
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YRALI 3USS a8 CRIDOR tatracticrids un|l aZortly arlar
worid War I Jumag s muse pemod petroieum deamv-
smivas (Frunsriy various typss aof Stoadard solvents)
Wers the PreAODURANT OITERL used iR dry ciemmng. A
ZTaduss agift &om pewrolenm demtvauvss to PCE begma
o the lacs 1940e. This snift i solvents inereased in the
196802 aad eany 15604 Sowwver, i e peniod before
1860. pecrvisum dermvattves werw soill the dominans
seivents, 3y 1ST7. (28 Ln4usTTy esmumated thAL ARPrOX-
imstaiy T4% of commermal dry cisanizg skops used
PCE. about 2472 used pemrvisum scivents azd the re=
mainder used fJuorocarsons (Ppermvtii commURICATON
Zrom William Fisher. [atarzacionai Fabricare. 1983).

A exposure evaiuanon survey, woich ineiuded a
ragdom samgpie of the fasiities (sill in buncem) in the
spidemioiofic sTudy, was coaduetad from 1977 o 1979.°
Thers were 44 commercai dry cieaning sitops incinded
in the survey. Tlme-waigsted average ({TWA) a2d peax
sxposures to PCE were detsrmined by coilecting per-
sonal air sarpies. Other mivants used ar spot emoval
wers ai30 sampied. The oparztor or dry ciesaer had
exposures siglificantiy higher than the other worzars
(gecmetric =ean TWA of 22 ppr= v approxamateiy 3.0
Pp=. respectiveiy). Bassd on historical exposurs daca
some of wiaich dats bacx w3 1958, the leveis al-exposurse
ta PCE iz commaercial dry cienning sbops Aave remazned
fairly constant nnce its intodacmos into the indosery.
The survey aiso rvvesled that there was consistancy in
the ievel of exposures by gvographic location. The oniy
SuCAnCS detactad L the mur mmpies during the sqrvey
was PCE. Therefors. even though other soivents were
used for spot remowal. their sirborne comcsntIations
ware scodeteciidie.

Methods

The study cobort was defined to include werrers

expesad ta PCE for a minintum of 1 year prior to 1960,
agnd wnth zZo mown previcus cecapmrional exparare (io
ihe dry cissmng industry) to carbon tatrmesloride ar
trickioroetnyiena.

Bacords maintained by four local unicns were used %o
idennty dry cleaner worisrs wio mst the definition of
the study cohort. The majority, if 2ot all of the dry
cleaning shops were commercial ax opposed to induscrial
cisaners. Worgsrs ware ciosen oniy wihen there was
documentation that they werw employed for at least 1
Fear pricr to 1960 at a sbop wiere PCE was the primary
soivent. Some azd/or a compiets solvent history was
avnilable for approxumsatsly half of the shops smpioying
union memberas If no soivest history was savailable for
& particular shop, empioyment in that shop was znot
considered in detarmuning the eligibility of union mem-
bary. For sach siigible worksr s kistory of smployment
in PCE a3 well a3 non-PCE dry cisaner shops was coded.
If soivent Ristory was uaknown prior to 1960, it was
anzusied to be non-PCE inasmuch as most shops used
petroisum soivents prior w this dats.

Ia an attempt to restrict an ansiyrxis to & cobort of
worksrs primarily exposad to PCE with no coafounding

ITDOSUre (0 DECIUINUIR SOLYEOLI. 3 3ubdcooors 3{ Forgers
»no wery CIowd (o De smpioved OJLLY LD 3Zopa wohere
PCE aras tSe Primtary solvent waa identifiea.

The vitai SCATES of COOOrT ZSACSOETI WAL determizec
a8 of Dec 31. 1982 For tois 1dentifled a3 cecesasec.
copies O sSer aewis cartficatas Wers gotainen ang Its
under:ying cause of deatd was coaed DY & ITninea nosol-
gt according to the Hawimon of the [Sisrmationa:
Clasmication of Diseasas (ICT) := efact ac :3e tz=e o:
deatl. Those lost W ilow-up (unxmown vizal status
and those who died sufsequent 3 i3e ciosing <ats of the
study. ie. Dec 31. 1982, werw cozsidered alive for jur..
posas of AnAIYIIS.

Parson-years st risk (PTAR) were caiculated {or sace
worger starcng aftar 1 7ear of smpioyment iz 3 PCT
shop(s) and euding &t the date of dsatd or t2e closing
date of the sTudy, wiichever cecurred firsz. Tsing a lfe-
table acniysis systamm.’ the PYAR for eack worzer wers
cumbined into S-year caiendar time periods and S-vear
age groups. PYAR were additionaily distmbuted =y
leageh of employmeat and by tixme sinee Orst smypioy-
zaent in PCE shops (Istency). S=piloymment iz cxxrmow=z
or petrojeurz solvent skops was 2ot used it the caleuia-
tions of leugts of employment or lataacy.

Tha PTAR stracnifled into age and caisndar e pe-
riods were @zitinlied by the corvesponding US moresiitr
TRzas 0 Tieid expectad numbers of deatks. At the e
of this stady, the lifs-ctxbis anaiysis system omly =sun-
tained US mor:aiity ratss througn 1978, the end of the
eighth revizion of the [CD. To caicuinte expectad daschs
througn 1982 for this study the death racas [or the
intarvai 1975 to 1979 were based on US desths occur-
ring througs 1978, and the desil ratas for the intervai
1960 to 19832 werw sssunad to be identiesl to the pre-
vious time period (1979 to 1979).

Tha cbssrved and expectsd canse-specific deashs were

armpared and difarences were tastad sssumung the

Poisson distribuotion.’ The risk is rvportsd as a stand-
ardized mortality ratio (SME). defized a3z ooserved/
expecied descis X 100. '

Becanse ssch of the uniona inciuded in the stady werw
locmted in iarge metropoiitan citiss woers the mortality
rates from cancar are gunsraily higher than those of
the total U5, stats movrmality rates corresponding to the
loemtion of eact union wers aiso used in caiculaczng
expectad cancer deaths The stats mortaiity rates more
clossiy estumace the razas of the c:Hes.

Rasuits

The cobort totaled 1.690 worzers with 493 deaths and
contributad 42287 PYAR o the analysis. The wital
statns {ollow-up thromgh Dec J1. 1982, was succeasrul
for 93% (ie. T9% losc o follow-up) of the cnmort. The
follow-up for ‘amaies (92%) was much less comuiete
than for maiss (9752). This is primaniy due 0 aamse
changws and women drupping out of the worx fores at
an sariier age. Therviors. thay are isss likaly to be Liatex
in the Social Securary Adminixtrazion records.

Ths subcohort af worksrs empiloyed omly in shops
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Taers PCT Tas the Pri=iary soivent otaied 615: 113
RIS Tales. M4 dOD-woIts maies (95 waits {emaies ana
213 nonwrute femaies. There were a tota: of 13T deazhs
idenrifled in t2:s supconors,

Althougz all sitas of canmcer and parucuiariy csncer
of the iiver were the causes of STWALAEC ntarest. moitinie
causes of deatil Fere aiso examuned, Tabie | listz the
ousarved and exvectad deaths for most major diseases
and {or specific sites of cancer. As seen iz most cosort
studies of worzars. tie cnsarved gumoer of desihs for
all causes i3 iesa than expectsd {493 obsarved v 573.5
expectad: SME = 86) with statisneally uigmficaat def-
icits 1n diseases of the circuiatory systam and disesses
ofthe pervous system (pruzanly scrore ), demonscanng
the Zeaitty worzer efect. The number of abserved
destas for ail ceopissms 3 higher thac expected (143
observed v 122.9 expected: SMR = 118). No dentis from
dver cancer were cosarved. woerwes 1.5 ware sxpectad.
Only urinary tracs cancer showed a statisticaily ngnif-
iczat excess in sbserved desths (12 cbserved v 4.7
txpected; SMR = 255), Within the UMDy trist cancer
catagory. both Kdney and biadder cancer werw sievated
Ttl tladder cancer being statisticaily aigmificant (8
chserved v 2.7 expectad;: SMR = 296).

QOtber intsresting resuits amoug tha maligoant neo-
Plasms inciude cancer of tha carmiz utem waich shows
& sievated SMTE (10 observed v 5.1 expectad: SMR =
196) and cancsr of the breast which is stightly lower
thag expected (12 cbserved v 128 eXpectad: SMR =
87). Thesa resuits Probably reflect the socioecoaomuc
status of the cobart wiich is geuernily lower incoma.
T2is type of pactarn bas deen shown in other yeudies”

In the soaiysis of cancer mortality based om demcth
Tatas of the state where essh union was locatad (rathar

Ban ize TS deatz mates). tare are 1402 exvectsa
deatns {rom all capncer sites waica i3 Cioser 12 e 142
deazis ocoserved iz :Ze study popuiagon. Eowever. ax-
capt [or psAcrvanc cancer (11 ocoserved v 10.7 ex-
Pected). (Zere was very littls chsnge 1D ihe exTectsc
Iumber of dsatns {~um tne specilic ntas of (zterest
UNZary tMact cancar e axpectsd zumper of deatns
Sased on 3tAts rates 3 4.9. v 4.5 based oz TS racas.
Thereiors. ail remairizgy reswits o this @AQUICTIEE are
Sazea oo exDectea deains cucuiated usmng TS deata
TAtes. )

Mortulity from all major sryun systems (other than
cancer) was {ower thax expectad. except for a slignz
¢Icass 2 disemses of the digemave systam (22 oomervea
v 18.8 expectad: SME = 11T). Mortality trom all ace:-
dents is ugnificanciy lower than expectea (3 obsarvea v
2.9 expectad: (SMR = 13). Aimost ail cazeagortes of
accideaw izowed a dedcit in morsaiity, wnth tranapor-
tation sccidants accsunmag for the largest pormiem of
the oversll catagory (O chserved v 10.7 expectad),

Morzality by race sad sex group was examuzed sen-
arately. For ail groups. overzil mortality was lower
t2an expeciad. and cancer mortality was Rigler *:ac
eXpectsd. [2 noawaits males the axcess iz cagcer =or-
tality wes swacistically sigmflcanc. In three ouc of ::a
four race/sex groups mortality from biadder and Cdney
SRncer was sievazad. altlougs these wery based on smayl
IUmbers of abserved and expected deaths. For bisdder
cAncsr & yjuatiznically significant exceas was observed in
zonwhits males (3 ocbserved r 0.8 expected: SMRE =
50Q). Breast eancer was lower in both racial gToups and
COIVLX utari cancer was ligher than axpectad. In ail -
four groups mortality from accidents was sigmficanciy
lower than sxpected. In whits maies therw was ag un-

-
]
- ua

TABLE 1
'Qmmqﬂw&-mﬁunnhrmv“n&ruﬂulamh

s Oharvey Lapemes MR E L

Al MANIIRITT MECOLLEITE (MNY 142 H-— A 118 §7=-136
MN ot DU eawty ams creryns 3 2.9 103 2T=302
MN of Sgesuve oroans aro certoneun 38 5.5 197 76147
MN ot Irestne excmot reczm 16 11.8 138 73-220

MN of iver Q 3s - -

MN 3t pancreas 11 [ X 17 86=310

MN of rescwratory sysmam 2 ) 114 78=184
MN of Dreast 12 132 7 A5=152
MN ot temae gunrtar organs 18 2.7 128 T2-204
MN of carvx uten 19 .1 195 35363

MN ot mae genrta organs ) 55 145 63-2868
MN ot unnary orgarns 12 47 255 132 =450
MN of kznery 4 20 200 55317

MN of aaccer 8 7 58 128=-588
MN cf oty ang usDecTec stes &£ 121 153 R=236
MN gt lymorane 2/ hemamooeoc Stue 4 93 Q 12-110

Cisanses of the nerves sygam . o &5 73 £3-38

Disaasas of the crouaary sysam . 163 =20 mn 6032
OCisaasss cf the resceratory sysam = 2.7 30 31-120
Disaases ot the ogesove sysmm 2 1.8 nr T3-377
Crrnaus of e svar 14 129 105 60-:183
Csasses Of e gersrourmary systern 10 162 38 47-180
Gl of Te umary sysmm < a3 657 73-2188

Acoents 3 29 13 I=37
Vioclence 10 124 a1 39=149

Al coatrs 493 T35 ' 7854

'Wu@nm.mmmumm
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2aual Joging wnthun ciseases of D8 QELIQUIDASY TYS-
tam: 2 Jwatnicsly nguficant exXcsas W mortauty STom
saicuii of t2e urinary systam was {ounc (2 ooservea v
Q.09 expectaa). ’

Morwality was aiso examined acToss \ndividusi uoions
wRich represenc totally indepencent coporss, Consistant
ot the fizdizgs of the combined comoret. 3 defisit in
averail mortality and az excess o caacer mortality wuas

. 3oted asruss ail four umoss. There was also & dedeis iz

sccidents in all four usiosy, [n tiree of tha {our Umions
there was an excass it biadder cancsr. T=o of wmich
werv stadistically sigmificant. Two of the four unions
bad an excesss in ddney cancsr. Al umons had an
incresse in cancsr of the intasmne. The SMEs by racs

and sex groups aad by wmuon {or seiectad causes of deach

are summanzred in Tables 2 and 3.

Apaiyses {or caacer of the intastne and bladder by
lenges of empioymens in PCE shops (& surrogmes of
exposure) and by time sznce Arst sxposure (lasency)
werw canducted to aid iz the intarpretation of the re=
auits. Thede ansiyses are given in Tabies 4 and 5. There
Appears 0 be a pesitive tread of increasiny risk vtk an
increase ic latency apd exposure for both cancer sites.
Separats ansiyses for Ddney cancer ars zot gresentad
because of tie smail cumbers. :

Iz che sudbcoaort of workers wiiao were empioyed ounly
iz shcps weere PCE wus the prisary soivent. thers was
only one death from umnary tTact cancer. waeress 1.3
were sxpectsd. Both of the deaths from reacsi calcuii
were igciuded in this subcchbort. whersea oniy 0.09
deatihs wers expected

An attampt was mads to confirm the cause of demch
{or ench of the biadder and Kidney cancer cases. Medicni
histories azd patfoiogy reports were requestad from
the hospital where the death occurred. [nformation was
obtaned for six of the smight bladder cancers and onwe of
the four ndney cancars. The czuss of death from ke
death csrtificats was amfiraed io sach case wherwe
{nformation was avaiishis from tie Sospital.

Discussion

The diseases of concern in this study were all sites of
cancer, especially cancer of the liver. Liver cancer was
of particuiar interess because of the NCI bicassay and

the recent NT?P? study which demonstrated that mice

sxposea t3 PCT deveiopeq Lver Tumars. The NTIF Itucy
ALSG QEMORITIRLSq 2e PO ZAY 08 amoqatad With Tenau
CArCINOEeIICITY A8d (SUKSmUA IO rati Becmuse it 3 ooz
cigar ZOW Al SLLImAL CATTINGLES MILAT aXPress itsalf as
s Quman csrexmogen. aul other sites of cancer wars CH
JLATNSS b TR

Mortality £om all causss was [ound 0 be less t&az
expociad. wAICS i3 Brooadiy due to the “hesithy worgar
edect.” Moriaiity Iom ad cancers was higher tiacz
expected. sinost rracning saanstcsl significance——357:
confidance iztarvai for the SME was 97 ta 138, Tx:s
excess in sll caccers was s conustens fnding scroas !
race and sex groups and all unions: Jowever. tiis excess
was recuced wien stats morialily rates wers used for
caiculanng sxpectad deaths.

Urinsry wTact cancer was the only specific mts founc
to bave a satustically sigmificant axcess in observea
dentas This excess was primarily dus to bladdsr cancer
however, kidney cancsr was aiso found in excess. Thers
was some conmustancy in this finding in that bisdder
eancsr was elevatad {z three out of the four racessex
grous. and iz tiree out of tke four uniocas. aittoug:

TAEBLE 3
mmumwwm&uwm
Cansss ot Deawr Umonil Umamd el Uman e
Al cxses kAl = 84 %
Al maagrart MeOCASTS 2 124 13 106
MM of TtEixe 167 115 138 156
MN of gancess il ra 214 < 187
MN of lnoney —_r 22 - =
MM of tiacoer 1.000~ 418 20 -_—
Az — e - o
‘P 05
4 e o A0 OOBANVEC CARTS.
TABLE 4

Muwrmiey From Cancar of T Froasone (Excac RecRsn ana Cancer of e
Bz oy Terw Sence Frst Evoywnaw (Lamancy) o Ferchcroscvaens
Shoos”

— M of VEREE MM of Basser

o Ctmarvean/Execoas (ST  OtveervessExoscams (SRR
«<10 AT - [+7, « IC P
10=19 239 (154 0.9 =
-3 10/4.9 (204) 5111 (455
=3 M2 - 03 (1.000)
Tetad 167718 (138) T (9%

@ma rxrtasty ragso.

TABLE 2
SIINGaRTETNG Moty AZDos X Semcted Clnes Oy Ace ant Sax Grouos of Ory Caaner waorkers
Cause ot Dearn . Wives Manes  Wiein Femes Marvwnne Malss Narerns Fonsmm"mm
All cupey 9% a8 73
All MENGTIANT PEOOLETNS 197 17 . 148° 110
MN ot stesone [~ ] 138 313 "1
MN ot Carxiraas 111 167 143 288
MN gt Kiarwey 143 2 - fn < =« §
MN of Htacer 73 400 500~ —
MM of Sraast — 9 — -}
MN af carnx — 188 — 08
Acocants — -_— 3=~ —
“p < 08,
T == = N0 SOrved OBSTE.
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TABLE %
mm@wanm1mimnhanﬂmwmcmnmm

TR o Erh ous vy MM of ¥vrewEr MM gt Bleooer
tyn Obiarvan / Expocms (SMN} Chserved/Erpecied | 3MM)
* - 6/8.1 (3 11,447
5~3 £3.1 1161 0.7 571
C—14 ST (234 20.4 (500}
=185 M. — 1/0.2 {SCQY
Totai 18/11.8 (138) 8127 1296)

* ADDrEVIACOnS USed are: MN. AN NeooIasT: SMA, SNGAMTATRC MOy rang.

these were generasily based on smali sumners of observed
aAxd expectad deathy. Eidney cancer was slso eievated
in tiree out of the four =acs/sex ‘Troups and two cut of
the four umicns, It is interssnng that both kidney and
bladder cancer were found in exesss. It cap oniy ba
Specuiatad LAt these two cancer ntes are reiatad t5 a
CEmman eticlogy. Iz studies of cigarerts smokxars.! and
of workers exposed to benmdine’. both nites wers ele-
vatad.

When mortality from bisdder CAncer WAl exarmined
by iateacy aad exposure (based oz smpicyment in PCT
Iasilities) a patierz cousistant Wtk an occupaticoa
sticiogy was found. The inereased risk for bisdder can-
cer mortality cccurred afar 20 Years of latancy whica
is aiaaxhr 0 other studies of kmown bladder CAITINO-
gens.”

In this study the caicuiation of both exposure and
anwnﬁ?@moﬂymmm
it was azsumed that petroieum solvents were usaed dur-
ing time pertods of unimawn soivens: cse and these time
Periods were sot used in caicuiatng exposure or lg-
tancy. For some plants thiy Amumption may be itcorreet
and PCE rather than petroieum soivents couid bave
'bo.nuod.m:'anuundﬁnin:r-a.hnnqm
'mmtnrmmmzmr.mmmm
crsatas depends on whsther the bladder cancer deaths
m:&cﬂdmnorlmthummwoaun

Ia ke snalyms of worgess empioyed omly in shops
where PCT was the primary soivent. there was 20 sxcans
nak iz morrality from bisdder or Eidney cancar. There-
{orw. the excess Mk occurred it worzers with a potantial
for mized exposures g PCE and pervieum soiventa.
m;ﬂ:d.i.n.gdoumpﬂdeCBu:th
mudnmth-mhmmmrbut
cartainiy wenksns the posxibiiity of an association. In
addition. here is experimestal evidemcs that kidzey
mrmyhﬂmnmhnmhm
solvents, Racently, in a study by Kitcken.' vaparirsd.
calssded gusoiine indueed Hdney cancer in exposed
mh-rMINua.mw:wummm
logic properties of Stoddard soivent, the petroieum sal-
vm:.udindrye!ﬂniu.hl‘nﬂnru thoss of guao-
line,

Cmrummmmmm:madhmu
xcess rizk of developing diadder cancer, Most stucies
kave shown a twofoid to fourfsid axcess risk of bladder
mriamhmhum“mthuinun—
smokers.'” The ruie of cigarects smoking in the excesa
risks observed in this study csanct be detsrmined quan-
titacively because no data were available on the smaking

babity of tae stady conors. Eowever, according ty Ax.
sison.”® imoming i3 a weak conrounder uniess it 3
SToRLLy assomated Wil the disesss and unisss monng
Zabits betwesn exposed szd conexposed worKers difer
drasncaily. The possible effects from amaking on :he
risk for biadder cancer iz this popuiation were caicy-
lazad based on the metlod described by Axeison. '’ Baseq
on thess calculations. it can be conciuded thax mogngy
caanes; sccount for the threeioid excess seem iz thig
sohore. Iz fact, if 100% of the population were heavy
smokers. iiis wouid account for oniy & 56% incresse =
tSe sk,

T=e most striking Axding i= s Tudy was the oves=.
Foeiming deficit in morwality due to accidenes. This Ay
be due to the demographics aof the study popuisting,
whicd i3 prmanly lower sociceconomuc and inner ety
(Chicago. New York City, Dacrort. and Oakiand, Califar-
Ria) worgers. Tharwfory. it {3 possibie thas thess worgess
didn:mnmunudnuodhnmyuinneazy
Tunsportation systams whick would sccount for the
deficit i transparwtion scodents.

The two deatis from renal caicnii, both of which were
bmmmomﬂc{muomm,hm
annmumdmcmumynnh-na
chance occurrence, However., it (s posxible that axporurs
b?@aﬂhnhﬂdh:&ﬂ&ﬂu.&&nmvo
nsw of no reports describing nepArctonicity in bomans
exposed ta PCE, renai eects bave been otmerved -
¢Xperimental animai studies ™ I3 addition. there have
been reports (n the Utarsture descTibing the cerurrence
of urizary calculi dne o chemicai exposurs. A persen
M!ommmmmmwmm
Aftar permstant tolnene smiffing,’* and ethyiens giyeo:
mu-nmnwm-pmm«mam
oxaiata in rvnal tubuies lending to formation of caicuii
mna"mm?@mhtphyinthmmaf
mechanizms which lead o urtnary esicall Is uaksows.

Severui octher mndemuclogic studies of drycismner and
lausdry workers bave been conducted. I a stady wy
Blair ot ai'* o proportionats mortality ratio (PMR)
lnlmmmﬁmodanmdm«m:-eb-
mmnmmwmm‘mmu
These deatss only represectsd a sample of the tazal
aumber of deaths that occurTed betwewa 1957 and 197
Among the usiom members. The aampie of deaths was
80t geceszaniiy & probabilistic sampie but inciuded
Mmumm;mmwmmn.
Worgars were inciuded regardiesa of the socivent taed
In the dry cleaming zhop whichk empioysd ths worrees:
tharwfore, it was sat specifizally & study of PCE expo-
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sure. Tos Mk of =Ortallty 8w Al cancers comzineq
was {quma 2 De A1gaer tDAn expeciaq (BT ghservea v
G7.9 expectaa: P < .05). AZong s cancar destis. (2,
SArViX Uteri. and 3OS CANCErY Werw ¢ievhisd at i Itallz-
sicaily snigmificant level. Other Zaigmant IesOpLASIMS
founc iz excwas werw uitastine. liver ana leuremua. Higics
for bladder. fdney and paacresaflc CAlcar ware 0T
eigvatesd. i0c¢ SreasSt capcsr NI Wis lower than ex-
cectad,

Zarz” studied e mortility of femaie laundsy ang
dry cleassr worgars iz Wiscommsa by ideasufying 671
decsased worzars from the accupatiopal statament Ustad

on densh carnifcatas. He testad {or associations barween.

occupatlon aad cause of deats by calculsmag specific
PMRs for 23 causes of deachi. As in Blair's study tte
warzers did zot necessaniy worx at shops umizag PCZ.
Iz contrast ta Blair's study. the risk of deash for all
cancer. lver cagcsr. coion camcsr. lung cagscesr and
leukemis was got eievated. Stanistically mgniflcant ax-
ces3 risks werw found for cervix uter. gesital (uzspec-
ifled). and Ddney cnncer (7 cbserved v 2.7 expectad).
Bladder cancer risk was ziso esievatad {5 observed v 2.5
expected). Sreast cancer I3x wad less than expested.

A study unog sizular methods was conductad by Dub
and Asal*® iz Qklahomx wieres destls from 440 laundry
and dry cleazer workers were anslyzsd Agun, ng iden-
sifieation of soivent use was attampted: however. the
uas of petrvisurr soivents i3 more Commoa ADICRE the
dry clasning shops ia Oklahoma wiere more thaz 50%
of the snocps use chis soivent. whereas the remALBing use
PCE Dubk and Asai found 2 seazismeally uigmilicame
excwss M3k {or lung aod Kidney canecsr. Qther sievatad
risks werw found for cerviz utari. other {amais penital
orguna. and skin cazcer. The msiks for liver. paccreasx,
and bladder cancer were iower than expectad.

The mortality risks for these previous studies of dry
cleaner worzars siong wnthk those of the presant study
bave beex summarized in Table 6. Thers ware several
causes that exiibitad connstant sxcess msis. inciuding
cancsr of e carvix utem and kidney. A dedcit was
observed in ail studies for bremst cancer. As discussed
eariisr. e resuits {or cernix -utem acd breast are

TABLE §
Camosraon of Causs~Soeci Risny Armcrey Mortasey Shxees of Ory Caaner
- (a3 Laswry Wasers®

c J— Slarma™ Kzzx' Guhawasam® rown

{PRAR) (aa) (SR [SMM)
Al cancer 128t 98 90 18
intesone 152 103 &0 138
LUver 235 29 50 -
Pancreas 129 117 50 12
Lung 1707 98 170 114
Slan A9 «€Qr7 150 -
Srazst [ ] T 10 - 57
Carnxz utan 0ar 195¢ 130 198
Blacqer = 189 &0 98¢
Gorery 0 57 =0 0
Linateera 7 &7 - i

* ADDMEVIADONS USeS arw: PMA. drocortonats martasty rana: SMOR.

srOCADLY Tmatsd $0 ile IOCIOECONOMIE ITAIUS O ilste
scoupatTonal gToups.

Concy=ian

Tha excess riax Of WSISAST TUACT CANCST 1D TIIl ITUSY
WAS IODeWORE unexXTected. Becauss multipie causas of
death were sTamuned asa this causs of deatd s 39t
pars of an a priort hypotzess. iae {oding may oe cue
ta ckancs. However. it was the only cause found s oave
a statisticeily migmificant excsas 1o mortality and e |
sxcess ris£ was {oung in three out of the fgur racessex
greaps axd in three out of the four unions The magmi-
tude of the SMHE and the pattern 0y isatency and sxposurs
ta PCE was consstant wntl an occupaiional careitogen.
Eowever. becatuse of the iimutation in the records used
0 idennify the cobore. it is 2ot possible o anaivre the
daza by spemfic job or mmmaza of expasure o PCE.
Therefore. & dose-resporss anaiymns for urinary sracs:
caacer, other than by length of employment. is zoc
possibis. Even ths saaiyns by length of employment s
Umited as a surTogats of exposurs becsuse of =:ssior
datas oo soivent use. [zasmucs a3 =any of the worzers
could have bad confounding exposures to petroiewm
soivents in dry cisaming skops. t3cse wWith smpieyment
in PCE shops only were analyzec separscsiy. [o tois
“PCE oniy” subcopors tlere Was 20 excess nax for
UriBAIY Tract cancer. Thsrviore. tle confounding expo-
sure to petrnieutn solvents coxplicates any conciusions
fegurding ths assocation between PCE exposure aza
cancer of the armnary tUacst.

Acinawiedgments

We thany the sl of the Stanisrd Sessarcs [ssurets (SR lnter-
mbssal lor shuunme, ooilhy, and eliting mush of the daia used 13
the stady, and the clarssal stad of the Nazioasl lnsuvets @r Occqpa-
cSenal Salecy and Hasish [ndestrywwss Studiss Bresas cmder 3e
diresuan of Edith Dedd, Corwan Bactamis. ssd Fagiine Blscaas aca
Janes Grayesn Sor progaranes of e massseripe. We s uisarx Dr
Wiklam Haivers tar B senstanes. 100 PArTURPAIILY TALORS and e
Inwrsaciess Furasre [asams (v N SOGEraaet.

L Naoess! Oemssasesi Hasmsd Survey. vl I Survey Asaiys:s
and Suppsemeuenl Tabion. Dops of Esnitd Zimmose and Wellare.
NMations, [asuwas far Corssntsss) Safety sas Heith, pusiieacon No.
THelld. 1977 (wveh dase buas ewnisss as of Ay 4. 1980).

L Keemy of Tecracaisrerinyions for Posuile Carcinegeacity.
Caruaspenees Toshaumi Bopary Sonies. Na. 13 Dest of Haalts, Edu-
aten andi Weltarn Nesisuai Cascee [nsmitnis. pusiisanies Ne. {NTH)
TT-BNM. L¥7TT. .

4 Nansea! Texsmsiagy Program Techzical Rewers as che Taxcor-
gy ass Carenogeneny Stadies of Tacracalorosttyiene ( Fercaioroeta-
yiowme) 1n F344/ N Rass and DUCTY Mice. Hatasai lasntatas of Heautn, ©

L'mnh_&&nvlgnmamm'
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falls szl as Lase,

The Artist’s Oream

Byu-u‘::!:n-a...mmn.'bmmdumnmmuwmamm
hnhbnhmﬂmo&orm-ﬂmﬂd“&.mcmhmd
mnumm::mhumﬁmnm.mm:armmw.nmo wall of thag
final cbiivion. ia the tongae of tis uman

m:hmr...dl...nﬂur-n!tﬂ-dtndn.hdlboum“ﬁnan
amtm“huimzvmmm.mqmnmmmﬂnrnnm
mmm.mdr-motmdmvuc.hniﬂhmﬂdudvmu'enuud'm
mﬂnn'mdrinunnnmr-:hhﬂmnﬁlumh&muudmm

spirit, “Xllroy was bare.”

Mnyboit‘sjusuwouthunmdmnodtot:.il..n‘né-.ulnnzuwodnflilud
mnndmuu-tnholdblmd.nnnﬂwmm:wh-u.L{vomrd.ldmun
dream. mateh the shape. scais that nitimate peax of perfaction. zsthing womid
Pemaun but to jump oif t4s othar nde of it into swcidse. ...

—Camments by Willlam Faulkner apon recsipt of
Nadonal Book Award for fcton in 1955. From ““Three
Chsers for Good Marss': Weiters on Their Prizes”™ In
T2e New Yors TlLmes Book Review. Nov 16, 1986
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UNITED STATES ENVIRCNMENTAL PRCTESTION AGENCY
WASHINGTIN = Z. 27460

Marcn 9, 1988

. SAB-FHC-38—J11
Hon. lee M. Thcomas
Adminis:rator T Asc:'-:..:-:sf:.ro-
f.S5. Bwircrmental Protecticn

Agency
401 M Street. SW
Washingtcn, D.C. 20460

Bar Mr., Thomas:

Thank you for your thoughtful response of August 3 to the Science Advisory
Board's review of scientific evidence associated with exposure to perchlorverny-
lene. In vour letter you asked the Board to provide further scient:ific advice
on tnree issues that will suSsequently bear on your risk management cecision
for this campound. The Board appreciates this ogportunity for further scientisic
dialocue on these issues and hopes that its views in this let=er can better '
Pranote consensus on the scientific issues under review.

As noted in your letter, the assessment of the scientific evidence from
experimental animal stixiies centers on the relative significance for humans
of the production of rat kidney amd mouse liver tumors. This questicn is
applicanle to a broad range of chlorinated hydrocarton campounds—including
dichloromethane, para-dichlorcbenzene. trichloromethane, and trichlorcechyliene—
which produce tumors of the rat kidney and mouse liver under same experimental
conditions. While recognizing the implications of such issues to these and
other carpourds. this letter is directed specifically to-an assessment of
perchlorcethylene.

In respording to your lecter, the Board's Enwirormental Health Camittee
and its Halogenated (rganics Subcomittee organized a scientific worxsnop on
August 12, 1987 to explore these and other issues with leading researcers in
the fleld, EPA staff and members of the public. An agenda of the workshcp is
attached. The Board has utilized the information cbtained in this workshep,
and the discussions among Cammittee and Subchmmittee members, to respond to '
your August 3 letter and also to advise the Agency on health effects evaluaced
in its raft Health Assessment boument Addenda for Dichlorcmethane and Tri-
chloroethylene. The Board's findings and recommendations on these latter two
compcunds will be transmitted to you in separate letters. (ur response to your
specific questions follows.

Question l: Assuming that not all animal tumors are of equal significance to
evaluating human hazarg, what is the Science Advisary Board's current consensus
pesition, based on scientific ~vidence or professional judgment, of the relacive
significance of male rat kidrey or mouse hepatocellular tumors for human risk
assessment?

SAB Response: In general, the FRoarrl's conclusion on :ne_significange
"€ male rat kidney tumocrs stems trom recent research (not yet published. Dut in
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£IeSs} that (ndicates that izr Tany halecenates crganics., FroCactly 1ncl.ocing
perchiloroetnyiene. the mechanism Procucing tnese type of t.moOTE 1S grccanly =eco

coerative 1 hunans and, therefcre, may not be relevant fer numa= risx assessment.

"

Tis mechanism involves the metasolism of the cameund in the Liver anc the Zing-

g of a protein (alpha-2u—gictculin} with tme metapolite as a coniugate molec~sle.
Mis molecule is filtered and accomulates in the kidney. (ne hvpothesis is trmat

cenjugate is more difficult to metacolize than the alpha-Zu-glezolin alcne. is

protein then accomulates and is injuricus to the cell. Repair :: follcwec =: a

cancercus formaticn at the site in a low percentage of cases. rm ava:ilarcie gei

tific evidence, this mechanism arpears to be unigue to male rats.

Thus far, thirteen supstances have been demonstrated to prococe renal
C=OrS in male rats through this mechanism including perchleroeznylene. cara-
dichlercoenzene and unleaded gasoline. Trichlorcethviene, on t-e cther hanc,
- 4ppears to produce renal tmors in male rats througn a differen: (nknewn)

mecnanism. thus creating important implications for human healt~ TisK agsessvent,

The Board's consensus on the significance of mouse liver ters is wmar
mechanistic explanations are not safficiently well cdeveloped anc validated a=
this time to change EPA's present approach expressed in its risx assesssent
guidelines fer carcincgenicity. It concludes that the generat:icn of mouse
liver tumors Dy chemicals is an important predictor of potentia. risks =c
humans. Of the several mechanistic mcdels under consideration ! including
regenerative hyperplasia, oncogene activation and tri-halanethy! radical
formation), the cne most promising for immediate application to risk assess-

ment is characterized by proliferation of percxisames, an incracesllular croan-
-elle, in the liver.

Peroxisame proliferation may De important for compounds such as perchlero-
ethylene, but liver tumors coserved after exposure to chlorinates selventcs
may involve different mechanisms. The importance of understancing the ciolegi-
cal mechanisms is thac they may provide a basis other than the =icassay
statistical analysis for low-dese risk estimation. A plausible mechanism
(percxisqame proliferation or samething else) may imply low-dese nonlinearic:
for same substances that induce mouse liver tumors. . However, @illszrent (pre—
sumacly linear) mechanisms may operate for other substances, anc these mechan-
isms may be consistent with linearity at low dcses or a linear relationship te
dose. These distinctions in low dose risk estimaticn should be explicizly
inclucded in the quantitative estimate of human risk.

Several substances that induce peroxisame proliferation in zedent livers,
Such as hypolipidemic drugs and the plasticizer di-ethylhexylphtalate ([E=P).
also produce liver tumors in rodents.  In summary, however, a causal relatior—
ship for this mechanism is plausible but unproven.

Sare scientists have reported the detection of oncogenes after acministra-
tion of presumably non-genotoxic agents.-
1 Steven H. Reynolds T Siari 7. Stowers . Rachiel M. Pacterson. RoGert R. MAToroot.
Stiart A. Aaronson, Marshall W. Arderson. "Activated Oncogenes in B6C3F1 Mouse
Liver Tumors: Implications for Risk Assessment.” Science Vol. 237 (Septemcer
11, 1987), pp. 1309-1316.
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Alsc, as you are aware, cur Lncreasing Xnowlecge ci tne rTle o mecnan—
i=ms of crometion {(later events 1n tNe carsinogenis orocess) may well clarilv
ur Jnaerstanaing cf cancer inducticn: cerzainly this (s the case with Cicxin
and may relate to the nhalcgenatec hydrocaroons.

Ouesticn 2: What is tne Board's view of the apprcacn taken by EFA 1n usirg

its guicdelines to infer human carcinocenic potential from the total body of
scient:fic evidence cn perchloroethylene?

SAR Respcnse: The issues regarding the applicaticn of the risk assessment
gJicelines agpear not o represent disagreement among scientists apout scien=
tific evidence Dut. rather, the conseguence of attempring te fit the weighes
of evidence intc necessarily arpitrary categories of risk. Since the weights
of evidence. ard uncerzainties associated with such evidence., for percnloro-
ethvlene and other compounds fall within a range of scientifically defensible
choices, it mayv rot be possible, in sane instances, to £fiz them neatly- into
only cne risk gatecery. Moreover, the more incanplete the data, the less
precisicn one can expec:t in classifying a compound within EPA's cancer guide—
lines. In additicn. the type of evidence that places 2 conpound in a particalar
category may vary consideraply fram substance to substance within that category.
For percnlcroethylene, as with trichlcroethylene, the Science Adviscry Board
concludes that the overall weight of evidence lies on the continuum between the
categories By and C of EPA's risk assessment guidelines for cancer.

As perchlorcethylene illustrates, the distinction between the B and C
categories can De an arzitrary distinction on a continuum of weight of evidence.
The "black-white interpretation” that you referred to in your letter is indeed
troubling. Frum a scientific point of view, it seems inappropriate for EPA
arcd other agencies to regulate substances thac are classified Bz and not to
consider regulaticn ¢f campounds classified as C, regargless of the level of
human exposure. In the case of B2. By or even A categorized camoounds where
exposure levels are low, EPA may, with sciencific justification. decline to reg-
Jlate because the potential health effects appear to be trivial in magnituxie.

A sucstance classified as C (limited evidence in animals) for which human
exposdre is high may represent a much greater potential threat to human health.

EPA and cther agencies {including those in state goverrments) may, there-
fore, wish te take steps teo reduce high exposures to substances in the C cate-
gory wnenever there appears to be a potentially significant threat to human health
(in the sense that the plausible upper bound estimate of potency times lifetime
exposure is above the threshold where regulation may be juiged appropriate).
Indeor exposure to perchlorcethylene, such as might be fourd in dry cleaning
establishments not using the eguivalent of goord industrial hygiene practices.
could merit action under this critericn. So might high levels of exposure to
other salvents, pesticides or industrial chemicals that have been c::nsmgrgcz By
the public as “safe” in the absence of sufficient evidence of carcincgenlcity
in animals. In many instances. this appearance of safety results fram not yet
having the results from well-designed bicassays such as those conducted by the
Natricnal Toxicology Program.
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-Finally, you motsd the evaluation of perchlorcethyliene by the Intermacicm—
al »gency for Ressarch on CGancer (IARC) as an example of evolving temimlogy
for classifying Potential carcincgens., In general, the Board believes thar
Public wnderstarding of coplex scientific issues is enhanced when sCientists
ad requlators can fpeak with 2 comon voics. In view of its own experience
of using the cancer risk assessment guidelines and, in particular, havimg ==
address the ixsue of the scientific uncertainty that exists amor; and within
guideline categories, EPA should Te—evaluate its labeling Syster and methcods
for characterizimg uncertainty. It should also review swhether to be more cor-
sistent with IARC's teminolegy., :

Question 3: Is there research underway or anticipated that will clarify these
rodent tumor responses ard their relationship to human health risx assessment?
What acditional research ghould be undercaken?

Several research efforts should be initiated to further narrow scientific
urcertainty for perchlorocethylene and Structurally related campounds. Tese

O Validation of mechanistic mxiels for the rat kidney and mouse liver
tumers through experimentation with selected ko carcincgens and
non—carcinogens. ' '

© [evelcrment of improved methads for assessing low-dose respense to
envirormental pollutants thar induce percxisame proliferation.

that the consensus stated above - assists you in making the difficuit risk manace-
Rent decisions on pershlicroethylene ardd other caancs,

Sin:erely ’

o Udw

Nelson, Chair=an
Executive Comittee




J.S. INVIRONMENTAL PROTECTION AGENCY
SCIENCE ADVISORY S0ARD
TNVIRONMENTAL S=EALTH COMMITTEZ/HALOGENATED CRGANICS
SUBCCMMITTES (COMBINED ROSTER)

CHAIRMAN

Or. Richarda A, Griesemer, Director, 3iology Division, Oak Ridge Nationai

Laboratory, Martin Marietta Energy Systems, Inc., P.0. Box Y, Oak Ridge,
Tennessee 37831

CHAIRMAN OF THE HALOGENATED ORGANICS SUBCOMMITTEE

Or. John Doull, Professor of Pharmacoliogy and Toxicology, University of Kansas
Medical Center, Kansas City, XKansas 66103

MEMBERS

Or. Seymour Abranamson, Professor of Zooclogy and Genetics, Department of
Zoalogy, University of Wisconsin, Madisan, Wisconsin &3706

Or. Linca 8irnoaum, National Institute of Environmental Heaith Sciences,
P.0. Box 122323, Research Triangle Park, North Caraiina 27709

DOr. George T. Sryan, Department of Human Oncology, University of Wisconsin,

K-4, Room 528, 6§08 Clinical Science Center, 600 Highland Ave., Madison,
Wisconsin 53792

Or. James Bus, Pathology and Toxicology Research, Upjohn Company,
Kalamazoo, Michigan 49001

Dr. Gary Carison, Department of Pharmacology and Toxicology, School of
Pharmacy, Purdue University, West Lafayette, I[ndiana 47907

Or. Robert Dedrick, Chief, Chemical Engineering Section, National Institutes
of Heaith, Bldg. 13, Room 3W13, Bethesda, Maryianda 20892

Or. Philip Enterline, Department of Biostatistics, Graduate School of Pubiic
Health, University of Pittsburgh, 130 Descto Street, Pittsburgn, Peansylvania
15261

Dr. David Gaylor, National Center for Toxicological Research, Jefferson, .
Arkansas 72079

Or. Ronald D. Hood, Professor and Coordinator, Cell and Developmengai_siology
Section, Department of Biology, The University of Alabama_and Principal
Associate, R.D. Hood and Asscciates, Consulting Toxicolegists, P.0. Box 1927,
University, Alabama 35486

Or. K. Roger Hornbrook, Department of Pharmacology, P.0. Box 26901, University
‘of Oklahoma, Oklahoma City, Oklahoma 73190
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dr. Curtis Klaassen, Professor af Pharmacoiogy, Mail #638, ‘niversity of
Kansas Megical Center, 29th and Rainoow Blva., Xansas City, Xansas 66103

Jdr. D, Warner North, Principal, Decision Focus Inc., Los Altos 0ffice Center
Suite 200, 4984 T Camino Real, Lgs mious, warifornia 54022

*

Or. Karl X. Rozman, Department of Pharmacology, Toxicology ana Therapeutics,
University of Kansas, 39th and Rainbow 8lva., Kansas City, Xamsas 66103

Or. Stephen Safe, Department of Veterinary, Physigology & Pharmacology Texas

A&M University, College of Veterinary Meaicine, College Station, Texas
77843-2466

Or. Robert Squire, 1515 Labelle Avenue, Ruxton, Hafyiand 21204

Or. Thomas Starr, ClIT, P.0O. Box 12137, Researcn Triangle Park, North Caroiina
27709

Or. Robert Tardiff, Principal, Znviron Corporation, The Flour Mill,
i000 Potomac St. N.W., wasnington, D.C. 20007

Or. Bernard Weiss, Professar, Division of Toxicology, P.0. Box RBB, University
of Rocnester, School of Megicine, Rocnester, New York 14642

Or. Ronald Wyzga, Electric Power Résearch Institute, 3412 Hillview Avenue, P.0.
Box 1041, Pale Alts, California 94303

EXECUTIVE SECRETARY

Or. C. Richard Cothern, Executive Secretary, Science Advisory Board
(A-i01F] U.S. Environmental Protecticn Agency, Wasnington, D.C. 20460

NOTE: This comoined roster oniy include those individuals attending the
meeting.
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Young Sciennsts Award Lzcrure [984 -

Species Differences in Carcinogenicity and Peroxisome Proiiferztion
doe to Trichloroeshyiene: A Biochemicai Homan Hazard Assessment

C. R Ecombe

Comrnt Tamcomogy Laborscory, [roermi Chemiuaa) [aduones PLC,
Asdarmry Pare. Maccietioid, Qussane. SKI0 4TI, UK

Abmryct. Trichioroethtylene (TRI) admunistered 10 mice by gavage for 10
consecugve days at doses of S0-2000 merkg body weght ciiciten dose-de-
mhm(me%ofmmlm)dhmmmw
mmm(zmoimmnu No erTec: was
nuam:mmmmmsmmum
Mmdmnmmatmﬁmonmmmmmw
mm«mammmmﬁc«m ichioroacene asid
(TCA)'hmadmtrypugefnrmmuysudauot‘
10-200myrky body weignt, sumuiated heparis cyanide inseasitve paimitoyi
CMondaﬁminbc&mic(upmSﬂO%of:nnmnm:zzs(uptoﬁsozof
mlm”&mmemmLMMaf
&mm«mwmmmmwmwym
dependent. The ‘intrmoc cienranes’ vaiues (VemaxsKm) for TR in mouse, r3x
iod humaxn hepatocytes were 3.3 < 10™°, 12 x 10~ ang 3.5 x 10~ L mms10°
A&w.mmmwmmmmMm
hmmyu.huudmurummamminmhm
mkhmmmmthmmom
M(mmm:mnmmduemmmmm peroxisome
proliferanon which in furn is 2 resuit of differences in the raze of formagon of
mmmmmmuummmmmgm
mmmmmmhmmpmmrm
n;mmhwd::n:hnat‘th:m:nd(Z)TCAmuutapmmam
protiferator m human hepatocytes. . ' '
Kev words: Trichloroetiryiene — Peroxisame Protiferzrion = Species Differemess
= Hepawoesitu'zr Carcinoma
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fecent stucies have demoustrated thar pure TRI iis0 cquses bemarocmiluiar
Qranoma in B6CIF, zuce (NTP. 1983) and Alderiey Park (Swiss; mce (Elcombe
and Prart unpubl_is.hed dama), Furthermore. no increase in_ the incidence of

generai, TRI has :x::u found to be oniy ‘margnaily’ mutagenic or noD-mut2genic
(Greams et al.. 1975: Simmen & al. 1977; Bronzews e 2l 1578: Waskell, 1978
Barwsen er ai., 1979: Slad_k-&bn ex al, 1980).

(Pud::na.nandMaye. 19%2: Swoa eg al. 1982),
HmTﬂdmnmammhawgmommmmd

mhﬂymiﬁmﬁmﬂﬂﬁm:ﬁgm&mm- 2. [odeed,

S:humaqne:aL(ISBO)ud‘Sma:L(mm have specuiated that TR manijeses ir

rodents have beea shown 1o eiicit hepatic peroxisome proiiferanon (Hess e al,
1965: Svoboda et al_ 1967; Moody and Reddy, 1975: Reddy et 2l 1980). It has
bmmm@aammmmmmmﬂmdon
and the deveiooment of heparoeeiiular cremoma (Reddy et ai. 1980). The
mecRamemis) invoived in Deoplastic ransiormarion aster the aagumstrauon of
peroxisome proliferztors is uncear, bowever Reddy et ai (1980: 1982) have
pontuiated the invoivement of reactive Oy species.

i studies in this Laboratory have shown TRI to elicgt hepatic
peroxisome proiiferauon in mice buz not raze. Heace. the present study was initiated
10 (1) investigate the possible mvoivement of peroxisome proliferaton in tri-

crored
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¥ethods

Recgenes

Trickioroethyieze (> 99.9% by gas liqod chromarosraoay, conmuning 0.02% wiw
Tisthyiamme stabiiizer; was ottuned from Impermal Chermieni Industries PLC,
Mond Division. Chesaire. UK. All biochemicais were ocbmnes from Sigma
London Chezumai Company (Dorser. UK). Trichioroacese 2cid (TCA) and other
MmmmeDHMM(UmL UK). Call caiture
materizis were obtained from Flow Laborarories (Irvine, Scotiand, UR).

P

MﬂeNdui:yP:rhm(W’mdgivu)mmm;ey Park mice (Swiss)
wegded 130-220¢ ang 25-30 ¢ respectively at the starr of the stugies.

mmmhowmmmaﬁﬁumagamr&
tarougnont the stadies with PCD diet (Spectal Diex Servicas Lid. Witkam. Essex
mmmmmummmmmmaw
Sycie of 12hr (0600-1300 lighr).

In rivo stucisx

Ammais were administered trichiorocthyiene (S0-2000 mgykg body weight) or
cﬁormadd(lo-zmmg:kgdinaiﬁinmoihbygzﬂgedaﬂyfor to
comsecuuve dayt. Control azimais resfved an appropriate voiume of cora oii
vehicle aicoe (10 mi/kg body weigiir),
mm-acﬁnd-bywwaﬂhrfonmngmﬁnﬂdmoi
TRL TCA or corn aul. 3ad the fivers rapicly excised and weignea. The livers were
komogenzred in 4 voiumes 20 mM TRIS HC (pi 7.4) contuning 5.4 mM EDTA

'ud?:ﬂnﬂnm(SETbuﬂ'eLThehmmmcmmfuguuﬁmg

(averzge) for S min-at 4 °C to remove conpertive cssue, intact cxils and ousies. The
resultant supernacane was cenrrifiged at 15.000 g (average) for 1S min at 4°C to
sdimmzhawpdh:mnﬁmngos‘mmﬂmommlm
This peiler was suspended in SET buifer 19 a final protein cooczatration of 20—
30 mgymi Proten coatent was esnmated by the method of Lowry et al. (195!) using
bovine serom aibumm srandards.

Cacalase activity and cyanide insensicve paimitovi CoA oxidation (1 per-
omisomal S-oxidzsion =sriker) were daz=wmmines speczropaotwcmes=:y in the
fouspended 15.000¢ owilers by the maxbhods. of Besry o=f “lar 19 od
Broasman et 2i (1979) respecuvety,

Statisrics
All valuss are exoressed a3 Mezn = SEM. Swrisdex’ .igmifizace was dezermined
using Studenrs t-iest (two-taiied). 3 evet of p < 0.05 benyg cosuisres 23 significane.
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Cdl cuiture. Hepatocvies were isolated {rom razs and mics by 3 (wo 31ep in situ
perfusion tecnigue as descTibeg previousty ( Mitchedl ez ai.. 1984). The isoiated cails
were suspended in Liedowntz L15 megium contaming foetal bovine serum (8.3 R),
ryprose paospaaie brows (8.5 %), peumilin G (413 [U/mi), streptomyan silphate
(32 ug/mi), glutamme (241 pugyrai), insuiin (10 M) and hvdrocorasone (107 M).
The vizbility of the hepatocytes (> 95 %) was deermuned by trypan biue exciusion.
2Seme Faicon tissue cuiture flasks were semded with 2 x 10* vizbie hepatocytes
. contained in 4 mi of cuiture medium, The flasks were incubated at 37 *Cin air. 4. 24,
43 and 72 hr after seeding, the spent mesdium and any detached cails were aspirated
and fresh medium appiied. '

Human liver was ootained (rom brainedead renal wanspiant donors after
commpitancs wath etnicai and legal reawirements. The liver was siiced (0.5 mum sifeas)
by band and digened in Hank's puffer conwunng 0.3 % {wrv) dispase. 0.1 % (wrv)
calagengse, 0.1% (wrv) hyvaiuronidase. 0.05% (wrv) deoxyribonucicase and
S0ugrmi gemoamyemm at 37 °C for 1 hr. Ceils were recovered by sieving through a
120u boiting cloth and ceatrifugation for 2 min at 100 g. Ceils were then treated as
for rat and mouse heparocyies except ascordic aad (30 mgyi) was added to the
coitoye mediium, '

Trichioroacenc acid. dissoived in N N-dimetiryiformamide was added 0 the
monolayer cultures at eack 24 hour medivm change. The amount of dimetbyifor-
mamide pever exceedied 10 ui per flask (4 mi) and this concentration procucsd no
obviows cytotoxicry and had no effect upon the parameters measured.

9 bours afier sesding, the hepatocytes were harvested. The medium was
disczrded and the ceils washed in 2 mi SET buffer. The coils were removed from the
flask by xraping with 2 rubber poiiceman into 1 mi of SET butfer. The s=ils were
disrupued by sonrzuon and the resuitant homoeenate usad for the getermmanon of
protemn content and cvanide inseasitve paimnovl CoA oxdauon.

Meaboiism of TRI by fresnly isolated hepatocriex

Rar mouse and human hepatocytes were isolated 13 descrided eariier. ind
suspended in the compiete Lizbownz LS cuinme menium. TRI (0.02-2 ;M) was
added and the ceils incubated 2t 37°C in seaied 25 mi Piercs ‘Reacti-flasks’ for
periods up to | hr. Formation of product was linear over the ume periods uniized,
Iniriai rates for TCA formation were caiculated and kineuc parametess cumated
graphicaily unng Wooll piots (S/V versus S).

Trichloroacene acid was extracted from acdified incubation mixtures using
dieshwiether and derivitized with dinzometane Quanutauon was by gas-liauid
caromatograpay (Carbopax € SP1000 0.1 % 30100 mesa. J [e=t iong, 145 ’Q witn
elerrron capture detesuon.
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cyanide hl'.llllllu pabmilayl Cak anidatlon
% of continl

m—-_nmm-mmuu:wm:u—uuusmm
m‘m—._'ﬁm&—&_mma<m

Resnits -
‘InmﬂmefwyhuhmpmMmm

mm«mmMEwlomupmhamm
increase in hepaoe peroxmsomal f-oxidanon (cyamude insenanve paimitovi CoA
MLaTJMmMQMnaMcmo{mmkydﬂ. Na
mm&m&oﬂdﬂbnmom&nmmzzmﬂu
mm(ﬁg.u.&mamammmm
a?wwhbum:pmcfm (Tabie 1). Electron mucroscopy
hﬁ:nmahuaﬂmmimqu(cpmu % of cyroprasmuc
voiume) in mice but oot rats (Table 2

hmeﬂ'mafﬂﬁhfuuummdankepumpmnwmdmm -

Trichioroacetic acid (TCA) is a major memboiite of TRL The sdministration of
Mmmmmummmmmmmmmﬂ
Cm\ond:n’oninbomm.-\tdmofm:nykydayforlOd:ys.é.S-l'oid(t:u‘
3nd 4.3 :d (mouwes increnses in peroxisomal f-oxidation were oeserved ¢ Fig. 2.
TCA.in:nmm:hTRLmliuhifmy. eifext on hepanc camlase actvity
Ga&ﬁﬂn:agﬁsmmmvdmmﬂmhmmm
with f-oxidation aemiviry (Tabie <).
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ANERS wore JAmonsiersn CCLOMDACETE 304 io ¢ors o for 10 conseetive davy,
Vamus are Meap 2 SEM (3w =51 ND. sot soeromaem.

Tabie & Tisrucs of formanos of renioroacrr acd from reioronsviene ov BoOMLe DOUM. fat 2o

runmn bepmocyes
Seuonn Km Veuax Vmaz; Ko

(n) {ponot/my 10* cxils) (L mans 10 cmis)
Moum 3Ix 107 =18 lxIx10™
Ra 151+90 9= 7 : t2x 0=’
Humes 188 54 128 x10™

(170, 165) 32: 20 43x 10"

: 1.7 % 10"

Colit were sacuoniad with Yanous coaomoranoas of UEtioncrysns I3 aexTibm o Measods. Kissoo
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In vizro indiuction of peroxisomnai ﬁ-oxx'daum‘

The exposure of cuitured rat and mouse hepatocytes to TCA resuited in dose-
relazed increzses in Cyanide insensitive paimitovi CoA oxidation 1 pota spesss.
However, whez human hepatocytes were samined £o sumuizton of peroxisomal
4-oxidation was cbserved /Fig. ). This lack of rtponse is beiieved 20t 0 be
indicative of lack of viability of the human ceils, bertuse c=ils from the same liver
responded to phenobarbitone and S-napathoflavone as inducsTs of mixed {uncton
oxidase acriviry (unpubiished data),

Metabolion of trichioroethviene oy isoiated hepatocrres

The kinetics of biotransiormation of TRI 10 TCA were cxamined using ({resitly
solated hepatocyres. Km vaiues for TCA formatioa were similar in r3t 3nd human

ceils, However 2 consideranily iower Km for the macoon was manuiest in mouse
bepatocyes (Table 5). Vmax vaiues were highes in mouse eeils. foilowed by ratszils

colT70
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and humas c=ils Denvamoz of ‘inmnne clearapee’ or ‘cpasty’ factors
(VeazsKm) illuszrated 30-foid and 3-foid differezcss m etficzey of TCA formanon
betwesn mouse and mar bepatocytes ana rzrand human bepriocytes respecvely.

Thhwﬁhn:hmmnyimmmmmm
&omnu('msgcrmom:mmmwmmmm

Inl:wamlmmmmw.mmnof
(1000 mgrkgrday) for two months and longerto B6CSF, mx= has
mhmMm‘bﬂm-uMﬁMdﬂmm .
agEmg (Miquel ex 2l 1977).
] IfmisBMhmtu'spea?udiﬁmhmmhﬁiqtom-
mwmynmmmmﬂmmmmm
Thepm:ﬂyhuﬁmdﬁ:&?&aamﬁmmpmﬁfmhmm
mmeC\hamjarmﬁuot'm(Buuu.1949):snwﬁyisTRIa
mﬂmﬂmhﬁ:bumtinm?
Praioumﬁn(&nuheam 1982: Green, personal communicstion),

mmzr.ﬂkkpmdmianm.hn‘mﬁar
EXPETIMAnS with fA, one rectes 3 pount 'visre 20 more TCA is formed 1ad the

cror
-
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m:mum&wmmmﬁidzmTCA{mmweﬁd:m
proiiferation, thereoy expiaming the lack of peroxisome proiiferznon followms
. TRl admmiztragon o rare. Forthermore., if peroxisome proiiferauon is usaily
reiated 10 tWMour deveiopment. these opservauons wouid offer 2 mecnzanme
expianation of the spectes diference in carenogenisity of TRL This oypotbeus
demands that TCA shouid eficit henatocsiiniar carcmoma poth rams and muce:
accordingly 2 Two year study of TCA administranon to rats ang muce has saroet,

deomaeommﬁm:pmhhhmhmdm?
Firsly, peroxisame proiiferatos 2nd the soneomitant mcTezse 1 peroxisomat S-
oxidation have been evoked as indicators of hepatocarcinogenicry and. sesondly, it
hpo:nmwdmnmediﬂ'minm:nepmiirmum and caranogemcy of
TRI are due to differencss in the ability of rars and mice 10 produze TCA

These present studies on the in vitro meta sotism of TRL o TCA haveshown thar
mouss hepatocyvies save 1 30-{okd geaer propensity for TCA proauenon than rar
hmmmamm}m:nmmmhmaﬂafhaﬁor&k
wouid appear that. in humana ijver TCA wouid be produces in smailer quantties
mmmﬁmmmnmmmnmdﬁxpmmmmﬁfm

hﬁhhmmﬁmmmmﬂgﬂﬁanthomm“
mdm(!)bmhmmMTCAuaumlmmﬂtbm
M(liTCAmmammﬁ{mmrmhmhmhdﬂmﬁ
asseroon i sudmanuater by severai epidemioiogical studies waich have dee
mnmmdnoimuﬁin:dn:ofﬁmmminhmmmm
uhhiemmyim(AxmauaLIM:Mauau_xm: Novowna ez al 1979
Paddle 1983).
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The Role of Trichioroacetc Acid and Peroxisome Proiiferation in the
Differences in Carcinogenicity of Perchioroethyiene in the Mouse and Rat

J. OotM. T. GREEN,' . R. FOSTER. AND P. M. HEXT

Impenai Chemca: Ingusinies PLC. Cenerai Toxicoiony: Laboratory. Aideriev Paric. Nr Macciesfieid,

Cheshure SKI0 4T), U'razee Kingoom

Recevea June 8. |937: accepred Septemoer 2. 1987

The Role of Trichioroacens Acd and Peroxisome Protiferanoa in the Differences in Carcinos
gy of Perchicroemyiene 1o the Mouse and Rat, Opum, J_ GaesN, T., FOSTER, . R_. AND
HEXT. P.M. (1983). Toxwcor ippi. Phermeaced. 97 1031 { 1 Fischer 33 rats and BSCSF 1 mice
of both sexes were exposed 10 400 ppm perchicroetayiene { PER) by wmaaianon. o hr/day for i4,
21, or 23 days or o 200 ppm for 18 dayt incTezsed aumbers of proxnomes were seen under
the SleCTon MECTTICODE Ind STCIed Persaomal Cyanxie-unetnnve puintitove CoA oxida-
ton was mexsared (J.6-fold increase 1o males and 1. 1 -fold increase m femies) 1 e livers of
@ exposed to PFER. Hepuoe catatase was not increxsen. Prroanome prouiferanon was oot
obeervest in 32 liver or m tie kidneys of cither spemes. Trichioroacrne aod (TCA), 2 known
' carasogen and hepanc peroznome prodifersanyg agent was found 10 be a muor metbolite of

PER. Blood igvels of this membolite mexnrred in mice and rats during aad for 48 br after 2
siogie é~hr exposure to 400 ppm PER showed that peak blood kevels is muce were 13 umes

Sigher 1tan those 3028 (A fat CoMmnIon of ATTas UNGET the CfveS Over The TIYe Course of the

penment showed WR3L MICE were exposed ty 6.7 tmes more TCA thao ratx. The difference n

membotism of PER to TCA i snice and rats leads 10 the spemes difference t hepunc peroxisome

protiferanios which i3 believed w be e basis of the speces difference ia bepatocarcinogensary.
. Peraxsome protferacon does rot appesr W piay a roie in he Jpparent exranogeuary of PER

mhe rat kiney. € 1998 Acummw frem, lar.

Perchioroethyiene (PER) (1.1.2.2-temachio-
roethylene) is 2 voladie liquid wiich is used
extensively in the dry cleaning industry and
as 3 generai degreasant in manufacruring in-
dustry.

A significant increzxss int hepatoceilular car-
cinoma has been observed in maie and fe-
maie mice but not rats in two carcinogenicity
bicassays of PER. In the first study (NCI,
1977) Osborne-Mende! rats and B&C3FI
mice received PER by gavage in corn oil at
doses of approximately 500 or 1000 my/kg.
Both dose groups showed about 2 50% inci-
dence of hepawoceilular carcinoma iz mice.
In the second study (Mennear er af.. 1986) Fi-

! To whom correspoadence should be addressed.

scher 344 raws and B6CSF] mice were ex-
posed 1o PER by inhalaton (mice 100 or 200
ppro and rats 200 or 400 ppm 6 hr/day). In-
creased hepatic mumor incidence was again
observed in mice. 50% in low and high dose
maies and 26 and 72% in low and high dose
females, In the jater study a low incidence of
kidaey wbuiar adenocarcinomz was ob-
served in maie rats at the highest dose,

The species difference in hepatocareing-
genicity is similar to that seen with trichioro-

‘ethyleae (TR (NCL 1976: NTP, 1983). TRI

has been shown [0 induce peroxisome prolif-
eration in mouse liver but not rat liver. after
oral administration (Elcombe ez 2L, 1985). A
causal relationship Bas been sugyested be-

103 - (D41.008X/33 $3.00
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hepatoceiluiar carcinoma in rodents (Reddy
et al.. 1980) aithougn no such reiationshnip
has yet been shown berween remai peroxi-
some projiferanon and renai tbuiar adeno-
carcinoma (Reddy er al. 1975, 1982). The
species diference in heparic peroxisome pro-
liferation elicited by TRI is believed 1o be the
basis of the species difference in carcinogenic-
ity (Elcombe er af. 1985).

Trichloroacene acid (TCA), 2 major me-
tabolite of TRI (Green and Prout. 1985) has
recenny been shown to be careinogenic in the
B6CSFi mouse (Herren-Freund er a/. 1986).
TCA has aiso been shown to be responsibie
for peroxisome proiiferanon in TRIdosed
mice (Eicombe. 1985). Quanttative differ-
ences in the memabolism of TRI in rats ang
mice and hence in circulating leveis of TCA
(Prout er afl. 1985) may lead to the species

i €t in peroxisome proliferation and
consequent carcinogenicity, TCA is reported
to be 2 major memboliite of PER in mice and
rams (Yllaer, 1961: Daniel. [963; Dekant er

al. 1985) and may therefore eiicit the same
' response when animais are exposed 10 PER.
In view of the lack of mutagenicity of PER,
(Greim er al.. 1975; Bartsch o af.. 1979} this
may be the basis for the species difference in
carcinogenicity.

In this paper the pathological and bio-
chemicai changes in rat and mouse liver and
kidney, with partcular regard 10 peroxisome
protiferation, were determined afrer inhala.
tionexposuretoPER.Blood!eve!safTQ
inn:sandmieexpmdmmwmaiso
determined. The animai strains 2nd dose lev-
eis used in the 1985 PER bicassay (Mennear
er al., 1986) were adopted in order to assess
the relevance of our resuits 1o the deveiop-
ment of tumors in these animais.

METHODS
Marerrais

L122-Tersctioronnyiens (Asgiar e, 99.5%,)
umﬁtmmm pure) were
olxsined from BDH Chesncay PLC {Pooie, Dorser,

CTCC76

QODUM ET Al

UK. Biochemumis were aitwasned from Sigma Chemuca
Ca. (Pooie. Dorser. UK)L

Ammais

Maie and femaie Fischer M4 ras {160~;30 §) ana
male and fernaie BSCSF! mace 123-23 g) were suppie
by Charies River (Margae, Kent UK) Anrmaus were
muiuply housed tn suspended sainiess e ware mexn
ciges in long-term :nhatanos exposure chimbers
equpped with 3 |24r lighs eycle. prior to. during. ang -
afier exvosure. They recmved food (PCD diew Spear
Diets Servtezs Lid. Witham, Essex. UK) ana waier oo
‘ibreurn before ana afer. but not gunng exposure.

Erposureto PER lorupio 22 Davs

E.mmMahmfmbunm:nﬂts Per U
were exposed 16 concenmanons of 100 or <00 pom of
PERforihfmﬁrM.ZI.ornmvem Can-

'mmmmnum. but otherwrse were

mh;mmumdhumm

E:auuam“hﬁyhﬂmmmm
(Doe and Tinzon. 1981) keving 2a internai voiume af
approximatsty 3.4 m’. The cambers were 3ir coaa;.
ﬁmum.mmmarzrcmm-
nuhumﬁqﬁ&&ﬂl.f&whmmmm-
hl-ujmlimrmt\mmmbv
Fammng vaporzed PER into te mout air of the coam-
bers,

ATTOmAETES i the tex compery were zaaivzen for
PERhynmnwy(GClanHm-Pmm
Slm@thmmmémmmam-
pak PS5 column (1.2 m x 4 mm). The columa tempera-
ture was 195°C, belium carner pms 30 mi/mun.

mmmuummm
were killed by overexposure 10 kalotane (Fluowane,
rmmmmmumoi-
mnmmmmmmm
Mym-duu.udmmmmm
ussye for light microscopy, dectron mroseogy, and
iz 0% sewtrsi buffered formol miine, defrycirated
trough in aseending ethannl senes. and embeddesd in
parafiin wax. Sectons (S am) were cut 2nd stairen win
hematozytin and eosin,

Elrcron maroscopy. Tismusy were fized in 3% glumra.
delryde ia 0. M sodiem phospbaze burfer. dehivdrazeq
and embecidad ia epoxy resia. Secnoas (1 um) were cut
Mﬁmﬁalluﬁ-hmlshﬂforﬁ;m
DMICTOKDEY. Arexs ware sciectd from the centniotuliar

‘regeons of tae Svers amd the 53 repons of the prozimal

Mdhtﬁuphdﬂpm.mmn
ocuons of thewe arem were Sawwd with uany| acrmw
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TABLE!

Pﬂtoxzso\-m. CYANIDE-{NSENSITIVE PALMITOYL COENZYME A OXIDATION IN RAT AND MOUSE LIVER
AND KIDNEY AFTER EXPORURETO FER

CN-imanA oxudanon (nmol/minsmg prowrn

Liver - Kidoer
Concentranon Duranon
(ppmy {dxvy) Mouse Ra Mouse Rar
Male
Q0 122 516 = 1.06* 1028 =0.%{ .57 w37=029
200 =3 11,19 = 436" {295 =093 6.92 98 =021
<00 o4 11.98 = 2 36 13.58 = 168" T.69 297 =0.65
00 bl 1390 = 327" 1294 =081 3.7 1wl =049
<00 be. | [8.64 = 5,51 1161 =039 .18 2T6=033
Femase
0 14=23 9.0l =152 1282 =077 143 1.98 =021
00 bl 16.68 = 3.5 15.76 = 1.06™ 233 31l =0.a5™
400 14 1440 =227 14.90 = 191" 59 l35=022
00 21 18,74 = 1 68" 1531 = 231* s, | 158 =0 26"
<00 2 17.99 = 133 14.14 = 1 90 449 241 =0.19"

~ Note. Canoroi amimals were expamwsd £ air only for 14, 21, or 28 davs.
*Vilumare £ = SD. A = § excepe for conmois, where x = 1S,
* Mouse Kidneys were pooied according o grous: vaines are £

* Suuasucily nguficant, p < 0.0S.
= Suansucily agmibcant 7 < 0.01.

and lead Qurate and vicwed a8d phowograpoed in a JOEL
JEM 100CX siectron mucroxcope. Morpeomens aaaiy-
T8 Of PErUILIOME WS DETICTTIeD ACCOITInG 0 (e gen-
cral prineIptes of Weibel ot 4i, (1964) 0n circtron cueyo-
Fapts of areas of Cyropiasm a2 magmscanon of 29,000,
Biacherncal anaiynz. Secaocns of fiver and kidney re-
maining artter nague ad been ke for light and elecoon
METDXCTYY were piaced in ice«coid sucroee {250 mMm)
EDTA (5.4 mm) To-HQ (20 mma) buder. piH 7.4,
Moux Gdneys were povied acxerding to group, Homog-
enams (25% w/v spproximitely) were prepared usng 3
Tellon pas hamogemeer 3t 4°C. Homogenates were
cenmifiped ax J000g for § min ax 4°C. The supernamnr
from the Gdney bomMOgEnates were siorwd £t = 70°C uaxil
uset, Suceroamarn from the liver homoproans were fur-
ther ceamyigent a2 15,000y for 15 min & 4°C, 33 de-
scribed by Eicomoe « al (1985). The supernstanss were
discardes and the peiiets (contuning peroxmomes) were
reuspended 1o e above buffer and sterexd at ~ 70T,
The prownn conwunt of the Gver and kidney fracooss
wms determmerd by the method of Lowry o ol (1951)
The acuwdes of the poonnmai enTyows cataiase and
Cyanidesinsennitive paimitoyi cornryms A axidese ware
dewermined by the metiods of Beers and Sizer( 1932) and
Bronfman e ol {1579), rapectuvely.

TCA Comcympraxions in Slood arier £xposure o PER

Rats and mice were expased o0 400 pym PER for uo
1 & ir. Amamais Kiled at tme pownos of o= than 6 br
e cxpomt in ginss denceatney 3¢ 3 Jow e of 5-10
lisery/mas, Those exposed for the full 6 hr wery doxed
= the long-mym chambers dexcribed ahove.

Anncapheres were generatedt by vaporming PER. inwn
e I SYTME and wery moniioned by gas chronmtogra-
piry. Growgs of three ram or three mice werw icllad by
cxpomere ® C0, and bled by cardiac punctare at inter-
vaizs from te sar of exposure uenl 48 Ar possrponae
(sme Fig. 20 TCA was esora=ed fotn blood as descrbed
by Prosst & al (1939) and the methyiamd mmpies were
asnivowi on 8 Hewien-Paciard S390A gas chromato-
sraph: kol with an eiectron capture detector. A giass col-
wma (2 m X 2 mem) pacicad with Porapuk PS and oper-
2ami xt 130°C with 2 sitrogen curnier ;as Aow of 25 mif
o, wus wand for the analysis Under thear conditions
TCA b 3 rerenton me of 5.7 mun. The limx of detec-
tom for TCA ia biood was 0.2 ug/mi.

Smmes
Valuss were wared fior satisticl significance using the

twegichid Stackent ¢ test.
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RESULTS
Effects of Exzosure to PER

The mean 2nalyzed concenranons of PER.

for the 18 days of exposure were 193 and 3389

ppm for the rats and 196 and 395 ppm for the

mice. These were ciose (o the mrget leveis of

200 and 400 ppm. No significant ctinical ab-

- normalities were seen in rats or mice exposed
10 either concentration of PER.

Liver

Exposure of B6C3F1 mice 10 400 ppm
PER for either 14, 21. or 28 days remaited in
small bur staustcaily significant increases in
liver/body weight ratios up to 1.2- and |.3-
fold in maies and femaies, respecnvely, F34d
rans exposed. 10 PER showed no changes in
liver/body weight ratios.

Cyanide (CN)-insensitive paimitoyli CoA
oxidase. a marker for peroxisomai B-oxida-
don was significanty increased in mouse
liver after exposure to PER (Tabie I). This
eRZyme increased to a similar levet in males
and females but the controi rate of CN-insen-
strive paimitovi CoA oxidation was higher in
femaies. Therefore the increase over controi
rates was lower in females than males and
maximum response (seen after 28 days expo-
sure to 400 ppm) was a 3.6-foid increase in
malesand a 2.]-fold increase in femaies

In contrast, only small increases in CN-in-
seasitive paimitoyi CoA oxidation were gb-
served following trearment of F344 rats with
PER (Table 1) aithough these were some.
times statistically significzat. The maximum
increase (1.3-fold) was in maies exposed to
400 ppm for 28 days. The basai actvity of
CN-insensitive paimitoyl CoA oxidation was
goted 1o be approximately 2-fold greater in
F344 rars than in B6C3FI mice (Tabile 1),

another peruxisomal enzyme,
was largely unaffected in mice and rats ex.

~ -

ODUM ET AL

TABLE

PEROXISOMAL CATALASE ACTIVITY IN RAT AND
MOUSE LIVER AFTER ExrOSURE TO PER

Caztainse
" Coacen- (kvec™' mg prowms ™)
wznon Durauon
{ppm) {davs) Moume Rat
Male
‘ 0 14=28 {0S= LI 1.62=0.26
<00 {4 1.12=0.19 1.38 =0.57
<00 n 130 =0.17* 1.62 =021
<00 23 ld =034 190 =49.13
Femaie
Q |4=28 79 =0.12 136 =90.23
<00 14 1.56 =0.09 [ 46 =015
<00 2l 1.35 =0.0% 1.77=0.30
400 23 1.76 =028 139 =0.24

Note. Control ammais were expomexl 1o 5r ondy 14, 2],
aor 28 davs. :

¢ Values are £ = 5D. 1 » § excepe for controts, wirere
ne S,

* Starisnetly siguficant, 7 < 0.05.

pased to PER (Table 2). The only increases
(up to l.4-foid) were observed in maie mice
exposed to 400 ppm.

By light microscopy the livers of mice ex-
posed to 400 ppm PER showexd cenmrilobujar .
cusinophilia and ceamiobuiar faty vacucia-
ton. Both edects were seen 10 a similar extent
in maies and females and the numbers of ani-
mais affected increased from 14 10 28 days.
Similar efects on lipid were seen at the eiec.
tron microscope ievei in mice exposed to 200
ppm for 23 days or 400 ppm for {4, 21, or 28
days. Extensive {ipid accumulation was ob-
served in centrilobuiar heparocytes. The lipid
was present in the form of large dropiezs, 2.
0 S-um diamerer, lying free in the cyroplasm
of the ceils (macrovesicies}, and smail drop-
lets. 0.1- to 0.5-um diameter, contained
within the cisterna of the endoplasmic reticu-
lum (microvesicies). Figure { shows the uitra- .
structural appearance of 2 ceatrilobutar he-
patocyvte from (a) an untreated male mouse
and (b) a maie mouse exposed to 400 ppm
PER for 28 days. Electron microscopy
showed proliferation of peroxisomes in the
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Fia. 1. (3) Uiastructural appearance of 3 centrtiobular hepameye from an unweated male B6CIF!
mouss shcenag nucieusiNYand peraxsemest X ). X6 3500. (b)) Ultrasrucrarsl spoenrance of 2 centnicbuisr
beputocyte from a maie mouse exposen to <00 ppm PER § Arrday for 23 dxve. The cxil shows an accumuts.
tior of ipid in te form of large drogless (L) and smail vesicies aad a proiiferstion of peroxsomes (X )
The aucteus ts seen at (N}, x6300. lnset nrgher magmiicanon of peroxoome showang eiecimn dense core.
x19.8300. .
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TABLE 3
MORPHOMETRIC ANALYSIS OF HEPATIC PEROXISOMES £¥ MICE AND RATS Exrosen To PER

Peroxsome volume (% <yraplasm)

Exposure
Monse Rar
Concenoamon Duranosn

{ppmy (davy) Male Femnaie Male Femaie

0 2t 15 =067 =5=0.8 =01 J3=07

00 b | b L) i4=20.6" 37=13 47219

400 4 49z 0.7 49=1.25" -~ =0.5 AT =05

400 21 Jd=y 3 431=09" 22=07 2=

400 23 60='.4" 48=12" 4z s Ja=10

* Yalues(f = 5D. 7 = ) are cucularen from taree micrograpns PeT amimal, wath 375 points appued 1o each fmcTo-

apn.
* Stansueaily sigrificanc 2 < Q.0t.

cenwiicbular region of the mouse liver (Fig.
ib, Table 3). The protiferated peruxisomes
were smail (<0.5 zm) ang the majority re.
tained the cenwrai nucleoid (Fig. 1b. inserty,
Exposure 10 400 or 200 PPmM resuited in sa-
ustically significant increases in the volume
of cytoplasm occupied by peroxisomes (Ta-
ble 3). o

) ExmofmalemicemZOOorttOOppm
PER aiso resulted in 2 decrease in mitochon-
dria after 14 davs but this was followed by mij-
tochondriai proliferation in those animais -
subsequentty exposed to 400 pem. The effect
Was ot seen in femaies. Concomirant with
these changes exposure at either ievel for any
ofthemperiodsinvsu'm resuited in a
decrezase in the amount of pormal rough en-
dopiasmic reticuium in the cells,

Light microscopic examination of livers
from rasexpased 1o PER showed cearrilobu.
lar hyperrophy in both sexes with a concom-
iun:lonot‘glycogen.'rheeﬂ'zcsinmla
were of similar intensity in boti the 200- and
Mppmmmupsmd:hemmﬁm evi-
dence of prograssion of the lesion from l41t0
28 days in the 400-ppm group. Resuits sug-
§° that the maies were more sensitive to the
liver hypertrophic effects of PER since no
eﬁeamacninfemzlaexposedtozoo
ppm for 28 dayy,

-
Low

Electron  microscopy showed a imede-
penden: proiiferation of smooth endapias-
mic revicudum in the liverin both sexes which
correiated weil with the centriiobuiar byper-
tophy. The maies were more suscepribie
than the femajes. There was no dose- or ime-
dependant increase in PeTOXIsSOmes in the v.
ers of either sex (Table 3).

Kidnev

No increases in kddney/body weight ratios
WeTe seen in rats 2nd mice exposed to PER_

The effect of PER on peroxisomai Cyanide-
insensitive paimitoyl CoA oxidation in rats
and mice is shown in Table |. Insusficient
mouse kidney tissue preciuded the measure-
ment of this marker in individual animais_
Consequently vaiues could not be tested {or
saustcal significance. Slight increases were
seen in S-oxidation in male mouse kidney,
the maximum being 2 1.5-foid increase after
ZldayuzposuremctOOppm.Smﬂinm
in this marker were aisa observed in fernaie
rat kidneys after exposure to PER (Table 1)
up 0 a2 maximum of [.6-fold.

There was no effect of PER on renal caza-
lase acTivity in rats or mice of either sex (data
not shown). '
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FiG. 2. Slood levers of TCA in mice and mars exposed
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No compound-related changes were ob-
served tn the kidnevs of either species at the
light or electron microscope level.

Blood Laveis of TC.{ arter Exposure to PER

Blood leveis of TCA in rats and mice dur-
ing and after 2 6-hr exposure to PER (400
ppm) are shown in Fig. 2. Peak biood leveis
of TCA (approximatety 130 wg/ml) in mice
were reached 3~ hrafter the end of the expo-
sure penod and thersartter decitned with a
half-life of 7-8 hr. Forty hours afterexposure,
levels persisted ar 8-10 ag/mi In conmas

blood leveis in the rar reached a piatesu of

approximately 7 ug/mi after 3 hr of exposure
deciining 10 4 ug/mi 48 hr after the end of
exposure. Comparison of the concentrarions
of TCA 10 which the two species were ex-
posed. by caicuiation of the arex under the
curves. shows the mouse 10 have besz ex-
posed o 6.7-fold more TCA than the rat.

DISCUSSION

The hepatocarcinogenicity of PER in the
mouse has been kngwn for some years but no
stisfacrory mechanism. sither genowxic or
epigenetic, has so far been proposed. The first
step in the metabolism of PER is believed 1o
be oxidation t0 an epoxide (Reicherz, 1983)
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and the memboiites which have besn idenu-
fied support this assumpuon (Yllner. 1961:
Dagiei. 1963: Bonse er af.. 1975: Sakamoto.
1976). Alkvianon of nucieondss by reacave
epoxides has bee=n described for other chioni-
nated aikenes such 3s vinvi chioride (Laib
and Boit. 1977) and vinviidene chioride (Re-
1z er al.. 1980). DNA binding has ot how-
ever been demonsmated after teamment of
rats and rice with PER (Schumann er &f..
1980) nor does PER induce gene muratons
in bacteria {Bartseh er af.. 1979: Greim er af..
L1973 Bronzeni er ai.. 1983). These observa-
uous led 10 proposais (Schumann er av.. 1980
that PER-inducsd liver tumors in B6CSF!
mICT are a resuit of recurrent cytotoxicity ang
enpanczment of the high spontaneous inci-
dence of liver tumors found in this strain of
mouse.

The resuits of the present study susgest ao
alternative hypothesis for the mechantsm of
PER-induced carcinogenicity, that of peroxi-
some proliferation ieading to cancer forma-
tion via an epigenetic mechanism (Reddy er -
al. 1980). Exposure of maie and female mice
o PER for up to 28 days resuited in 2 signifi-
cant proliferation of peroxisomes in the liver
as measured by peroxisomal S-oxidation { Ta-
bie 1) and morphaometric analysis of elecron
aucrographs (Tabie 3). The inductioa of per-
oxisomal d-oxidation in this sudy was not
accompanied by increases in caraiase (Tabie
2). This phenomenon has been observed after
administration of other peroxisome proiif-
erators (Cohen and Grasso, 1981; Reddy ana
Laiwani. (983, for review) and is believed to
lead to increased leveis of hydrogen peroxide
in the c=il, causing oxidative damage, cyto-
toxicity, and possibiy DNA damage. How-
ever, a definite link berween such changes
and the evenrual deveiopment of cancer re-
mains to) be established.

Although increases in the activity of per-
oxisomai enzymes were observed in the livers
of rats after trearment with PER (Table 1),
these were slight compared w the changes
seen in the mouse and couid not be corrobo-
rated by electron microscopy (Table 3). Sim-

CTITgl
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dar resuits after wrearment of raws and mice
with PER have recently been reporied by
Goidsworthy and Popp ( 19873, A sixfold in-
crease in hepauc CN-insensitive paimirovt
CoA oxidase was gbsered in B6C3F! muce
dosed PER by gavage at 1000 mgrkg for 10
days. No such increvse was séen tn F344 rars,
This species difference in peruxisome protif-
erauon is identcal 1o that found by Eicompe
et al. (1985) after TRI was doseg by gavage o
mice and A There were however differ.
ences in the pathology of treared livers be.
tween the present study and thar reported by
Elcombe o7 af. (1985) for TRI. PER-inducas
peroxisome proliferation was observed in the
ceatrilobuiar region of mouse liver, The in-
duced peroxisomes were smail and retained
the nucieoid core. whereas after TRI trea:.
ment they generaily lacked the nuctenid core.
Exposure 10 PER aiso resuited in 2 concomi-
fant accumuiation of lipid in centrilobuiar

sons for these differences are unknown but
may be due to the effecrs of other merabolites
or the paren: chemical,

TCA. the major metabolite of PER (De.
kamt er o/, 198S). isa known hepatic peroxi.
Some proiiferator in both rars and mice (El-
combe, 1985) and is the metabolite responsi.
ble for increaseq peroxisomes in mice
exposed 1o TR! in previous studies (Elcompe
er al. 1985). In the preseat study, TCA ans-
ing from metbolism of PER oniy induced
hepatic peroxisome profiferation iz mice be.
Quse of the much higher concentrarions of
this merabolite in mouse bicod. The fack or
amponainmsindia:amnathmhold
concentration of TCA hzs to be reached in
order 10 induce peroxisome proiliferation in
rodent liver, The!owb!ood!eveisofTCAob-
served in raws compared with mice correiates
with the lower rate of oxidative memabolism
of PER in rats than mice (Schumann er a/.,
1980; Ikeda and Ohsuji, 1972).

' I studies have confirmed that TCA is
in factacarinogen in BSC3F! mice (Herren-
Freund era/. 1986). TCA dosad ts maie mice
in drinking watera; 5 wliter for 6 1 weeks pro-

ODLM ET AL

duced 2 50% tumor incidence compared 10 a
5% incidence m the conuo! group. Peroxi-
some proiiferanon was observed in the livers
of treated animais, Thus the species differ.
¢7ACE i the crcmogenicity of PER berween
rats and mice may be expiained (bv the
marked difference in biood leveis cﬂt.—\ anc
4 mechamsm which inguces peroxisone pro-
liferation.

The etfect of PER on the kidnev in mice
and rats was minimaj (Table (). No com-
pound-reiated changes were seen at the light
Or efectron microscope fevel in regions of the
nepnron where perozisomss are known o ke
T10st prevalent (Beard and Novikoff, 1969,
Similarty the increRses observed in peroxi-
somai énZymes were siight and not refated 1o
dose or exposure. Peroxisome proiiferanion 15
therefore uniikely o piay 2 role in the earci.
nogenicity of PER in the rar kidney and fur.
ther investigarions are needed 1o estabiish z2n
alternative mechanigm

Metabolism of PER in man is known 10 oc-
Curata very siow rae (Fernandez 7 o/ . 1976:
Monster er af. 1979). I is also a saturable
PTOCESS, saturation occurring at the low inha.
lational exposre levet of 100 ppm (Tkeda er
al. 1972: Ohtsuki eral . 1983). Consequen:iv
man is exposed 10 Jower concentrations of
TCA than mice or rats. Furthermore., TCA
does not induce peroxisome proiiferanen i1
vitro in human bepatocytes (Elcompe, [985);
inde:dzhemofpdmatsw the induc-
ton of peroxisome proliferation by other
agents is generally much lower than that of
rodent species (Cohen and Grasso. 1981:
Reddy and Lajwani_ [983),

in conclusioa this study demonstrates thar
quantitative differences in the mezbolism of
PER t0 TCA in miceand rats lead to protifer-
ation of peroxisomes in the livers of mice but
not rats. The known Qrcinegenicity of TCA
in B6C3F1 mice and the correlation berween
hepatic peroxisome protiferation and cancer _

Crorge
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10 metazoiize PER coupied with an nuInsic

deficiency in response 0 TCA as 3 per- -

oxisome oroliferator indicates that PER is
uniikelv to czuse heparoceilular carcinoma
in man.
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March 13, 1990 Man -7 7

Sigtendry Soveed
Division .

Mr. Dcnald J. Ames Air Resources Boaro
Assistant Chief
Stationary Source Division
Alr Resources Board
AtTn: Perchlorocethylene
P. 0. Box 2815

Sacramento, CA 95812
Dear Mr. Ames:

On February 1, 1990, HSIA submitted comments on the draft
technical support document for +he proposed identification of
perchlorcethylene as a toxic air contaminant. On page 26 of
these comments there is a typographical error. The first
sentence on page 26 currently reads "[tlhis calculation shows, in
other words, a potential risk of 98,000 in 1,000,000." The
correct sentence should read "[t]this calculation shows, in other
words, a potential risk of 280,000 in 1,¢00,000."

Enclcsed is a corrected page 26. Please insert <his
corrected page into the HSIA comments. '

Sincerely,

D 5

Thomas aA. Cortina .
Direc¢teor of Administration

Enclosure
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ZORRECTZD FAGE

fhis calculaticn shows, in cthef words, a2 potential risk cf
280,000 in 1,000,C00. Needless to say, this is a very large and
very detectaple rotential risk. The example of a 30-yvear
éxpcsure at the TLV may-be unrealistic, however. Thus, the table
presented at the end of our comments shows similar calculations
for different fractions of the TLV and for the lower and upper

bound of the risk estimates in the draft report.

It can be seen from this table that even the lower bound on
the risk estimate range shows extreme (e.g., 7,000 in 1,000,000)
rpotential lifetimé risks. Assuming that the exposure scenarics
are realistic, either the calculated potential risk is real, does
exist, and has gone undetected, or the calculated unit risk
estimgtes are wrong. Past manufacturing plant experience would
indicate that particularily the low end of the ppm-year scenaries
~are vefy consistent with past practices and may even be under-
estimates. For example, drycleaning workers, who have a
Jeometric mean exposure of 22 ppm with a skewed distributicn, may
have an average exposure generally exceeding 25 ppm. Yet the
drycleaniné industryrhas been the subject of numerous
_epidemiolcgy studies, none of which have detected a risk of the
magnitude shown in the table. This is true as well for other
industries that use perchlorethylene. Thus, we are left with the
conclusion that the unit risks estimates in the draft report

vastly overestimate the potential risk to humans.
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kL_iFi International Fabrica-e Institute

12251 TECH ROAD - SILVER SPRING. MO 20804 « (301) §22-12800

January 21, 1200

Mr. Donald J. Ames, Assistant Chief
Stationary Source Division

Alr Resources Board Statiarory v--r--
P.0. Box 2815 : Divisicny
Sacramento, CA 95812 A%e ResOU

Jear Mr. Ames:

RE: Comments of the International Fabricare Institute on the Preliminarvy

. Dratt of the rachnical SUDDOPt Document Tor "bPODOSEE Iaent1F1cafion
o1 Percnloroefﬁvlene as a loxic A Cont ’

ir Lontaminant

The International Fabricare Institute and the California Fabricare Institute--
spectively the national/international association and the state association
for retail drycleaning and laundry businesses--wish to submit the following

comments on the Air Resource Board's proposal to identify perchloroethylene as
a toxic air contaminant. '

At the onset, we wish tn express the need for possibie additional comments on
the future "final draft" report beyond the limits of only "...comments on the
£xecutive Summary and revisions made to preliminary draft report" as expressed
in the ARB cover letter. With an official reiease date of December 28, 1989--
and actual receipt at our offices on canuary 8, 1990--a scant three weeks has
been available for review and preparation of comments on a complex and
comprehensive document. Given the Iikely impact of cesignating
perchloroethylene a carcinogenic air pollutant, versys the extremely limited
time constraints given for {nitial comments, we request the opportunity to
provide further substantive comment as needed.

I. Impact on the Drycleaning Indﬁstry of Designating PCE
a Carcinogenic Afr Pollutant

According to a national survey of equipment and plant operations conducted in
1088 by IFI, 79.0% of all retail drycleaning plants in the United States use
PCE exclusively, while an additional °X of plants use PCE. in addition to
another solvent. While no break-out figures are available specifically for

- California, we would expect that PCE usage would be the same or slightly higher
than national figures. .

CTCTB
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There zre N0 nown or anticipated supstitutes “or SCE in tre cdrycleaning
industry. Of the other solvents currently used. mineral spirits feg, Stoddara
solvent} have been in use since the 1920's, but because of combustibility are
prohibited from new installations in virtually all urban and suburban areas of
the country,

The limited used of fluorocarbon 112 in drycleaning (aporoximately 6% of
plants) is expected to phase out in the near ‘uture because of decreasing
availability and rising costs connected with implementation of the Montreal
- Protocol provisions. Obviously, F-112 is not a viable substitute for PCE.

Similarly, methyl chloroform (1,1,1--trichloroethane)--which after its
introduction as a specialized drycleaning solvent two years ago is now used by
only zoproximately S0 plants in the nation--is not z viable substitute because

of ozone depletion concerns and its likely inclusion under *the Montreal
°rotocotl.

Finally, "emerging” solvents such as RCFC 131a or 141b have chemical and/or
physical properties which make them either unusable or potentially unsafe feq,
explosivebility) for the drycieaning of textile goods. Additionally, recent
statements indicate that HCFCs are being viewed by producers as an interim
solution and may be phased out within approximately ten vears. :

With no viable substitutes available or anticipated for PCE in drycleaning, the
.central issue then becomes that of potential emission limitations which would

be likely to be imposed following designation of PCE as a carcinogenic air
nollutant.

One example of possible emission limitations is the South Coast Air Quality
Management Districts's "Screening Risk Calculation* in proposed Rule 223 of
March 1989. Using the ARB Technical Support Document fTSD) upper-bound risk
estimates for PCE, the SCAOMD's Screening Pisk Calculation can be rearranged to

?E?gect maximum "allowable” daily emissions; these woulcd range from 0.35--1.5
ay.

For a typical.small drycleaning plant cleaning ¢,500 lbs. of garments a week
(300 1bs/day), this wouid equate to an emission factor range of 0.1--0.5 1b

PCE;EOO Ibs. cleaned, or the equivalent of 140,000--700,000 1bs cleaning/drum
of PCE.

Emission limits in this range--and their equivalent solvent mileages--far
exceed that possible under RACT, BACT, and MACT--in fact, outstrip that of the
best oberating plant in the nation by an order of magnitude or hetter.

Our industry has consistently taken the position that if PCE is shown to be a
p~obable human carcinogenic, then appropriate measures should be adopted to
protect industry employees and the public. However, we also believe strongly
that any such determination must be based on sound scientific data and
consistent and rigorous interpretation of any such results.

Fatala
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ignificant evigdence nas arisen ingicating *hat CGCE, while carcinogenic 1n
mice, is uniikely to be a human carcinogen. n concert with this, ZPA‘s
“Science Advisory Roard has suggested that FCE is a specific example of =
compound that does not cleanly fit into EPA's current carcinogen ranking
system. That ranking system is, of course, now undergoing review with respect:
to the possible inclusion of additional categories.

The significant questions about the weight of evidence for possible human
carcinogenicity of PCE clearly indicate that designation as a carcinogenic air
pollutant is unwarranted. Moreover, the incalculable damage to the drycleaning
industry which would occur from such a designation could never he recovered.

As an industry, we believe that significant steps can be taken in reducing
emissions of PCE in all media...5ut that designation of °CE as a carcinogenic
air oollutant is not only not necessary or warranted, hut cisastrous. -

The impact on drycleaning of a carcinogen designation for °CE is not
cverstated--nor is our commitment to achieving significant reductions in PCE

emissions by working with the Air Resources Roard in the development of
standards. |

I1. Comments on ARB Technical Support Document Part A

Rather than the 4,200 drycleaning facilities in California estimated in the
TSD, the just-released 1987 U.S. Census of Service Industries reports 2,450
retail drycieaning stores, 916 coin-op laundryv/cleaning stores, and 157
Industrial laundry facilities in California.

Based on IFI national {ndustry statistics, PCE is used in aporoximately 88% of
retail stores, 315-20% of coin-ops and 12-5% of industrial plants. Applying
these distributions gives adjusted figures for PCE drycleaning stores in
California of approximately 2,200 retafl, 140-200 coin-op, and 3-8 industrial--

or approximately 2,300--2,400 facilities overall, a significant raduction from
the estimated 4,200 facilities. :

The 1987 Census of Service Industries statistics also provide a method for
calculating the approximate total PCE consumption by the drycleaning industry.
AS reported, total retaijl drycleaning receipts in California for 1987 were
approximately $518 million. '

Using an IFI receipt factor for 1987 of $2.52/1b cleaned--as developed in the
annual IF1 operating cost survey--gives approximately 205.5 million pounds
cleaned per year. This annual poundage figure, multiplied by the 88% of the
stores which use PCE, gives a value of dpproximately 181 million pounds cleaned
in retail PCE stores in California.

£2C790
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Zven assuming a reiatively low average "<olvent mileage” 2f £,000 lbs clcthes
zleaned/700 1b drum of PCE ‘as ooposed to current hest estimates of **0,C0C
“bs/drum), zalculated PCE ccnsumption by retail stores would be approximately
7,900 tons cer year.

- In the =zbsence cof current cdata for PCE consumption factors for coin-op and
industrial facilities, using the same ratios between industry sectors as
reported by EPA (TSD Part A, Appendix A-2) aives a total for all sectors of
crycleaning of approximately 11,000 tons PCE/year, rather than the 18,100
tons/year estimated. -

It should be noted that the results of this calculation are consistent by ratio
with the reduced number of plants reported in the Census. Similarly, using
this method of calculation with a higher number of plants--eg, those estimated
in the TSD--would give a higher PCE consumption which would be very close to
that originally estimated. :

One other likely cause for the higher ARB number for drycleaning PCE use is the
data cited by producers of 14,930 tons of PCE "shippecd in 1985 from U.S.
producers to California for drycleaning." In general, we have found that
drycleaning consumption of PCE has frequently been overestimated in the past
by PCE producers via the use of numbers such as this.

Specifically, it should be noted that PCE is not shipped directly to
drycleaning stores. Instead, it is purchased from Solvent distributors from
whom the same drycleaning grade PCE is frequently purchased by other users of
PCE--ie, businesses outside the drycleaning industry--as the purity level is
greater than that of industrial-grade PCE. Unfortunately, the solvent
producers will often eguate sales of drycleaning-grade PCE to cistributors
cirectly with sales to drycleaning plants, when such is not the case. We would
=e happy toc refine these calculations in concert with the ARB as needed.

‘The estimate in the TSD of air emissions as a faction of total PCE consumption
in drycleaning (ie, 0.88 1b PCE emitted/lb PCE used) is significantly high,

most likely because of an under estimation of the cuantity contained in
hazardous wastes, : :

Absent a small quantity generator waste exemption in California, these PCE-
containing drycleaning wastes are drummed ancd sent to solvent recycling
facilities, such as those of Safety Kleen. As most of the retail drycleaning
sector relles on standard-sized cartridge filters as part of their drycleaning
system, and distills solvent at fairly constant rates relative *o poundage
cleaned, the total residual PCE in cartridge and still wastes is relatively
constant at approximately 2.2 1bs PCE/100 lbs cleaned.

Solvent mileages of 8,000--10,000--15,000--20,000 1bs cleaned/700 1b drum of
PCE are equivalent, respectively, to consumption rates of 8.8--7.0--4.7--3.5
1bs PCE/100 1bs cleaned.

cocrgl
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After suptracting the relatively constant 2.2 1b PCE/100 |bs cleaned waste loss
“rom the above numbers, air emissions equal, respectively, 54%--34%--32%--2% of
total PCE use, not the 88% estimated in the document. Again, we would be happy
L0 provicde a more in-depth analysis of these factors with ARB staff.

Part. A alsc touches upon indoor air concentrations of PCE, some portion of
which may be attributable to residuals in drycleaned articles. As part of this
c¢iscussion, it is noted that data is available on indoor air levels of PCE

from several European studies, but that this data may not be representative of
California.

We believe that the ARB is correct in feeling that this data may be non-
representative. The common European practice of installing so-called "unit
c¢rycleaning shoos" in blocks of residential apartment rows has presented
problems. Typically, a unit shop is often found with apartments on either sice
of the olant, zbove it, and behind it...with no means of ventilation other than
through the front door. Fortunately, this is not a common oractice in the U.S.

The drycleaning industry is concerned about the possibility of PCE in
drycleaned garments centributing to indoor air levels. To this end, we are
currently finalizing a draft test program with the cooperation of u.S. Epa,
Testing under this program will evaluate possible contributions of drycleaned
garments to indoor air levels of PCE and the possible operational changes which
might be used to minimize any PCE residuals.

II1. Comments on ARB Technical Support Document Part B

The evidence suggestive of PCE's carcinogenicity, when scrutinized carefully,
consists primarily of two findings of liver tumors in the B6C3F! mouse. The.
scientific community nas repeatedly cautioned against reiiance on liver tumors
in this strain of mice as an indicator of possible carcinogenicity in humans.
As one example, researchers have identified a cellular oncogene in this strain,

and this has been postulated as the likely cause for its extreme susceptibility
to tumors.

Given the absence of any valid finding of carcinogenicity in other animal
species--3s discussed in the following--let alone in humans, PCE should not be

classified as a "potential" (ie, probable) human carcinogen by the Air
Resources Board.

Classification of PCE as a prabable human carcinogen reverses at least three
contrary determinations by EPA and/or its scientific advisors. The U.S. EPA's
July 1985 Health Assessment Document (HAD) on PCE concluded:

According to the Agency’'s Proposed Guidelines for
Carcinogen Risk Assessment (published November 1984), the
cancer evidence of PCE in animal test systems {s limitec
-~ and the cancer evidence in epidemiologic studies is
inconclusive.‘ The overall weight-of-evidence
classification for PCE would be Group C, {e., a possible

~ human carcinogen. -

CoCe3s
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~AD at 1.4, S-73 iompnasis added}!. The Agency's Science 2¢visory Soare also
concluded in 1984 that "insufficient evidence exists to classify the chemical
is a3 propable carcinogen for humans." lLetter ‘rom Herschel Z. Griffin, M.D.
and Norton Nelson, Ph.D. to EPA Administrator Ruckelshaus. <anuary 4, 1985, In
addition, EPA's Risk Assessment Forum Classified PCE in Group C. See £0
‘ederal Register 46887. All of these determinations were made sTter
publication of EPA's 1984 proposed guidelines for classifying carcinogens and
reflected the criteria specified in the guidelines.

The critical issue presented by EPA's 1986 HAD Addendum and hy the ARB
Technical Support Document is whether subsequent experimental findings warrant
@ reversal of the earlier classification. The Addendum cites two studies in
support of its conclusion: (1) the 1977 NCI gavage study, which is described
as having provided "positive evidence of hepatocellular carcinomas in mice,"
and 2) the 1985 NTP inhalation study, which the Addendum cescribes :zs
"demonstrating that PCE can induce carcinogenic effects in both rats and mice
through inhalation exposure."” '

Both the 1977 and 1985 studies have been severely criticized by the scientific
community.  Shortly after the 1977 gavage study was completed, NCI's own
advisory committed, the Clearinghouse on Environmental Carcinogens, expressed
serious reservations about the study as to both mice and rats. Clearinghouse
members characterized the study as "poorly-designed," primarily because the
animals received toxic doses of PCE. In its official statement, the
Clearinghouse observed: "the significance of the bioassay . . . is
significantly blunted by the evidence of toxicity in both the low and high dose
groups,” and noted that the effects observed with hoth rats and mice were
"prima facie evidence for dose schedules in excess of the maximum tolerated
dose. Jee transcript of proceedings of National Institutes of Health
Clearinghouse on Environmental Carcinogens, Data Evaluation/Risk Assessment
subgrouos, September 26, 1977 at 144,

Thus, NCI's own advisory committee (the Clearinghouse}, as is abundantly clear
- from the transcripts of the relevant Clearinghouse meetings, long ago

repudiated the 1977 bioassay as reliable evidence of carcinogenicity in either
species.

NTP's conclusion that the 1985 inhalation study demonstrated "clear evidence®
of carcinogenicity in both rats and mice has heen similarly duestioned. DOr.
Robert A. Squire, previous Director of the animal bioassay cancer testing
program at the National Cancer Institute, hds reviewed NTP's report, including
an on-site review of tissue slides from the test animal. Dr. Sguire has noted
several factors which cast doubt on NTP's fincing of "clear evidence” of
carcinogenicity in male rats and "some evidence" in female rats:

0 There currently are no generally accepted criteria for staging
leukemias in rat. The ad hoc criteria used in the NTP study neither
were reviewed in advance by experts in the field nor were similar to
criteria used for staging leukemias in other species.

CTTr93



Stationary Source Division
A{r Pespurces Board

o “here was 2&n abnormally migh incidence of leukemig in-gontrcl
animals, indicating some cther environmental <‘actor which affectaa
the observed leukemia rate in test animals.

0 The leukemia finding is of doubtful relevance to potential effects of
PCE on humans. The ohserved incidence of leukemia in rats is "a
questionable endpoint for predicting human risk. There is no
comparable human cdisease."

0 The finding of kidney tumors in male rats was not statistica}ly
significant and, in any case, occurred only in conjunction with
nephrotoxic doses of PCE. '

Or. ZSauire also questioned the relevance of the NTP's findings of increased
mouse liver cancers to humans. He noted the widely-recognized susceptibility
cf mice to develop cancer when exposed to substances which are zlso toxic +a
the mouse liver. For this reason, Dr. Sauire concluded:

The mouse liver is generally not an appropriate surrogate
for carcinogenesis risk in humans particularly where (like
PCE) the compound tested {s non-genctoxic and is
administered at toxic levels.

Additionally, Clement Associates, Inc., in an audit of the 1985 NTP study, also
identified a number of deficiencies. These included deficiencies in animal
handling and identification, as well as general problems with the testing
laboratory serious enough to require corrective action by NTP. Clement also
expressed concerns similar to Dr. Squire's about the relevance of observed
Fipdings of rat leukemias, particularly in view of the arbitrary staging
criteria used by NTP, and about the significance of the rat kidney tumors.

indeed, Clement concluded that the observed mononuclear cell leukemia in rats
was unrelated to PCE exposure.

Significantly, the Science Advisory Board's Environmental Health Committee.
Halogenated Organics Subcommittee, at its May 1986 review of the 1985 NTP
findings concluded that al} of the 1985 rat cata, including the finding of

leukemia in females, must be considered at best equivocal and is of doubtful
relevance to humans.

The SAB Subcommittee in fact rejected all the evidence cited in the Addendum in
support of Group B2 classification for PCE, except the fincings of mouse liver
tumors. While the Subcommittee accepted the {985 positive findings in mice, it
had reservations about whether those findings reflected a true carcinogenic
mechanism. Regardless cf the Subcommittee's reservations, these findings
clearly do not represent "sufficient evidence" of carcinogenicity in animals

under EPA's guidelines. Fvidence is considered sufficient only if an increased
incidence of tumors is found

[l & Lokl
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‘a}  in multiple species cr strains: sr ‘B} :n multiote
experiments ‘preferably with cifferent routes cof
administration or using cifferent dose levels): or ‘¢) to
an unusual cdegree with regard tc incidence, site or type
of tumor, or age at onset.

49 Federal Register 46294, 46300 (November 23, 1984). Therefore, for the 1085
mouse liver tumor data to be considered sufficient evidence, it would have tc
be corroborated by at least one other test utilizing the same species or
strain of mouse or utilizing another species. As noted, the 1985 study yielded
no valid findings with regard to rats. The 1977 NCI study was repudiated by

NCI's own. advisory committee for use of coses exceeding the maximum tolerated
dose in both species.

Sven assuming NCI's 1977 findings of increased mouse liver *umors were
reliable. this would still not be "sufficient" evidence. Dositive fingings of
liver tumors in the B6C3F! mouse in two (or more! experiments cannot be viewed
as more than "limited” evidence of carcinogenicity.

The clear weight of scientific authority is against the use of the mouse 1liver
tumor as a virtual sole indicator of effects in humans. Moresver, the species-
~ specific effect of PCE on mice is well-documented. When NTP repeated the 1977
NCI gavage hipassay in 1983, it attempted to prove that liver damage from PCE
15 not a necessary precursor of liver tumors in the B6C3F! mouse. In fact, the
data demonstrated a contrary proposition--that hepatotoxicity is a prerequisite
for hepatocarcinogenicity in this strain.

In mice, tetrachloroethylene was carcinogenic to the liver, but only at leveis
which were hepatotoxic, indicating that there are critical levels of cellular
damage which may be necessary before there is an increase in cancer risk. This
cleariy has implications for human risk assessment and one may canclude that

no-affect or threshoid levels would probably alse exist in man where there is
no hepatotoxicity.

These findings are consistent with the absence of a genetic mechanism for PCE-
induced mouse liver tumors. Or. Marvin Xuschner, Dean of the School of
Medicine at the State University of New York at Stoneybrook, and a former
member of the SAB Subcommittee on A{rborne Carcinogens, as early as 1981
hypothesized that PCE is a liver toxin which, in the B6C3F1 mouse, damages
liver cells. Again, under this theory, exposure to PCE at levels below that
which destroys liver cells would not result in tumors in mice or cther species.

More recently, researchers have discovered a cellular oncogene in spontaneous
liver tumors in B6C3F! mice. This finding also “"supports the concept that the
B6C3F1 mouse is hypersusceptible to liver development® and incicates that this
animal "is dissimilar to the genetically diverse human population in its
ability to activate, with a very high frequency, a specific tumor-associated
oncogene." T. Fox & P. Watanabe, Detection of a Cellular Oncogene in
Spontaneous Liver Tumors of B6C3F1 Mice, 228 Science at 596-97 (1985). This

dissimilarity to humans militates strongly agaffist reliance on liver tumors in
thfs strain gf mouse 2s a predictor of ﬁhﬁ%n!%arcinogenicity of PCE or, indeed,
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any other supstance.

. In recognition of these severe limitations, SPA's guicelines specifically
provide that mouse liver-oniy tumor responses, even if replicated, should not
be accorded the same weight as positive findings in multiple experiments with
some different species. Thus, the guidelines state:

Under specific circumstances, such as the preduction of
neoplasms that occur with high spontaneous background
incidence, the evidence may be decreased to "1{mited" if
warranted (eg., there are widely diverging scientific views
regarding the validity of the mouse liver tumor as an
indicator of potential human carcinogenicity when this is
the only response observed, even in replicated experiments
in the absence of short term or other evidence).

49 Federal PRegister at 45300. Since there is no substantive short term or
other evidence (eg.. genotoxicity or mutagenicity) for °CE, the 1977 and. 1985

mouse data is, at most, a severely limited indication of possible human
carcinogenicity.

Telling evidence for the lack of human carcinogenicity comes from the available
epidemiological evidence for PCE. With a unit risk factor fas calculated by
ARB} of 31--1424 10=6/ppb, evidence of an increased risk should be strongly
discernible in drycleaning worker cohorts, even those of small size,

coqsidering the typical levels of exposure in the range of 40-60 ppm which have
existed for 40 years or more. .

A unit risk factor of 21-144 x 10-6/ppb is equivalent to 0.031--0.144/parts per
million. and greater than unity for S0 opm exposures, ie, in the range of 1.55-
-7.20750 oom for lifetime exposures. Even corrected for daily OuUTration or

éxposure and working span ractors, the risk factor is purportedly in the range
of 0.26--1,20/50 ppm.

Significant deficiencies exist with most epidemiological studies which have
been.renorted, to the point where critically-disabling flaws disqualify these
studies as a possible predictor of potential human carcinogenicity.

Specifically, save for the retrospective cohort mortality study by NIOSH, no
study has been done where exposure was known to he limited to PCE. 1In fact,
each of these other studies has either specified or acknowledged exposure to
multiple solvents, including carbon tetrachloride, petroleum solvents, and
others. A further limitation of these studies has been an inability to
identify work occupations, with the result that the cohorts have consisted cof
an unknown mixture of laundry plant workers, drivers, and other unexposed
empioyees. :
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While the full NIOSH cchort of 1,500 workers coulcd not ce fully icentified as
~to solvent exposure, a subconort of approximately cne-third of the full group
was known to have had only PCE exposures in their working careers. In the

subcohort--the onlvy PCE-specific exposure arouo ever studied--there was no
overal] increase of cancer. and no site-specitic LACrease in cancer.

In conclusion, we believe that the equivocal bioassay data, coupled with the
lack of any confirming human data where such would be expected, does not
support a determination of potential/probable human carcinogenicity for PCE.

At the same time, our industry believes that until final evidence is available
to establish an even-stronger determination of non-carcinogenicity, a continued
effort to reduce in-plant exposures and environmental emissions reporesents the
most prucent of courses. To that end, we offer ; commitment %25 the Air
Resources Board to work jointly in developing viable, innovative abproaches to
significantly reduce environmental emissions from our industry.

Sincerely,

Mm_.('c:«::yé,
William E£. Fisher G

Assistant General Manager/
Vice President

cooy to: Caffey Norman
Ear! Nichols, Paul Ceccarelli
Charles Riggott, Jon Meijer <] - -
Fax to G.Laumann '
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Air Pollution Controi Officer
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February 7, 1990

ounty of San Diego

Robert Rood

Substance Evaiuation Section
Alr Resources Board

Attn: Parrhloroathuisns

P.O. Box 2815

Sacramento, CA 935812

COMMENTS ON PROPOSED IDENTIFICATION OF PERCHLOROETHYLENE
. AS A TOXIC AIR CONTAMINANT, FART A REPCRT

Even though the perchlorogthylene usages in Table [II-1 (Section III, page A-7) were
directly referenced from Appendix A, these two scurces do not agree and the
ditference is unclear. CARRB predicts a proportional increase in dry cieaning
emissions due to an increase in state population (Section III, page A-13). However.
there 1s no mention whether tighter OSHA regulations in the wark piace and
associated phasing-out of transter systems were considered.

For dry cleaning operations, CARB uses an EPA quoted reduction value of 70%
(Section III, page A-8) for facilities equipped with refrigeration units, while the San
Diego Air Pollution Controt District (APCD) has been using 90% as the accepted
reduction value. This factor reflects control standards in current district ruies and
this discrepancy could mean an undercstimation of perchloroethylene emissions
from dry cleaning operations in San Diego County. Little mention was made of
emissions from filter or distillate waste which has been shown to contribute
significantly to overall perchloroethylene emissions.

The report gives the indication that throughout the state degreasers are significant
contributors to pere emissions. San Diego County currently has approximately 20 or
the estimated 330 perchloroathylene degreasers in California (Section 11, page A-9)
and the emissions are estimaied from inventories to be 30 tons peryear. This
means that degreasers may not contribute to perc emissions in some districts as
significantly as in others. |

S coorog

AIR POLLUTION CONTROL DISTRICT
9150 Chesapeake Drive. San Diego, California 92123.1095
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Zmissions from state-wide maskant operation were not menuoned as significant
contributors, while operatlcns in San Dxego County may be relatively large emitters
of perchloroethylene.

Thank you for the opportunity to comment.
.:é:w{}z ‘ /X{-
STAN I ROMELCZY K

Senior Air Pollution Control Engineer

STR:1
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II. AIR RESOURCES BOARD STAFF RESPONSES TO COMMENTS ON PART A
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A, CDMHENTS FROM CITIZENS FOR A BETTER ENVIRONMENT

1. :

The Part 4 report does not adequately assess total public
perchioroethyiene exposures far all indoor environments.
Specifically, Part A neglects the exposure of workers, gonsumers and
others in indoor microenvironments such as hospitals, schools,
offices, and workplaces. Exposure to a consumer at a dry cleaning
counter should be assessed.

Response:

The database for indoor éxposure assessment is very limited. The
report emphasizes indoor monitoring studies that were designed to
provide representative data for Californians. So far, these types of
studies have concentrated mainly on residential environments.

The studies reviewed include ones in which 1.) only personal
expesure data was collected, 2.) personal exposure data was collected
and indoor and outdoor concentrations were measured, and 3.) only
indoor concentrations were measured. Although studies discussed in
the report do not specifically target consumers at dry cleaning
counters, the personal exposure studies include workplace exposures
and exposures in consumer-accessibie environments. For exampie, in
the Total Exposure Assessment Methodology (TEAM) studies conducted in
1987, several participants noted visits to dry cleaning shops among
their personal activities.

In addition to the personal exposure studies, an Environmentai
Protection Agency (EPA) study of the indoor environments of different
public buildings is reviewed in Part A (Wallace et ai., 1887; Sheldoen
et al., 1988). These public buildings include a hospital, a school,
two homes for the elderly, and several offices. None of these public
buildings are located in California.

‘We note that the California Occupaticnal Safety and Health Agency
(Cal-0SHA) has the specific mandate to review and regulate workers'
exposures and workplace air levelis.

2. Comment: ‘
Information shouid be added to assess the multiple routes of
~exposure from the different sources of perchlorocethylene in indoor
air.

Response: ' | :

Currently, we do not have specific data to breakdown the .
perchloroethylene sources of exposure in indoor air. However, in
keeping with the California Heaith and Safety Code section 39660.5, we
assessed exposure from indoor air and discussed the relative
contribution of indoor air to total] exposure based on the available '
data.

. b
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The European data on perchloroethylene exposure by ingestion
should be reiated to exposure in California by identifying the
mechanisms by which perchloroethylene contaminates the food supply.
Cancer risks associated with the ingestion of perchiorcethylene in
food should be presented in the report. :

The European data do not furnish a sound basis for assessing
perchloroethylene exposure by ingestion in California because: 1.) the
data are incomplete and dated, and 2.) the difference in dietary
habits between the European study group and Californians can not be
adequately assessed.

Although exposure through media other than air is included when
information is available, the purpose of the ARB's Part A report is to
ident ify mechanisms by which persons are exposed to airborne toxic
substances. The Part B report prepared by the Department of Health
Services assesses the cancer risk based on the ARB's exposure
information. Some airborne toxicants, especially those of 2
particulate nature, contaminate food or water by deposition,
adsorption, or dissolution. Due to its volatility and relative
insolubility in water, the contribution of airborne perchloroethylene
to concentrations of the substance in food or water is expected to be
negligible.

The report should include exposure and cancer risk assessment for:
1.) average and maximum indoor air concentrations, and 2.) daily
maximum, chronic, and worst-case exposures from the combination of air
and other environmental media.

Response: ,

The revised Part A report includes available data on max imum
indoor air concentrations. Also, the daily dose via indoor air
inhalation includes 24-hour average maximum concentrations.

There are sufficient data on ambient concentrations and near-

- Source emissions to assess the cancer risk for exposed populations.

The cancer risk assessment is summarized in the Staff Report/Executive
Summary and more fully described in the Part B report. However, the
database for perchloroethylene exposure via environmentai media other
than air is very limited and is not necessary to support our
recommendation that perchloroethyiene be identified as a toxic air .
contaminant.

Comment :

Superfund Amendments and Reauthorization Act (SARA) Title III data
for toxic air contaminants should be inciuded in reports. Alse, the
geographical distribution of the SARA Title III emissions should be
presented. _ ’
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Respopse: .

The ARB staff has not used information from the SARA Title I1I,
section 313 database in toxic air contaminant identification reports
for the following reasons: 1.) only those industries which
‘manufacture, process, or use chemicals above specified thresholds are
required to report, 2.) emissions from utilities, military
installations, hazardous treatment plants, agriculture, and motor
vehicles are not required to be reported, 3.) the database relies
entirely on self-reporting, that is, industrial facilities estimate
their own emissions, and 4.) the emissions reported by a facility are
not audited.

Using a variety of information sources has enabled the ARB staff
to develop more compiete emissions inventories than the SARA Title III
reports.

The information contained in the Federa) SARA Title III section
313 database is available to the public through the following
agencies:

Office of Hazardous Materials Data Management
Environmental Affairs Agency

P.0. Box 2815

Sacramento, California 95812

Phone: (916) 327-1848 or 327-1849,

Pollutant Characterization Section
Nencriteria Pollutant Programs Branch (MD-15)
U.S. Environmental Protection Agency
Research Triangle Park, N.C. 27711

Phone (919) 541-5371

Comment :

In section IV C, Exposure to Perchlorcethylene Near Emission
Sources, Part A should include the individual and population cancer
risk for the population exposed to emissions from the eight South
Coast facilities modeled by the ARB staff, -

The %ndividua] and population cancer risk for the population
surrounding the eight South Coast facilities is in the Staff
Report/Executive Summary and the revised Part B report.

-

Paré A should include the emission levels for the eight South
Coast facilities discussed in section IV C. Exposure to
Perchiorcethyiene Near Emission Sources.
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Response: 7

The revised report includes the estimated total emissions, as welil
as the range of emissions, for five facilities centered on the City of
Industry and three facilities centered on Burbank.

. B. COMMENTS FROM INTERNATIONAL FABRICARE INSTITUTE

L.

Comment : _

The results of a 1988 national survey by the industry indicate
that 79 percent of all retail dry cleaners use perchiorcethylene
exclusively and 9 percent use perchloroethyiene plus another solvent.
California perchloroethylene-usage is probably the same or higher.

The information'regarding the extent of perchlioroethylene-usage by
the dry cleaning industry is included in the revised Part A report.

Somment:
There are no known reasonable substitutes for perchloroethylene in
the dry cleaning industry.

Response:

The purpose of the identification phase of the toxic air
contaminant program is to determine whether or not a compound should
be Tisted as a toxic air contaminant. If perchlorcethylene is
identified as a toxic air contaminant, the possibility of substituting
perchloroethylene with another cleaning solvent wiil be considered in
the risk management phase of the process.

Lomment:

One example of emissions limitations is the range {(0.35 to 1.5
pounds per day) in the South Coast Air Quality Management District's
(SCAQMD's) Proposed Rule 223. This limitations range far exceeds that
possible under Reasonabiy Acceptabie Control Technology (RACT), Best
Available Control Technology (BACT), or Maximum Available Control
Technology (MACT). 1In fact, it is more stringent than the emissions
limits achievable at the best operating plant in the nation by an

- order of magnitude or better.

The comment above shouid be directed to the SCAQMD. The Part A
report provides exposure information for the proposed identification
of perchloroethylene as a toxic air contaminant and does not propose
or endorse any district control measure. If perchiorvethylene is
identified as a toxic air contaminant, all possible control measures
will be considered in the risk management phase of the process.

Comment :

The ARB staff has overestimated the number of dry cleaning
operations in California. The number of dry cleaners using
perchlorocethyiene in California is approximately 2400.



Response: : : _

The revised Part A report states that there are approximately
3,000 dry cleaning operations in the state using perchloroethyiene.
Based on permitting records, the estimated total number of dry
cleaners using perchloroethylene in just the Bay Area and South Coast
2ir gquality management districts is approximately 2600.

Comment: .

In Appendix A page A-2, the ARB staff estimates that 18,100
tons/year of perchlorcethylene are used by California dry cleaners
based on sales by solvent producers. The perchloroethylene-usage by
California dry cleaners is overestimated because solvent producers
equate the sales of dry cleaning-grade perchloroethylene with sales to
dry cleaners when, in reality, other businesses use this grade of the
solvent.

Response:

The estimate in Appendix A used data from solvent producers for
1985 while the estimate in Chapter III of Part A (12,857 tons) was
based on a survey of California halogenated solvent distributors for
the 1987 inventory year. 1In order to avoid confusion, Appendix A
(Methods for Estimating Usage and Emissions of Perchiorcethylene in
California) is not included in the revised Part A report. The
methodology for.estimating usage and emissions from each source is now
included in the text of the report.

The 1987 estimate in the revised Part A report relies on the
distributor's records of the estabiishments to which they sold
perchloroethylene and not on the grade of perchlorocethylene sold.

The ARB staff use an overly high perchlorcethylene emission factor
of 0.88 pounds emitted for each pound used in dry cleaning.

The 0.88 emission factor for nation-wide dry cleaners developed by
Wolf and Myers (1987) is based on subtracting the amount of solvent

- waste generated in 1984 from the total amount of perchloroethyiene

used that year. The difference is assumed to be perchloroethylene
emissions. The ARB staff believes that the (.88 factor is appropriate
for estimating 1987 perchiorcethylene dry cieaning emissions.
Currently, the staff expects that overail perchloroethylene emissions
from the California dry cleaning industry are decreasing due to: 1.)
the adoption of dry cleaning contro)l measures by several air pollution
controt districts, 2.) the institution of lower permissible exposure
limits for workers by the California Occupational Safety and Health
Agency (Cal-0SHA) in 1990, 3.) the adoption of DHS hazardous waste
reguiations requiring the storage of filter and still-bottom waste in
air-tight containers, 4.) the trend to replace transfer units with
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dry-to-dry units, and 5.) the trend for large industrial cleaners to
use scap and water rather than perchloroethylene. This information is
inciuded in the revised Part A report.

C. COMMENTS FROM SAN DIEGO AIR POLLUTION CONTROL DISTRICT

1.

3‘

Comment :
The amount of perchloroethylene-usage shown in Table III-1, page
A-7, does not agree with the amount shown in Appendix A, page A-1.

Response:

The perchloroethylene-usage shown in Table III-1 is based on a
survey of halogenated solvent distributors for the 1987 inventory year
while the usage shown in Appendix A is based on the amount of
perchloroethylene shipped to California in 1985. To avoid confusion
in the revised Part A report, the methods for estimating usage and
emissions of perchlorcethylene in California are described by source-
category in the body of the text.

Comment: _ -

On page A-13, the ARB staff predicts an increase in dry cleaning
(and perchlorcethylene emissions) due to a projected increase in
California's population. Was the institution of tighter Cal-0SHA
regulations in 1990 considered in this prediction?

Response:

The preliminary draft of Proposed Identification of :

ic Aj i was issued before the

Cal-0SHA permissible exposure limits of 25 parts per million (ppm)
became effective in April 1990. The revised Part A report discusses
the likely trend toward decreasing perchloroethylene emissions from
dry cleaners (please see the response to comment B & above). 1In the
revised report, the projected increase in population is linked to a
predicted increase in perchloroethylene-usage and emissions for
industries other than dry cleaning.

Comment :
On page A-8, the ARB staff uses an EPA estimate of 70 percent

_reduction in perchloroethylene emissions from dry cleaning facilities

equipped with refrigerated condensers. Based on control standards in
the San Diego Air Pollution Control District rule, the district
estimates a 90 percent reduction in emissions. Is San Diego
underestimating perchloroethylene emissions from dry cleaning in the
county?

The San Diego rule specifies that "90 percent or more by weight of
the halogenated organic compounds be removed by the device ..." but
does not specify the type of air pollution control device to be used.
As mentioned in Part A, carbon adsorbers (most often associated with
transfer dry cleaning operations) are estimated to reduce
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emissions by about 98 percent while refrigerated condensers (most
often associated with dry-to-dry dry cleaning operations) reduce
emissions by about 70 percent. In transfer cperations, washed clothes
are physically transferred to a drying unit, thus furnishing an
additional opportunity for perchloroethylene emissions. In dry-to-dry
operations, these emissions are avoided by washing and drying clothes
in the same unit. The total reduction in perchloroethyiene emissions
using the dry-to-dry unit with a refrigerated condenser should be very
close to that achieved using a transfer unit with a carbon adsorber.
Both systems are capable of the 90% reduction specified by the San
Diego District rule. .

Comment:

In Part A, little mention was made of emissions from filter or
distillate waste which has been shown to cantribute significantly to
overall perchloroethylene emissions.

Given the use of air.pollution control devices such as carbon
adsorbers and refrigerated condensers, filter and distillate residues
may be a significant source of perchloroethylene emissions. Once the
residues are removed to air-tight containers in accordance with
hazardous waste regulations, they cease to contribute to dry cieaning
emissions. This information is reflected in the revised Part A
report.

Lomment: | |

On page A-8, the Part A report indicates that degreasers are a
significant source of perchioroethylene emissions throughout the
state. Actually, degreasers may not significantly contribute to
emissions in some districts. For exampie, San Diego has only 20
degreasers (out of Cajifornia's estimated 250 degreasers) with
estimated emissions of 30 tons per year.

Response:

Some districts are expected to have more degreasers and,
therefore, more emissions from degreasing than other districts.
Currently, there is insufficient data to estimate perchloroethyiene
emissions from degreasers in each district of California. Such
information should become available as data from the AB 2588 Hot Spots
Emissions Inventory are analyzed.

Comment : _

Emissions from state-wide maskant operations were not mentioned as
significant sources of perchloroethyiene emissions. Such operations
in San Diego County may be relatively large perchloroethyiene
emitters. _
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Response: : ‘

The halogenated soivent distributors surveyed by the ARB staff
cauld not identify the purchasers of 642 tons of perchioroethyiene
sold in the 1987 inventory year. An unknown amount of the 642 tons
was expected to be used by the semi-conductor industry in maskant
operations. Thus, in the Part A report, the perchloroethyiene
emissions from maskant operations are included in the emissions
attributed to the Miscellaneous source-category.



III. DEPARTMENT OF HEALTH SERVICES STAFE RESPONSES TO COMMENTS ON PART B
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DEPARTMENT OF HEA SERVICES
- 8 RESPONSES TO PUBLIC COMMENTS
ON THE JANU 1289 REVISION OF PART §
OF THT DRAFT REPORT TO THE AIR RESCOURCES BOARD
ON _TETRACHLOROETHYLENE (PCE)

General Comments
Comment: The statement in Chaprer 1 of the draft document that PCE is
used for coffee decaffeinaction is incorrect (Halogenated Solvents
Industry Alliance, February 1, 1990 [HSIA}, page 27).

Response: The reference o use of perchloroechylene in decaffination of
coffee was eliminated,

Comment: Chapter 1 of rhe draft document stares that the Occupational
Safety and Health Administration permissible exposure limit (OSHA PEL)
for PCE is 50 ppm for an 8-hour time-weighted-average (TWA). The OSHA
PEL has recently been changed to 25 ppm for an 8-hour TWA (HSIA, p. 27).

Response: The revised PEL has been added ro the document.
Topic: Hazard Identification

Comment: The weight of available scientific evidence does not support
the conclusion that PCE is a probable human carcinogen (HSIA, p. 4).
Significant questions about the weight of evidence for possible human
carcinogenicity of PCE indicate that designation of PCE as a
carcinogenic air pollutant or as "a ‘potential’ (i.e., probable)” human
carcinogen is unwarranted (International Fabricare Institute, January
31, 1990 (IF1)], pp. 3, 5-10).

Response: Experimental studies have indicaced that PCE is or its
mectabolites are genotoxic and can produce cancer in laboratory animals.
PCE induced DNA strand breaks in liver and kidney cells of mice treated
in vivoe. PCE induced transformation of rat embryo cells. It induced
sex-linked recessive, lethal mutations in Drosophila. PCE induced gene
conversion and mitotic recombination in Yeasc. PCE has been shown to be.
mutagenic to plants jip vitro. When mice were exposed to PCE by oral or
inhalation administration, it produced hepatocellular carcinomas.
Exposure of rats by inhalation to PCE produced an increased incidence of
levkemias. Since PCE is genotoxic and can produce cancer in laboratory
animals, it should be considered a probable human carcinogen.

Comment: Applying the criteria of IARC (the International Agency for
Research on Cancer) does not justify hazard identification premised on a
determinacion that it is more likely than not that PCE poses a human

cancer risk (HSIA, p. 21).

Response: As indicated by IARC’'s preamble to Supplement 7, several
agents exhibited evidence of carcinogenicity in experimental animals
prior to evidence being obtained from epidemiological studies or case
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reports. There are 44 agents far wnich there is sufficient or limited
evidence of carcinogenicity to humans and all 37 that have been tested
adequately experimentally produce cancer in at least one animal species.
And as stated in IARC (1587) ~alrhouugh cthis association cannot establish
that all agencs that cause cancer in experimental animais also cause
cancer in humans, nevertheless, in the absence of adequate data on
humans, it is biologically plausible and prudent to regard agents for
which there is sufficient evidence of carcinogenicity in experimental
animals as if they presented a carcinogenic risk to humans.”
Consequently, since there is sufficient evidence of carcinogenicitcy in
experimental animals for PCE, it is considered a probable human
carcinogen. This is indicated in the IARC monographs on the evaluation
of carcinogenic risks to humans Supplement 7 (1987).

Comment: Chapter 1 of the draft report states that the EPA is likely to
classify PCE in its risk assessment category B2, but EPA staff have
indicaced thac the Agency has not reached a final decision on _
classifying PCE. The EPA’'s Science Advisory has placed PCE "on the
continuun between” categories B2 and C. This conclusion should be
reflected throughout the document wherever EPA's classification of PCE
is mentioned (HSIA, p. 20).

Response: Perchloroethylene is currently classified as a B2 carcinogen
by EPA. Discussions with EPA staff indicate that the agency still
supports the B2 classification and has made regulatory decisions based
on this determination. For example, in January 1991 EPA set PCE
drinking water standards based on the agency’s position chat PCE is a
probable (B2) human carcinogen. However, it is likely that this
compound will undergo continual review at EPA.

Comment: California‘s carcinogen risk assessment guidelines
("Guidelines for chemical carcinogen risk assessments and their
sciencific rationale,” State of California, Health and Welfare Agency,
Department of Health Services, November 1985) suggest that PCE should
not be identified as pesing a cancer hazard to humans (HSIA, pp. 21-22).

Response: As indicacted in California’s Carcinogen Risk Assessment
Guidelines, the document on the Health Effects of Tetrachlercethylene
does discuss the animal bioassays of cancer in detail. The document
also discusses the pharmacokinetics and other factors pertaining to the
potential genotoxicity and carcinogenicity of PCE. The guidelines also
indicate that IARC follows all of the suggested procedures necessary to
properly identify a chemical as a potential human carcinogen. The
uncertainties of evaluating PCE as a carcinogen are discussed throughout
the chapter on toxic effects in animals. The uncertainties in the
pharmacokinetic and metabolism data are also discussed in the document.
It is the conclusion of DHS scaff that the overall weight of evidence
regarding PCE- indicates that it is a potential carcinogenic hazard to
humans .

Comment: The mixed results of the ig vitro genotoxicity studies of
tetrachloroethylene oxide mentioned on page 3-22 of the draft document
should be interpreted cautiously. The Halogenated Organics Subcommittee
of the EPA Science Advisory Board has noted that PCE is not mutagenic.
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and that tetrachloroecnyiene oxide is not a demonstrated metabolite of
PCE and is apparently not carcinogenic (HSIA. Pp. +8-20}.

Response: The determination that PCE as a genoctoxic ageut Iis not based
solely on the genotoxicity of tetrachloroechvlene oxide. It is simply
indicated in the document that in addition to some positive genotoxic
studies on PCE itself, mutagenic activity has been determined from PCE
metabolitres.

Comment: Overall, the drafr document's evaiuation of che _
epidemiological data is consistent with that of EPA’s Science Advisory
Board. Since that Board’'s review, results have become available from
the most complete epidemiological study of the industry conducted to
date (Brown DP and SD Kaplan (1987) Retrospective cohort mortality sctudy
of dry cleaner workers using perchloroechylene. J Occup Med 29:535]
(HSIA, p. 17). This study shows no increased risk of cancer in dry
cleaning workers exposed only to PCE (HSIA. p. 18, IFI, pp. 9-10). This
was the only group ever studied where exposure was known to be limiced
to PCE (IFI, pp. 9-10).

Response: As indicated in the health effecrts document, there is
inadequate evidence of carcinogenicity in humans. This conclusion is
based on a number of epidemiologic studies including the study of Brown
and Kaplan,

Topie: Dose-Response Assessment

Comment: The draft report should be revised to reflect more clearly the
qualitative differences in metabolism of PCE among rodent species and
humans (HSIA, p. 4). '

Response: The differences in metabolism of PCE are discussed in Secticn
2 on pharmacokinetics and metabolism as well as the Sections on
quantificacion of PCE’'s carcinogenic potency. In addition, numerous
citations are given to other authors that have also reviewed the
metabolic data on PCE. Furthermore, in the revised risk assessment of
PCE, the differences in metabolism among rodents and humans are taken
into account through use of a pharmacokinetic model.

Comment: If the final report includes an estimate of potential risk, it
should incorporate all available scientific data. Pharmacokinetic
information is not reflected in the draft document. The draft document
is therefore inconsistent with Califormia’s carcinogen risk assessment
guidelines. In light of this and the availabilicy of extensive
pharmacokinetic data, the rejection of a physioclogically-based
pharmacokinetic model in favor of an approcach based on default
assumptions appears to be an abuse of DHS' discretion (HSIA, PP. 4-3,
24). ' :

Response: The document has been revised along the lines of HSIA's
comments. That is, pharmacokinetic data which were incorporated in the
document in the previous draft had been revised with additional
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pharmacokinetic information. This has resulted in a 2 to 3 fold lower
estimate of upperbound risk. A risk estimate based on pharmacokinetic
information was used in the currenc document to establish the range of
risks and the best value for the upper bound of risk.

Comment: Page 5-2 of the draft document notes that using the
metabolized dose to calculate cancer potency would result in a higher
potency value than would using the administered dose. This is
mathematically correct but misleading and irrelevant. Metabolized doses
will lead to higher potency values, but equivalent doses will be
smaller. Risk estimates themselves can be higher or lower depending
upon the metabolism and distribution of the particular compound (HSIA,
p- 27).

Response: The statement regarding the higher potency for metabolized
dose is given for information to the reader. Since there has been
discussion in the scientific literature indicating that pharmacokinetic
doses may imply a lower risk to humans, the reader might be confused
seeing higher potency values in the document. Consequently, the
statement regarding highér potency value will remain in the document in
order to clearly state to the reader that the potency values for the
metabolized dose throughout the document may be higher than those for
the applied dose. As indicated in the comment, in terms of actual risk
to humans, the use of a pharmacokinetic dose does not itself imply that
there will be higher or lower risk to humans. Instead, the risk
estimate will depend upon the model chosen, the parameters used, and the
assumptions made regarding the parameters and the model.

Comment: The statement on page 1-9 of the ?raft document that range of

potencies reported by EPA (2.9 to 9.5 x 107/) includes the DHS range is
incorrect (HSIA, p. 27).

Response: The range of unit risks reported in the Health Effects
document on tetrachlorcethylene is 3 to 106 x 1077 per pg/m~ of PCE.
This range includes the potencies reported by EPA.

Comment: There is no good scientific basis for risk estimates, based on
default assumptions, that are 20-fold higher than those being considered
by EPA (HSIA, p. 22).

Response: Instead of using the default assumptions, the range of risk
reported in the document now incorporates the pharmacokinetic
information. Consequently, the previous risk estimate was lowered 2 to
3 fold.

Comment: The gavage bicassay reported by the National Cancer Institute
in 1977 does not appear to be a "properly conducted bioassay” as
required by the California carcinogen risk assessment guidelines (HSIA,

p. 6).

Response: The quality of the NCI 1977 study is discussed extensively in

- Section 3 and Section 5 of the document on the Health Effects of

Tetrachloroethylene. Due to various shortcomings in the study, the risk
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estimate from that study is not included in che range of risk or the
best value for risk recommended bv cthe Department.

Comment: Much relevant “esearzh i¢ neither discussed nor referenced in
the draft document (HSIA. p. 16). :The commentor submitted copies of

the folleowing articles: (1) Brown DP and SD Kapian (1%87) Retrospective
conort mortality study of dry cleaner workers using perchlorocechylene.

J Occup Med 29:3535. (2) Elcombe CR (1985) Species differences in
carcinogeniciry and peroxisome proliferation due to trichlorcethylene: a
biochemical human hazard assessment. Arch Toxicol Suppl 8:6. (3) Odum
J, T Green, JR Foster and PM Hext (1988) The role of trichloroacertic
acid and peroxisome proliferation in the differences in carcinogenicicy
“of perchloroechylene in the mouse and rat. Toxicol Appl Pharmacol
93:103. (4) Herren-Freund SL, MA Pereira, G Qlsen and AR DeAngelo
(1986) The carcinogenicity of trichloroechylene (TCE) and its .
metabolites, trichloroacetic acid (TCA) and dichlorocacetic acid (DCA),
in mouse liver. Proc Amer Assoc Cancer Res 27:91, abstr. 156. The
document should address several recently published works that apply
physiologically-based pharmacokinetic (PB-PK) models. (HSIA. pp. 23-25).

Response: The study by Brown and Kaplan is discussed in che health
effects document in Section 4 under "Epidemiologic Evidence for
Carcinogenicity in Humans." The study of Elcombe (1985) deals with TCE
and is referred to in Section 3 under the subheading\ "Hepatic
Toxicity.” The work of Odum et al. (1988) was added and is discussed in
Section 3 under the subheading "Hepatic Toxicity." The abstract of
Herren-Freund et al. (1986) has not been added to the document, however,
an article by the authors with the same title published in 1987 has been
incorporated into Section 3 under the subheading "Tests for DNA or
Chromosomal Damage". Studies applying PB-PK models for PCE have been
discussed in the revised Health Effects document and pharmacokinectic
information has been incorporated in estimating carcinogenic risks.

Comment: Although it true that PB-PK models do not account for inter-
individual variability [this is stared on page 5-51 of the draft '
document), the same statement could be made for octher models, including
the IMS [linearized multistage model], unless the surface area factor is
viewed as an individual cissue sensitivity factor (HSIA, p. 28).

Response: The standard approach used in risk assessment by EPA and DHS
incorporate assumptions that would take into account inter-individual
variability. That is, the use of an applied dose and the linearized
multistage model are health protective assumptions which have a
scientific basis. These health protective assumptions were made to
incorporate potential inter-individual variability within the human
population. Consequently, when a new procedure is suggested to replace
an existing procedure, questioms regarding incorporations of factors
that protect certain populations need to be considered. The commentor
compares the linearized multistage model with che pharmacokinetic model.
This is an inappropriate comparison in that use of a phamacokinetic
model does not preclude use of the linearized multistage model as well.
In the DHS document both models are used together. Instead, the
comparison should be made between use of the pharmacokinecic medel and
use of an applied dose model. The current perchloroethylene document
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11.

uses & pharmacokinecic model and an estimate of the uncertainty %o
account for populaction differences in mectabolism. In this wav, inter-
individual differences can be taken into accounct. The surface area
correction is used to consider the differences iu sensiitivity of tissue.
response between rodents and humans.

Commenc: Use of body-surface area correction factors is not appropriate
in the case of PCE; body weight provides a better basis for dose
adjustment (HSIA, p. 23). '

Response: The use of a surface area correction factor in the adjustmentc
of rodent risk to human risk results in a difference of rodent to human
risk of less than three fold. The use of the surface area correction
factor is discussed extensively in Section 5 of the risk assessment
document. In short, the surface area correction factor is used in order
to take into account interspecies differences in tissue response to
perchlorcethvliene,

Comment: The gq* correction on the bottom of page -8 shouid be
clarified to differentiate berween exposure period and cbservation
period. 1If the dosing is for only one year but the animals are observed
for an additional year, and the natural lifespan of mice and rats is
assumed to be two years (104 weeks), the correction facror should be
104/Te raised to the unity power, not the third power (HSIA, p. 28).

Response: The recorrection refers to a shortened lifespan resulting in
a shortened exposure. This has been clarified in the document. The
correction referred to in the comment is an adjustment for shortened
exposure as described in Section 5 under the topic of "Dose
Adjustments”. For this correction the length of the exposure, Le, is
simply divided by the lifespan of the animal.

Comment: The range of unit risk estimates presented in the draft
document is inconsistent with human experience. Calculations with these
unit risk estimates for persons occupationally exposed to PCE yield very
large, very detecrable, potential risks, and indicate that the unit risk
estimates vastly overestimate the potential risks to humans (HSIA,

PP. 25-26, 29; IFI, p. 9).

Response: A number of epidemiologic studies have been conducted on
workers most likely exposed to perchloroethylene (PCE), those working in
the dry-cleaning industry. In these studies it is not known how often
they were exposed to PCE or the concentrations to which they were
exposed to. Furthermore, confounding factors such as low economic
status, smoking, alcohol use, and exposures to other carcinogenic
solvents, make it difficult to link human exposure to PCE with cancer.
This is discussed in Section 4 under the heading "Epidemiologic Evidence
for Carcinogenicity in Humans."

One of the more complete studies was conducted by Brown and Kaplan
(1987). . In this study, exposures ranged from 3 to 22 ppa (i.e., 12.5
PpR average). There were 1,690 workers in this study with 619 workers
primarily exposed to PCE. Assuming a length of employment of 5 years,
the lifetime average exposure would be 0.21 ppm
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((3/7)(8/24)(5/70)(12.5)=0.21). Multipiying the risk ctimes the exposure

and the number of persons in the study ((1690) x (0.21
3)(ppm)~! = 20 indicates that an increase of 20 cancers
expected. In the study there were 142 observed cancer

123 were expected, i.e., an increase of 19.
to the value expected.
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Yy  DANIEL V..PHELAN ©3
) EXECUTIVE DIRECTOR

UE OF INDUSTRIAL ASSOC'S, INC. MAY 2918

155 JACKSON, SUITE 305
—_ — e - SANFRANCISCC, CA 94111

RREA L

_r

EAG

May 24,1991 7 . t445) 788-2739
| NS

Mr. Peter D. Venturini, Chief | /

Stationary Source Division ézﬂj

California Air Resources Board

Esquire Building

1219 K Strest

 Sacramento. CA 95812

Re:  Perchioroethylene Documents, May 1991
Dear Mr, Venturini:

We note that the public has ten working days, with Memorial Day inciuded, to comment
on this group of lengthy documents. We also note that a scheduled sdentific workshop
slated for the Fall of 1990 was never held (see enclosed).

We believe Perchloroethyiene is not receiving a fair scientific hearing. We are requesting that
you delay any meeting of the Scientific Review Panel (SRP) to review these documents until
the public has had sufficient and reasonable time to submit substantive comments. We also

~ request that a scientific workshop be heid in which cutside scientists have 2 chance to give
presentations and answer questions in the presence of SRP members and other state
scientists. A candid discussion of competing scientific perspectives on all the heaith data is
needed. The adverse implications and consequences of the risk estimate contained in the
document are staggering and far-reaching to the thousands of dry cleaners and others who
use perchloroethylene in California. ) ‘

Flease feel free to call me if you have any questions.
Sincerely,

Daniel V. Phelan —_
Executive Director

Enclosure

cc ,/fananne Sharpless, Chairwoman
Genevieve Shiroma, Chief, .
Taxic Air Contaminant ldentification Branch
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May 29, 1991

Genevieve Shiroma, Chief

Tozxic Air Contaminant Identification Branch
CALIFORNIA AIR RESOURCES BOARD
ATTN: Perchlorcethylene

Esquire Building

1219 K Street

Sacramento, CA 95812

RE: PROPOSED IDENTIFICATION OF PERCHLOROETHYLENE
AS A TOXIC AIR CONTAMINANT

Dear Ms. Shiroma:

The California Fabricare Institute (CFI) represents approximately 1700
of the 3600 drycleaners who use perchloroethylene in the state of California.
Just over a week ago, we received several hundred pages of background
documents in connection with the proposed identification of
perchlorethylene as a toxic air contaminant. CFI will not have time to
adequately review these documents if we are given only 10 working days
to comment before the Scientific Review Panel (SRP)} meeting. It seems
unfair to give the public such a short time to comment on documents
that required over a year to prepare.

In the brief time we have had to review the documents, our main concern
and comment is that it is unnecessary for the risk estimate toc be as
conservative as the Department of Health Services (DHS) has portrayed
it. DHS has conclided that a best estimate of upper bound risk for
perchloroethylene is 8 x 10-6 per microgram per cubic meter (uglm3}'1.
This implies that perchloroethylene is over 13 times more potent than
the EPA unit risk estimate of 5.8 x 107 (ug/m3r i, the factor presently
used by air districts in California. And EPA used the same health data
to arrive at its risk estimate.

Use of DHS' more conservative risk estimate would wreak havoc on the
drycleaning industry. We believe that if the Scientific Review Panel (SRP)
were given a forum in which the most knowledgeable scientists on this
subject were allowed to directly answer questions and concerns expressed
by the SRP, a different and more realistic upper bound risk estimate wouid
be generated.
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Genevieve Shiroma
May 29, 1991
Page 2

At the August 14, 1990 SRP meeting, ARB indicated in writing that a
fall workshop wonld be held to discuss the health effects of
perchloroethylene (see attached). We envisjoned this workshop as a time
when the most knowledgeable scientists could answer the questions and
concerns of the SRP members. No workshop on perchloroethylene was
held. No direct interchange between the most knowledgeable scientists
and SRF members occurred.

In EPA's deliberations, the most knowledgeable scientists are invited to
discuss their knowledge with the Science Advisory Board. We do not
understand why ARB will not held a scientific workshop and why the SRP
does not want to hear from the very best experts in an area that is so
critical to the future of the drycleaning industry in California. We do
not believe that the SRP's receiving of written comments is a sufficient
method for proper dialogue in an area as complex as pharmacokinetics.

We believe that it is important for everyone, including the SRP, to
understand the impact that DHS' independent, conservative view of the
science has on the drycleaning industry. We are attaching a summary
of some of the significant impacts which will occur to drycleaners because
of DHS' conservative risk estimate. To summarize, DHS' risk estimate
implies that one out of every two lifetime drycleaning workers should
have cancer, and we all know that this is not true. EPA's Science Advisory
Board, as recently as March of this year, was unwilling to categorize
perchloroethylene as even a "probable" human carcinogen. EPA has
concluded that the potential risk attributed to perc, if it is ever determined
to be a probable human carcinogen, is over 13 times less than what DHS -
has concluded - using the same health data.

Regulatory application of the DHS unit risk number would have a number
of profound and detrimental effects on drycleaners. The higher unit risk
number would lead to most drycleaning plants being considered as air
toxics "hot spots". The public would concinde that drycleaning plants
are a major canse of cancer. This would result in increased and unnecessary
fear and anxiety in the public. :

CCI21



Genevieve Shiroma
May 28, 1891
Page 3

Unreasonable toxic air contaminant .emission fees would be implemented
in Los Angeles where 60% of the drycleaners are located in Califormia.
Law suits could increase, unnecessary public pressures would increase:
drycleaners would have to hire lawyers and risk assessment consultants.
The increased costs would surely drive some drycleaners out of business
for no valid reason. As the attached May 21 letter from the Bay Area
Alr Quality Management District points out, no new drycleaning plants
could be permitted, and most existing drycleaners would be driven out
of business unless air districts changed their risk management policies
and made an exception for drycleaning plants. This seems unlikely.

For the foregoing reasoms, we request that a scientific workshop on
perchloroethylene be held, as originally scheduled. We request that SRP
members be at that workshop, and we request that ARB invite scientists
who are closest to pharmacokinetics and perchloroethylene to attend
the workshops to give a presentation and to answer questions and concerns
of SRP members. We urge you to go beyond hearing one side of the science.

—d

Sincerely,

George J. Laumann, Jr.
Executive Director

Attachments

cCp22
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Ot Drycleaners & Launderers
P.O.BOX - 10615 S. DE ANZA BLVD., CUPERTING, CALIFORNIA 95015
PHONE (408) 252-1746 - FAX (408) 252-5351

May 17, 1991

Mr. Steve Hill

Chief, Toxics Section

BAY AREA AIR QUALITY MANAGEMENT DISTRICT
939 Ellis Street

San Francisco, CA 94109

Dear Mr. Hill:
The Department of Health Services (DHS) has issued its revised
draft health document on perchlorocethylene. DHS' best estimate
of upper bound risk for perchloroethylene is 8 x 1076 per
microgram per cubic meter,
C%I would appreciate your opinion on how this will impact the
ability for a drycleaner to open a new drycleaning facility
in the Bay Area. Your quick response will be appreciated.
Sincerely,

/ 3.
/ﬁé”ﬁfﬁ§2ﬂh——w—f{
George J. Laumann, Jr.
Executive Director
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939 ELLIS STREET « SAN FRANCISCO, CALIFORNIA 94109 -«

BAY AREA AIR QUALITY
MANAGEMENT DISTRICT

May 21, 1991

George J. Laumann, Jr.
Executive Director
California Fabricare Institute
PO Box |

10615 S. De Anza Bivd
Cupertino, CA 85015

Dear Mr. Laumann:

This is in response to your letter dated May 17, 1991, concerning the
new upper bound risk value for perchloroethylene.

Based upon current BAAQMD risk management po!iciés, adoption of
the new potency factor would have the following effects:

1. New perc dry-cieaners will not be able to pass a risk screen.
Our experience with dry-cieaners indicate that even a small
drycieaner requires a minimum of 50 gai/yr to be economical;
and this level of usage will resuit in a risk greater than 10 in a
million (unless a significant buffer exists). Any new dry-cleaner
would have to utilize a different soilvent, or have its equipment
located remote from residential areas.

2. The impetus for new controls for existing dry-cleaners will
increase. Qur drycleaner rule revision is already on a fast track.

3. Residual risks, after TBACT, for almost all dry-cleaners will
exceed 10 in a million. They will ail be subject to "Hot Spots™
risk assessment and notification requirements. They will also ail
be subject to Propaosition 65.

It is currently impossible for high-volume plants to replace aging
equipment with state-of-the-art equipment and meet our current risk
management policy. The new potency factor wiil extend that problem
to all dry-cteaners, large and small.

Some of the options available to the District to address these issues
are:

1. No change in risk management policy. This will result in 2 ban
on new perchloroethylene dry-cleaners which are sited anywhere near
residential areas; existing dry-cleaners will be unable to replace oid
machines with new ones unless a rule is written to allow/require such
replacement. Such a rule will require acceptance of a residual risk

"greater than 10 in a million. (NOTE: the proposed BAAQMD Rule 2-5,

Toxics New Source Review, bases risk management on the project’s
net emissions; while this will resclve the problem for existing dry-

(415) 7716000

6““-

FAX (415) 928-8560 -



cleaners, it wiil stil prohibit new faciiities. The Rule is scheduled for a
public waorkshop on June 28, 1991).

2. Change the risk management policy to make an exception for
dry-cleaners. This will require us to say that we think that dry-
cleaning is important enough to society to make it a special case.

3. Change the risk management policy to a higher risk level. The
SCAQMD Toxics NSR Rule provides an exampie: it atiows a project to
have a 100 in a million impact until June 19395, at which time
additional controls must be instailed to bring the risk below 10 in a
million.

The BAAQMD has not adopted a po/s‘.i-r}"yﬁ' on these issues vet.

Véry! 'trpfﬂz, yours,

i
[ -

/I. ;' /{'.’/ ’

L7 u/
’S’gv; Hi!t/
Manager, Air Toxics Evaluation

oon1285



PERCHLOROETHYLENE
IMPACT OF DHS' PROPOSED UNIT RISK NUMBER

ON DRYCLEANERS

The unit risk number suggested by DHS will become the implemented unit risk
number in California. This means the following:

(1}

(2)

(3)

Unreasonable Estimated Cancer Incidence in Dryvcleaning Workers
It implies that drycleaners exposed to 25 to 50 ppm during their working

lifetimes will have an excess cancer incidence of 225,000 to 400,000
per million. There is no evidence in existing working populations
that any excess cancers are occurring among drycleaning workers,
let alone 225,000 to 400,000 per million.

Unreasonable Emission Fees in Los Angeles

Drycleaners in Los Angeles will have to pay SCAOMD's toxic air
contaminants fee of somewhere between 50.19 and $0.72 per lb
emitted...a significant amount compared to the present $0.30 to $0.35
per 1b they pay when they buy the product. The fee is related to
the unit risk number. Presently, a compound with a unit risk number
of 1 x 1075 (ug/m3)1 has a $0.19/1b emission fee: a compound with
a 2.2 x 10~% unit risk number has a $0.72/1b emission fee.

Unnecessary Increase in Air Toxics "Hot Spots" Priority Facilities
A significant number of the 3000-plus drycleaners in the state of

California could be placed in the "high priority” category of air toxics
"hot spots”, as required by Assembly Bill 2588. The emission level
for being a high priority facility will change from_ the present 10,000
Ib/yr (using EPA's unit risk number of 5.8 x 1077 (ug/m3y1) to 735
Ib/yr (about 55 gallons/yr). Most drycleaners use more than 55 gallons
per vear. Approximatly 20 drycleaners are presently inciuded on
the Bay Area Air Quality Management District's present list of 130
high priority facilities. Manv. more drycleaners will be listed when
the proposed DHS number is used. Inclusion in the high priority
category will cause unnecessary public pressure on drycleaners, will
misiead the public to believe that drycleaning emissions are a major
cause of cancer {which could result in law suits against drycleaners),
and will cause many drycleaners to have to conduct expensive risk
assessments and to communicate over-exaggerated information
concerning risk to their surrounding communities. Many drycleaners
have replaced their -existing drycleaning machines and more are
continuing to do so.

oCl26



(4)

(5}

Potential Increase in Proposition 65 Enforcement Actions

The proposition 65 warning requirements, in which drycleaners will
have to notify surrounding residents that they are being exposed
to a compound "known to the state of California to cause cancer
will be greatly expanded to cover many more drycleaners. Issuance
of 2 new unit risk number could put the drycleaner at risk of being
involved in legal expenses, out of court settlements and other
unnecessary expenses at the whim of anyone who wishes to alert
a district attorney or the attorney general that pecple are being
exposed. The burden of proof and the excessive costs will be carried
by the drycleaners.

Unnecessarv Lowering of Worker Exposure Levels
The DHS unit risk number for methylene chloride was used to estimate

that workers exposed to a career-long exposure of 50 ppm of
methylene chloride will have a significant increase in cancer risk
Cal-OSHA used DHS' risk assessment to propose significantly lowering
the allowable worker exposure level for methylene chloride. Since
the risk estimate for perchloroethlene is 8 times greater than DHS'
risk estimate for methylene chloride, there will likely be attempts
to greatly exaggerate the increased cancer risk among drycleaning
workers., The net resnlt could be an attempt by Cal-OSHA to lower
the allowable worker exposure for perchloroethylene to levels well
below the technologically feasible level for drycleaners.

coce2?



PrOpOSed SRP Schedule 1990- 1991*

Category 1A Compounds
August Chloretorm -
Saptamber Vinyl chioride
Novamper Nickel- workshep In August
January Eormaldehyde- workshop Fall 1990
1,3-Butadiene- workshop Fall 1980
February genzo{a]pyrene- workshop Fall 1880
March Acetaldahyde- workshep Fall 1980
NEVNTE
Derchloro. warkshop Fall 1990 s A
Aprll Dlesel Exhaust- workshop early 1981

Styrene- worksiop early 1891

*Most optimistic estimate- heavily dependent of
d and succass

comments recelved on each compoun
of streamlining approach. T
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June 3, 1991

Genevieve Shiroma, Chief

Toxic Air Contaminant Identification
Branch

California Air Resources Board

P.O. Box 2815 :

Sacramento, California 95812

Re: Proposed Identification of Perchloroethlene as a
Toxic Air Contaminant

Dear Ms. Shiroma:

~ The Chemical Industry Council of California (CICC) has reviewed

the California Air Resources Board (ARB) rulemaking process re-
garding the identification of perchloroethylene as a toxic air con-
taminant. In our view, Department of Health Services (DHS) staff
and the Scientific Review Panel (SRP) have not allowed sufficient
time for public comment, nor given adequate weight to the conclu-
sions of other authoritative bodies. We urge you to postpone the SRP
review of perchloroethylene set for June 10 and schedule a public -
workshop on the science issues with SRP members so that ail the
issues are on the table. '

CICC is the state trade association for chemical manufacturers
and distributors. Its 100 member firms range in size from large,
California divisions of national and multi-national companies to
small, family-owned single facilities. Listing perchloroethylene as
a TAC with the new risk number will have a direct impact on this
business line among CICC members.

DHS has consistently refused, during this process, to properly in-
corporate all available data into its risk assessment. The U.S. Envi-
ronmental Protection Agency Science Advisory Board has clearly
decided that perchloroethylene should not be regarded as a
"probable human carcinogen.” This conclusion is backed by epi-
demiological data. In a public workshop this issue can be aired to
the satisfaction of all parties. The fall workshop on perchloroethy-
lene was never held. Industry and drycleaners have not been given
adequate opportunity to comment on the issue.

CCC129
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Page 2/Perchloroethylene
June 3, 1991

The Council strongly urges the ARB to postpone this review and schedule the
necessary workshop. In this case, where the basic science is in question, it is
unacceptable that the SRP will not receive oral testimony on June 10. The
original legislation, AB 1807, clearly gives the panel discretion to receive oral
testimony. The intent is to provide the broadest latitude in developing the right
standards, especially when there is a valid dispute over conclusions. This is one
of those cases.

Sincerely,

Jhat &

Paul A. Kronenberg
Executive Director

cClL30



[N
|
"Ql
|

L

b
N
II :
0y

A HALOGENATED SOLVENTS RY ALLIANCE

INDUST

1225 19th Street, N W .. Suite 300Q. Wasmington, D.C 2003&-2411 » {202) 223-5890

June 1, 1991

3Y COURIER

Ms. Genevieve Shiroma

Chierf _
Toxic Air Contaminant Identification Branch
California Air Resources Board

1219 K Street

Sacramento, California 95812

Re: Perchloroerhviene

‘Ddear “s. Shircma:

The Halogenated Solvents Industry Alliance (HSIA)
acpreciaces the opportunity to comment on the revised final draft
Report on perchloroethylene (perc) to be considered by the
Scientific Review Panel on June 10, 1991. We request that these
comments be provided to the Panel.

Introduction

The revised draft Report reflects several improvements over
the previcus version. The revisions are far too limited,
Nowever, o cure fundamentzl problems in the earlier drafs. Our
February 1990 comments on the previogus draft Report, reprinted in
Part C of the review package, are here incorporated by reference.

In its present form, the draft Report provides a flawed
perspective on the likelihcod of adverse health effacets resulting
from exposure to perc at ambient concentrations. For this
reéason, we urge the Panel to find that the draft Report is
seriously deficient. '

The premises upon which the staff's recommendation is based
are set forth in the Executive Summary and the draft Part B
Report. These include:

~— that perc is listed as a hazardous air
pollutant under the Clean Air Act;
therefore, perc is required to be identified
as a toxic air contaminant under Section
39655 of the California Eealth and Safety
Code; and '
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HMs. Genevieve Shircoma
June 1, 19891
fage 2.

- that EPA llists perc in category B2 under the
EPA guldelines on carcinogenic risk
assessment, and there is sufficient evidence
that exposure to perc poses a public health
hazard.

The first statement does not provide a sufficient basis for
the identification of perc as a toxi¢ air contaminant; the second
is incorrect. In additicn, the draft Par:t B Report conctains a
"best estimate" and other estimates of potential cancer risk that
do not appropriately incorporate the available metabclic dacta.
For the reasons set forth below, perc snould not be identified as
& toxic air contaminanc. Ffurchermore, any risk escimaces
Sresented should incorporate the best availaple scisncific
avicence without the additicn of any uncertainty Iscoors.

1 ()

Relationship of Clean Air Acz =2
Section 39655

Section 39655 of the California Health and Safety Code
provides that substances which have been identified as hazardous
air pollutants under Section 112 of the Clean Air act shall be
identified by the Board as toxic air contaminants. In 1983, when
the Tanner bill was passed, this was a universe cf seven or eight
compounds. As of November 15, 1990, when the Clean Air Act
amendmencs of 1990 were enacted, 189 substances pecame hazardous
air pollutants under Section 112.” It is submic=eé that the
California Legislature, in passing legislation in 1983 incended
to fill a perceived gap in the federal regulacory progrem £or
concrolling non-criteria pollutants, did not intend =2 builid a
reculatory structure that would duplicate corrective efforts
undercaken in 1990 at the national level.

If the staff's position is that all 189 substznces listed
in Section 112 of the Clean Air Act must be listed and regulaced,
thus requiring the Board to adopt control measures to reduce
emissicns to the lowest level achiewvable through application of
best available control ‘technology, all that will have been
accomplished is the duplicaticn of current federal law. Under
Section 112 of the Clean Air Act, EPA must require sources cf the
~isted substances to apply maximum available control
technology. Compare Section 39666(c) of the Health and Safety
Code and Section 112(d) of the Clean Air Act. Both laws have
provisions for addressing residual risk.

In addition, automatic listing and regulation of the 189
substances listed in the Clean Air Act would presumably mean that
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" Perc Is Not a Probable Human Carcinogen

The proposed Idencification of perc as a toxic airs
contaminant appears to be based as well on the misconcepticn that
ZPA has classified perc as a prcbable numan carcinogen {Group B2)
S ¢ its guidelines for carcinogen risk assessmenc. ZPA has
tly made it clear that perc is not so ciassified. In a
<e published on January 8, 1991, EZPA revised two prior
latory actions where perc had been characterized as a Group
82 carcinogen. That notice states that "perchlorcethylene is
herepy deleted from the substances referred to . . . as Group B2

carcinogens." 56 Fed. Reg. 643.
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in its response :to public comments, the scaff continues to
take the position that EPA classifies perc a3 a Group 32
carcinogen (Part C, p. 111, item 3). The scaff states cnac "ZPA
set PCE (perc] drinking water standards based cn the agency's
position that PCE is a probable (B2) human carcinogen.” This is
wrong. The preamble to the drinking water standards ragquiation
states "in the cases of styrene and tetrachlorocethyiene ipercl,
where the Agency's cancer classification is unresoclved, EPA used
its categorization approach to derive an MCLG." 56 Fed. Reg.
3526, 3532 (Jan. 30, 1991). o

In July 1985, EPA published a Health Assessment Document
for perc classifying it in Group C. A draft addendum to that
document would have placed perc in Group B2. The draft addendum
has never been made final, however, in large part because EPA's
Science Advisory Board has consistently, over a period of eleven
vears and four or five separate reviews, recommended that perc
not be classified as a probable human carcinogen. The previous
recommendations by the EPA Science Advisory Board are contained
in our earlier comments reprinted in Part C of the review
package. As recently as March 26, 1991, when it met to review
the most recent available data, the EPA Science Advisory Board
indicated that it could not support the classification of perc as
4 probable human carcinogen.

AN 2 rvy
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As. Z2nevieve Snlircma
June L, 1991
Page 4

We urge the Scientific Review Panel to consider car
the correspondence Zrom the EPA Science Advisaorvy Boaré re
its review, in particular the letter and report from the
Halogenated Organics Subcommittee, reprinted in Part C at Dages
4l to 49. The Chairman of this subcommitszee, Dr. John Doull, is
& nacicnally recognized toxicologist and author of one =f -ha
standard reference ctexts on the subject, referenced in -=e crafc
Part B Report. Dr. Doull's subcommittee ccnciuded thar neither
the slignt increase in male kidney tumors nor the iancrezsed
incidence of leukemias in the ract portion of the 1986 Naticnal
Toxicology Program (NTP) bicassay could be associaced with perc
exposure. It concluded that the increased incidence cf liver

tumors opserved in mice was not "sufficient evidence” aof
carcincgenicity. ©Published scientific worx submicr-ad by ESIA
with lts January 1990 comments, and reprinted In Part C, SUPDOrLtS

<0e Science Advisory Board's position.

0

Given the detailed critigque bv =he ouplic commentzrs of the
5Cienclillic evidence that forms the basis Zor the draft Sart 3
Repcrt, one would assume that the final draft version would have
addressed the points raised by the Science Advisory Board and in
the published articles at some depth. The authors of the Part B
Reporz, however, apparently decided that the only way to deal
with these points was to avoid any serious discussion of them and’
hope that no one notices. Nowhere in chae draft Part B Report is
the EPA Science Advisory Board mentioned. The NTD study results
are extrapolated to humans just as thouca tnere was complerte
agreement among scientists as to their raslevance.

One of the studies discussed in the HSIA cemmencs and
included in Part C is a published article by Odum, et a5l., tchat
describes the results of an extensive experimencal program £o
explore species differences in the nepatocarcinogenicity of
perc. Based on these data, the paper concludes that perc is
unlikely to cause liver cancer in humans. The scaff response to
tnis comment was to include a paragraph describing it on page 3-2
of the draft Part B Report without in any way addressing its
implications for the staff's recommendations; or even recognizing
that it casts serious doubt on the staff's analysis.

These are serious scientific matters which are the subject
of intense controversy in the scientific community. They are
avoided in the draft Part B Report. We submit that it is the
responsibility of the Scientific Review Panel, under Section
39661 of the Health and Safety Code, to ensure that these matters
are addressed and that the final Part B Report reflect this
consideration. Until it addresses the issues that were raised
over a year ago and remain outstanding, the Report must be
returned to the staff as seriously deficient.
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incorporation of Pharmacokinetic Informacion in
the Risk Estimates

Selecticn of a unit risk estimate that is useful for
regulatory purpeoses and that properly ilncorpeoraces
bharmacckinetic information will reduce significantly the wors:c-
case projections of lifectime and annuai cancer incidences. Such.
& risk estimace should appear in the Overview and Recommendations
or in the Panel's communications to the Board. This will provide
the Board more realistic information on which to base its
determination as to wnerner perc is a texic zir concaminant, and
<t will provide lecal air districecs more rzalliscic Informacion &to
ise In regulatory programs.

Unfortunately, the revised drafs Repcrs r=2fle
ccncinued unwillingness to make use of the Dest avai
2xperimental informacion on che metapolism, pharmacckinetics, and
mechanism of perc and to make a dose adjustment reflecting the
nonlinearity that has been observed in numercus studies. This
unwillingness is difficult te understand in lignt of the strong
views previously expressed by the Panel on January 31, 1989,
concerning the need to develop the most realiscic possible
physioclegically-based pharmacokinetic (PB-PX) mzdel for methylene
chloride:

--= I think that we should bite the builer and
say that the PB-PK model is sufficiencly
develcped such that, within the concexs of
the high to low dose extrapclation, chatr
chat's the appropriate upper bound.
(Transcript p. 71, Dr. Froines.)

== I the data there do strongly support this
kind of adjustment, then it seems to me that
it ought to be used, because it will give
rise to more accurate results. (Transcripe
pP. 80, Dr. Glantz.)

- I think there is sufficient data to warranc
corrections for pharmacokinetic modeling
«+ « « I think we should take the kinetic
data and apply it in a more accurace
fashion, and have that go forward.
(Transcript pp. 94-95, Dr. Becker.)
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Ms. Genevieve Shircma
June -1, 991
Page §

We support the Panel's efforts to ensure that 2 risk estimate
useful for regulatory purposes is provided, aithough we cantinue
tc believe that the data supborc tahe conclusicn that there is in
fact no carcinogenic risk rto persons exposed to typical ambient

concentrations of perc.
B

rf

The pharmacokineric énalysis presented in che drafr Par
Repcrt is so seriously flawed as to be virtually useless. - Th
reasons f£or this deficiency are so imporzant chac they zare
discussed in turn beiow.

e

1. The aucthors have incorrectly cited the iiterarure used
as & basis for their ccnclusicons. Numbers Zfound in
the draft Part 8 Report diffar sicnificantly Zre
numbers in txe oricinal oublicacionts).

w

Page 5-8 of the draf: Par: ~ePCr< states that 82.3 percentc
20 oral dose of 500 mg per kg was merabolized after adminis-

&zicn to B.C Fl mice. As author:izv f£or this, che Reporc cites
the work of gcéumann et al. This is incorrecr. In the work
cited, Schumann clearly states in Table 2, page 211, column 5
that only 17.4 percent of the materizl was metabolized. Schumann
€t al., Toxicol. Appl. Pharmacol., 55: 207-219 (1980).

This is a serious error. The Schumann data are
Darticularly important because =he use of radiocactive perc zllows
quantification of all the metabolites of perc {(even those which
may have lost the chlorine atoms). Ffurthermore, the studies wers
conducted in the same strain of animal chosen bv cthe authors of
the draft Part B Report as the basis for the dose/response
relationshnip (the BgC4Fy; mouse). Conclusions and caleulations
based on such a carelass transcription are almost certzin to be
incorrect,

2. The authors have misinterpreted data from the
radiochemical inhalation study.

Page 5-8 of the draft Part B report stactes that 80 percant
(sic) of the perc inhaled during a radiochemical inhalation
experiment in BgCsF; mice (10 ppm for 6 hours) was metabolized.
This also is incofréct. The actual value reported in Table 2
(loc. cit.) is 88.0 percent, buc use of eitner number in this way
is incorrect. The number reported by Schumann et al. is a
percentage of the radioactivity recovered after the conclusion of
the inhalation exposure, and does not include any of the
unmetabolized perc inhaled and subsequently exhaled during the

exposure,
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As. Genevieve Sniroma
June 1, 1991
fage 7

: Since the minute volume of BgC3F, mice can be estimated
from experiments reported bv Andersen &t al., it is possible to
calculate the amount of perc-inhaled during the € hour exposure,
and then estimate cthe percentage metabolized by dividing the
amount of metabolites recovered by the amounr af perc inhaled.
Andersen et al., Toxicol. Appl. Pharmacol., 87:185-203 (1987).
When calculated in this fashion, the percentage 2f inhaled perc
metabolized is more accurately calculated as 2.15 unole/4, 35
umole inhaled = 49 percent metabolism in this specles ilnstead of
88 percent.

1 =

3. The authors' conclusicns that the percentage of
inhaled perc wnich undergoes metabolism wi.. continue
t0 increase toward 100 percent at concentracions well
peiow the Xm is inccnsissant wich knewn principles of
pharmacoklinetics.

Severzl human studies of zhe
referenced in the draf:t Parc 3 Rep inéicace chat the
percentage of inhaled material und going mecabolism in humans
inhaling SO0 to 200 pom perc ranges from 2 to 4 percent
metabolism. This estimate zSsumes thact 50 percent of perc
metapolism results in trichlorecacetic acid (TCA) production.
These estimates have been corrected for the produccion of
metabolites other than TCA and are remarkably consistent between

studies.

Sharmacckinecics of perc
cr: ‘
er

For unknown reasons, however, the draf- Parc 2 Report )
ignores the results of these human studies znd instead speculates
that the percentage metabolism might be much nigher. This

assumpcticn is both unnecessary and inconsiscent with the
experimental data. Furthermore, the reasoning used :-o support
this speculation is demonstrably wrong. Page 5-25 of the draft
Part B Report states: "Linear extrapolation of‘animal studies
from high dose experimental eXposure concentrations to low
ambient concentrations suggests that close to 100 percent of the
PCE [perc] may be metabolized at ambient levels by mice and
rats." 1In fact, however, the metabolism of perc has been shown’
to saturace according to Michaelis/Menten kinetics, as noted

throughout the draft Part B Report:

= Conc x VMax
Rate = —
Km + Conc
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Ms. Genevieve Shirosma
June 1, 1991
Tage 8

It can be easily shown that when the cconcentration is well
beiow the Km (as 1t certainly would be at 10 popm)}, tle rate 1ls
directly proporticnal to the coancentration inhaled:

Rate <« Congc x VMax
Km

Consequently, at concentrations cf aonrcx1mate¢y 30 to 100
Jpm or lower, the percentage cf zhe inhaled perc which ls
metabolized should be relacively constant. The percentzge will
not continue to increase &s the concentration Crops Lot the pod
range! This relationship is well deocumented i1n a varilety of
pharmacokinetic textbooks, and nc rezson i1s civen in khe drafs

Part B Report for rejecting ic.

4. As & result of the flawed analysis, the risk estimates
presented in the draft Part B Report are not
scientificallvy justifiable as PB-?K estimates.

The risk'estimates'pressnted in the draft Part B Report range
from 0.3 to 10.6 x 107° (ug/m°)~* for lifetime exgosure to 1 ug/m

of perc, with a "best estimate" of 8 x 107° (ug/m . By
comparison, the 95 percent upper confidence llmlts on potential
risk calculated as ocutlined by Reitz and Nolan in a paper -8

vrovided to the Department of Eealth Services were 3 to 6 x 10
(ug/m>) - based on total mectabolized dose in numans. Reitz and
Nolan did not use an additional "surface area” correction factor
for interspecies extrapolations, since they noted that the P2-PK
model already accounts for all the known differences between
animals and humans in metabolism of perc. '

EPA has calculated upper confidence limits on potential
risk using a methodology very similar to that proposed by Reitz
and Nolan. EPA, however, chose to apply a "surface area”
correction factor. With this additional level of conservatism,
the egtiTates calculated by EPA range from 2.9 to 9.5 x 10
(ug/m>)"+ (1986 draft Addendum :tc the Eealth Assessment Document
for Perc). Thus, even with the additional safety factor, EPA's
unit risk estimates are an order of magnitude lower than those in
the draft Part B Report.

At a public hearing of the Air Resources Board concernlng

the proposed identification of methylene chloride as a toxic air
contaminant, Chalrwoman Jananne Sharpless stated that a risk



Ms. Genevieve Shircma
sune 1, 21991
Page 10

In addition to chemicai-specific studies, a number of major
companies conduct general epidemiclocv studies with the cbijective
of 1nvestlgat ng the nealth ©of their emnlovees acress &ll sectors
of their operations. These studies do not focus on any one
compound, but if the incidence of a particular tumor type is
elevated, cases are examined for clusters relative =o exposure
possibilities. These studies are not as sensitive as compound
specific studies, but they would be able to detecc cluster or
large incidence rates. Calculations of risk, based upon
fractions of the TLV, and using the unit risk estcimates in the
draft Part 3 Repor:t, demonstrate that, if these ecrimates wers
correct, there would be a detectable increased incidence of
cancer in exposed worker populaticns.

For example, thne potential risk may be czlculated for 20
vears of exposure at the TLV. Usinc cthe upper end of che "best
estimace"” of the upper bound cn the unit risk range (54 per
million at 1 ppb) presented in the draft Par= S Reporc, the

*—
predicted risk at che old TLV is:

(%]
(2N
fu
Jor]
%)

. ‘0 cubie matzrz 19 ks‘ 20 vea
1-2xp {-200x1000x54%10(-8) x uble it X 3 wee % years

days 52 weeks 70 years

20 cuonic merers

= 0.79 (i.e., a risk of 7% iz .90). Needless to say, this
is a very large and very detectzblz :isk. The example of - 30-year
exposure at the TLV is unrﬂalis ic, however. Accordlngly,'the
Eollowing table shows similar calculactions for different
fractions cf the TLV using the same unit risk estimace.

"Best EZstimate" of
Upper Bound On Potential Risk

Exposure {54 % 10'5/nnb)
100 ppm .54
30 years

75 ppm . ‘ .44
30 years )

30 ppm .21
30 years

50 ppm ' .23
20 years :

S0 ppm : .12
10 years :

25 ppm .06

10 years CSSLa-s
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estimate using PB-PX information would "help this Board try to
interprec the information on how we go about cencrolling ic”
{July 13, 1989). Sharpless also alluded to the upcoming reviews

of other chlorinated solvents (i.e., perec and others), and
expressed her desire on behalf of the Board that a "most
plausible” risk estimate be developed. B2ecause the Hoard is
concerned about using the most appropriate risk estimace based on
the mest up-to-date information, we believe that it is essential
thac the 3oard be presented & risk estimare thart appropriately
reflects the available scientific data on the pharmacckinetics of -
Jerc.

Qther Zoints

Although the draft Part 3 Repor: has been under revisicn
I3r approximately 15 mcnths, :the public has been provided Zawar
than 10 days in wnich to review iz znd submic commencs for
consideration by the Panei. Accordingly, we nave been unabp
identify and comment upon all of the errors znd omissions i
draft, or to address in detail the staff responses to publi
commencs., _

One of these responses, however (Part C, pp. 115-16, item
11} requires a reply In this respense, staff used a unit risk
estimacte of 56 x 10 - (ppm) - %o compute that an increase of 20
cancer deaths would have been projected in the Brown and Xaplian
epidemiology study. This computation erroneously assumes that
the enctire cohort is the relevanc sample. As cur earlier
comments made clear, however, iz iz the 615 workers exposed cnlvy
'to perc that provide a cause-effect study of exposure. The mixed
exposure of the workers in the gverall cohor: deprives the scudy
of any predictive effect for modern dry cleaning workers expcsed

only to perec.

it 1s possible, moreover, to show that the range of unit
risk estimates in the draft Part B Report is not consisteat with
past human experience. The threshold limit value (TLV)
recommended for perc by  the American Conference of Governmental _
Industrial Hygienists was 100 opm &as an eight hour time-weignted
dverage (TWA) from 1981 to 1988, wnen it was reduced te 50 pom.
Pricr tc that, the TLV was 200 ppm at least as far back as
1948. Since the expression of cancer is known to have a variable
latency period, generally in che range of 10 to 30 years, it is
reasonable to assume a TLV of 200 ppm in assessing results of

recent epidemiology studies.
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Y=g, Senevieve Shiroma
Sune I, 1991
Page 11

It can be seen from the table that the risk estimates are
iarge and that increased cancer incidence wcould be easily
detectable in even general epidemiology studies. The conciusion,
then, i1s that either the exposure scenarios are not realistic or
that these "risks" are real and do exist and have gone
undetected, or that the unit risk estimates are wrong. Past
manufacturing plant experience would indicate thac particulariy
the low end of the ppm-year scenarios are very consistent with
past practices and are likely even to be underestimaces. CEven
dry cleaning operators, assuming only a geometric mean exposure
Of 22 ppm with a skewed distributicn, will have zn average
exposure exceeding 25 ppm. Zxperience with general ep:cdemiclogy
studies (and observaticnal cccugatiznal medical Dractices) would

likewise indicate that risks of the magnizude snown i the zable
(with the exception ¢f a risk 27 7.06) would cefinicaly be
detected. Thus we are.lsf: wit® =ne cohciusion that =he unit
risk estimates in the drafz Szr- = feport cdc not raflect the
negligible real risk =z numans.

Conclusion

The draft Part B Report should not be approved by the Panel
until significant deficiencies described in these comments are
corrected or the points we have made in these comments are
addressed and specifically rejected.

Respectfully submitzed,

Pav( A C.Wv-lﬂ-'-/

Paul A. Cammer, Ph.D.
President e

C2CL41



FPATTON. BOGGS & BLOW
2550 M STREET N.wW.
WASHINGTON, D.C. 20037-1350
(202) 457-5000

- TELECOMER: 4576315
250 WEST PRATT STREET . 500 NCNR BUILDING

BALTIMORE. MARYLAND 21201 “RT TeLEx. 197780 101 WEST FRIENGILY AVENUE
{3Q1) B53-5800 SREENSEOAQ. NORTH CARDUIMA 27401
. @19y 2731
700 AALEXGH FESERAL SAVINGS
SANK BUILDING SUFTE 1973
RALEIGH, NORTH CAROLINA 27802 1680 LNCTUN STREET
919 &374111 CENVER. COLORADO 80284
. . 00 8301778

June 1, 1981

TS CeCT Dual

(202) 457-6464
BY COURIER

Ms. Genevieve Shircma

Chief

Toxic Air Contaminant Identification Branch
California Air Resources Board

1219 K Street

Sacramento, California 95812

Dear Ms. Shiroma:

Please find enclosed for £filing one copy of the
International Fabricare Institute's comments on the revised final
draft Report on perchloroethylene. An additional copy is
enclosed which we would appreciate your date stamping and
returning to us in the self-addressed, postage-paid envelope.
provided.

Thank you for your assistance with this matter.

Sincerely,

AN A

Peter D. Robertson
Counsel to the International
Fabricare Institute
PDR/jpl

CTULA4Z



COMMENTS OF- THE INTERNATIONAL FABRICARE INSTITUTE
ON THE CALIFORNIA AIR RESQURCES BOARD DOCUMENTS ON
"PROPOSED IDENTIFICATION OF PERCELOROETHYLENE

AS A TOXIC AIR CONTAMINANT"

The Interrational Fabricare Institute ("IFI")}) -- the
national/international trade associatidn for retail drycleaners
and launderers -- submits the following preliminary comments on
the Air Resodurces Board ("ARB") staff proposal to incorrectly
identify perchlorcethylene as a carcinogenic air con:aminant;

This recommendation is faﬁlty for a number of reasons --
not the least of which is that it is based, at least in part, on
the Air Resources Board.staff beiﬁg misled by the U.S.
Environmental Protection Agency ("EPA") staff into believing-that
EPA has classified perchloroethylene as a Group B2 “probable"
human carcinogen. ZPA has not done so, and may never do so,
particularly in iight of the probability that EPA's Science
Advisory Board (“"SAB") will, for the £ifth time, reject that
designation.

Further, we beliéve it is unconscionable that the publicg
was given less than a week and a half (we received the May 15
document on May 21) to prepare comments on a major document which
~has been in revision for over a year and a half. There is no
need for such alacrity, and it damages the ability of interested
parties to provide complete comments for the consideration of the
Scientific Review Panel, thus hindering the Panel's ability to

make properly informed decisions. The lack of time to comment is

C20143



particularlf troubling in light of the severe impact and
disruption on the drycleaning indusctry that will result from
regulations based on a "toxic air contaminant"” deéignation for
perchloroethylene. Without doubt, the ARB staff is fully aware
-of the regulations that will resul:t and their impacts con the
drycleaning industry.

In view of the foregoing -- and on the basis of our further
remarks below -- we request a deléy in the closing of the comment
period unt;l September 1991. Such & delay will make available to
the A?r Resources Board the further scientific discussions and
judgments of the U.S. EPA's Science Advisory Board, the EPA
itself, and the review of perchloroethylene scheduled for this
summer by the International Agency for Research on Cancer

("IARC")- '

EPA Currently Classifies Perchloroethylene
as a Group C "Possible" Human Carcinogen.

The current cancer risk assessment guideline grouping £for
perchlorcethylene is Group C "Possible." While EPA issued a 1986
draft éddendum to its Health Assessment Document that proposes - to
reclassify perchlorcethylene, that addendum has not been made
£inal by the Agency. EPA, which made the same mistake the ARE
staff made, recently settled litigation with IFI by correcting
its mistake in a Federal Register notice stating explicitly that
perchloroethylene is not in Group B2. In the January 8, 1991,
notice EPA said "perchloroethylene is hereby deleted from the
substances referred to . . . as Group B2 carcinogens.“.ss Fed.
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attached as Exhibit A is an excerpt from the May 31, 1991,

edition of Inside EPA, a publication reporting exclusively on the

activities of the Agency. This excerpt discusses EPA's incorrect
characterization of perchloroethylene as a Group B2 substance.
It indicates that EPA is taking steps to ensure that no further

misidentification of perchlorcethvlene occurs.

SAB Has Refused to Classifv Perchloroethvliene In Group B2.

EPA's own Science Advisory Board has consistently refused
S0 agree with a reclassification of perchloroethylene to Group
32. The SAB met again on this very issue late in March 1991, and
while it has not yet responded formally to EPA, the Board
indicated during the meeting that it could not support EPA's_

" latest efforts to claséify perchloroethylene as a probable human
carcinogen. One of the SAB's continuing concerns is that
perchloroethylene does not fit well in any of the categories of
‘the current risk classification system. The SAB so stated in a
March 8, 1988, letter to EPA Administrator Thomas.

We agree that perchloroethylene does not fit well into the
currént”classification system. There 1s strong evidence
indicating that specific metabolic processes involved with
perchloroethylene-induced mouse and rat thmofs are not relevant
to humans. Part C of the Technical Support Document is replete
with such evidence, but the ARB staff has chosen to ignore it.
The Scientific Review Pane; cannot compound this error by

accepting this seriously deficient report.
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This‘abseﬁce-of scientific certainty was precisely the
reason for the SAB's call for revision of the current
guidelines. It also underlies IARC's review of'perchloroethylene
this summer. If the ARB staff accepts IFI's recommendation £o
extend the comment period through Sepcember, the Board would.have
the benefit of the SAB and TARC's further thinking con this

matter.

The Clean Air Act and the Czlifornia Heal:h and Safstv Ccde.

The Staff Report/Executive Summary indicates that the .

n

Californiz Eealth and Safety Code reguires the listing o
perchloroethylene because it is a hazardous air pbllutant under
Section 112 of the Clean Air Act (42 U.S.C. § 7412). This
provision of the California Code was written in 1983, at a time
when the Clean Air Act was fundamentally different from the Act
that exists today -- indeed, the amendments to the Clean Air Act
that listed perchloroethylene as a pollutant were only signed
into law on November 15, 1990. In 1983, only seven substances
were regulated under Section 112. Perchloroethylene was never
identified as a hazardous air pollutant during the twenty year

existence of the pre-1990 version of section 112.

Concliusion.

The Scientific Review Panel should delay the closing of the
comment peried until September 1991, so that the results of

further important scientific deliberations are available to it.
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further, the draf: Part B Report snhould not be approved until the

serious deficiencies identified in these comments and the manv

rovided to the Panel are corrected.

O
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3
0
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Respectfully submitted,

Y llei €. Tl fprt

William E. Fisher
Assistant General Manager/
Vice President
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Providing weekly coverage of federal enrironmaental progreams and policies,
Val. 12 No. 22 - May 31, 1991

Prompting agency effort to redress error
EPA ‘MISCLASSIFIED" CHEMICAL'S CARCINOGENICITY, DRY CLEANING INDUSTRY SAYS

: EPAhasmisdassiﬁedmemoawiddymdchemicﬂinmedryduninginduszyua'pmbahle'_cam
ofmmhmmmdmymumsy.mmapmnymm:mmgvumnby
program offices of EPA's current pofi on the chemical, which led to their entering it in EPA's risk
mmmmmmnmwywwmuzmmmd:mmmmmm

error immediatsjy, ] ]
mdmgmmmmmnymmuwdonmeagm'smcmwon,hﬂe
adop:gdexmely ﬁgbtmdudsforairmxiccomh.niahucaunddrycimmbefoundou:of

mw-mmym-mmnhmwmmmmammm
oﬁcumgzrdingoﬁﬁdﬂagemypoﬁcy.}hbicmmmﬁmfnnwupmmdmwy'sdﬁm:hissom
says. -

"unhappiness” wimmeagemy'smchsiﬁaﬁmmmkmmfmcmm
pachbwhylcnemadnmﬁtnudyinma'C'or'BZ'mﬁng.aysmSABthcSAshnsnnt
yuimwdiuoﬁﬁdﬂrcpmmmequsﬁnn.bmisexpecwdmdomhmmhm'
MEAhumy;:ofﬁdanychmgediuchﬁﬁcadmfammﬂmmmmghagmy
sdmﬁmbeﬁmkshouﬂHowm.E?A's'MMdakh&rmﬁmm(mm.'wﬁchmwh
mmsm&mmgmmmmﬁmmechmkﬂaammmtmmmghm

ageacy on Jan 8, 1991 exphadymvemdnmmtha;patﬂmuﬁylmcisa&mgmmdninm

the SAB wiﬂ'brukﬁeﬁe‘bypmidingﬁeagemywi&ad:ﬁniﬁveﬁmihgininpndhgmiew.
hmmmmwmmMmmmnmmmm-mo{m&
mmamhmmimhuymﬁngmwamdaﬂﬁnﬁmhmh
B2, this source says. 083148 .



II. AIR RESOURCES BOARD RESPONSES TO REQUESTS
FOR PUBLIC COMMENT PERIOD EXTENSION
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. OF CALIFORNIA SETE HILSOR, Governor
RESOURCES BOARD ‘ 7 =
Q STREET E}?
20X 281& . : Y/

MENTQ, CA SE312.

Juae §, 1991

Daniei VY. Pheian

Executive Director

8ay Area League of Industirial Associations, Inc.
183 Jackson, Suite 305

S&n Francisco, California 94111

Dear Mr. Phelan:

Reguest for Extension of the Public
Coemment Parigd on the Parchlaorasethvlene Dccument N

I am writing in response to your letter (May 24, 19%1) requesiing
additional time te review the report being reviewed by the Scientific Review
Panel (SRP), "Propesed Identification of Perchloroethylene as a Toxic Air
Contaminant."

After carefully considering your request, we have decided not to delay
the SRP's discussion of the perchloroethylene report. Below, I've
summarized the major milestones in the development of this report.

o Publiic Information Request for Health Effects - April 1986
According to our records, we received no references frem your

organizatioen.

o First Public Comment Period - December 1989 .
Following the first pubiic comment pericd, the Department of Health
Services' (DHS) preliminary range of perchlgroethyiene cancer _unit
risk was revised downward from 31-144 x 10 °/ppb to 2-72 x 10 /ppb.
Accsrding to our records, we received no comments from ysur
organization during this comment period.

o Conference Call - April 1991
Representatives from the Air Resources Board (ARB) and the _
DHS discussed at length the toxic air contaminant identification
process and the perchlorcethyiene health assessment with Or. Paul
Cammer and four other representatives from the Halogenated Soivent
Alliance (HSIA). At that time, the DHS discussed, in.detail, the
Department's position on the health issues raised by HSIA. The
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Daniel VY. Phelan -2~ une o, 1

Department's position has not changed since the Aprii-csnference
cail, nor are we aware of any new infeormation pertinent Lo the
deliberation of the SRP.

o Second Public Comment Peridg - May 1291
' Public comments will be forwarded to the SRP for review. In _
addition, the ARB and OHS staffs, at the June 10, 1291 SRP meseting,

will review and respond to your comments.

o 45-Day Comment Peried Prior te Board Hearing
In addition to the aoove, you will have 45 days to comment on the
document prior to the Board Hearing. At the Board Hearing,
tentatively scheduled for October 1981, representives of the DHS
and the SRP will respond to rejated public comments.

We have consulted with the SRP chair and Dr. John Froines, SRP
leadperson for the health risk assessment for perchloroethylene. The issue
before the SRP at the June 10, 1391 meeting is the scientific adequacy of
the raoort regarding whether perchoroethylene shouid be listed as 2 toxic
&ir contaminant pursuant to AR 1807. We believe, in view of the caronology
ibove, adequate time has besn provided for you to submit camments relating
to thess issues. Accordingly, we plan to proceesd with the June 10, 1991
meeting. If you have any guestions regarding this letter, please phone me
at (°16) 445-0630 or Bil11 Lockett at (218) 323-8711.

Sin ly,

Peter D. Venturini, Chief
Stationary Source Division

cc: Dr. James N. Pitts, Jr., Chairman, Scientific Review Panel -
Df. George Alexeeff, Department of Health Services
William C. Lockett, Air Resources Board
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George J. Laumann, Jr.
Executive Director

California Fabricare Institute
P.0. Box 1

10615 'S. De Anza Blvd.
Cupertino, California 95015

Dear Mr. Laumann:

Reguest for Extension of the Public
Comment Period on the Perchloroethylene rogmgnt

I am writing in response to your letter (May 29, 1881) requesting
additional time to review the report being reviewed by the Scientific Review
Panel (SRP), "Proposed Identification of Perchloroethylene as a Toxic Air
Contaminant."

After carefully considering your request, we have decided not to delay
the SRP's discussion of the perchloroethylene report. Below, I've
summar ized the major milestones in the development of this repert.

o Public Information Request for Health Effects - April 1986
In May 1986 we received cne reference from you.

o First Public Comment Period - December 1989 ,
Following the first public comment period, the Department of Health
Services' (DHS) preliminary range of perchlgroethy]ene cancer unit

 risk was revised downward from 31-144 x 10- /ppb to 2-72 x 107°/ppb.
According to our records, we received no comments from your
erganization during this comment period.

o Conference Cal] - April 1991 :
Representatives from the Air Resources Board (ARB) and the DHS
discussed at length the toxic air contaminant identification process
and the perchloroethylene health assessment with Dr. Paui Cammer and
four other representatives from the Halogenated Solvent Industry
Alliance (HSIA). At that time, the DHS discussed, in detail, the
Department's position on the heaith issues raised by HSIA. The
Department's position has not changed since the April conference
call, nor are we aware of any new information pertinent to the
deliberation of the SRP.
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o Second Public Comment Period - May 19¢1
The information that you submitted on May 2%, 1991 will be forwarded
te the SRP for review. In addition, the ARB and DHS staffs, at the
June 10, 1991 SRP meeting, will review and respond to your comments.

o 45-Day Comment Period Prior to Board Hearing
In addition to the above, you will have 45 days to comment on the
document prior to the Board Hearing. At the Board Hearing,
tentatively scheduled for October 1991, representives of the DHS
and the SRP will respond to related public comments.

We have consulted with the SRP chair and.Dr. John Froines, SRP
leadpersen for the health risk assessment for perchlioroethylene. The issue
before the SRP at the June 10, 1991 meeting is the scientific adeguacy of
the report regarding whether perchoroethylene should be listed as a toxic
-air contaminant pursuant to AB 1807. We believe, in view of the chronology
above, adequate time has been provided for you to submit comments relating
to these issues. Accerdingly, we plan to proceed with the June 10, 1991
meeting. If you have any questions regarding this letter, please phone me
at (916) 445-0650 or Bill Lockett at (916) 323-8711.

Sincerely,
an enevieve Shiroma, Chief

Toxic Air Contaminant
Identification Branch

cc: Or. James N. Pitts, Jr., Chairman, Scientific Review Panel
Dr. George Alexeeff, Department of Health Services
William C. Lockett, Air Resources Board
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Paul A. Kronenberg

Executive Director

Chemical Industry Council of Califernia
1121 I Street, Suite 904

Sacramento, California 95814

Dear Mr. Kronenberg:

Reguest for Extension of the Public

Comment Period on the Perchlorvethviene Document

I am writing in response to your Tetter (June 3, 1891) requesting
additional time to review the report being reviewed by the Scientific Review
Panel (SRP), "Proposed Identification of Perchloroethylene as a Toxic Air
Contaminant.*®

After carefully considering your request, we have decided not to delay
the SRP's discussion of the perchloroethyiene report. Below, I've
summarized the major milestones in the development of this report.

o Public Information Request for Health Effects - April 1986
According to our recerds, we received no references from your
organization. :

o First Public Comment Period - December 1989
Following the first Pubiic comment period, the Department of Health
Services' (DHS) preliminary range of perchlgroethyiene cancer unit
risk was revised downward from 31-144 x 107°/ppb te 2-72 x 10 /ppb.
According to our records, we received no comments from your
organization during this comment period.

o Conference Call - April 1991 n
Representatives from the Air Resources Board (ARB) and “he DHS
discussed at length the toxic air contaminant identification process
and the perchloroethylene heaith assessment with Dr. Paul Cammer and
four other representatives from the Halogenated Solvent Alliance
(HSIA). At that time, the DHS discussed, in detail, the
Department's pasition on the health issues raised by HSIA.
The Department's position has not changed since that April
conference call, nor are we aware of any new information pertinent
to the deliberation of the SRP.
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0 Second Pubiic Comment Period - May 1991
Public comments will be forwarded to the SRP for review, In
addition, the ARB ang DHS staffs, at the June 10, 1891 3SRP meeting,
will review ang respond te your comments.

© -45-Day Comment Period Prior to Board Hearing

' In addition to the above, you will have 45 days to comment on the
document prior to the Board Hearing. At the Board Hearing,
tentatively scheduled for October 1991, representives of the DHS and
the SRP wilt respond to related pubiic comments.

We have consuited with the SRP chair and Dr, John Froines, SRP
-leadperson for the health risk assessment for perchloroethylene. The issue
before the SRP at the June 10, 1991 meeting is the scientific adequacy of
the report regarding whether perchoroethylene should be Tisted as a toxic
air contaminant pursuant to AB 1807. We believe, in view of the chronology
above, adequats time has been provided for you to submit comments relating
Lo these issues. Accordingly, we plan to proceed with the Junme 10, 199
meeting. If you have any questions regarding this letter, please phone me
at (916) 445-0650 or Bill Lockett at (916) 323-8711.

Sincerely,

enevieve Shiroma, Chief
Toxic Air Contaminant
Identification Branch

cec: Dr. James N. Pitts; Jdr., Chairman, Scientific Review Panel

Dq. George Alexeeff, Department of Health Services
William C. Lockett, Air Resources Board
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Paul Cammer, Ph.D.

Halogenated Solvents Industry Alliance
1226 19th Street, N.W. Suite 300
Washington, D.C. 20036-2411

Dear Dr. Cammer:

Regyest for Extension of *he Pubijic
Comment Period gn the Percniorgethviene Document

I am writing in response to your letter (May 30, 1991) reguesting
additienal time to review the report being reviewed by the Scientific Review
Panel (SRP), “Proposed Identification of Perchloroethylene as a Toxic Air
Contaminant."

After carefully considering your request, we have decided not to delay
the SRP's discussion of the perchloroethylene report. Below, I've
summar ized the major milestones in the development of this report.

o Public Information Request for Health Effects - April 1986
In May 1986, we received 27 health-related references from you.

o First Public Comment Period - December 1989
Following the comments you submitted in February 1990, the
Department of Health Services' (DHS) preliminary range of
perchloroethylene cancer.unit risk was revised downward from 31-144
x 107°/ppb to 2-72 x 10°°/ppb.

o Conference Call - April 1991
Representatives from the Air Resources Board (ARB) and the .
Department of Health Services (DHS) thoroughly discussed at length
the toxic air contaminant identification process and the
perchloroethyiene health assessment with you and four
representatives from your orgamization. At that time, the DHS
discussed, in some detajl, the Department's position on the hea!th
issues you raised. The Department's pasition has not changed since
the April conference call, nor are we aware of any new information
pertinent to the deliberations of the SRP.
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o Second Public Comment Period ~ May 1991
The information that you submitted on June 1, 1991 will be forwarded
to the SRP for review. In addition, the ARB and DHS staffs, at the
June 10, 1991 SRP meeting, will review and respond to your comments.

o 45-Day Comment Period Prior to Board Hearing
In addition to the above, you will have 45 days to comment on the
document prier te the Board Hearing. At the Board Hearing,
tentatively scheduled for October 1991, representatives of the DHS
and the SRP will respond to reilated public comments.

We have consulted with the SRP chair and Dr. John Froines, SRP
leadperson for the health risk assessment for perchloroethylene. The issue
before the SRP at the June 10, 1991 meeting is the scientific adequacy of
the report regarding whether perchloroethylene should be listed as a toxic
air contaminant pursuant to AB 1807. We believe, in view of the chronology
above, adequate time has been provided for you to submit comments relating
to these issues. Accordingly, we plan to proceed with the June 10, 1991
meeting. If you have any questions regarding this letter, please phone me
at (916) 445-0850 or Bill Lockett at (916) 323-8711.

Sincerely,

Peter O. Venturini, Chief
Stationary Source Division

cc: Dr. James N. Pitts, Chairman, Scientific Review Panel

~Df. Qeorge Alexeeff, Department of Health Services
William C. Lockett, Air Resources Board
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Peter D. Robertson

Counsel to the International Fabricare Institute
Patton, Boggs, & Blow

2550 M Street

N.W. Washington, D.C. 20037-1350

Dear Mr. Rebertsaon:

Regquest for Extension of *he Puyblic
Pamj n the Perchlorget

I am writing in response to your letter (June 1, 1891) requesting
additional time to review the report being reviewed by the Scientific Review
Panel (SRP), "Proposed Identification of Perchiorcethylene as a Teoxic Air
Contaminant.”

After carefully considering your reguest, we have decided not to delay
the SRP's discussion of the perchlioroethylens report. Below, I've
summarized the major milestones in the development of this report.

0 Public Information Request for Health Effects - April 1986
According to our records, we received no references from the
International Fabricare Institute.

o First Public Comment Period - December 1989
Following the comments William E. Fisher, Assistant General
Manager/Vice President of International Fabricare Institute,
submitted in January 1990, the Department of Health Services' (OHS)
preliminary range of perchgoroethylene cancer unit risk was revised
downward from 31-144 x 10 °/ppb to 2-72 x 10 °/ppsb.

© Conference Call - April 1991

Representatives from the Air Resources Board (ARB) and the DHS
discussed at length the toxic air contaminant identification process
and the perchlioroethylene heaith assessment with Dr. Paul Cammer and
faur other representatives from the Halogenated Solvent Industry
Alliance (HSIA). At that time, the DHS discussed, in detail, the
Department's position on the health issues raised by HSIA. The
Department's position has not changed.since the April conference
call, nor are we aware of any new information pertinent to the

deiiberation of the the SRP.
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¢ Second Public Comment Period - May 1991
The information that you submitteq on June 1, 1991 will ke forwarded
to the SRP for review. In addition, ARB and DHS stafis, at the June
10, 1991 SRP meeting, will review and respond to your comments.

-0 45-Day Comment Period Prier to Board Hearing
In addition to the above, you will have 45 days to comment on the
document prior to the Board Hearing. At the Boardg Hearing,
tentatively scheduled for October 1991, representives of the DHS and
the SRP will respond to related public comments. :

We have consulted with the SRP chair and Dr. John Froines, SRP

* leadperson for the health risk assessment for perchloroethylene. The issue
before the SRP at the June 10, 1991 meeting is the scientific adequacy of
the report regarding whether perchoroethylene should be listed as a toxic
‘2ir contaminant pursuant to AB 1807. We believe, in view of the chronoloqy
above, adequate time has been provided for you to submit comments relating
to these issues. Accordingly, we pian to procesd with the June 0, 1991
meeting. If you have any gquestions regarding this letter, pleass phone me

at (916) 445-0650 or Bill Lockett at (918) 223-8711.

Sincerely,
. i ’
/ficﬂéuu»~‘n—-a
enevieve Shiroma, Chief

Toxic Air Contaminant
Identification Branch

cc: William E. Fisher, International Fabricare Institute ,
Dr. James N. Pitts, Jr., Chairman, Scientific Review Panel
Dr. George Alexeeff, Department of Health Services
William C. Lockett, Air Resources Board
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III. AIR RESOURCES BOARD STAFF RESPONSES TO COMMENTS ON PART A
(May 1991)
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'A.  COMMENTS FROM BAY AREA LEAGUE OF INDUSTRIAL ASSOCIATIONS, INC.
'l. Comment:

The public comment period the Air Resources Board (ARB)
provided for the May 1991 Scientific Review Panel (SRP) version of
the perchloroethylene report did not allow adequate time to review
the document.

After carefully considering the requests for a public comment
period extension, we decided not to delay the SRP's discussion of
the perchloroethylene document. The public had and will have
opportunities to comment at the following major milestones of
perchloroethylene in the identification process:

o We issued a public information request for the health effects
in April 1986 and received numerous references from the
public including two persons sending comments on the May 1991
report. '

¢ The initial perchlorcethyiene draft report was released in
December 1989 for a 30-day public comment period. After
receiving numerous comments during this comment period, the
Department of Health Services' (DHS) preliminary range of risk
was revised downward. ‘

o In April 1991, representatives of the DHS and ARB held a
conference call with Dr. Paul Cammer and four representatives
from the Halogenated Solvents Industry Alliance. At that
time, the DHS discussed, in some detail, the Department's
position on health issues. The Department's position has not
changed since the Aprii conference call.

o The second public comment period, simultaneous with review by
SRP members, occured in May 1991. The staffs of the ARB and
DHS verbally responded to all public comments received during
the comment period at the June 10, 1991 SRP meeting. The

"~ Addendum to Part C is comprised of these public comments and

the ARB and DHS staffs responses to them. _

o In addition, public comments may be submitted to the Board any
time during the 46-day review period prior to the Board
Hearing scheduled in October 1991. At the Board Hearing,
representatives from the ARB, DHS, and SRP will respond to
rejated comments.

In view of the above chronoiogy, we believe that adequate time

has been provided for the public to submit comments related to the
issues raised in the perchloroethylene document.

2. Commept:

A public perchioroethylene workshop 1isted on the August 14,
1990 SRP meeting handout entitled "Proposed SRP Meeting Schedule
1990 - 1991" was never held.
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B.

As part of streamlining toxic air contaminant identification,
we planned to have a public workshop during or immediately following
a8 compound's first public comment period. However, when
streamlining was initiated, we were already in the process of
revising the perchlorcethylene document following the first public
comment period. Therefore, for perchloroethylene, we decided to
stay with the original schedule of two written comment periods. We
intend to hold public workshops for future compounds. These
workshops are intended as an additional opportunity for the public
to comment on our preliminary identification reports. Final
decisions on the scientific adequacy of our reports are not made at
public workshops.

COMMENTS FROM CALIFORNIA FABRICARE INSTITUTE

1.

Comment: _
The comment period the ARB provided did not allow adequate time
to review the document. '

Response: '
Please see the response to comment 1 from the Bay Area League
of Industrial Associations, Inc.

Comment :
hel A scheduled public workshop on perchloroethylene was never
eld.

Respopse:
Please see the response to comment 2 from the Bay Area League
of Industrial Associations, Inc.

The ARB's regulatory application of the DHS' cancer unit risk
would have profoundly detrimental effects on dry cieaners,
including: 1) unnecessary public fear and anxiety about dry
cleaners, 2) possible lawsuits, 3) unreasonable toxic air
contaminant fees, 4) increased operating costs which wouid drive
some dry cleaners out of business, and 5) no permitting of new dry
cleaning plants.

California's AB 1807 toxic air contaminant program separates
risk identification from risk management. If perchloroethylene is
identified as a toxic air contaminant, the need for and appropriate
degree of regulation as well as the potential for detrimental
effects on dry cleaners will be considered in the risk management
phase of the program. :
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C. COMMENTS FROM CHEMICAL INDUSTRY COUNCIL OF CALIFORNIA

1.

Comment: , _ _ _
The comment period the ARB provided did not allow adequate time
to review the document.

Response:
Please see the response to comment 1 from the Bay Area League
of Industrial Associations, Inc.

Comment :

A scheduled public workshop on perchloroethylene was never
held. :

Response:

Please see the response to comment 2 from the Bay Area League

of Industrial Associations, Inc.

Comment :

In the case of perchioroethylene, where the basic science is in
question, it is unacceptable that the SRP does not receive oral
testimony at its meetings.

Response: ‘ : .

According to California Health and Safety Code section 39661,
there is no requirement for the SRP to receive public testimony at
its meetings. An SRP meeting is not a hearing but a deliberation
among the SRP members on the scientific adequacy of the reports _
prepared by the ARB and DHS staffs. In conducting this review, the
Panel considers ail written public comments. The issue of receiving
public testimony at SRP meetings has been discussed by the Panel
members and the Panel has decided to base its review on written
material and not receive testimony.

D. COMMENTS FROM HALOGENATED SOLVENTS INDUSTRY ALLIANCE

1.

Thé comment period the ARB provided did not allow adequate time
to review the document.

Response:
Please see the response to comment 1 from the Bay Area League
of Industrial Associations, Inc. . ‘ ,

Comment :
The ARB's statement that a federal Hazardous Air Pollutant
(HAP) such as perchloroethylene is required to be identified as a

toxic air contaminant (pursuant to section 39655 of the California
Health and Safety Code) does not provide a sufficient basis for
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identification. Section 39655 of the Health and Safety Code was
enacted in 1983, seven years before the 1990 Federal Clean Air Act
Amendments required that perchloroethylene be listed as a HAP in
section 112. By enacting the AB 1807 (1983) legislation, the
California legislature intended to fill a perceived gap in the
federal regulatory program for controiling non-criteriz airborne
poilutants and did not intend to duplicate efforts undertaken in
1990 at the national level.

In 1983 when AB 1807 {California's Toxic Air Contaminant
Identification and Control Program) was enacted, the Environmental
Protection Agency (EPA) had identified only eight compounds as HAPs
under section 112 of the Clean Air Act. However, the continued
addition of compounds to the HAPs list over time was cleariy
anticipated. - Indeed, when Congress acted last year to list 189
compounds (including perchloroethylene) in section 112, they did so,
in large part, because the EPA had failed to act guickly to enlarge
the 1ist of HAPs. There is nothing in the language of Health and
Safety Code section 39655 indicating that the State legislature
intended to make a distinction between compounds identified as HAPs
when AB 1807 was enacted and compounds identified subsequent to that
time. Given the very specific and unambiguous language of the State
statute, it is clear that federal HAPs are required to be identified
by the Board regardless of when they were listed.

E. COMMENTS FROM INTERNATIONAL FABRICARE INSTITUTE

1.

Comment :

The comment period the ARB provided did not d1low adequate time
to review the document.

Response:
Please see the response to comment 1 from the Bay Area Leaque
of Industrial Associations, Inc.

California Health and Safety Code section 39655 which requires
that federal HAPs listed in section 112 of the Clean Air Act be
identified as toxic air contaminants was written in 1983. The Clean
Air Act as it existed in 1983 was fundamentally different from the
Act that exists today; for exampie, in 1983, perchloroethylene was
not listed among the HAPs in section 112.

»

PleASe see the response to comment 2 from the Halogenated
Sotvents Industry Alliance.
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IV. DEPARTMENT OF HEALTH SERVICES STAFF RESPONSES TO COMMENTS ON PART B
(May 1991)
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DEPARTMENT OF HEALTH SERVICES
STAFF RESPONSES TO PUBLIC COMMENTS
ON THE MAY 1991 REVISION OF PART B
OF THE DRAFT REPORT TO THE AIR RESOURCES BOARD
ON PERCHLOROETHYLENE (TETRACHLOROETHYLENE, PCE)

COMMENTS FROM CALIFORNIA FABRICARE INSTITUTE, MAY 29, 1991

1. COMMENT, DHS concluded that a best estimate of upper-bound risk of 8 x
1076 ger pg/m3 {s over 13 times higher than the EPA unit risk estimate of 5.8
x 107’ per ug/m® used by air districts in California. EPA and DHS used the
same data in arriving at different estimates (p. 1).

RESPONSE:  Since the 1986 Draft EPA risk assessment was developed
several articles have been published indicating the uncertainty involved in
the metabolism and pharmacokinetic data. The articles include Hattis et al.,
1987 (A Pharmacokinetic/Mechanism-Based Analysis of the Carcinogenic Risk of
Perchloroethylene, CTPID 86-7, Massachusetts Institute of Technology,
Cambridge, MA); Hattis et al., 1990, Risk Anal. 10, 449-458; Bois et al.,
1990, (Toxicol. Appl. Pharmacol. 102, 300-315); and Bogen and McKone, 1987,
(Proc. 80th Ann. Meet. Air Pollut. Control Assoc., New York, 21-26 June 1987,
No. 87-41.2). The DHS document incorporates the scientific data for these
studies in its risk assessment. The studies indicate that metasbolism of
perchloroethylene in humans may be as high as 73%. This new data is clearly
summarized by Bogen and McKone (1988), who state that "taking ... uncertainty
into account, we estimate the [fraction of the maximum plausible metabolic
_ rate] to be between 5% and 65% ... It has been inferred from [human]
experimental studies that [the metabolic rate] ranges from 2 to 4%, whereas
we, using an analytic PBPK approach, and other investigators using a numerical
PBPK approach, have shown that the [metabolic rate] may actually be greater by
a factor of 10-20." For this reason DHS chose 25% as its metabolic rate for
humans in contrast to the 4% rate assumed by USEPA. Because of this difference
~ the DHS estimate is higher by 8-fold. :

2. COMMENT: The upper-bound unit risk estimate suggested by DHS implies
that drycleaners exposed to 25 to 50 ppm during there working lifetime will
have an excess cancer incidence of 225,000 to 400,000 per million. There is no
evidence in existing working populations that any excess cancers are occurring
among drycleaning workers, let alone 225,000 to 400,000 per million {p. 7).

RESPONSE: Estimates based on TLVs do not address actual risks since the
mean exposure concentration is unknown and is likely to be far below the TLV.
The comment does not indicate how the estimates were derived. As indicated in
the Summary and in Section 4, there is some indication that drycleaning
solvents pose an increased cancer risk, although a specific solvent could not
be identified and confounding factors could not be eliminated. The assumption
that all workers have been exposed to PCE at the TLV is unrealistic since
worker histories, job classifications, and solvent use have changed over time.
If we focus on a specific study, for example that of Brown and Kaplan (1987),
we find that the risks found in the study are not i{nconsistent with the risks
predicted in the DHS analysis (see comment 11, Part C).

cocite



COMMENTS FROM INTERNATIONAL FABRICARE INSTITUTE, JUNE 1, 1991

1. COMMENT: The Technical Support Document states that EPA classifies
perchloroethylene as a Group B2 carcinogen. In a January 8, 1991 Federal
Register notice, EPA said "perchloroethylene is hereby deleted from the
substances referred to ... as Group B2 carcinogens™ (p. 3).

RESPONSE: The commentator correctly characterizes the current
adminiscrative status of perchlorcethylene at the USEPA. The EPA Human Health
Assessment Group (previously the Carcinogen Assessment Group) concluded in its
1986 Addendum (USEPA, 1986, Addendum to the Health Assessment Document for
Tetrachloroethylene, Updated Carcinogenicity Assessment for
Tetrachloroethylene, EPA/600/8-82/005FA) that PCE should be classified within
Group B2. The Halogenated Solvents Subcommittee of the Science Advisory Board
has disagreed, initially concluding that perc was best placed in Group C, and
subsequently concluding that PCE "could not be made to fit neatly into only
one category” and the overall weight of evidence placed PCE on a continuum
between B2 and C (Fed. Reg. 56, 5, €44). More recently, (1) EPA staff has
reconfirmed their conclusion that PCE should be categorized in Group B2 ("EPA
Staff Comments on Issues Regarding the Carcinogenicity of Perchloroethylene
(perc) Raised by the SAB", Lee Thomas to Dr. Norton Nelson, August 3, 1987),
(2) PCE has been listed as a B2 carcinogen in USEPA documents (e.g., USEPA,
1990, Health Effects Assessment Summary Tables, July, 1990}, and (3) interim
decisions have been made within the agency that are more consistent with a B2
classification than with C classzfication (as noted in the response to the
following comment).

This issue in the summary of the draft document will be revised to
indicate the history and current status of carcinogenicity evaluation within
USEPA and the Science Advisory Board. A reference on page 1-3, Part B, to the
administrative status of the EPA categorization of perchloroethylene
carcinogenicity was revised to state while EPA staff has recommended
classification of PCE into category B2 i.e., a probable carcinogen, the
Halogenated Solvents Subcommittee of the Science Advisory Board has disagreed.
The B2 recommendstion has not been confirmed by the EPA administrator, so the
1985 classification in category C is still in effect. Page 4-6 was also
modified to reflect the current EPA position.

COMMENTS FROM HALOGENATED SOLVENTS INDUSTRY ALLIANCE, JUNE 1, 1991

1. COMMENT: The staff states that "EPA set PCE drinking water standards
based on the agency’s position that PCE is a probable (B2) carcinogen”. This
is wrong. The preamble to the drinking water standards regulation (56 Fed.
Reg. 3526, 3532, January 30, 1991) states "in the cases of styrene and
tetrachloroethylene, where the Agency’s cancer classification is unresolved,
EPA used jts categorization approach to derive an MCLG" (p. 3).

RESPONSE: DHS staff accept the correction regarding the administrative

status of the EPA classification of perchloroethylene carcinogenicity.
However, DHS staff note that while the administracive status of PCE
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carcinogenicity is unresclved, the decision to set the EPA Maximum Contaminant
Limit Goal (MCLG) for PCE as zero is consistent with EPA's treatment of B2
carcinogens and inconsistent with its treatment of C carcinogens., EPA placed
PCE in Category I based on sufficient animsl evidence of caxrcinogenicity
derived from a "totality of the evidence® (56 Fed. Reg. 3542). As described in
56 Fed. Reg. 3532, "in most cases, the Agency places Group A, Bl and B2
contaminants in Category I, and Group C into Category II." In setting out the
PCE drinking water standards, EPA specifically concluded uncertainties
‘regarding mouse liver tumors, peroxisome proliferation, mononuclear cell
leukemia and male rat kidney tumors were insufficient "to discount the
sufficient level of animal evidence® (56 Fed. Reg. 3342).

2. COMMENT: A published article by Odum et al. that describes the results
of an extensive experimental program to explore species differences in
carcinogenicity ... concludes that perc is unlikely to cause liver cancer in
humans. The staff response to this comment was to include a paragraph
describing it on page 3-2 of the draft Part B report without in any way
addressing its implications for the staff’s recommendations, or even
recognizing it casts serious doubt on the staff's analysis (p. 4).

RESPONSE: As indicated in Parts B and C of the draft report,
experimental studies have indicated that PCE is or its metabolites are
genotoxic and can produce cancer in laboratory animals. PCE induced DNA strand
breaks in liver and kidney cells of mice treated in vivo. PCE induced
transformation of rat embryo cells. It induced sex-linked recessive, lethal
mutations in Drosophia. PCE induced gene conversion and mitotic recombination
in yeast. PCE has been shown to be mutagenic to plants in vitro. When mice
were exposed to PCE by oral or inhalation administration, it produced
hepatocellular carcinomas. Exposure of rats by inhalation to PCE produced an
increased incidence of leukemia and kidney tumors. The relationship of
trichloroacetic acid production from PCE exposure to tumor production is in
part accounted for by using the pharmacokinetic adjustments in the report.
However, in order to indicate that cell proliferation may also play a role in
. the carcinogenicity of PCE the following sentence was added to the Summary of
the Report on page 1-3: "However, the production of trichloroacetic acid and
subsequent peroxisome proliferation may also play an important role in the
- carcinogenicity of PCE.” The reference was also be cited on page 5-14 of the
report.

3. COMMENT: The revised draft Report reflects a continued unwillingness to
make use of the best available experimental Iinformation on the metabolism,
pPharmacokinetics, and mechanism of perc and to make a dose adjustment
reflecting the nonlinearity that has been observed in numerous studies {p. 5).

RESPONSE: DHS staff believe they have made the best use of available
scientific and medical data in developing the upper bound best estimate of
risk. The evaluation used pharmacokinetics, considered recent uncertainty
information, and evaluated 5 different approaches in the risk assessment.
However, the nonlinearity referred to in the comment is unclear since
saturation did not cccur in the chronic bioassays, unlike that observed for
methylene chloride.
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4.  COMMENT: Page 5-8 of the draft Part B Report states that 82.3 percent
of an oral dose of 500 mg per kg was metabolized after administration to
B6C3Fl mice. As authority for this, the Report cites the work of Schumamn et
al. This is incorrect. In the work cited, Schumamn clearly states in Table 2,
page 211, column 5 that only 17.4 percent of the material was metabolized.
Page 5-8 of the draft Part B Report states that 80 percent of the perc inhaled
during a radiochemical inhalation experiment in B6C3F1 mice (10 ppm for 6
hours) was metabolized. This is also incorrect. The actual value reported in
Table 2 (loc. cit.) is 88.0 percent, but use of either number in this way is
incorrect. The number reported in Schumann et al. is a percentage of the
-radioactivity recovered after the conclusion of the inhalation exposure (p.
6). The minute volume of B6C3Fl mice can be estimated from Andersen et al.
(Toxicol. Appl. Pharmscol. 87:185-205, 1987). The percentage of inhaled perc
‘metabolized is more accurately calculated as 2.15 umole/4.35 umole inhaled =
49 percent metabolism in this species instead of 88 percent (p. 7).

RESPONSE: The comment refers to the percent of the dose metabolized.
The paragraph cited is discussing the relative percent of urinary metabolites
to total metabolized. The numbers cited in the document were examined and
found to be correctly calculated. The commenter is incorrect in assuming that
80% of the metabolized dose was used in the analysis. The 80% referred to in
the document is indicated as a point of comparison between urinary and total
metabolized doses for the Schumann et al. study. The section was edited to
eliminate any further confusion.

5. COMMERT: The author’s conclusions that the percentage of inhaled perc
which undergoes metabolism will continue to increase toward 100 percent at
concentrations well below the Kz is inconsistent with knmown principles of
pharmacokinetics (p. 7).

RESPONSE: The document states in Sectiom 5 (p. 5-25) that studies by
Pegg et al. (1979) indicate that there is an increase in metabolism in animals
as the concentration is decreased. The document was modified to replace the -
term "essentially 100% with "a greater percentage®. However, for humans,
based on PB-PK modeling (Bogen and McKone, 1987; Reitz and Nolan, 1986; and
Ward et al., 1987) the physiologic upper limit for humans is 73%. The document
further states that a likely upper limit is 25% based on the work of Hattis
(1987). It is the 25% metabolism rate that was assumed to calculate the DHS
best estimate of the upper bound on unit risk, not 100%. i

6, COMMENT: The risk estimates presented in the Draft B report are not
scientifically justifiable as PB-PK estimates. [For example,] Reitz and Nolan
did not use an additional "surface area” correction factor for interspecies
extrapolations, since they noted that the PB-PK model already accounts for all
the known differences between animals and humans in metabolism of perc (p. 8).

RESPONSE: The risk estimates generated used 5 different models.
Pharmacokinetics were clearly considered in the risk estimates. As indicated
in the summary and in Section 5 of the report, there is substantial human
variability in pharmacokinetics of PCE, which is dependent on personal factors
such ag diet and lifestyle factors. Furthermore, interspecies differences in
the response to PCE, or pharmacodynamics, are not taken into account by the
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pharmacokinetic approach. To account for these factors, DHS staff have chosen
to use a surface area correction in addition to the pharmacokinetic ‘
measurement.

7. COMMENT: 1In a staff response to public comment (Part C1 pPp. 115-16,
item 11), staff used a unit risk estimate of 56 x 10-3 (ppm) ~ to compute that
‘an increase of 20 cancer deaths would have been projected in the Brown and
Kaplan epidemiclogy study. This computation erroneously assumes that the
entire cohort is the relevant sample. As our earlier comments made clear,
however, it is the 615 workers exposed only to perc that provide a cause-
effect study of exposure (p. 9).

RESPONSE: As indicated in Part €, a number of epidemiologic studies
have been conducted on workers in the dry-cleaning industry. As discussed in
Section 4 of Part B under the heading "Epidemiologic Evidence for
Carcinogenicity in Humans®, these studies generally do not adequately address
the concentration and duration of PCE exposure or confounding factors such as
low economic status, smoking, alcohol use, and exposure to other carcinogenic
solvents, making it difficult to link human exposure to PCE with cancer. In
one of the more complete studies, conducted by Brown and Kaplan (1987),
exposures ranged from 3 to 22 ppm. Assuming the 619 workers who were primarily
exposed tc PCE were subjected to a 12.5 ppm average exposure concentration
during working hours over a 5 year average employment, a lifetime average PCE
exposure would be 0.21 ppm (see Part C, pp. 115, 116). Multiplying the unit
risk times the exposure and the 615 exposed workers in the study [(56 x 10~
per ppm) x (0.21 ppm) % (615 persons) = 7.2] indicates that an potential
increase of 7 cancers may occur. Considering three tumor sites provided in
the report the expected incidence was 16 and the observed incidence was 25.
Thus, even for the PCE exposed workers, the estimated upper bound incidence
due to PCE exposure of 7 is close to the increase in observed incidence
relative to expected incidence of 9. The increases were not statistically
significant.

8. COMMENT: Using the upper end of the "best estimate” of the upper bound
on the unit risk range (54 per million at 1 Ppb) presented in the draft Part B
Report, the predicted risks at or near the old TLV of 200 PPu are large and
increased cancer incidence would be easily detectable in even general
epidemiology studies. Past manufacturing plant experience would indicate that
[such exposures, e.g., 50 ppm for 10 years] are comsistent with past practices
and are likely even to be underestimates (pp. 10-11).

RESPONSE: "Although the PCE TLV has decréased from 200 Ppm to 25 ppm
over the last 35 years, according to Brown and Kaplan (1987) the levels of
exposure to PCE in commercial drycleaning shops have remainned fairly constant
since its introduction into the industry®. The Brown and Kaplan (1987) study
indicates that drycleaning workers were exposed to approximately 12.5 ppm for
5 years of employment. This is in contrast to the higher exposure and
employment estimates suggested by the comment. Consequently the risk would be
on the order of 0.02 (or 2%). . As indicated in the comment, a risk as 2% would
not be easily detectable. On the other hand, it is clear that exposure to the
TLV for an individual’s working lifetime potentially poses a high risk.
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