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Ames ,

The fcliowing are our comments sn tne Jdrz?: Repert 2n Farchlorpetnviane
Part A, cf Decemvoer 1986.

Additional sources of indoor exposure mus: be assessed

inere nzs seen ¢ Failure in

 Pzrt A SF tre ruport t0 adecuately assess
tne tota) public exposure to Fercrnlergethsiane (PCEY from 211 indos-
Envirinments as required by state st2tiie, The report only assesses
expisure from indacor sir in tne nome, anc neslects ©¢ consider 2xposure
in sucn places as hospttals, scheols, aff‘c“s. and the work place., ror
instance, an employee at a dry-cleaner =

ar Tace exsosure at work anc ‘n
the home t3 potantially high caily ‘evels af 7C2Z, are naeds to be

considered, Exposure to 4 consumer &t @ ¢<ry cleaning Zounter shoulc
also te assessed, Information

must he adced to the fTinal report to
ddequately assess the multiple routes of expaosure “rom the differens
sources of PLZ in indoor air,

California Health and Safety Code Article 2, Section 39960.% (a) sta
that "In evaluating the level af potantial ~umar expaesure o toxic
contaminants, the state boarsd shell zssess <hat expssure in
environments as well as ambient cir Candis ons.

(e¢) "Wnen the state board identifies
found in any indoor envirgnment, the state poard shall refer aid

available data on that exposure and the suspected saurce cf *he

pollutant to the state Department of Healtn Services..." {emphasis
agded)

toxic afr pollutants that have

“een

{d) "In assessing human exposure t¢ toxic air contaminaats in indoor
environments pursuant to this section, tne state board shall identify

the relative contribution to total exposure tg the contaminant fram

jnacor concentra.ions, taking 1nto 2ccount both ambient end indoor air
environments." (emphastis added)
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Need further data on PCE in food supply

The eszimatisn of gaily intake “rorm ingestior cf PCC througn fd00
reapresérts a sstantialily high risx based or tne citec Zurgoecen det:, e
oraer T ifgess the -e‘evanc ¢¥ tnis 23tz t:z tne falifor~iy Zonsumer,
informzi un Cn tNg mechanisms by whicgh FCE syntaminates fooc suppiies
srhouic e orasentec. If PCE in the food supply 1§ mai=ty prosent cue 2
aasar*"on onts fats in foods <throueh contact with airccrn PLE, then
dat: ccr:av1n; zoncentrations of airncrn PLUE *‘n Caliternia ang :turecpe
scu ¢ na2t> estzblish wnether the Z.ropean dateé 2ould -e -epresentative
cf Taiifsrnia alse, Again, in egsiticn T2 zcncentraticns 2ng qgaily
intaxe ‘igurss, associated cancer ri1sk figures shoula Le gresented

ralateg o ingestion.

Incliude worst case numbers for assessment of exposure

Fcr stuales of indoor air conc=n":t*ons of FIZ, aniy
were givan, Maximum concentrations should aiss he in'
worst zase exposuyre can be :ssessed., [rnfcrmation on
risk asssciated with worst case znc gverage concentra
be included.

~nayr 3Iverages
ioed SO that tne
ividual cancer
€ shouled 21sd

In zad®t10r, maximum daily and maximum chroni¢ exposure Sor peonie using
severa) cgnsumer products containirg FLE, whe 21so use cry-cleaners
frequently, who werk in ervironments with nigh leveis of PCE, who liv
in egreas with nigh background ltavels ia a2mpient air 2nz/or live in PO
notspet arcas near high emissions sources, wnc ingest nign jeveis
througn f03d or «ater supplies, &no who are exposed =3 iny other :curce
of “CE, shculd be considered, and =otal worst case daiiy intake and
cancer risk data should be presentec.

f1y 1M

Append Lo reporl dala frow lederal SARA III TR] database

identification process to incluce in the report information on
fah sources of PCE emissions The “ina’ report should append tne
-987, 1988, and .589 data ‘dent1fy1ng PCE emissions “rom all sources in
the federal SARA Title II! database, which are readily available The
public nas the =ight ton know of 3anc review such 3ata, znd the nRB TAL
documents shouis provide this information on 2 geogrionic basis.

1S “1gh1y sppropriate for the purcoses of tne Toxic Air Zontamirant
\
I
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HALOGENATED SOLVENTS "'NDUSTRY ALL

1225 19th Streer W Suie 300, Wasmingten D C 20036-2411 « I02) 1233350

Yi o -
February 1, 1990

-y L
U om e wd

Mr. Donald O. Ames 5““&;;;"“:
Assistant Chief ', Resou---" ==
Sstationary Source Division

Alr Resources Board

Attn: Perchlorocethylene

F. 0. Box 2815

Sacramento, CA 95812 ‘

Dear Mr. Aames:

The Halogenated Solvents Industry Alliance (HSIA) offers the
enclosed comments on the draft Technical Support Document:
Proposed Identification of Perchloroethylene as a Toxic Air
Contaminant (Part B: Health Effects of Perchloroethylene).

HSIA is an association of producers, distributors,
importers, and users of halogenated solvents, including per-
chloroethylene, Our members, as well as other users of per-
chloroethylene have a vital interest in the accuracy and
scientific validity of the Report.

Sincerely,

Pm)ufum

Paul A. Cammer, Ph.D
President

Enclosure
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BEFORE THE CALITCRNIA AIZX
RESQURCES BOARD

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 Perchlorcethylene)

Halogenated Solvents Industry Alliance
1225 19th Street, N.W.
Suite 300
Washington, D. C. 20036
202-223-5890

February 1, 1990 Paul A. Cammer, Ph.D.
President
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BEFORE THE

CALIFORNIA AIR RESOURCES BOARD

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 Perchlorcethylene)

Introduction

The Halogenated Solvents Industry Alliance (HSIA) offers
these comments to the Air Resource Board (ARB) cn Part B (Health
Effects of Perchloroethylene) of the draft Technical Suppcsrt
Document for the Proposed Identification of Perchloroethv.ene as

a Toxic Air Contaminant. Our comments include a summary =f the
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pertinent literature on the carcincgenic potential of
perchloroethylene in animals and humans, a discussion ©I the
importance of species differences in metabolism of this chermical,

and a recommendation to develop a more plausible estinate of

HSIA is an association of users, distributors, and producers
of chlorinated solvents, including perchloroethylene. Our
members, as well as other users of perchlorocethylene, have a
vital interest in the accuracy and scientific validity cf the
Technical Support Documents which serve as the basis for the
proposal to identify perchloroethylene as a toxic air
contaminant. Decisions made by the ARB on the basis of the

Technical Support Documents will have a significant effect on

actions taken by local air districts in California to regularte

perchloroethylene, on possible future proposals from Cal-OSHA to
change worker exposure levels, and on other risk assessment-
related legislation and regulation within the state. As a
consequence of those actions, a large number of industrial and
commercial users of perchloroethylene will be affected, as will

the public that benefits from the applications of the chemical.
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Executive Summary

The overall weight of the scientific evidence for

i3]

grchlorcethylane suggests that I+ is unli:ely Tz c-ose 3
carcinogenic risk to humans at ambient environmental or
occupational exposure levels. The health effects of

perchloroethylene have been studied extensively.

Long-ternm biocassays of perchlorcethvlene have shown that .t
produces liver cancer in certain species of nice, tut not in
rats. The proximal carcinogen appears to be trichloroacetic
acid, a metabolite of perchlorocethylene, which induces
proliferation of peroxisomes in liver cells. Humans produce less
trichloroacetic acid than mice and rats, and do not exhibit the
critical biological response of peroxisome proliferation, which
is responsible for the formation of liver tumors in rodents.
These documented species differences in response to
perchlorocethylene exposure between mice and rats, and between
rodents and humans, provide strong support for the conclusion

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

Adding support to this conclusion are the findings of
epidemiologic studies in workers exposed to perchloroethylene.
The overall results of epidemioclogy studies carried out on
drycleaner workers to date do not provide support for the

conclusion that perchloroethylene poses a cancer risk to humans.

akalake
T W )
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The draft report must be revised to reflect more clearly the

significant qualitative differences in metabolism of

perchloroethylene between mice and rats, and between rodents and

- d

- studies. The weight of the available scientific evidence, as

reviewed by the International Agency for Research on Cancer

(IARC) and the Science Advisory Board of the U.S. Environmental

Protection Agency (EPA), does not support the conclusion that the

chemical is a probable human carcinogen.

If the final report includes an estimate of potential risk,

HSIA strongly recommends that it incorporate available pharma-

cokinetic information. 1In the past year, both ARB and its

Scientific Review Panel (SRP)- have recommended that the

Department of Health Services go further to incorporate

pharmacokinetic information into its risk assessments. Although

the pharmacokinetic data for perchlorocethylene are discussed in
the draft report, the final risk assessment range (5-21 x 107°

for a 1 ug/m3 lifetime exposure) was calculated without

incorporating pharmacokinetic information. Since this is the

range that will be used for regulatory purposes, pharmacokinetic
information has for all practical purposes not been reflected.
This is flatly inconsistent with the California Carcinogen
Guidelines ("Guidelines") which provide (A-16) that

"{plharmacokinetic data on metabolism of dosed substances,

SL 038677 CLlnnr



effective d se at target site, or species differences b twaen

laboratory test animals and humans should be considered in

dose-response assessments wnen they are avajilable.”

The DHS risk estimate is more than a2n =~rder =€ -2

]

-y

-
T = m

m

higher than the most recent range under consideration by EPA
(2.9-9.5 x 10~7), which was calculated using pharmacokinetic
data. Incorporating metabolic and pharmacokinetic data into the
risk calculations will reduce the uncertainties inherent in the
risk assessment process and will result in a more plausible
estimate of risk to humans. In light of the availability of
extensive pharmacokinetic data (as reflected in the draft) and
the Guidelines requirement that they be taken into account,
rejection of a physioclogically~based pharmacokinetic model in
favor of an approach based on default assumptions appears to be

an abuse of the Agency’s discretion.
rej ] ot
I. Experimental Animal Data

The principal animal carcinogenicity studies reviewed in the

draft are summarized below.

A. 1978 Rampvy Study

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

'aXaka X AWl |
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Dawl y rats were exposed to 0, 300, and 600 ppm of the chemical
for 6 hours per day, 5 days per week for 12 months. They were
then observed for an additional 18 months. No increase in tumors

in the exposed animals was observed.

An increased incidence of mouse liver tumors was observed in a
National Cancer Institute (NCI) gavage bicoassay reported in
1977. There are a number of qontroversies surrounding the use of
this study to determine human cancer risk. The National R search
Council, in a review of the NCI study, stated that "the
quantities of TCE [tetrachloroethylene] given were so large that
marked, dose-dependent mortality in both species occurred
throughout the study period" (NRC, 1980). It concluded that "the
findings of this study should be interpreted with caution,
recognizing the limitations of the experimental design (e.g.,

massive doses of TCE, large volumes of oil vehicle, marked

nephrotoxicity, diminished lifespan)." We question whether this

is "properly conducted bioassay," as required by the Guidelines,

for the evaluation of potential human hazard from

perchloroethylene.

™ marn ~
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C. NTP Bigassay

The National Toxicology Program (NTP, 1986a) conducted an

inhalatizn biocassay and concluded +<ha+t the study showed zle

-
-

v

evidence of carcinogenicity in male Fischer 344 rats, based cn an
increase in the spontaneous incidence of mononuclear cell
leukemias and a non-statistically significant increase in rznal
adenomas and carcinomas:; some evidence of carcinogenicity in
female rats based on an increase in the spontaneous incidence cf
mononuclear cell leukemias:; and clear evidence of carcinogenicity
in male and female BgC4F, mice based -on an increase in the

spontaneous incidence of hepatocellular adenomas and carcinomas.

It ati \ Signifi e An :
Results

A. _Rat Moponuclearx Cell Leukemia

EPA’s Science Advisory Board determined that the high
spontaneous incidence of rat leukemias observed in the NTP
inhalation bioassay was pot related to perchloroethylene
exposure. Slight increases in mononuclear cell leukemia, which
occurs spontaneously at a high and variable incidence in *the
Fischer 344 rat, were observed in pale and female rats exposed to
200 or 400 ppm tetrachloroethylene for two years. Incidences

increased from 36 percent in control male rats to approximately

FaNalal i Vol
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60 percent in exposed males and from a control value of 36

percent to approximately 80 percent in exposed female rats.

Importantly, the incidence of mononuclear cell leukemia in the

exposed rats was not dose-related. The increased incidence

zksgerved is uncenvincing with respect to human risk sirnze i

questions were raised involving whether the proper staging

criteria were used, (ii) it is uncertain whether there is

actually a human counterpart for this type of leukemia, and (iii)

the control incidences exceed those previously seen in the

testing laboratory, and also exceed the NTP historical control

value. In this regard, it should be noted that incidence 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, 198¢6Db).

The etiology and pathogenesis of mononuclear cell leukem:ia

in the rat are unclear, which has to this point precluded

mechanistic study of this response. Be that as it may, sev ral

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

was not observed in the 1977 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

SL 038683



tetrachloroethylene, lead us to conclude that the cbserved

Fischer 344 rat mononuclear cell leukemia is a strain-specific

phenomenon and, as the Science Advisory Board stated, is not of

relevance to humans.

As to the other result in rats, a marginal, non-statistically
significant increase in kidney tumors observed in the same study,
the Board stated that the mechanism responsible "appears to ke
unique to male rats", and that recent research "indicates that
for many halogenated organics, probably including perchloro-
ethylene, the mechanism producing these types of tumors is
probably not operative in humans and, therefore, may not be

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

Two renal tubular cell adenocarcinomas were observed in male
rats in the NTP study at 400 ppm, while none were observed at 200
ppm or in the control group. Two renal tubular cell adenomas
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 observation is not without precedence ~- small
increases in male rat kidney tumors have been occasionally noted
across the class of short-chain aliphatic hydrocarbons. Renal
tubular cell neoplasms have been shown to be produced by unleaded

gasoline in male rats only.

'(\.‘f‘:':r\.- -
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An legant series of experiments conducted on unleaded
gasoline at the Chemical Industry Institute of Toxicology (CIIT)
has shown the male rat kidney tumor response to be related to th
following events: complexing of trimethylpentane with an

alpgha=-2u-glgkulis, remnal <ukular aksorpticn ¢f <=2 Zcmcl

ﬂf

renai
tubular hyaline droplet formation, renal tubular injury, enhanced
renal tubular regeneration, and subsequent tumor development
secondary to ongoing injury. Perchloroethylene, under the
conditions of the NTP study, has been shown to be nephrotoxic and
has been shown, like gasoline, also to elicit this hyaline
droplet nephropathy in exposed male, but not female, rats. In
recent experiments conducted at CIIT (Goldsworthy et al., 1988)
and at the Central Toxicology Laboratoery at ICI, Ltd., oral
gavage administration of 1000 mg/kg and inhalation of 1000 ppm
perchlorocethylene 6 hours/day for 10 days resulted in hyaline
droplet formation in the P2 segment of the proximal tubule. The
work at CIIT has further confirmed deposition of alpha-2u-
globulin in renal proximal tubule cells, resulting in cellular
toxicity, and an increase in cellular regeneration in the P2
segment of the proximal tubule. Thus, perchlorocethylene, in
addition to its generalized nephrotoxicity at doses used in the
NTP 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 t» occur in

humans.

SL 038683
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It should be mentioned that data from the laboratory cf DOr.

Henschler in Germany suggest the existence of a second, very
minor metabclic pathway involving perchloroethylene conjugation
with glutathione (Dekant et al., 1986). This conjugate
represents approxXimately 0.1 percent of the administered Z2cse in
the mouse and approximately 0.0l percent in the rat based on
poocled 72-hour urine. Dr. Henschler has suggested that this
minor metabolite may be a substrate for renal beta-lyase,
producing an electrophilic metabolite that could potentially
react with renal tissue macromolecules including DNA. The
existence of a perchlorcethylene-glutathione conjugate in mice
and rats has been identified at ICI. The minor metabolic
pathway, GSH-transferase, has been shown to be approximately six
times more active in rats than in mice, and renal, beta-lyase
activity to be approximately five to six times higher in rats
than in mice. Within its limits of detection, the ICI laboratory

has found no evidence for conjugation of perchlorocethylene 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
tormation of the initial GSH conjugate. Moreover, the absence of

a direct conjugate-mediated genotoxic effect was demonstrated in

SL 038684
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rats at CIIT by the failure of perchlorocethylene to induce DNA

repair (UDS) in the rat kidney using in vivo/in vitro techniqgues

(Goldsworthy et al., 1988).

Meuzas Tiver Tumors

Some scientists believe that liver tumor findings in the

BgCyF; mouse, in the absence of demonstrable direct

genotoxic activity, but in the presence of other epigenetic

(promotional) events, are not relevant to humans. The high

spontaneous incidence of these tumors complicates both the

statistical and bioclogical evaluation of the weight of the

evidence. Two recent papers show that DNA from liver tumor

tissue taken from untreated BgCyF, 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 BgC4F, mouse may be genetically

predisposed to liver tumors, making it an inappropriate model for

direct comparison to the human.

Perchloroethylene, in common with many nongenotoxic promoters
of carcinogenesis, induces hepatic peroxisome proliferation and

cellular replication in BgC5F; mice (but not rats) at

levels used in chronic bioassays. Moolgavkar describes how a

multi-stage process consisting of initiation (i.e., by a direct

genoctoxic agent; by indirect effects on the genome secondary to

the pharmacologic/toxicologic effects of an agent; or by oncogene

pﬂf\{'\l‘ ':__‘\
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activation via a spontaneous or chemically induced mechanism)
followed by cellular replication induced by a nongenotoxic agent
would iead to an increased incidence of tumors (Moolgavkar ana
Knudson, 1981). This theoretical explanation suggests that
perchlcroethylene, a nongenotoxic agent, would ta =markedly less
likely to induce tumors in species that are not genetically

predisposed.

In sum, there is widespread scientific agreement that an
increased incidence of mouse liver tumors, in the absence of
other significant carcinoqénic effects, is of questionable
significance in assessing cancer risk to humans (International
Expert Advisory Committee to the Nutrition Foundation, 1983:
Schach von Wittenau and Estes, 1983; Butler and Newberne, 1975;
Tomatis et al., 1973; Grasso and Crampton, 1972). One reason is
the very high spontaneous incidence of liver tumors in mice. The
r cent identification of an oncogene in BgC,yF; =mouse liver
tumors casts further doubt on the value of mouse liver tumors as

an end-point is assessing human risk.

III. Specjes Differences

The increased incidence of liver cancer in rice exposed to
perchloroethylene appears to have resulted from peroxisome
proliferation, a mechanism to which rodents are extremely
sensitive relative to primates and humans. In addition,

perchloroethylene is biotransformed to trichlorcacetic acid, the

686 rw "
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proximat peroxXisom -prolif rating agent, to a greater extent .in
mice that in rats. Humans, in turn, biocactivate even less

perchloroethylene than do rats.

Trizhlcrzacetic acid has 1tself been shcwn %z Cause
peroxisome profileration in mouse liver cells and to induce liver
tumors in mice when given alone (Herren~Freund et al., 1986).

The level of peroxisome proliferation in perchloroethylene-
exposed mice corresponds closely to the level of trichlorcacetic
acid production (Odum et al., 1988). Significantly, research has
shown that peroxisome proliferation does not occur in human liver

cells following jip - vitro exposure to trichleoroacetic acid

(Elcombe, 1985).

Specifically, mechanistic studies published by scientists at
CIIT and ICI’s Central Toxicology Laboratory have shown
peroxisome preoliferation to be induced in mice, but not rats,
after repeated gavage dosing of 1000 mg perchlorocethylene/kg/day
for 10 days, and after inhalation of 200 or 400 ppm perchloro-
ethylene for up to 28 days (Odum et al., 1988; Goldsworthy and
Popp, 1987). The induction of peroxisomes has been shown to be
directly related to the metabolism of perchloroethylene to
trichloroacetic acid. After exposure to 400 ppm perchloro-
ethlyene for 6 hours, peak blood levels of trichloroacetic acid
were 13 times greater, and the area under the plasma
concentration vs. time curve 6.7 times greater, in mice than in

rats. Statistically significant increases in the peroxisomal
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marker nzyme -- CN insensitive palmitoyl CoA activity -~ as well
as increased numbers of hepatic peroxisomes, were also observed
in the mice. Consistent with the marked relative insensitivity

of higher mammalian species, including humans, to peroxisone

'3

reliferating agents, trichlorcacetic acii Zid not stimul

-

(1]

-

in

peroxisome enzymes in human cells in culture.

These data strongly suggest that perchloroethylene would not
cause liver tumors in humans (Stott, 1988). Even if peroxisome
proliferation is only a marker of liver cell invelvement in the
carcinogen process, it is clear that human cells have a qualita-
tively different reaction to the rodent proximal carcinogen.
Thus, humans are doubly unlikely to show a carcinogenic response
to perchloroethylene due to (i) significantly lower production of
trichloroacetic acid, and (ii) the relative insensitivity of
humans to peroxisome proljferation, the critical biochemical
response. Indeed, the SAB has indicated that a mechanistic model
such as peroxisome proliferation is likely to be important for

perchloroethylene (SAB, 1988).

Induction of peroxisomes is not thought to be a linear
function of trichloroacetic acid concentration in the liver and,
in the case of perchlorocethylene, is accomplished by the
induction of DNA synthesis in the BgC,;F; mouse liver. The
data suggest that peroxisome proliferation and induction of
hepatic DNA synthesis, along with the genetic predisposition of

the BgCaF; mouse liver to liver tumor induction, act in

{'\("’ﬂ"\"‘
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-16 -

concert to nhance tumor formation in perchloroethylen -exposed
BgC,Fy) mice. By analogy te trichloroethylene, 1t appears

that genetic prédisposition is a critical factor. Henschler has
reported that, after oral exposure to purified, amine-stabilized

trizhlcrcethylene, Swiss mice 30 not appear <z develict nerat:

tumors (Henschler et al., 1984). BgCyFy mice do develop
hepatic tumors, on the other hand, although both strains are
thought to metabolize trichlorcethylene in a similar fashion

guantitatively.

The foregoing data, taken together, overwhelmingly support
the concept that perchloroethylene appears to be enhancing
spontaneous liver tumors in BgCiFy mice by a secondary
(promotional) mechanism, which conceptually embodies the
principle of a practical threshold. If a substance acts as a
promoter, rather than an initiator, the dose-response
relationship would be expected to exhibit a practical threshold
(Ames et al., 1987). Much of the scientific research referenced
above 1s neither discussed nor referenced in the draft report.
Copies of the relevant articles are attached. It is very
important that the final report take into account these recent
scientific findings showing a clear species difference in
response to perchloroethylene. In this regard, we would be
pleased to arrange for a meeting with the Air Resources Board or

Department of Health Services staff to discuss this scientific

information.
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IV. Epidemiology

Overall, the draft report’s evaluation of the epidemiology

2a%a tase 1z cznsistent with that of ZZx’s Scisnce Adviscry

krt

c

-
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(SAB) which stated in 1985 that the data available from the six
epidemiology studies on dry cleaning workers exposed to
perchlorcethylene and other solvents as of the time of the
Board’s review "do not substantiate the hypothesis that the
chemical is carcinogenic to humans" (SAB), 1985). Interpretation
of the majority of these studies is complicated by the existence
of one or more of the following confounding variab.es:
simultaneous exposures 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 become
available from the most complete epidemiology study of the
induétry conducted to date (Brown and Kaplan, 1987). In this
retrospective cohort mortality study of the dry cleaning industry
sponscored by the National Institute for Occupational Safety and
Health (NIOSH), the authors examined the vital status of 1,690
workers employed for at least one Year prior to 1960 at shops
where perchloroethylene was the primary solvent. The vital

status of cohort members was determined as of December 31, 1932.

SL 038690
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The auth rs found no increased risk of cancer in a subcoh rt
of 615 dry cleaning workers exposed only to perchlorcethylere.
In the cohert of workers exposed to other solvents as well, the
cverall cancer mortality rate was higher than, but not

significantly different frzm, that predicted usinz U.3. morozlicy

iu

rates. The relative number of cancer deaths among the workers
studied was reduced when compared to the higher cancer mortality
rates in metropolitan areas investigated. No deaths due to liver
cancer were observed. Among the site-specific cancer
mortalities, urinary tract ¢cancer (particularly the bladder) was
the only one found to have a significant increase. Within the
subcohort of workers exposed only to perchloroethylene, the
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 no increased risk of

cancer in dry cleaning workers exposed only to perchloroethylene.
V. Genotoxicity

The draft report mentions (page 3-22) in vitro studies that
provide mixed results as to the genotoxicity of synthesized
tetrachloroethylene oxide, an epoxide of perchlorcethylene.

Such results must be interpreted cautiously. Tetrachloroethylene
oxide was administered directly to cells in culture at excessive
(non-physiological) c¢oncentrations that probably overwhelmed the

capacity of the cells to detoxify the purported metabolite.

Tl a W AT o W 1
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Thus, the reported positive results were generated under

artificial physiological conditions with respect to evaluat:nz

che likelihood of activity of tetrachlorcethylene epoxide.

The extensive wgenotoxicicy data base €cr gerchlcrcecsh iz
must supercede these in Vitro results. Perchloroethylene h:zs
consistently shown negative activity in a wide variety of cenz:ic
toxicity tests under normal physiologic conditions of metarc..:ze
formation. Thus, perchloroethylene is considered to be
nongenotoxic by NTP (1986a). Moreover, the Halogenated Orgar:ics
Subcommittee of the EPA Science Advisory Board specifically

addressed the tetrachloroethylene epoxide question (1987):

atjons because a m bolite of

erch o is _ge ic.
Tetrachlorcethylene oxide, the
metabolite in question is not a
demonstrated metabolite of
perchloroethylene but a postulated
metabolite, although the assumed

pathway is reasonable. The hypothetical
conversion of perchloroethylene to

tetrachloroethylene oxide does not

CP AN —
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appear to account for the carcinogenic

properties ¢ perchloroethylene,
because perchlorocethvlene is not
mutagenic and because tetrachloroce-
thylene oxide is apparently not

carcinogenic.

It would be scientifically inappropriate not %o take all

available scientific evidence into consideration in assessing the

carcinogenic potential of perchloroethylene. The Executive
Summary of the draft report states that EPA is likely to classify
perchlorcethylene in category B,, but it is our understanding

from recent discussions with EPA staff that the Agency has not

reached a final decision as to how to classify the chemical. The

conclusion in the 1986 draft EPA Addendum to the Health

Assessment Document for Perchlorocethylene was not consistent with

the Science Advisory Board’s review of that document, or with its
most recent statements (1988) that the weight of the evidence for
perchloroethylene "lies on the continuum between the categories
B, and C of EPA’s risk assessment guidelines." The Board’s
conclusion should be reflected in the Executive Summary of the
draft report and throughout the draft report wherever EPA'S

classification of perchloroethylene is mentioned.
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In its most recent review of perchloroethylene, IARC has
concluded that there is not sufficient evidence to warrant =z -
determination that perchloroethylene is probably carcinogenic to

humans. Applying the same criteria as IARC results in a

humans; it does not justify hazard identification or regulatory
action premised on a determination that it is more likely than
not that perchlorocethylene poses a human cancer risk. Indeed,
the change in terminology describing IARC Group 2B was made in
part because of the "misuse, or ... exaggeration ... in the use

and interpretation of experimental animal results" (Tomatis,

1987).

There are other significant reasons why perchloroethylene
should not be identified as posing a cancer hazard to humans.
The Guidelines recognize (A-14) that when there is conflicting
evidence in several animal biocassays, the positive and negative
results should be weighted by the adequacy of the study design,
the appropriateness of the species tested, the pharmacokinetics
of the species, and the statistical power of the test. The
Guidelines further state (A-15) that final conclusions concerning
the carcinogenicity of a chemical should be drawn from evaluation
of the total body of relevant evidence. Because the nature,
extent, and the quality of data concerning carcinogenicity vary
widely among different compounds, the evidence of carcinogenicity
also varies among them. The final evaluation of a specific

chemical must, under the Guidelines, contain an assessment of the

AKA AN AL i)
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strength of the evidence as to its carcinogenicity and should

also contain a description ¢of the uncertainties underlyinag the

assessnent.

The availzakle data on =etakolisz, Teszsanistic, and

ot
1]
by |
[(F]
Tt
L}

{;

factors, summarized above, has been regarded as highly

significant by EPA’s Science Advisory Board and others in the

scientific community. The Air Resources Board and the Department
of Health Services must make a full and faiyr evaluation of all
these data, as part of an overall weight-of-evidence

determination as to the potential carcinogenic hazard of

perchloroethylene.

VII. Avajlable Pharmacokinetic Informatjion

The risk estimates presented in the draft report range from

5 to 21 x 10”% for lifetime exposure to 1 ug/m? of

perchloroethylene. In comparison, EPA has developed unit risk

estimates ranging from 2.9 to 9.5 x 10~/ (1986 draft Addendum

to the Health Assessment Document for Perchloroethylene). There

is, in our view, no good scientific basis for the presentation of
20-fold higher risk estimates, based on default assumptions, than

those being considered by EPA.

The draft report should incorporate physiologically-based

pharmacokinetic (PB-PK) information in order to develop a more

plausible estimate of potential risk. At a public hearing of the

e akaXataka
N
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California Air Resources Board concerning the propos d
identification of methylene chloride as a toxic air centaminant,
Chairwoman Jananne Sharpless stated that such an estimate would

"help this Board try to interpret the information on how w»e go

about centralling ig" f(Tuly 13, 1989) . Shar

-
- rem
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to the upcoming reviews of other chlorinated solvents (i.e.,

perchloroethylene and others), and expressed her desire on behalf

of the Board that a "most plausible" risk estimate be developed.
HSIA urges the dJevelopment of such an estimate by reflecting

pharmacokinetic information.

Use of body-surface area correction factors are not

appropriate in the case of perchlorcethylene. Surface area

scaling assumes that humans are more sensitive than rodents,
despite the fact that carcinogenic responses in rodents after
exposure to perchlorcethylene are unlikely to be observed in

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

In a previous draft assessment of perchloroethylene, the
Department of Health Services recognized that "(t)]here is
extensive information available on the metabolism and uptake [of
perchlorcethylene] in mammals,”" and the "[t)he product(s) of this
metabolism, rather than PCE molecule per se ... are thought to be

responsible ... for the carcinogenicity in laboratory animals."

The draft report mentions some of the older pharmacokinetic

(\r‘.f"f\t"-')
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information, but deoes not address several more r cently published
works applying a physiologically-based phamarcokiretic (PB-PK)
model. While section 5 contains several calculated dose
adjustments, the draft report concludes (page 18) that "it
appears crenature ts use the netaboliced Zzse in current

estimations of human risk."

The failure to incorporate available published information
seems inexplicable, in light of the requirement in the Guidelines
(A=16) that "’plharmarcokinetic data on metabolism of dosed
substances, effective dose at target site, or species differences
between laboratory test animals and humans shall be considered in
dose~-response assessments when they are available." If the
report continues to provide an estimate of potential cancer risk
associated with exposure to perchloroethylene in the environment,
all available scientific data should be incorporated into the

estimate.

Several scientific articles published in the last two years
apply PB-PK models to perchloroethylene. These include Ward, et
al., Pharmacokinetics of Tetrachloethylene, Tox. App. Pharmacol.
93: 108-117 (1988):; Travis et al., A Physiologically Based
Pharmacokinetic Approach for Assessing the Cancer Risk of
Tetrachloroethylene, in The Risk Assessment of Environment and
Human Health Hazards: A Textbook of Case Studies (Paustenbach,
ed), J. Wiley & Sons (1989); and Chen and Blancato, Role of

Pharmacokinetic Modeling in Risk Assessment, Perchloroethylene as

SL 038697 CnC8T1
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an Example, in National Research Council, Pharamacokinetics and

Risk Assessment, Drinking Water and Health, Vol. 8, National
Academy Press (1987). Copies of these articles are attached.
We urge that the final report make use of the available

charmacokinetic informaticr.

VIII. aws _j i es ;

The range of unit risk estimates presented in the draft
report is entirely inconsistent with past human experience. In
order to test the predictive value of the risk estimates in the
draft report, we have calculated below the risk to individuals
occupationally exposed, assuming exposures to have been at or
below 200 parts per million (the AGGIH TLV for 1948 to 1981 =--
the relevant latency period). Using the upper end of the range
presented in the draft report (144 per million at 1 ppb), the

risk at 200 ppm is:

l-exp (~200x1000x144x10(-6) X

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

20 cubic meters x 7 days x 52 weeks X 70 years)

SL 038698
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CORRECTED PAGE

This calculation shows, in other words, a potential risk of
980,000 in 1,600,000. Needless to say, this is a very large and
very detectable potential risk. The example of a 30-vear
exposure 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)
potential lifetime risks. Assuming that the exposure scenarios
are realistic, 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 pasf practices and may even be under-
estimates. For example, drycleaning workers, who have a
geometric mean exposure of 22 ppm with a skewed distribution, may
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 to humans.
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IX. Other Comments

ThHe staterment in the Ixecutive Summzary
ethylene is used for coffee decaffeination is incorrect. We are

not aware that perchlorcethylene has ever been used for coffee

decaffeination: it is not being used for that purpose currently.

The Executive Summary states that the OSHA PEL for
perchlorcethylene is SO ppm Zor an 8-hour TWA. The OSHA PEL was

recently changed and is now 25 ppm for an 8-hour TWA.

The statement on page 1-9 that the EPA range of risks
includes the DHS range in the draft report is arithmetically
incorrect. The EPA range is 2.9 to 110 x 10~7, whereas the
range in the draft report is S0 to 210 x 10°7. The interval S0

to 210 is not included in the interval 2.9 to 110.

The statement near the bottom of page 5-2 that metabolized
doses lead to higher unit risks than administered doses is
mathematically correct, but misleading and irrelevant.
Metabolized doses will lead to higher unit risk estimates, but
equivalent doses will be smaller, thus risk estimates themselves
can be higher or lower, depending upon the metabolism and

distribution of the particular compound.
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The Q* correcti n on the bottom of pag 5-8 should be

clarified to differentiate between exposure periocd and

observation period. The correction is used as a policy decision

when the cbservation period of an experiment is less than

Lifetime, for example in ths first butadiene zcuse

——ay .

[H]
(3]
[ XN
r
T
H]

dosing is for one yvear, and the animals are observed for an

additional year,

factor is 104/Te

The comment
accounted for in

comment could be

as in many of Maltoni’s studies, the correction

raised to the unity power, not the third power.

that inter-individual variability is not
the PB-PK nodels is correct, but the same

made for other models, including the IMS model,

unless the surface area factor is viewed as an individual tissue

s nsitivity factor.

SL 038707
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UPPER BOUND LOWER BOQUND
RISK RISK |
144 /MILLICIN , JL/MILLIZH
per ppb . per ppb :
200 ppm 0.98 0.9 ;
30 years
150 ppm 0.96 0.49 i
30 years
100 ppm 0.87 0.36
' 30 years
Exposure 60 ppm 0.71 0.24 i
Sc nario 30 years
100 ppm 0.75 0.26
20 years
100 ppm 0.50 0.14
10 years
50 ppm 0.29 0.07
10 years
25 ppn 0.29 0.07
20 years
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Honcrahle Lae M, Thamas
Adrinistrator
U. §. kaviromental Protection agency
401 M Screee, S. W.

Washington, D. 7. 20460

Dear Mr. Thomas:

The Science Advisnry Joara's Envirzmmental Healsh Cormitt2e has
corplen2d 1ts review of a draft Addendum to the Health Aszessment Docurent
for Percnloroetnyiene. The Cammittee previcusly reviewed the draft
Healt: Assessrent Docurment on May 9-10, 1984, aAn Addendum is desiraple
=mecause of newly availacle <ata, primarily an inhalaticn bicassay of
rodents Oy the National Teoxicology Program. The Committee has conducted

1ts raview primarily throucn tne Halogenated Organics Subcarmitzee, wnese
report is attached,

The Subcormittes linves it is reasonable to describe the weight of
the eride

riteruological evicence in humans as conformuing to the EPA guicdelin
£or carcinogen risk assessment defimition ot “inacequata.® The Subcamittee
conc.udes that the animal 2vidence of carcinogeni:.-s is "linmited" “ecause
of positive results 1n only one strain of mouse ¢f : type of tumor that
1s caon ana ¢itficult to interpret. Thus, the . comitcee concluces
tnac perchloroethylene odelongs in the overall weig-<—of-the—evidence category
C (possidle human carcirnogen).

Siven the current evicdence, the Subcomittee hytothesizes that,
~perationally, perchloroechylene may be an indirect asting carcinogen or
carcirnogenic prawter of low potency. PRy sramter, the Subcormittae means

that gercnloroecnylene alone coes not induce tumors. Instead, perchlorcetnylene
appears to act in concert witii other substances, entogenoiis HTICHSsSeS, viruses,
oncogenes, or radiation, whicn can initiate cancer in the adsence of pramoters.

we 3appreciace the opportunity to camment on this important public
health issue ana request that EPA formally respond to our report.

Sincerely,
R R
L.( .‘-"‘, 'w s N .—’6 M\

Jorton Nelson

chair, Executive Corrittee

"’ ; . [l
Y/} ,‘ﬁl‘ﬁ,{ LI B I L Wy 2

Richard A. Grieserer
Chair, Envirormmental Healeh Camuttes
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Oceomwre 267, 1986

Dr. Richard A. Griesemer

Chair, Envirormmencal Healen Cormicza-
Science Acdvisory Board

U.5. Environmental Protection Agency
401 M Street, SW

wasningten, DO 20460

Dear DOr. Griesamer:

The Halogenaced Organics Subcammittee of the Envizormental Health
Comittee has corpleteg its roview of a draft Addendum to the Health
Assessment Docurent {cr Tetrachloroethyleme (Perznlorcethylene: Upcated
Carcinoyenicity Assessmenc: FPA-600/8-82/005FA; Marzh, 1986). The Environ-
mental Health Camittee previously reviewad the draft Health Assessrent
Docurent for Perchloroethylene on May 9-10, 1984, and transmittad a report
on this craft to the Agercy on January 4, 1985,

The craft Adcendum is hased on a National T:vicoloajy Program inhalation
biocassay of parchlorcetnylene in rodents., The . committee finds that the
vicassay is of reasonably gonxd quality, and thar .setul rmsults for risk
assessment can be cbtained fram i1t. The Subcamm:.:ree disagrees with the
Agency's interpretation of the data that increas:3 in either renal tubular
cell necplasia or rononuclear cell leuxemias in 7334 rats were agsociated
with perchloroethylene exposure. The Subctrwutiee agrees with the cenclusion
in the document that perchlorcethylene inhalation is associated with a
significant increagse 1n the frequency of liver carcincma in B6C3IF1l mice.
This result provides experimental verification of an assurwd extrapolation
oetween routes of aaminisrtration from a javage stuay, as described in the
dealth Assassrent Document.

he Sudcormittde believes it is reasonable no escribde the weight of
the epidemiological evidence in humans as conforrung to the FPA quideline
for carcinogen risk assessment definition of "inadeguate.” The Subcomittee
concluces that the animal evidence of carcinogenicity is "limiteda” because
of positive results in only one strain of mouse of 3 nype of tumor thac is
cormon anc difficult to inecarpree, Thus, the Sybcomittee concludes that
perchloroethylene "elosgs in the cverall wight—cf-the—evidence category C
(possitle human carcinoyen). ‘

g1 0387 0%
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In the cpinion of some members cf the Subcawmittee, a guaniitative
asgessment of perchloroethylene is desiradle. and the mouse zaca are
adequate for this purpose. Treacment of this assessment as a “whac-:&"
caiculaticn, as presented in the original Health Assessment Dooumene,
is desiramle. Such a quantitative agsassment probably will srow thac ar
increase in cancer would not be cetected in the groups most expesed o
perchlorcechylene at currant exposure levels. This inference ceserves
mencion 1n the executive sumary. The analysis of pharmacokinesics in tre
draft Adcendur is cammendable ana will support further estimates »f the
oossibility of cancer in Axposed populations.

The Subccrmitzee requests that the Envirsmental Sealth Carittee
address the guestion of whether one~tailed or two—-tailed stac:.st:ical tests
of significance are appropriate for the routine analysis of -icassay cata.
Agency staff reportac at the meeting that one-tailed tests are routinely
usec. This use assumes that chemical substances can only increase the
frequency of cancer, but this assumption seems contrary to empirizal
observations. Resolution cf this issue will influence the conclusions
regarding gerchloroetnylene. In addition, the Subcamittee reguests thal
the Environrental Health Camittee arrange for a detailed review of th
prysiolegical-ghacmacokinetic model used in the analysis of percnlore-
echylene. The Subcommittee reviewed some results of the rocdel =it not s

mocdel ser se. EPA is likely tm use the mocel in the future to assess the
risks of otrner supstances.

In support of the review of perchlorcethyles-, the Subcamittes requests
that the Agency provice the rmembers with analyses -

11) human carcinogens
and their effects in the rat anc mouse, (2) hurma- “epatotoxins and their

aeffects in the rat amc mouse, -and (3) human rena; zoxins and treir effects
in the rat and mouse.

The Suscomittee believes that the final Addendum will ennance th value
of the Health Assessrent dncument and that, contingent on the ¢or

raceion of
the issues cdiscussed in the actached report, the document will bHe scientifiz-
ally adeguate to meet its stated purposes. We appreciate the opprrtunity

D ¢t On this public health 1ssue and request a formal response to aur
advica,

Sincerely, \ . .
— . - ")\
Kff:/ AN s
et P FIRee ;/(W- ’
=7 . John Douki;“W.D., Ph.D..
- .- <hair, Halogenated Organics Subcammittes

r: R i .
ks P ' Ol B I T
' /
/Seyunur Abrahamson, Ph.D.
Vice~Chair, Halogenated Organics Subcoamitte
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: REPORT OF THE HALOGENATED ORGANICS SUBCMMITTEE OF THE
ENVIRONMENTAL HEALTH COMMITTEE ON A DRAFT ADDENDIM TO THE
{E3LTH ASSESSMENT DOCUMENT FOR TETRACHLOCROETHYLENE (PERCHLOROETHYLENE!

HE

Incrocuctien

The Halogenated Organics Subcarmittee of the Environmental Healenh Corittee of
EPA's Science Advisory Board met on May 15, 1986 in Macdison, Wisconsin, tc review
a crafz Adcencum to the Health Assessment Document fcr Tetrachlorcoetnylere (Per-
chloraethylene: Updatea Carcinogenicity Assessmenc; EPA=A00/8-82,/00SFA; March,
1984). The Environmental Health Comittee srevicusly reviewed the cdraft Sealth
Assessment Docurent for perchloroethylene on May 9-10, 1984, A report on this
draf: was sent to the Agency on January 4, 1985. The draft Addencum primarily
analy/zes the results of a lyA8S inhalacional bioassay by the National Toxiczlogy
Program performed at Bactelle Pacific Northwest Laporatories. The Subcomit:ce
thanks the National Toxicology Program for sending a representative, Dr. Jonn
Minnear, to contribute to the discussicon at the May 13th meeting.

The Subcarmmitzee concludes that the Adcdendum improves the scientific foundation
of trhe existing Health Assegssment Document and further improves the Agency's
ability n2 perforn a risk assessment for this compouna. The Agency intends for
the Health Assessment Document to serve as a multimedia source document. The
Subcrmittee believes that, contingent on the correction of the issues discussed
Selcw, the draft Addendum will also De scientifically adequacte for this purncse.

walisy Assurance of =he Bicassayv

The Subcomitnee reviewed the availavle guality assur: e information of the
bicassay. It concludes that these audits were properly carriad cut and generally
are consistant with each other, The quality assurance pro::ss identified
discregancies ~uring the collection of in-life toxicology <ata, wverificaticn of
analytical chemistry results, cage injuries, brief overexposure of the high dose
group 2f rats, autolysis of scme specimens, and the failure to section all lesions.
Same anival escapes and confusion over animal identification were reported., How—
ever, there {s little possibility that animals mowved from control to test cages,
or between tast Jroups, hecause the animal housing in the Battelle inhalacticn
champar 15 well controlled, and the chambers are in rooms within a barrier facilicy.
The Suzcoarmitiae alsd coes not believe that presorting A few animals would likely
create a positive result as an artifact with a rare turor. The randam movement
of a few animals Detween cages is more likely to obscure the cetection of a
statistically positive finding of an infrequent lesion.

These problems are fairly common in bSicassay work and do not impede the inter-
precac:sn of clear, distincrive findings. The Subcamittee belisves that the
bicassay zrovided data that are adequate for risk assessment, unless EPA actzampts
to interpret small differences between groups of animals.

The Subcommittaee recamrends that the Agency sumarize and assess the impli-
¢ tions cf the quality assurance information in the final Adcencum.
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Inrer—recation of the Carzincocenicity R sults

The draft Addendum describes two lesicons ¢f potential interest that occurra:
in Fisner 334/N racs--renal tunular necplasia and rononuclear cell iesuxemias,
The Subcomittee concludes that the National Toxicology Program bicassay <oes not
oroevide a sclent:fic hasis o associate eitner lesion with inhalational exposure
to perchloroetnylene. 3ot fincdings woull result from small differences tetween
control and treated groups, and they conflicr with other bicassays of percnloro-
ethylene in the rat and whicn are prablematic :in relation to the gquality assurance
conclusions. Roen findimgs have multiple pronlems, any one of which overwhelms
the intarpretacion. These pronlers include:

a) Percnloroethylere neitier agpeared to induce an increase in rare renal
tutular necplasia in male rats, nor was the trand in these tumors among the
male rats dose-~relatert. No renal tubular necplasia were cbserved in female
rats, The reported nurpers of adencmas in male rats were 1/49 (control), 3/49
(200 ppm) and 2/50 (400 pm). Renal tubular carcinomas occurred in 0/49 (control),
0749 (200 ppm) and 2/50 (400 ppm) of the male rats. When results of boch

cumors are reported, the nurpers of anyrals affected were 1/49 (concrol), 3/49
(200 ppn) and 4,50 (400 zpom). To actribute statistical significance to the
findings in male racs, the analysis aggregated adencmas and carcinamas. However,
the analysis of nucers of animals with adenomas or carcinamas as a group is

not an obvious diological procecdure,

The pathology of these turors is not well-uncderstood. and little background
informarnion is available in the literature. The dia':sis of renal tuhular
necplasia in the rat is not a clearly uncderstaod proc--iure among experts.
wWhether or not conversion from adenama to careinoma “Tcurs is not known, and
tne draft Addendum does not rawiew this sublect. 1n xidition, the statistical
analyses supporting conclusisns i1n the taxt are in ervsr. The Fisher exact
test has Deen miscalculaced, and tremdd has not been analyzed.

The Subcormitiee racamends that the Agency cevelop better descriptions of (1)
tne pacholajy of the renal tubular neoplasia in rats (incluging speculations
apout progression or conversion), and (2) the raticnale for aggregating the
nuroers of animals with adencmas or carcingmas. At a minimum, it should assess
eacn cata set 1ndependently before evaluating the aggregated data, and the
results of statistical tests for any trengs. For the henefit of potential
non-excert readers, the final Addendum meeds to clarify that the enumeration of
racs with carcinama or adenama is subject to Jdebace,

To analyze the renal tubular necplasia results, the Agency has to address
saveral campeting hypotheses, such as an unusual occurance within: the specific
group of F334 rats used in the bicassay, aberant housing conditions, histori-
cal undercetection of renal tubular necplasia, induction of turors by perchloro-
etnylene, and so forth. FEight (8) ocut of 148 (S.4%) male rats had fincdings

of adencma or carcinoma. Either this freguency or the frequency for all un-—
traated rats, male and female (8/296: 2.7%) can be crampared to the reported
historical fregquency of 4/1,720 or 0.23%. (The note in the draft Addencum

does not clearly State the basis of the historical observations.) The Addencum
also needs to address the credibility of this number in the light of the probably
variable search for lesions in the apsence of cross observations that suggest 2
necplastic response. Hiszorically, renal tubular necplasia in control rats tend
to De under-reported.
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Cuest.ons can owe asxec and then answered, aDout possitle ziclogical or stan-3- !
tical reasons for the differences in Ssntrol 2ng overall incidence. Th  Sun-
camittee suggests that the scaff calcylate tre prior likelirood of the freguenc,
of renal tubular necplasia under differentc hypotheses abcut the average race

of oc=-urrence, using the Poisson distribution. The staff can campare these
rasulis to each other ancd to tne biolojical Lnterprerations cof each hypotnes.s,

5) rerzalormetnyiene did not appear to induce a marginal increase in mono-
nuclear cell leuxkemia in rits. At tie present time, the scientific ccnmn--,'
has a poor understanding of the pacnoloyy of mononuclear cell leukemia., The
nigh frequency in all groups, including controls is not usual fer F3ﬁ4 ratx,
The resulss sucgest faulty patholagical giagnosas or some unusual circumscances
in tne rat c':lony at the tim:., The extant of characterizing rononuclear cell
leukemias was histopathological examunation. Other neans Of characterizat:icn,
which are "ecessar/ to distincuish necplasia £rom leuxocyrtic hyperplasias trac
may <develcp in older rats, ware not usecd.

The results of the statistical analysis are not cnavineing. The Addendum
oresents the rononuclear zell laukenia data in terms of a progressive three

stace classification wnich appears to be preliminary and ad hoc. The staging

of diagnoses coes not represent a consensus effort of the coarwunity of experienced
Jatholegists, However, the draft Addendum states that the strength of th
evidence for carccinogenicity in the F334 rat rests on the resolution of issues
ragarding tne uncertainty 1n the assigmwent of Erequency within the stages af
rononuclear cell leukeria. YNo human analague is known for rononuclear cell
leukemia of the rat. This absence is a2t wmportane for EPA's policies on
carcinogenicity, althougn a lack of correspondence dows concern same biolog:ists.
However, the ansence of a human analogue is umportann. <hen staging is cons.Zered,
since staging refers to the ysually more extensive i--irmation on leukemic
pragression in hoans.,

It a two-tailed test is used, the rost striking olser-ation in the results
oczurrad at 200 ppm, in which 13 of S0 female rats in the control group wers
revortadly diajnosed as having mononuclear cell leukemia in one of the three
stages versus 30 of 50 of the perchlorcethylene rraated ferale rats. This
camparison leads to a confidence linmit nf abaut p = 0.U3 by the Figher exact
test {two-tailad). Regardless of the statistic, 13 versus 30 is not a strikirg
ooservation and, given the generally high frequency of mononuclear cell leuxemia
diagnexsses in all groups, it is worth inquiring ~hat the chance is of finding
such a rasult if two of six groups are drawn at randan, each Jroup being subject

to the same hign, rancdom frequency of diagnoses (repnrtec as 179 of 300 or
apout 60%).

In oral stataments at the meeting, Acency staff reported that a statistically
significant difference betwaen untreated and perchloroethylene treatai rats
czuld e ooservel for mononuclear cell leukemia, if the time-to-tumor was an-
alyzed., This may be the case, but thess oral statements contradict the writsen
staterwnts in the drafet Addendum reyacding cime-to-tumor., Same Subcamittee
members have attempted to evaluate whether or not diagnosable rononuclear cell
leukemia occurred earlier in perchlorcethylene exposed rats than in unexposad.
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The sresentation of daca 1n th draft Addendum is sucn that tnis corparison
cannot be macde becaus nelther the actial data, nor th cdepencent protabilicz.es,
are presented. (See "statistical analyses,” below.) Hewever, the crafr Ac-
dencum scates anectodally at several polnts that this canparison 1s not worth
maxing because of analyses contained in the National Toxicology Program report.

The draf: Addendun does not review the analysas, anc does not gresent the
supportinc data. Howewver, if the oral camments are correct, then either the
National Toxicelogy Program analysis, or the interpretacion of this analysis in
the dractt Addendum, is in error.

The Subcammittee suggests that the Agency will experience difficulty in gaining
scientific suppnrt for the conclusion that perchlorocethylene exposure is assoctaten
wltn increased frequency of moromuclear cell leukemia in rats, based on the
Naticnal Toxicology Program bicassay data. Any effort to do so should begin

with an exglanation of why the frequency »f this rumor did not increase afe r
perchloroetnylene exposure of rats in the bicassays performed by the National
Cancer Institute and by Rampy and co~workers.

The Subcamittee agrees with the statement in the draft Addendum that first
generaticn hytrid mice of TS7BI6 and CIH parental orgin (36C3FLl) exhibit stacistically
signiiicant increases in carcinoma of the liver associatec with exposure to per-
chloroethylene Dy inhalation. These results confirm the findings of a National
Cancer Institite study with the same strain of mouse and administration of per-
chloroethylene by gavage. The Envirommental Health Cammictee and its Subcamittees
have consistantly Jrged the Agency to calculate the potency of a carcinogen for

1l routes of acninistracion when daca are available o= only one rcute (using

the best general information about uptake, apsorption, ~tabolism, distribution,
elimination and mechanism). Once data has existed for ne route, it has advised

EPA to use the empirical evidence as the hasis for <ec::.on-making and t forgo

the hypothetical calculation. Perchloroethylene provi»+s an example of experimencal
validacion, both qualitatively and quancitatively, of the hypothetical extrapolation.
However, this validation ZJoes not chamye the interpretation on which a decision
might be basec. No new, aispositive information has been gained.

Although the possibility exists that carcinomas arise de nova, the availabl
vidence strongly supports the idea that the adencmas and carcinomas represent a single
disease process €2 which scientists have applied an arditrary division into two
diagnostic terms. Since we usually don't know the rate at which the varicus lesions
pragress afier exposure to a given test chemical, and because nistolagic evidence alone
i1s not entirely a satisfying indicator of binlogical behavior, the Subcamittee
recamends analyzing the lesions both separately and combines. It should be rememperesd

that many mice with hepatic -ircincmas also have acenamas that have not been inclucec
in the summary tallies.

Other Dmta frocm the National Toxicolegy Program Ricassayv

The Subcommittee requests that Agency staff fully assess all of the information
availanle fram the National Toxicolegy Projram study. The draft Addendum notes
the occcurrence of squamcus cell metaplasia of the nasal cavity in male rats Sut
does not provide statistical analysis of significance or trend with dose. Th
draft Addencin refers to a finding of renal tuoular cell hyperplasia in rats, but

no data are provided. Renal tubular karvamegaly is noted in rats and mice of
both sexes, tut no data are provided.
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The subcommittee also recareEnds that Agency staff thoroughly assess and
interpree the significance of mortality cutcares for rodents cnrcnically 2xposec
to perchlorcethylene in the National Toxicology Program bicassay. These daca can —
be important in setting scandards for drinking water. Cne .nteresting possidility
is thaet the kidney also i1s a target organ. The drafc iddencioh notes excess
mortality in mice at 100 ;om and 200 pom but suggests that this result 1S caused Sy
hepatic cancer. An appropriate statistical analysis of morrality will correce
for this effect by correctng for deachs from hepatic cancer (a time-to~not-tirvr
calculatiecn).

Staristical Analvsis of the Bicassay Results

The cisplay of data and statistical analysis of these data in the draf: Adcencun
needs revision. The Subcarmmittee found same critical instances of misquotation
ama error.

While tne statistical analyses reported in the Addendum can be reproduced by
the Subccrmittee, this can only be done if a one-tajiled Fisher exact test is
used. The use of a cne-tailed test is apprcpriate, if perchloroethylene only can
increase the f{regquency of cancer. This assumption is dubious when the backgrounc
in the cantrol group is high, and it is contrary to the general knowledge abcut
the effects of chemicals ¢n tumor fregquency in rocdents.* Instead, a two-tailed
test seems acpropriate. The Agency should state whether an analysis is one-tailed
or two-tailed in the text.

Metabolism and Pharmacokinetics

The Suocomittee believes that the draft Addendhm »d the final Health
Assessment ocurent provicde a thoughtful response to =-- comments regarding
sharmacokinetlcs made during the previcus review, The :ata in the draft Adcdenchum
are adequace for evaluating potential metabolic mechan:sms which pertain to
possible carcincgenic effects perchlorcethylene., Further., the Subcommittee
caonmends the Agency for the discussion of the different mechanistic implications
of perchloroethylene metabolites in the induction of cancer.

At present, the Subcamittee has only reviewed scme results of the model used
oy Agency staff to analyze cata for perchlormethylene. Because of the potential
urgortance of such rocels for EPA risk assessments, the Subcamittee recammends
that the Eavirdmmental Health Cammittee undertake a review of the general approach.
However, the Sutcamittee has develcped a consensus regarcing one issue that was
sub ject to contention during the public meeting. FPA has not double counted the
factor for interspecies extrapolation of metabolized dose. Because staff have
modelea the absolute amunt per unit volume (tissue specific concentration),
sane axtrapolation between sSpecies is required. However, the Agency loses some
of the power of the physiolagical-pharmacokinetic moxdels when this approach is
taken.

* See, for example, J.K. HASEMAN, "Patterns of Tumor Incicence in Two~year Cancer
Bicassay Feeding Studies in Fisher 334 Rats,” Pundamental and Applied Toxicoleoay
3 (19813), pp. 1-9.
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Because of the irmplication that tetradﬁlor:ev_:hylene oxid 1is a carcinog nic
intermediate, discussion of the reactivity of varicus haloethylene oxides shculd
e included. Agency staff should search for studies which correlat?2 the chemical

reactivity, hepatotoxicity and carcinogenicity of halcetnylene =xicdes, such as
those by Henschler cr Van Duuren.

Most studies have attributed the metabolism of perchlorcetiylene to a proposec
reactive metabolita, tetrachloroethylene oxice, which is converted by rearrangerent

to trichlorcacetyl chloride. The latter will acylate rather than alkylate macro-
malecules. The acylacion reactisn could be followed by spontaneocus hydrolys:s

argd regeneration of the free macramolecules. Thus, no genetic effect may be
observed. Indeed, Van Duuren anc coworkers have concluded from their studies of
the carcincgenicity of various halo-substituted ethylene oxides that tetrachlor-

cethylene oxice is not carcinogenic when administered to rats by any of several
routes.,

The discussion in the addendum suggests that tetrachloroethvlene oxide is the
only reactive, carcinogenic metainlite formed following perchlorocethylene ad-
ministration. The Subcammittee recamencs that other putative carcinogenic
mecapnlites be described. For example, glutathione conjugation products should
also be included. The role of these potential metabolites in eliciting effects,
such as renal damage or carcinmogenicity, shoulcd be discussed. Henschler has
suggested glutathione conjugates of varicus haloetaylene cormpaunds as th  preximal

initiators of renal toxicity, parzicularly after hydrolysis in the kidney renal
rubule.

Several authors have described the covalent bindin: of radicactive perchloro-
etnylene to tissues after metapnlic activation. This --ading may be partially
Gue to the formation of acyl derivatives after the farmacion of trichloroacyl
chlorice as an intermediate, as suggested by studies ir «hich trichloroacetic
acid was found after acidic hydrolysis of labelled macromolecules. The sig-
nificance of the acylation reaction in genotoxicity is mot clear. However, no
covalent dinding to deoxyribomucleic acid nas been dermonstrated, which is in-
dicative of a protective or hydrolytic mechanism, perhaps accelerating the
cecomposition of tetrachloroethylene oxice to trichloroacetyl chloride before
the oxice can gain access to deoxyribonucleic acia. Trichloroacetyl chloric
can react With macrawlecules to form varicus tricnlorcacetic acid esters whicn
may undergo rapid enzymatic hydrolysis to yield trichlormacetic acid and re-
generate the macramolecules. This hypothesis merits investigation.

Genotoxicity

The Subcamnittee disagrees with the statemenc in the draft Addendum thac per-
chloroethylene is genotoxis by implication because a metabolite of perchloro—
echylene is genotoxic. Tetrachloroethylene oxide, the mecapolite in question,
is not a cemonstrated metabolite of perchloroethylene tut a postulated metapolite,
although the assumed pathway is reasonable. The hypothetical conversion of
perchloroethylene to tetrachloroethylene oxide does not appear to account for
the carcinogenic properties of perchlorvethylene, because perchlorcethylene is
not rutagenic and because tetrachlorcethylene oxicde is apparently not carcinog nic.
fercnlorcechylene has been tested in many rutagenicity hicassays, a few of which

show positive activity, but on balance the weight-of-the—evidence is borderlin
ard not conclusive.
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Given the current evicence, the Subcammitize Nypothesizes that, creraticnall.
percrloroethylen may be an indirect acting carcincGen Or cCarcindGenlc promoter
of low potency. By pramoter, the Subcammittes means that perchlorcethylene alone
does not incuce tumors. Instead, perchloroethylene appears to act 1n concert
with ocher sybstances, ercogencus processes, Viruses, oncogenes, or radiatcion,
which can 1nitiate cancer in the apsence of pramoters. Initiators are usually
thought to N genotoxic substances, binding to deoxyribonucleic acid in orcer to
Cause initiating events. when perchlorcethylene is present, however, turors are
observed Jhen thay would not otherwise be, even when the initiator is not known.
Aithough definitive evicence is lacking, perchlorcethylene appears to act at a
later stage in the carcinogenic process,

The evidence which leads to the Subcammittee's hypothesis that perchloro-

etnylene may act as an indirect acting carcinogen or a pramoter is that perchlore—
thylene: (1) probably is not rutajenic: (2) does not bind to cdeoxyribonucleic
acid; (3) 1ncreases tcha Erequenc:y of liver carcinamas in BRCIFL mice when thes
tunors are cammonly seen in the same strain not exposed to perchlorcethylene: (4)
induces liver carcinama in a species and strain specific manner; (S5) induces
peroxisanes in the livers of 36C3Fl mice, which provides an alternative mechanism;
anc (6) acts consistently in camparative studies of halo-substituted ethylenes
which indicate that asyrmetrically substituted compounds yenerally are carcincgen:c,
w“hereas symmetrically susstitutec jenerally are noc.

Esicdermioloey

The Enviromental Healnh Camnittes has previcusly reviewed the epicemiological
evidence as i: ~as discussea in the Health Assessment “~cument. The Subcamitt e
fincs no reason to alter the Comitrtee's previocus find:-x;s at this time. The .
Nat:ional Cancer Institute may punlish a new epidemiolor study of perchlorcethylene
The Subcammittee recarmends that the Agency <valuace rreose results in the Add ndum,
if they are availanle in a timely and satisfactory for.

Weicht-gf-the-~avidence Category

Based on the National Toxicolagy Program bicassay results and the Agency's
guicdelines for carcinogen risk assessment, the Subcomittee concludes that
"limited” evidence exists for the carcinogenicity of perchloroethylene in animals
because the evidence arises only fram a single strain of mouse and because the
kKinc of tumnr assoclated with perchloroethylene exposure in this mouse straln
maxes it difficult to create an inference regarding human carcinogenicity. The
2pidemiological evidence is described in the Health Assessment Document as “in-
adequate.” Working from EPA's proposed gquidelines, the Subcommittee concluces
tnat the overall weight—of-the-evidence category is C ("possible human carcinogen®).
The Suncommittee has carefully considered and rejected the position of same staff
that positive evidence of liver carcinana in the R6CIFl mouse associated with

xpcsure to perchloroethylene by two different routes of administration should
change the weight-of-tne-evicence catajory to B ("probable human carcinyxjen”).

* See A. BLAIR, P. TOLBERYT, T. THOMAS and D. GRAUMAN, (Abstract) Mortality among
Dry Cleaners. Fourth International Symoegium on Epicemiology in Occupaticnal
Health (September 10-12, 1985).
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Retrospective Cohort Mortality Study of Dry
Cleaner Workers Using Perchloroetihylene

Deaid P. Brown. MPH, and Samuel D. Eagplan, MD

Ta evaiuste 1@ carcuiogenic potential from occupatioos!
exposure 20 percaioroethylena (PCE), 8 recrospective codort
Dorzalty stuay af worgers employed in the dry ciempnyg
wrdustry was cogductad among |.6590 worrers from foup iabor
umrons. TRe majority of the coldort Asd potsatial exposure to
petroieumn solveats as well ag to PCE wiile wornng ua the dry
clesguay wagdurtry. Morsality from prunary cagcer of the liver
was of partcular (ptarast, due to the Andings of excemm lver
cancer 12 zuce expased to PCE. Other nias of CADCIT WY aiso
of (ncarwsc.

4 tocs of 493 deacthy were obwerved, wasrvas 5733 were
arpected bdased oa US mrartality reces. Moriality tom all
anpeery comowned was gI than exp ol (140 obuerved v
1229 expecead). No deaths due co liver cascer were siwerved.
Urinary tract cancer was the only speafic nte where there
way a statistienlly sigmuicant exouas 18 oimerved desths (13
obwerved v 4.7 axpeasad). There was some conzunascy in these
fOodings scross tae four wdividusl uaions and acrons raoe/ sex
STOURS. 4 subcofort of workers whe were empiloyed caly 18
dry cleamiog stops that used PCE as thewr primary ssivagt
was degafled from the umos rwoords. TReare was ouly cae
dewsst from urinary TECT aagcer. whervas [.J desths were
expected 1n tAly subcobort.

Ppreh.lumuhylonc (PCE). also mown as tetrachioro-
etBylene. is a solvent used commonly for cleaning
fahric (dry cleaming) and for degreampag metals, It has
been estumated that at least 1.6 milion workera in the

Prom the lodustrywule Studies Brasct, Divines of Servallanes.
Hasard Pvaisatess and Flaid Stedien Natieaal lasaouw for Owre-
panoasi Safety sad Heaith Clamasan. OH (Dr Srewn. Ammrast
Chief): and the Stanford Resmryn [asn laver ) (Dr Kanian:
he is currwmuy smpoysd by e Callforms Deparvmeat of Hemith
Serwvioas ),

Address syrresposdenes i [adustrywude Studiss Brossh. Divisien
of Sarvailsses, Hasrd Evaivasions and Fleid Stidies. Nasssal Instse
e for Ossumzisnsl Salety and Heaith, 578 Columma Parxway.
Clasanac, OH 48208-1908.

OG- T3S/ 8T/ T0R-003000.00/0
Oowyrugint & Wy amovvmns Ouseypmmasst Mativni Asswionitg

Upited States are potentially exposed to PCE.' The
posmbility that PCE could pose a mgmufleant occupa-
tional heaith risk to these worksrs was raised aiter a
Nacionai Cancer Institute (NCI) biosssay indicated that
PCE induced lUver tumors in exposed muce.’ In sddition.
toxme tubuiar ceplhropathy was ochserved in the twreated
mies.

Ia an unpublished study conducted by The Dow Chem-
ical Company in 1977. there was no evidence of a tu-
mArogenic rYIPOASs in rats exposed by inhajlation to
BPCE. There was increassd mortality among the rats in
the high-dose group.

The Natiosal Toxicology Program (NTP)? recently
aompleted & study whare F344/N o and BGCIY, mice
were exposed to PCE by inhalatioa. PCE produced renal
tubular cell karyomeguly, which is an abnormal enlarge-
ment of the coll gucieus, and rwaal tubular call hyper-
plama in rata It also increased the incidence of renal
tubuiar cell adenomas or sdenccarcinomas o male rats.
Both low and bigh dosss of PCE were assocatad with an
inervaned incidence of mononucisar ceil leukenus in
male rats and in female rats the low dose incressed the
incidence of leukerma, In mice there was & dose-reinted
{nereass in the incidence of hepatocelluiar neoplasma,
PCE aiso produced renal tubular esil maryomegaly in
mice.

Due to the potantial carcinogenic effect of PCE as
demonstrated by ths animsal studies and due to the
widespreud use of PCE in the workplace., an spidemio-
logic retrospective cohort mortality study was con-
ducted to examine the effects on exposed workers, par-
ticuiariy the risk of mortality from eancer. After evali-
oating the aumerous occupational groups potantially
wxposed to PCE. the dry cieaning industry was chosen
for the epidemiciogic study, becanse PCE had been used
88 A cleasing soivent ia this industry for st leass 30
yours.

PCE was introduced into the dry cleaaing industry i
the late 19308 but did oot repince other synthatic sol-
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vagts suca as cartbon tatrachionids uncll shortly attar
worid War . Dunag this same pertod petrvieum derv-
atives (prunanly various typas of Stoddard moivents)
were the predominant solvents used iz dry ciesmung. A
gradual shift from petrolenm derivatives to PCE begun
in the late 1940s. This shift in solventa incressed in the
1950s and early 1960s. However. it the panod before
1960, petrolewm demvatives were still the domunsac
solvents. By 1977. the industry estimacad that spprox-
imately T4% of commeraal dry ciesning shops used
PCE. about 24% used petrvieum solvents, and the re-
mainder used Juorocartons (persosal communication
from William Fisher. Internsticaal Fabricare. 1985).

AN exposure evsiustion survey, which iociacded »
random saziple of the facilitien (still in buxnem) in the
epidemuoiogic study, was conductad from 1977 to 1979.°
Thers were 44 commereial dry cleaning shops inciuded
in the survey. Time-waightsd average (TWA) snd peak
exposures 0 PCE were detarmuned by collecting per-
sonal air sampies. Other solvents used for spot removal
were also sampied. The operutor or dry cleaner hsd
exposures siguificantly higher than the other workers
(geometric mean TWA of 22 ppm v approxmately 3.0
ppm. respectively). Based on historical exposure data
some of which date back to 1988, the leveis of exposure
to PCE in commercial dry cloaning shops Bave remained
fairly constant since ity introduction into the industry.
The survey also revealed that there was coasistancy in
the level of exposurws by geographic locacion. The only
substance detacted 12 the sir sampies during the survey
was PCE. Therefore. even though other soiveats were
used for spot remowal. their sirborne concsntrations
were noadetactable.

Methods

The study cobort was defined to inciude workers
exposad to PCE for a minimum of 1 year pnor to 1980,
and wnth oo bnown prevwuns corupational exposure (in
the dry cieamng industry) to carbon tatrachioride or
trichiorcethylene.

Racords maintained by four local unions wers used to
identity dry ¢iemner workars whe met the definition of
the study cohort. The majority. if sot all. of the dry
cleaning shops were commercial as opposed to industrmal
cleaners. Workers were chosen oniy when there was
documentation that they werw employed for at least 1
ywar prior to 1960 at & shop where PCE was the prumary
solvent. Some and/or & complete solvent history was
avulabie for approximately half of the shops employing
union members. [f 0o solvent history was available for
a particular shop. employment in that shop was not
considered in detarmining tha eligibility of union mem-
bars. For each eligible worker a history of employment
in PCE as well a3 0on-PCE dry cieanser shops was coded.
If solvent history waa uninawn prior to 1960, it was
assumed to be oon-PCE inasmuch as most shops used
petroieum solvents prior to this date.

In ap attempt to restrict an anaiywis t0 & cohort of
workers prumarily exposad to PCE with no confounding

[

eXpOsure O petTuisum soivents. a subcotort of worzers
who were inown to be empioyed orly 1 shops #oere
PCE was the prunary solvens was dentified.

The vital status of cohort mempers was d.ut
as of Dec 31. 19682 For thase :deatifled as decs .
comes of thewr desch certificates were obtained aad the
underiying cause of death was coded by & trsineq gosoi-
ogirt according to the Rewision of the laterzationsl
Classifieazion of Disesses (ICD) in effect st the time of
deatt. Those lost to follow-up (uasnown vital simtus)
and those who died subssquent 0 tle ciosing date of the
study, ie. Dec 31, 1982, werw connidered aiive for pur-
posss of ADAIYTIE

Person-years at riak (PYAR) were caicuiated {or eacn
worker starting aftsr 1 year of employment in & PCT
shop(2) and ending at the date of death or the clomng
dats of the study, whichever occurred firse, Tsing a life-
table anaiysis systam.’ the PYAR for each worker were
combined into S-year calendar *ixe periods and S-vear
age groupd. PYAR were additionally distmibuted by
lengtlk of employment and by time siace first employ-
ment in PCE shops (latency). Exployment in voimowm
or petroleum soivent shops was not used in the caicula-
tions of length of employment or latency.

The PYAR strutifisd into age and calendar Sime pe-
riods were multiplied by the corresponding US morrality
ratas to eld expectad oumbers of deaths. At the ume
of this study, the lLifs-table analysus system only maun-
tained US mortality rates through 1978, the end of the
eighth rewizion of the ICD. To calcuiats expected deaths
througs 1982 for chis sctudy the death ratas for the
intarval 1978 to 1979 were based on US deaths -

»:

nng through 1978, and the death rates for the i
1960 to 1963 werw assumed to be ideatical to th
vicus tme period (1975 to 1979).

The otwerved and expectad canse-epecific deaths werse
compared and differences were testad assumung the
Poisson dissribution.® The risk is reported as a stand-
ardized mortality ratio (SMR), deflaed as observed/
expected deaths X 100,

Bacagse each of the unions included in the stady were
located in large metropolitan cities where the morality
ratas from cancer are generally higher than those o
the towl US, state morwality rates corresponding to the
location of each gmion wers also used in calcuiacing
axpectad cancer deszhs The state mortality rates mort
closely extimate the ratas of the cities.

Resuits

The cohort totaled 1,690 workars wnth 493 deaths an¢
contributad 42287 PYAR to the analysiz. The nta
status follow-up through Dec 31, 1982, was successiu
tor 93% (le. 7% lost w0 follow-up) of the cobort. Th
follow-up for females (92%) was much less compiet
than for males (97¢%). This is prumarly due to aam
changwes and women dropping out of tha work force »
an eartier age. Therviors. they are less likely o be licze
in the Social Security Admimistracion records.

The subcohort of workers employed oaly ‘hor
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where PCE was the priumary solvent totaled 615: 113
whits maies. 94 con-whits males. 195 wiite femaies and
213 nonwiute females. There were a total of 137 deaths
idenrified in this subcohert.

Although ail sites of caacer and particulariy cancer
of the liver werwe the causas of greatast interest. muitiple
causes of death were also examined. Table | lsts the
observed and expectad desths for most major disessas
and for specific sitas of cancer. As seent io most cobort
studies of workars. the observed aumber of deaths for
all causes is less than expectsd (493 observed v 578.5
expectad: SME = 88) wnth statistically ugunificant def-
icits in disesases of the circulatory system and diseases
of the nervous systam ( primarily stroke), demonstrating
the healthy worker efect. The number of olmerved
desths for all aeopiasma is higher than expected (142
observed v 122.9 expected; SMR = 116). No deaths from
liver cancer wers obsarved, whersas 1.5 were expectad.
Ouly urinary tract cancer showed a statistically signif-
icant excess in 2dbserved desths (12 obsarved v 4.7
expected: SMR = 2355). Within the urinary tract cancer
category, both kidoey and bladder cancer ware elevated
writh bladder cancer being statisticslly siguificant (8
observed v 2.7 expectad; SMR = 296).

Other interesting results among the malignast neo-
plasms include cancer of the cervix utert which shows
an eievated SMR (10 observed v 5.1 expectad: SMR =
196) and cancer of the bresst which iy slightly lower
than expectad (12 cbserved v 131.8 expectad: SMR =
87). These resuits probably reflect the cosconomis
status of the cohort wiich is genernily lower inoome.
This type of pattarn has beer zhown 1o other Ttudies.”

In the analysis of cancer mortality based on death
ratas of the state where each union was located (rather

than the US deatn sates). therv are 140.2 expected
deaths from all cancer snites which i3 closer o the 142
deaths obsarved in the study popuiaton. However. ex-
cept for pancreatic cancer (11 cbeerved v 10.7 ex-
pectad). there wis very little change in e expectad
aumber of deaths from tie specific sites of [Iterese, Fas
UMAAry tract cagcer the expectsd number of deaths
based o state rates is 4.9. v 4.8 based oo US rates.
Thers{ore. all remaniag resuits in this maguscripet are
based on expectsd deaths caiculated using UGS descz
TRTas.

Moruiity from all major organ systems (other than
capncer) was lower than expected. except lor a slight
excess it disesses of the digestive systam (22 observed
v 18.8 expectad: SMR = 117). Mortality frem all acci-
dents is significantiy lower than expectad (3 observed v
28.9 expectad: (SMR = 13). Almoss all categores of
accidents showed a deficit in mortality, with transpor-
tation accidents sccounting for the largest portion or
the oversll eatagory (O observed v 10.7 expectad).

Mortality by race and sex group was examined sep-
arately. For all groups. overall mortality was lower
than expectad. and cancer mortality was higher than
expected. In ponwkhits males the excess in cancer mor-
tality was statistically signiflcant. In three ous of he
four race/sex groups mortality from bladder and Kdney
cancer was slevaced. aithough these were based on small
numtbers of ocbsarved and expectsd deaths. For bladder
cancer A statisticaily significant excess was observed in
nonwhits males (3 cbserved v 0.8 expectad: SMR =
500). Breast cancer was lower in both racial groups and
carvix utari cancer was higher than axpectad. In all
four groups mortality from accidents was sigmificantly
lowesr than expectad. In white maies there wus an un-

TABLE 1
Cauma-acuuie Mortaity of Ory Clasnar Werners from Al Fowr LMo nciucem v Conart (Al Race e Sax Groupar®

Ohasreey

Lapemman

142
3
2
14

-l
SundelBliBR.Basiadanllizac

29
9
3.5
na
1.5
84
24
138
7
51
55
a7

* ADDrevaDons used Me: SMA. StNoEraced mortasty rana. Cl. Corioency ntarva.
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usual Anding wthin diseases of the geRItOUriOALY TYS-
tam: a statutically signuficant excess 12 mortality Sum
ealeull of the urinary systam was found (2 cvserved v
0.09 expectad).

Mortality was also examined across individual unions
which represens sotally independant ccaorts. Consgtent
wth the findings of the combined conort. a deficit in
overail mortality and an excsss in cancer mortality was
nated across all four unions, Thers was also a deflcit in
sccideats in ail four unions. [o three of the {our unions
there was an exceas io biadder cancer. two of which
ware statistically significant, Two of the four unions
had an excess in kidney cancer. All unicas bhad an
incresss in cancer of the intsstine. The SMEs by race
and sexz groups and by union for selectad causes of death
are summarnzed in Tables 2 and 3.

Apalyses for cancer of the intestine and bladder by
length of amploymeat in PCE shops (& surrogete of
exposure) and by time since first sxposure (latency)
were conducted %o aid in the interpretation of the re-
sults. These analyses are given in Tabies 4 and 5. There
appears 30 be a positive trend of incressing risk writh an
inerease io latency and exposure for both cancer sites.
Separsts analyses for kidney cancer are 2ot presentsd
because of the smsll nursbers.

In the subcotiort of worzers who were smployed only
in shops where PCE was the prumary soivent. there was
oaly one death from unopary tract cancer. whervas 1.3
were sxpectad. Both of the deaths from recal caleuli
were iaciuded in this subcobort. wherwss oanly 0.09
deaths were expected.

An attempt was made o condrm the cause of denth
for ench of the bisdder and Kiduey cancer cnses. Medical
histories and pathology reports were requested from
the hosapital where the death occurred. Information wus
obtained for six of the sight bladder cancers and one of
the four Kidiiey caacers. The cause of death frum the
death cervificace wss confirmed in each case where
information was avaiabie from the hospital.

Discusmion

The disesass of conoern in this study werw all rsites of
cancer. sspecially cancer of the liver. Liver cancer was
of particuiar {nterest because of the NCI bicassay snd
the recent NTP study which demonstrated that mice

L

exposed to PCE deveioped liver tumors. The NTP stud.
also demonstrated the PCE may be amociated with rena
carvinogenicity sad leukemua in ruts. Becauss nor
clear how an amimal carvinogen Right express a
a human careinogen. all otRer sites of cancer werse o
intaresc &s well

Mortality from all causes was found to be leas tha:
expected. which is probably due to the “hesitby worgs:
offece.” Mortality from all cancers wua higher tha:
expectad. almoaont reaching statisticnl significancy—98¢
confidence incerval for the SMR was 97 to 1368, T,
excems in all cancers wus a consustent fnding across o
race and sex groups and all unions: however. this exces
was reduced when stats mortality ratas werw used fo
caleziating expected deaths.

Urinary tTact cancer was the only specific xite foun:
ta have a statistically sigaificant excess in observe
deaths. This excess was pruparily dus to bladder cancer
however, Kidney cancer was also found in excems. Ther
was some conmstency in this finding in that bladde
cancer was slevated In three out of the four race/se
groups. aad in three out of the four unions, aithoug

TABLE 1]
Stancararad Mortaaty Raoos for Semcd Camas by Uon

Came of Deamy Uwen 1 UYwenl Unand Ureon 4
Al cuses n < 84 96
All MEAONEIT NSOCILETS 12 124 13 106
MN of rmasone &7 s 138 158
MN of pancreas 147 214 -] 167
MN of oney -—t 222 -_— b ]
MN Of Blacoer 1.000* 418 0
Acoems - 10 - ‘:_ |
‘P DS
1 = = 7o cbeerved Gaaths.
TABLE 4

Moraiey SFram Carcar of U inteswrs (Excuce Sechum s Carear of T
Sumcey oy Time Siw Srat Evaopment (LIncy) i Pacrmsrceryars

Ly N o i MM o Sasmiar

n Quasrves/Expectad (SMRY  Chesvvws/ i amecee (SMR)
<10 /1.8 = 0/0.4 =
10-19 8/2.9 (154) 0/0.9 —
-2 10/4.9 (204) 5/1.1 (455)
Hx N =— 3/0.3 (1,000
T 16/11.8 (118) 2T (29%)

* AXrwwanons used are; MN, masgnant neapuasTe SMR, sanca
R0 Xty rato,

TABLE 2
Strvaerare Morasy Asacs K Sescted Caaaes Oy Ascw and Sax Grouxm of Dry Caarwr Warkers
Cause of Desm Whe Masen Wiwin femaien Morrwtere Males Mrveriuty Kot
Al cases ] ] as %
Al MANQNANT OIS 1a7 1a7 . 148" 10
MN ot ntesw &8 138 3 "
MN ot Oancreas 111 167 143 288
MN of kaney 143 3 -— <~}
MN of twanoer rag] 400 S0Q0* —-—
MN of braast — 9 —_— ]
MN of corvex -— 188 - 208
AN —— -_— as- -

‘P 08
= = N0 ODIrVed GaRUNE.
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TABLE 3
\aortasty Erarn Cancar of T wwesire (Eaceot Recism ena Cancer of Fu Blanoe Ov LT of Ervgmvimarn i Aercrioroeaweny Shooe”

Langm ot Emparysing MM ot YRem— MM ot Blasaer
{m Olmatrvadt/ Expomen (SMR) Qtyearved/ ey (SMR)
Toh 6/8.1 (3 11.47T1Y
59 5731 (180 4/0.7 (571
10=14 5/1.7 (234) 2/0.4 (SQQ)
215 0/0.9 ~= 170.2 (S00)
Tetal 18/11.8 (138) /2.7 (296)

these were geterslly based on small squmbaers of chsarved

and expected deacths. Kidtey cancer was also sievacad
in three out of the four race/sex groups and two out of
the four unions. It is intsresting that both kidney and
bladder cancsr were found iz ¢xomm. It cun oniy be
speculated that these two cancer sitas are reiated to a
ermmoan stiology. la studies of ciguretta smokers.' aad
of worker: expased to benndine’, both ntes were ele-
vated.

When mortality from bladder cancer was examinaed
by iatency and exposure (basad on employment in PCE
facilitises) a pattern consistent with aa occupatiogal
etiology was found, The increased risk for bladder can-
cer mortality occurred after 20 yewrz of latancy which
is simuiar to other studies of Enown blsdder carcino-
“u.;o

In :his study the calculation of both exposure and
latancy saseciated with PCE are only ssuumates, becanse
it was assumed that petruieum aolvents ware used dur-
ine time periods of uniknown soivent use and these time
penods were 20t used in caleniating expasure or la-
tancy. For some pianta this assumption may be incorrect
and PCE rather than petroieum soiventa could have
been used. This wouid tand to iacremse latency and
sxposure for the cohort However, the bins thas thig
creatss depends on whether the bladder canoer deaths
are affectad more or leas than others iz the cobort.

In the aaalysis of workers empioyed only in shops
where PCE wua the primary solveat, there was o excess
risk in mortality from biadder or kidney canocer. Therw-
{ore. the excess sk occurred in worksrs with a potential
for mixed exposures to PCE and petroleum soivents.
This finding does zot preciude PCE as the exposuce
sssocistad with the excess in urinary tract cancer but
certainly weakens the posasibility of an aasociation. In
addition. there is experimestal svidence that kidaey
cancer may be reiated to exposare from petrvieum
soivents. Racently, in a study by Kitchen.!' vaporized,
unleaded gusoline induced kidney cancer in exposed
Fisher 344/N ruts. The chemical soructure and toxico-
logic properties of Stoddard soivent, the petroieum soi-
von:“u.nd in dry cieaging, is similar to those of guso-
Une.

Clgarecte smoking has alse been assocuatad wth ag
excess misk of developing blsdder cancer. Most studles
have shown & twofold to fourfold excess risk of bladder
cencer in male smokers cmpared tn that in non-
smokers.'® The role of cigaretts smoking in the exceas
rizks observed in this study cannot be determined quan-
titatively bechuse 0o dats wers available an the smaking

* ADDrevIZ0ON3 LUSAA Are: MN, MENgraNt necolasm: SMR. STNCarIzea mortaty rano.

FaXaXaAl o Riulhy
. -y
\_,'\_,L.'.l‘_- o

habits of tbe study cohort. However. according w ax-

eison.’’ smoking is a weak confounder uniesa it s
strongly assocatad et the disesse and unisss snoking
kabits betwesa exposed and gonexposed worikers differ
drasvically. The posaible efects from smoking on the
risk for biadder cancer in this populstion were caicu-
lated based on the method deacribed by Axeison ‘? Based
on these caiculations. it can be conciuded that smoking
cannot account for the threefoid excess seem in thia
cobort. In fact, if 100% of the population were heavy
smokers. this would account for ealy s 56% increase in
the risk.

The most striking inding in the study was the over-
wheinung deflcit in mortality due to accidenta. This may
be due t the demographics of the study popuisstion.
which is primarily lower socioeconomic and inner oty
(Chicago. New York City, Detroit, and Oakisnd, Califor-
nis) workers. Tharefor. it is possible that thess workxers
did not own automobiles and relisd heanly on inner city
transportation systems which would account for che
deficit in cunsparwation accidents.

The two deaths from renal calguii, both of which sere
found (n the subsabort of workers empioysd only in PCE
shops was an unexpectad finding that may bave been a
chancy occurrensn. However, it is possible that axposure
ts PCE couid be reiated to this finding. Although we
mow of oo reporta describing nephrotoxicity in humans
exposed to PCE, renal effects have been obwerved 1o
sxpenmental animal stodies™® In additton. there Bave
been reports in the litarsture describing the cocenrrence
af urmnary calcull due to chemical exposurs. A person
deveioped renal tubular scidoais and arinary ecalculj
aftar permstent toinene sniffing.'* and etbylene giycoi
bhas beern sssocimtad with the production of caleium
oxzniate in renal tubuies leading to formation of ealculi
in racs.'? The role PCE might piay in thess types of
mechanisms which lend to wnnary calcull is unknown

Severai other emdeiclogic studies of dry clenner and
laundry worgers have been conductsd. In a study by
Blair ot al'® & proportionats mortality ratio (PMR)
anglysis was periormed on 330 death certificates ob-
tained from two lecal laundry and dry cleaning unions.
These deaths only represented & sampie of the total
aumber of desths that occurTed batween 1957 and 1977
amonyg the unioa membery. The sampie of damths was
20t Decessarily & probabilistic sampie but inciuded
deaths that Bad been identified by the researchers.
Workgers were inciuded regardless of the soivent used
In the dry cleaming shop whick employed ths worxer:
therefore, it was not specifically a study of PCE expo-
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sure. The max of mortality from sll casesrs combined
was {aund o be higher than expectad (87 cbserved v
67.9 axpectad: P < .05). Among 2 cancer deaths, lung,
corvix uteri. and sicn cancery were slevatad st 4 statls-
tieally sigoificant level. Other malignant aeopissms
found in excess were \atestine, liver and leugemia. Risics
for bladder. ddney and pancreatic cancsr were 2ot
slevatad, and bresst cancer rusc was lower than ex-
pectad.

Eatz’? studied the mortality of female laundry and
dry clemper workers in Wisconsin by idemtifying 871
decessed worgers from the occupationsl statement listad
on death certificates. He tasted for sasociations becween
oocupation agd cause of death by caleulating specific
PMRa for 25 causes of death. As in Blair'y study the
worgers did not necessanly work at shops usiag PCE.
In contraat %o Blair's study. the risk of death for all
cancer. liver cancer. colon caacsr. lung caucer and
leukemiia was not elevated. Stanistically significant ex-
cess risks wers found for cervix uteri genital (unspec-
ifled), and kidaey cancer (7 observed v 2.7 expected).
Bladder cancer risk was aiso elevated (5 observed v 2.6
expected). Sreast caacer Mk was less than expected.

A study usiag similar methods was conducted by Dub
and Asal’® iz Oklahoma. whers deaths from 440 laundry
and dry clesner workers were snalyzed. Again. 00 iden-
tification of solvent use was atisampted: howaver. the
use of petroleum soiveats iy more common among the
dry cienmiog soops in Okiahoma where more than 30%
of the shaopa use this solvenc. whereas the remaining use
PCE. Duh and Asal found a statisuenlly ugmflcant
axcess risk for lung and Kdaey cancer. Other sievated
risks werw found {or cervixz utsri. other female genital
orguns. and skn cagcer. The msks far liver. pancreas.
and bladder cancer were lower than expected.

The mortality risks for these previous studies of dry
cleaner worgers along with those of the presant study
have been summarized in Table 6. There ware severnul
causes that exhibited consistant excess raks. including
cancer of the cervix utent and kidaey. A deficit was
observed in all studies for breast cancer. As discussed
eariier, the resuits for cervix utem and bdresst are

TARLE ¢
Corrograon of Causs-Somyic Aks Amang Marasty Sacs of Ory Caww
: (“WW'
Sereu™ Kz Dunana Asm™  Brwwn
Covse ot Dot "y (mum (SMOR) (SMA)
Al cancar 128t 9% 90 118
rtasune 192 103 80 138
Liver 235 ] 50 -t
Pancreas 129 117 50 172
Lung 170 9 170 11¢
Siun At o7 150 -_—
Sreast L) T2 10 a7
Carnz uten o8y 195t 130 196
Slacaer 3 189 40 298¢
Kigney 200 =7 380 200
Louxermsy r-14 14 -— —

* AbDrevianons used are PMR, croporvonats Moty rata; SMOR,
sl:mmﬁmwmﬂm SMR. stanaTIZed MOrtasty raco.
TR < 08,

T == = At CAICUIADIg===) QDEErVES CRATNS.
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probably reiatsd to the s0C10eCONOmUC JTATUS of these
occupatiooal groups. «

Conciutsion

The exceas risk for UNDAry tTeact cAncer 1 tus study
wes somewhat unexpectsd. Hecsuse muitiple causes of
death were examined and this cause of death was not
part of a8 & priov1 hypothesis. the Qnding may be due
to ehance. Howevaer, it was the only cause found to dave
s smatistcally ngpificant excess 11 mortality and :he
excess risk was found iz three out af the four rece/sex
groups and in three out of the four ynions. The magm-
tude of the SMR and the pattarn by latency and exposure
to PCE waa consistant with ag occupsational carcinogen.
Howevar. because of the limitation in the records used
to identity the cohort, it is cot poamble to anal7ze the
data by specific job or estimate of exposure to PCE.
Therefore, a doss-respouss analysis for umnary trace
cancer, other thaa by length of empiloyment, is zoc
poasible. Even the soalyris by leagth of employmens is
Umited as & surrogate of exposure becauss of ussing
data on solveng use. lnasmuch as msay of the workers
could Bave had confounding exposures to petroieum
solvents in dry cieaning shops, those wnth empioymen:
in PCE shops only were analyzed separmtely. In thus
*PCE only” subcohort there was no excess nsk for
urinary tract eancer. Therviore. the confounding expo-
sare to petrolewss solvents complicates any conciusions
regurding the amociation between PCE exposure saa

cancer of the gnuary trecs.
_
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By artigt [ mean ...

The Artist’s Dream

everyone who has tried to creats something which was not

here before him, with ng other toals and masteral than the uncommerciabie ones of
the human sparitc who haas cried to aarve, 5o matter bow crudely, ou the wall of thas
final oblivion. in the tongue of the buman spirit, “Xilroy was hare.”

Thst is primanly ... all ... we ever really tried to do. And [ belisve we will all
sgTee that we failed. That what we made never quite matehed and never will matehs
the ahape, the dream of perfection which we inherted and whiah drove us and will
continue to drive us, even after sach failure, until anguish frees us and the hand
fallg still ot lase. .

Msyhit’ajmuvcﬂthunmdmmdwhﬂ.sine..ulnuu-odofn‘lud
the hand oonxinues to haold bicod, we will try agunin: where. if we ever did attain the
dmm.mmthomm.mmummumduﬁm. nothing wouid
remain but o jump off the other nde of it into swcide. ...

—Comments by William Faulkner upaa receipt of
Natioaal Book Award for fiction in 1955. From ““Three
Chears for Good Marks': Writars on Their Prizes” in
The New York Tlmes Book Raview. Nov 18, 1988
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
WASHINGTEN D C. 20460 -

(]
¥ auget?

March 9, 1988

SAB-EHC-88-011
Hon. Lee M. Thomas
Adminiscrator TmE amirsrmar
11.S. Envirormmental Protection
Agency

401 M Street, SW
washington, D.C. 20460

ray 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 perchlorpechy-
lene. In your letter you asked the Board to provide further scientific advice
on three issues that will subsequently bear on your risk management decision
for this campound. The Board appreciates this opportunity for further scientific
dialogue on these issues and hopes that its views in this letter can better
pramote consensus on the scientific issues yunder review.

As noted in your letter, the assessment of the scientific evidence frum
experimental animal studies cencers on the relative significance for humans
of the production of rat kidney and mouse liver tumors. This questicn is
applicable to a broad range of chlorinated hydrocarbon compounds—including
dichloramechane, para-dichlorobenzene, trichloramethane, and trichlorvethylen
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 compounds, this letter is directed specifically to an assessment of
perchloroechylene,

In responding to your letter, the Board's Envirommencal Health Comittee
amd its Haloagenated Organics Subcamittee organized a scientific workshop on
August 12, 1987 to explore these and other issues with leading researchers in
the field, EPA staff and members of the public. An agenda of the workshop is
attached. The Board has utilized the information obtained in this workshop.,
and the discussions anong Cawnittee and Subcomittee members, to respond to
your August 3 letter and also to advise the Agency on health effects evaluated
in its Craft Health Assessment [Dbcument Addenda for Dichloramethane and Tri-
c¢hloroethylene. The Board's findings and recommendations on these latter two
campounds will be transmitted to you in separate letters. (ur response to your
specific Qquestions follows.

Question 1: Assuming that not all animal tumors are of equal significance to
evaluating human hazard, what is the Science Advisory Board's current consensus
position, based on scientific ~vidence or professional judgment, of the relative
significance of male rat kidrey or mouse hepatocellular tumors for human risk
assessment?

SAB Response: In general, the Roarr's consensus conclusion on the significance
of male rat kidney tumors stems tron recent research (not yet published. but i.n.

(\ﬁ"‘\"\- . .y
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Sress) that indicates that for many halagenated organics, prooally incl.ding

merchloroethylene. the mechanism producing these type of tJmors is protasly mot
operative in humans and, therefore, may not be relevant for huran risk assessment.
T™his mechanism involves the metabolism of the campound in the liver and th Sind-
ing of a protein (alpha-2u~globulin) with the metabolite as a csonjugate molecile.
This molecule is filtered and accumulates in the kidney. One hypothesis is that the
conjucate is more difficult to metabolize than the alpha=2u-glez.ilin alcne. This
protein then accumilates and is injurious to the cell. Repair i follcwecd Sv a

- cancerous formation at the site in a low percentage of cases. o available scien-

tific evidence, this mechanism appears to be unique to male rats.

Thus far, thirteen substances have been demonstrated to prac.ce renal
tamors in male rats through this mechanism including perchloroe:nylene, cara-
dichlorobenzene and unleaded gasoline. Trichloroethylene, on t-e other hanc,
appears to produce renal tumors in male rats through a differenz (unkncwn)
mechanism. thus creating important implications for human healt: risk assessrent.

The Board's consensus on the significance of mouse liver toxrs is that
mechanistic explanations are not sufficiently well developed anc validated at
this time to change EPA's present approach expressed in its risk assessment
guidelines for carcincgenicity. It concludes that the generaticn of mous
liver tumors by chemicals is an important predictor of potentia. risks o
humans. Of the several mechanistic models under consideration (including
regenerative hyperplasia. oncogene activation and tri-halamethyl radical
formation). the one most promising for immediate application to risk assess-~

ment is characterized by proliferation of peroxisames, an intracellular crgan-
elle, in the liver.

Peroxisame proliferation may be important for compounds such as perchloro-
ethylene, but liver tumors cbserved after exposure to chlorinates solvents

may involve different mechanisms. The importance of understanding the biologi-
cal mechanisms is that they may provide a basis other than the Zicassay
statistical analysis for low-dose risk estimation. A plausible mechanisn
(peroxisame proliferation or samething else) may imply low—dose ncnlinear:ity
for same substances that induce mouse liver tumors. However, diZfsrent (pre-
sumably linear) mechanisms may operate for other substances, anc these mechan—
isns may be consistent with linearity at low doses or a linear relationship to
dose. These distinctions in low dose risk estimation should be explicitl:
included in the Quantitative estimate of human risk.

Several substances that induce peroxisome proliferation in rodent livers,
such as hypolipidemic drugs and the plasticizer di-ethylhexylphtalate ([EHP),
also produce liver tumors in rodents. In summary, however, a causal relacior—
ship for this mechanism is plausible but unproven.

Scme scientists have reported the detection of oncegenes after acministra-
tion of presumably non-genotoxic agents.!l

., me—- - % ow s —

R. Maronpot,
Stuart A. Aaronson, Marshall W. Anderson, “Activated Oncogenes in BE6C3IFl Mouse

Liver Tumors: Implications for Risk Assessment,” Science Vol. 237 (September
11. 1987), pp. 1309-1316€.
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Also, as you are aware, our increasing kncwledge of the role of mechan-
isms of pramotion (later events in the carcincgenic process) may well clarify
our understanding of cancer induction: certainly this is the case with dioxin
and may relate to the halcgenated hydrocaroons.

Question 2: What is the Board's view of the approach taken by EPA in using

sc1 ntific evidence on perchlorcethylene?

SAR Response: The issues regarding the application of the risk assessment
guicdelines appear not to represent disagreement among scientists about scien—
tific evidence but, rather, the consequence of attempting to fit the weights

of vidence into necessarily arbitrary categories of risk. Since the weights
of evidence, and uncertainties associated with such evidence, for perchloro-
ethylene and other coampounds fall within a range of scientifically defensible
choices, it may not be pessible, in scme instances, to fit them neatly into
only one risk category. Moreover, the more incomplete the data, the less
precision one can expect in classifying a campound within EPA's cancer guide-
lines. In additicn, the type of evidence that places a campound in a particular
category may vary consideraply from substance to substance within that category.
For perchlorcethylene, as with trichlorvethylene, the Science Advisory Board
concludes thac the overall weight of evidence lies on the continuum between th
categories By and C of EPA's risk assessment guidelines for cancer.

As perchlorvethylene illustrates, the distinction between the By and C
categories can be an arpitrary distinction on a continuum of weight of evidence.
The “"black-white interpretation" that you referred to in your letter is indeed
troubling. Fram a scientific point of view, it seems inappropriate for EPA
and other agencies to regulate substances that are classified B2 and not to
consider regulation of campounds classified as C, regardless of the level of
human exposure. In the case of By, B} or even A categorized campounds where
exposure levels are low, EPA may, with scientific justification, decline t reg-
ulate because the potential health effects appear to be trivial in magnitixe.

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

EFA and other agencies (including those in state goverrments) may, th re—
fore, wish to take steps to reduce high expcsures to substances in the C cate-
gory whenever 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 judged appropriate).
Incdoor exposure to perchloroethylene, such as might be found in dry cleaning
establishments not using the equivalent of good industrial hygiene practices.
could merit action under this criterion. So might high levels of exposure to
other solvents, pesticides or industrial chemicals that have been consicdered by
the public as "safe" in the absence of sufficient evidence of carcinocgenicity
in animals. In many instances, this appearance of safety results from not yet
having the results from well-designed bicassays such as those conducted by the
National Toxicology Program.

A N o Y AT AN
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Finally, you noted the evaluation of perchlorcethylens by the Internacion-
al Agency for Ressarch on Cancer (IARC) as an example of evolving terminology
for classifying potential carcincgens. In general, the Board believes that
public understamding of camplex scientific issues is enhanced when scientists
and regulators can speak with a common voice. In view of its own experience
of using the cancer risk assessment guidelines and, in particular, having to
address the issue of the scientific uncertainty that exists among and within
guideline categoaries, EPA should re-evaluate its labeling system and methods
for characterizing uncertainty. It should also review whether to be more core
sistent with IARC's teminolagy. g

Question 3: Is there ressarch underway or anticipated that will clarify these
rodent turor responses and their relationship to human health risk assessnenc?
What additional research should be undertaken?

SAB Resoonse: Qurrent research undertaken in varicus laboratories, incliding
the National Institutes of Realth, can reduce scme of the uncertainties assoc-
iated with rodent tumor responses. Research results and hypotheses presented
at the Board's August 12 workshop has served to clarify our understarding of
male rat kidney tumors and their significance for human risk assessment. In
addition, the Reynolds et. al. paper supplements ocur knowledge of activated
oncogenas in mouse livers tumwrs.,

Several research efforts should be initiated to further narrow scientific

uun:emin:y for perchlorcethylene and structurally related campourds. Thes
lude:

© Validation of mechanistic models for the rat kidney and mouse liv ¢
tunors through experimentation with selected known carcimncgens and
not-Carcincoens, '

© Develcpment of improved methcxds for assessing low-dose response to
envirormental pollutants that induce peroxisame proliferation.

Once again, we are pleased to have this opportunity to present th views
of the Science Advisory Board on these important scientific issues. We hope
that the consensus stated above assists you in making the difficult risk manace-
ment decisions on perchlorcethylene and other compourxis.

Sincerely,

o Wi

Nelson, Chaimman
Executive Comnittee

Richard A.%ﬂt.

SL 038727

CTC760
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SCIENCE ADVISQRY BOARD
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Young Sc;':'mzim Award Lecrure [984:

Species Differences in Carcinogenicity and Peroxisome Proliferacion
doe to Trichioroethylese: A Biochemical Human Hazard Assessment

C R Elcombe

Biochmsmi Toxicoloyy Sectes.
Caarsi Tameniogy Laborssory, [eperml Oiuesucal [ochanmes PLC.
Aldwriny Pare, Macciesiinid, Chusiire. SXK10 4T3, UX.

Abstract. Trichioroethyiene (TRI) admunisiered to mice by gavage for 10
couscutve days at doses of J0-2000 mg/kg body werght clicited dose-de-
pesxient increzses (up 0 700 % of controi values) of hepatc cyande insenngve
puimitoyl CoA oxidatioa (2 marker of perozisomai S-oxidadon). No effect was
asem oo canaiase ; the other peroxisomal marker exzmined. Similar experiments
with rats demounstrated no etfext of TRI on either cyanide insensitive paimutoyi
CoA oxidation or carziase. A major metaboiite of TRI, trichloroacetie acad
(TCA) when administeredt by gavage for 10 consecutive days at doses of
10-200 mgrkg body weight, stimulated hepatic cyanide inseasitive palnnoyl
CoA oxndation in both mice (up to S00% of control) and racs (up to 650%
control), Agam. 00 effect upon cataiase activity was apparent. The hmnof
biocransiormanon of TRI to TCA in isoiated hepatocyvies was markedly species
dependent. The ‘inmringic ciearance’ vajues (VamaxsKm) for TRI in mouse, mat
and human bepatocytes were 1.8 < 107, | 2 x 10~" and 325 x 10~* L, min/10®
ceils respectvely. TCA induced perozisomal S-oxidagon in mouse and rat
hepatocytes. but had ao eifect upon this enzyme acuvity in cultured human
heparocyres, [t is postuiated that the species difference in hepatocarainogenicity
of TRI (mouse ponitive ; rat neganve) is due to species differences in peroxisome
proliferanon which in turn is a4 remut of differences in the rate of formaa n of
TCA from TRL Onu this bass it is proposed that TR presents no significant
human bepatocarcinogenic hazard since, (1) human hepatocytes produced TCA
a1 2 rare even lower than that of the rat and (2) TCA was not 1 peroxisome
profiferator i human hepatocyves, '

Ko~ words: Trichloroethryiene - Peroxisome Proliferation « Species DifTerences
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Isrodocrion

Trichloroethyiene (TRI), admmustered araily at higa doses for 18 months has been
shown (0 increase the incdence of hepatoceliviar earcinoma 1n BECIF, muce but
sot Osborne-Mendel rats (NCL 1976). The interpretation of these studies has been
confounded due to the preseace of cpoxide szabilizers in the TRI, However mote
recent studies have demomstrated that pure TRI aiso causes hepatoceilufar
carcinoma in B6CSF, mice (NTP, 1983) and Alderiey Park (Swiss) mice (Elcombe
and Pratt, unpublished dam). Furthermore, no increase ig the incidence f
hepatoceilular carcinoms was obwerved in Fisher 344 rats administered pure TRI
(NTP, 1983).

TRI has been extennively cxamined for mutagenic potential. but manay studies
were bedeviled by the presnex of mutagenic epoxide stabilizers. However, in
general, TRI has been found 10 be only ‘marginaily’ mutagenic or nos-mutagenic
(Grem et al. 1975: Simmon e al, 1977; Bronzetts et al.. 1978; Waskeil. 1978
Bartsch et al., 1979; Slacik-Erben et al, 1980).

Covalent binding of trichloroethyyiene or its metabolites 10 protein. RNA and
DNA has been illustraed in vitro (Vaa Duuren and Banenes. 1976; Bok e ...,
1977, Bolt and Filser, 1977; Uchleke and Popiawski-Tabareili. 1977; Banerjee ana
Van Dauren. 1978). However, in vivo. only exiremeiy low (indistinguishable from
protem binding) or z=ro binding of TRI metaboiites to DNA has been reported
(Parchman and Magee. 1982; Swon ex al. 1982).

Hence, TRI does not appear 10 be a ciassical genotoxic carc~ogen. and
probably exerts its carcinogenic powntial vis an epigenetic meck. .m. [ndeed.
Schumann et al. (1980) and Stocz et al (1982) have specuiated that TRI manifests it
hepatocarvinogenicity due 1 susamed cytowxcity.

Other epigenetic mechanioms of chemical carcinogenicity have been discussed
(Thorpe et al., 1982), one such mechanism being the phenomenon of peroxisome
proliferauon. Several nonmutagenic chemicals which are hepatocarcinogense (o
rodents bave been shown 10 eficit hepatic peroxisome proiiferauon (Hess et al.,
1965: Svoboda et al, 1967: Moody and Reddy, 1975; Reddy et al, 1980). It has
bezns proposed that a causal relationship exists between peroxisome proliferation
and the deveiopment of bepmtoceiluiar carcinoma (Reddy et al. 1980). The
mechansm(s) invoived in nepplastic transformation after the admunistration of
peroxisome proliferators is unclear, however Ready et al. (1980: 1982) have
postuiated the invoiverent of reactive O, species.

Pretiminary studics in this laboratory have shown TRI to clicit hepatic
peroxisome proliferation in mice but not rats, Hence, the present study was isiuated
to (1) investigate the posnble mvoivement of peroxsome proliferaton in tri-
chloroethyiene carcinogensciry, (2) to expiain spemes differences in such carcinoge-
mery and (3) artemot to obtain 2 human hazard assessment using isolated and
cuitured human hepatocytes,
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Methods
Reagenes

Trichloroethyiene (> 99.9 % by gas liguid chromatography, containing 0.02 % wiw
ticthyisamine stabilizer) was ocbtained from Imperral Chemicni Industries PLC,
Moud Division. Cheshire, UK. All biochemicais were obrained {rom Sigmas
London Chemicai Company (Darsez, UK). Trichloroacstic aad (TCA) and other
chemcals were purchased from BDH Chemicais Lid (Liverpool. UK). Ceil entrure
materials were obtained from Flow Laborztories (Trvine. Scodand. UK).

Animais

Male Alderiev Park rats (Wistar derived) and maie Alderiey Park mice (Swiss)
waghed 130=-220g aod 2530 g respectively at the start of the studies.

The amumais were housed in suspended stainiess steet wire mesh cages and fed
throughout the studies with PCD diet (Spexsial Diet Services Lid, Witham, Exsex.
UK) and allowed tap water ad libitum. The animais were exposed t0 a light/dark
cycle of 12 kr (06001300 light).

In vivo soudies

Animais were administered trichloroethylene (50-2000 mgrkg body weight) or
mnichlorcacene acid (10=-200 mg/kg) dissoived in corn oil. by gavage daily for 10
consecutive days. Conorol animais received an appropriate voiume of corn oil
vehicie alone (10 mi/kg body weight).

The animals were killed by cervicai disiocarion 24 hr foilowing the {inai dose of
TRL TCA or corn ou, and the livers rapidly excised and weghed. The livers were
bomogenzzed in 4 volumes 20 mM TRIS HCI (pH 7.4) containing 5.4 mM EDTA
and 250 mM sucrose (SET buiTer). The homogenate was cenmifuged ar 600g
(average) for S min at 4 °C to remove connective tissue, intace ceils and qucisi. The
resuitant supernatant was ceatrifuged at 15,000 g (average) for 15 min at 4°C to
sediment 2 heavy peilet consisung of peroxisomes, mitochondria and lysosomes.
This peilet was suspended in SET buffer to a finai protein concentrauen of 20~
30 mgyml Proten content was estimated by the method of Lowryetal, (1951) using
bovine serum afbumiin standards,

Cawalase acuvity and cyanide insensicive paimitovi CoA oxidation (a2 per-
ozisomal f-oxid=zion Tarker) were diistmines spextropnotomesm=zily in the
resuspended 15.000¢g axilets by the wbods of Besxs =2 “Uor (1962) 2od
Bronfman et al (1979) respectively.

Staristicx

All values are expressed as Mean — SEM. Swuafistien’ .ignifi=tnce was determmined
using Students t-tesy (two-tuied). 3 levet of p < 0.05 bexng censidared 2 significant.

laRaTalal X
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In witro snudies

Cefl cuirure. Hepatocvtes were isolated from raus and muce by 3 two $tep i situ
perfusion techaique as described previousiy (Mitchell ez al. 1984). The isoiated ceils
were suspended in Liebowiez L1S medium contaming foetai bovine serum (8.3 %),
Uypwose phospaate broth (8.5 %), penicillin G (41.3 [U/ml). sireptomyein stiphate
(82 ugymi), giutamine (241 ug/rml). insulin (10™* M) and hydrocortisone (10~ M).
The viabilicy of the hepatocytes ( > 95 %) was determuned by trvpan biue exciusion.
2Scr Falcon tssue culture {lasks were seeded with 2 x 10° viabie hepatocyres
conined in 4 mi of culture medium, The flasks were incubated at 37 °Cin air, 4, 24,
48 and 72 hr after seeding, the spent medium and any detached ceils were aspirated
and {resh medium appiied.

Human liver was obrained from brun-deasd remai wransplant don r3 after
compliance with ethical and legal requirements. The liver was sliced (0.5 mra slices)
by band and digested in Haak's buffer contaming 0.3 % (wrv) dispase, 0.1 % (wyv)
collagenzse, 0.1 % (w/v) hvaluronidase. 0.05% (wrv) deoxyribonuciease and
S50ugrmi gemmmycin at 37 °C for 1 hr. Cells were recovered by sieving through a
120 bolting cioth and centrifugation for 2 min at 100 g. Cells were then treated ag
for ras and mouse bepatocvres except ascorbie acid (S0 mg/l) was added to the
caitare mexdiam,

Trichloroacene acid, dissoived in N, N-dimeshyiformamide was added 1o the
monolaver cultures at each 24 hour medium change, The amount of dimethyifor-
mamide sever excerdded 10wl per flask (4 mi) and this concentration produced o
obwious cyrotoxicaty and had oo effect upon the parameters measured.,

96 bours afier seeding, the hepatocyres were harvemied. The medium was
disearded and the ceils washed in 2 i SET buffer. The ceils were removed from the
flask by scrapwmng with a rubber policeman into 1 mi of SET buiTer. The ceils were
disrapued by sonication and the resuitant homosenate used for the determination of
proten content and cyvanide insensigve paimitoyl CoA oxidauon. .

Mewiolism of TRI by freshiv isolated hepatocrrex

Rat mouse and human hepatocytes were isolated as described earlier. and
suspended io the compiete Licbowitz L15 culture medium. TRI (0.02-2 mM) was
added and the czils incubated at 37°C in senied 25 mi Pierce ‘Reacti-flasks’ for
periods up o | br. Formanon of product was linear over the ume periods uulized.
Inical rates for TCA formauon were calculated and kinetic parameters esumated
graphically using Woolf piots (S/V versus S),

Trichloroaceuc acid was extracted {rom acidified incubation mixtures using
diethylether and derivitized with diazomethane Quanuranon was by gaseliquid
chromatography (Carbopak C SP1000 0.1 % 30-100 mesn. 3 feet long, 145 °C) wutn
eleciron capture detecuon. )
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Fig. L. Dossdevamtas oxiecton of peroxsowsl cyanuis imstmcve paimnoyl CaA exdanon by
TRierosticytee.

Anmmnis wary simmnared trehioromtirylans ($0=2000 mykiyday) by gavage for 10 cosmcwove
days. Consrols rwosrvel covn ol velucis alows. Vaimes are Mesa ¢ SEM (nma=§), Contres ruzm of
cyanuis omarave peisrieyt CoA oxxianes ware: Ras, 7.70 £0.69 (9): Mema, 9.34 £0.35 () nmoi
NAD" retecst/wa/eg promms. “Siemficanly diflaras from rexpecove ool p<0.85.

Rusuits

In vivo effects of orichioroethylens on Aepanic peroxisomal emryme activity

The adminiscranion of TRI to mice for 10 consecutive days resuited in 2 dose-related
incTease in hepaos peroxsomal f-oxidation (cyamide insenmitive paimitoyi CoA
oxidation), a 7-foid mcrease being obeerved at a dose of TRI of 2000 mgykg/day. No
sigmficant alteraton in peroxnsomal f-oxidaton was observed in rats after 3 smuiar
treacment regunen (F':q.l) Cataiase, aiso a peroxisomal marker enZyme. was
eifectrvely unchanged in both speses of animal (Table 1). Elecu'on MUCTosCOpY
indicated an increased peroxisome voiume densicy (expressed 3s % of cytoplasmic
volume) in muce tut not rats (Table 2L

In oo effeces of michkloroaceric acid on hepanc peroxi:wmal enzyme actroity '

Trichloroacetic acid (TCA) is 2 major membolite of TRL. The administration of

TCA t0 rats and ones ted (o dose-refazed increasss in cyanide insensitive paimitoyl

CoA oxidation in both speaes, At doses of 200 megskg/day for 10 days, 6.5-{old (rat)-
and 4.3+1.d (mouse) increases in peroxisomal f-oxidation were observed / Fig. 2).

TCA. in common with TRL had litde, if any, eifect on hepaue catalase acuwity

(Tabie 3). Oncs again peroxsome volume densities were increased concomittantly

with f-aoxidavoa acavity (Table ).

AN ¥ 4 SL 038734
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Fig. 2. Dam-depraden, ndusion of porvnsomal cysaxis mmanuve paimnoyl CoA omdavos by
mchioroscete: acw,

Ammals were douminered thchiorommtc aod (10=-200 mgp/kg/day) for 10 commmaove days,
Ciantrols rerves core od veisicls sloas. Vel are Maan 2 SEM (8 ma=5). Conmroi raum of cyassds
maammrve puamstoyl CoA exidanon were: Rat. 141 =042 (5); Mowse, 10.30£2.37 (4) amal NAD "
reducad/nn/mg prows. *Signdieamyy diffeest from respactve control, p<0.03.
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hmmAS hepaiceyws vaine are Maas = SEM (nm ) replicates) for 2 indrvdual liver sampees.
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Tahis 1. Effex of tnchiorontyine 0u Aspeos citiiane VY & (ALS And mce

C A Ecomoe

Dons of Catasam (K3 mg ™)
TEloroirvins
( mykydxy)
Mouas Rax
0 A2 +008 (100) 096 =013 (100)
0 .31 =003 ( MW 198 +=0.09 (10)
100 1.09 +4.12 (1130 1.11 #0.09 (119D
a0 1.09 2021 (112) 128 +0.18 (133)
00 A34 =419 (10D 0LE2+0.09%( 17)
1000 075 =0.02( M) 0.58+0.03 ( )
2000 078 =003 ( 9 052208 ( 39

Anunals were dossd wniy mchioromnyienss (50-2000 mgkgday) for 10 consecanve dayi Cootrois

recuyved core ou velsis sloss

Valuss are Muan = SEM (a5 Vaines 12 pareathenms arne % of coutrod

Tabls . Morphomstre amalyms of caniobaisr beyssscyws of A i0d Das  Jamssteres)

L. T
Dom of Fronusas danpgy voleme
rashiorestt viens (% cywopinsess voimme)
( agrkypduy)
Racs Mice
[ ] 12+03 1S+=02

500 ND 4T =128
1000 1e+03 19.6+23
13500 pAE T Ua=3s

Asmsis ewe xitemstares cxiioroshyias o cn o far (¢ consscuove daiyy

Values are Mas = SEM (awdnd), ND. noc dmsrmnoeet,

Tabis 1. Effacz of tnchilorosoms acud o beoaitss cAtalses scovicy m racs and mwce

Do of Carasasa (K- 27 rmxg ")
ehioromeets acd
{ mykgniny)
. Mounm Rax
L] 0.69 =002 (1000 0.76 =0.03 (100y
10 Q71 =0.04 (100) as6=0.04 (113)
b ) 0Lék =004 ( 9D 1.03 =0.14 (13D
0 058 =9.10( 34) Q.88 +=9.12 (113)
100 0.7t =0.04 (102) 0.73 =008 ( 96)
g 1.05 =0.43 (157 038 +£0.04 ( 7H)

Ansmais recarvenl 10200 mgkgday of thcaicvoscsor st far 10 conmcoave days. Controls recaved

corn onl weiirly slons.

Yaha ary Mean =SEM (awd=f), Valum u perentiems are % of coaral.

s1. 03873°
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Tabin 4. Morphomesic ansiyms of csauiiobuiss hepuocyes of ras and Tuce admousisred Ui-
chinroscsos o

~ ‘ Do of Peroumoms dmecy vousme
taisroscenc aad (% cytopmmmc voiume:
(mgrkgday)

Ras Micw
9 1.9+05 1.0+02
o 42209 292407
100 19=40s 100=23
200 T9+12 192t

Asmmals wery admmunierst mctioroscrie aod i cors ol for 10 coasecunrve days,
Vamm are Maan = SEM (o= J=5), ND. not dewersused,

Tahin £ Kissucs of formanos of tichioroacac acid (rom trebloronivicos Oy 1oisted mouse. rat 2od
e pancyss

Spuay K= Veux Vs Ko
(mM) (penoUme/ 10° culls) (L. o 10" cmia)
Mouns 2+ 107218 1¥x10™
Ru 151251 19« 7 12x 10"’
Humum 168 56 335 x 10"
. (17, 169 32: 29 (4.8 =10

1.7x 10"

Caells were mostusad with vArous cCONcraTations of trickiovestiryitas as GescTiwnt 18 Methods, Kineox
paramsars wwre obtamusl grapiically from Weoll piot,

Vahun are Mean = SEM (0 =d (or ra and mouse, a= 2 for e incividnal value are showa
PRGN,

In vigo isducrion of perexisamal B-oxidanon

The exposure of cuitured rat and mouse hepatocytes to TCA resuited in dose-
related mereases in cyanide insensitive paimitoyi CoA oxidation 1o botn spexes,
Howeve, waen human hepatocytes were examined no sumuiauca of peroxisomal
B-oxidasion was observed (Fig. 7). This lack of response is believed n ¢ to be
—_——— indicative of lack of viabiliry of the human ceils, because ceils from the same liver

responded W0 phenobarbitone and S-naphthoflavone as inducsrs of mixed function
oxidase activiry (unpublished data).

Metabolism of richioroethviene by isolated hepatocrres

The kinetics of biotransformauon of TRI to TCA were examined using fresitly
— ' solated hepatocytes. Kim values for TCA formation were similar tn rat and human
cells. However a considerably lower Km for the recuon was mamifest in m use
beputocywes (Tabie 5). Vmax vaiues were nighest in mouse ceils. foilowed by ratcells

CrC770
SL 038737
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and human ceils Derivanon of ‘incrinsic clearaoes’ or ‘capacity’ factors
(VmaxsKm) illustrated 30-foid and 3-fold differencss in esficacy of TCA formadon
between mouse and rat hepatocytes and rat and human bepatocyres respectvely.

Discasion

This work has shown trichloroethylene to sumuiate hepatc peroxisomal
f-oxidadon (an H,;O.-geaeraning oxidase) in mice but not rart. This meresss in
enzyme acuvity was accompanied by a parailel increase in the sumber of and the
volume density of peroxisomes (expressed as % of cytoplasmic voiume). No effect
upon bepatic catalase was observed. Although these experiments were performed in
Alderiey Park rats and mice, simviiar data has been obtaned utiliring B6CSF, mice
and Osborne-Mendel ran: the srains used in the NCI cincer bioassay (unpublishexd
data),

Reddy et al (1980) have postuiated a causal retationship between peroxisome
proliferation and the hepatoearcinogenicity of several noa-mutagenic chemicsis to
rodents. These amhors suggen that increased peroxisomal S-oxidation of farty
acds leads to the formatioa of increased steady mate concentratons of H,0,
(Mannaerts ex al, 1979), which in turs could lead to increased peroxidative damage
of ceilular componenss inciudimg DNA. This in turn could lead to 2 motarional
event and evenmaily cancer secording to the classicnl somane mutation hypothesis.
The pouratial for ‘reactive O,' cyrataxicicy and genotoxicity may aiso be increased
due to the lack of 2 parailel incresse in caraizse. 3 major HyOr-detoxifying enzyme.
[ndeed, cviaence for paroxidative damage to the liver of rodents foilowmg the
administration of peroxisome ptohfmn bhas been presented (Lalwani et al.
1981: Reddy et al, 1982). Also. in this laboratory, the administraton of
tnchioroethyiene (1000 meykg/dayv) for two months and longer to BACOF, muce bas
resuited in the depomgon of lipofuscm - aa indicator of oxidative damage and -
ageing (Miqued et al., 1977).

IF this bypothesis is correct the species difference in suscepability 0 TRI-
induced heparocarcinogenesis may be due to the species difference in peroxisome
proiiferation.

The present study has idenafied TCA as a peroxisome proiiferator in both mice
and rats. TCA is a2 major metabolite of TRI (Buder, 1949); so why it TRI a
peroxisome protiferator in mxice but oot in ras?

Previous studies (Elcombe < al. 1982: Green, personal communicagon),
.avoiviag *he oral admmistrarion of TRL have demonstrated linear kineucs for
7=\ formation in mice and sarzration kinetics in rats. That is, as the dose of TR{ is
increased proportorzflv man TRA s produced in mice. However, in similar
experiments with rats, one reso2st 2 poInt ‘visTe 10 mare TCA is formed 1ad the
TRIs slirminzead from the rat nchanged. Detaties cinstic studies Rave shown thae
the maxumuen. Crawvaizas doxe v TCA able to B2 produced in rats, irrespestive of
the duse of Tl - abowr 47 g kg This value s noweworthy, sinee 1 the presem
study no percxiiomal enryrer —ijuction was observed beiow doses of 30 meskg
TCA.

e Y aka kel
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This suggests that rats produee insuflicient TCA from TRJ to elict peroxisome
proliferstion, thereby expiammg the lack of peroxisome proiiferauon following

_ TRI administrauon 0 rams. Farthermore, if peroxisome proliferauon is causally

reiated to tumour dcvaapum. thess observauons wouid oifer a mechanistic
expianation of the speces difference in carcinogenicity of TRL This hypothesis
demands that TCA shouid eficit hepatoceiiuiar carcxnoma 1 ooth raes and mice:
accordingly 3 two year stndy of TCA administranon to rats and mce has starwd,

How do these observations hefp with 3 possible human hazard assessment?
Firstly, peroxisoms proliferanon and the concomitant increase 11 peroxisomal S«
oxidation have becn evoked as indicators of hepatocarcmogenicity and, secondly, ix
is postulated that the differences in peroxisome proiiferauon and caranogenicity of
TRI are due to differences in the ability of rars and mice to produce TCA.

These present studies on the it vitro metabolism of TRI to TCA have shown that
mouse hepatocyvies have 2 30-{old greater propensicy for TCA produstion thana rax
hepatocytes, which in rurn are 3-ames more active than human ceils. Therefore, it
would appear that. in human liver TCA would be produced in smaller quantities
than in rat liver and hence m insnilicient amounts (o elicit peroxisome proliferation
aiter exposure to TRL Furthermore, the addition of TCA. the proximate
peroxisome proliferator. 10 homan ceils did not resuit in increased peroxisomal
B-oxidanon. Hence an intrinsic species difference in biclogxl response appexrs to
exist between rodent and homaa bepatocytes,

[n summary, it is posuisted thar the spocies difference in the hepatocarcinoge-
mwotmndummm“mmmmpmhfmmwhﬂ.m
turn. is a resuit of differences m the rare of formadon of TCA from TRL On this
bans it is suggested that TRI presencs 0o significant hepatocarcinogenic hazard o
maan since (1) humnan hepazocytes produced TCA at 2 rate less than rat hepatocyes
and (2) TCA was not a peroxisome proliferator in human hepatocytes. [ndeed this
asseruon s substanuated by mveral epidemioiogical studies waich have de-
monstrated 0o inoreased inoxience of liver tumours in humans exposed to
trichloroethylene (Axsison et 2l 1978; Maiek et al. 1979: Novotna et 2l 1979;
Paddle, 1983).
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The Role of Trichloroacetic Acid and Peroxisome Proliferation in th
Difterences in Carcinogenicity of Perchioroethylene in the Mouse and Rat
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The Role of Trichuoroacene Aaid and Peroxisome Proliferation in the Differences in Carcino-
gemcity of Perchloroethyiene 10 the Mouse and Rat Opum. J_ Grgex, T FOSTER. J. R.. AND
HExXT, PM. (1988). Toxicol. Appi. Pharmacoi. 92, 103=1 12 Fischer 343 rats and B6CIF1 muce
of both sexes were exposed to 400 ppm perchioroethylene { PER) by mhalanon, 6 hr/day for 14,
21, or 28 days or 10 200 ppm for 28 days. [ncreased aumbers of pryrosisomes were seen under
the dlectron mucroscope and increased peroxsomal cyamde-«msemmove primmitovi CoA oxxda-
tion was measurwd (3.6-fold tncrense in males and 2. 1-{old incrense mn fezmaies) wn the livers of
muce exposed 0 PER. Hepanuc catalsse was not incrensed. Paroxmome probfaraton was aot
obmervext io rat liver or in the kidneys of either specaes. Trichiomacene and (TCA), 3 known
carcinogra and hepate peroxisome profifersang agsnt, was fousd 10 be a major meabolite of
PER. Blood leveis of this metabolite mensurwd in oucy and rass dunng and for 48 hr after a
siagie 6-hr exposure to 400 ppm PER shower that peak biood lervels in suce were |3 tmes
higher than thoss seea 1n At Companson of areas under the curves over the ume course of the
expenment showed that mce were exposed to 6.7 times more TCA than an. The difference 1n
membotism of PER to TCA i muce and rars lasds to the species difference fo bepatic perotisome
protiferanon which 15 belicved 10 be the basis of the species difference in ktpatocarcinogemaity.
Peroxisome proliferation does not apper o play a roie 1n the apparent carainogenucty of PER

in the rat lodogy. € 1788 Aswser Prea. (o,

Perchloroethyiene (PER) (1.1.2.2-tetrachio-
roethyiene) is a volatile liquid which is used
extensively in the dry cleaning industry and
as 2 general degreasant in manufacturing in-
dustry.

A significant increase in hepatocellular car-
¢inoma has been observed in male and fe-
male mice but not rats in two carcinogenicity
bicassays of PER. In the first study (NCI,
1977) Osborne-Mendel rats and B6C3F1
mice received PER by gavage in comn oil at
doses of approximately 500 or 1000 mg/kg.
Both dose groups showed about a2 50% inci-
dence of hepatoceilular carcinoma in mice.
In the second study (Mennear e ai.. 1986) Fi-

' To whom cormapondence should be addressed,

scher 144 rars and B6C3Fl mice were ex-
posed to PER by inhalaton (mice 100 or 200
ppm and rats 200 or 400 ppm 6 hr/day). In-
¢reased hepatic tumor incidence was again
observed in mice, 50% in low and high dose
males and 26 and 72% in low and high dose
femnales. In the latter study a low incidence of
kidney tubular adenocarcinoma was b-
served in male rats at the highest dose,

The species diffierence in hepatocarcino-
genicity is similar 1o that seen with wichloro-
ethylene (TRI)(NCL, 1976; NTP, 1983). TRI
has been shown o induce peroxisome prolif-
eration in mouse liver but not rat liver. after
oral administration (Elcombe et al. 1985). A
causal relationship has been suggested be-
tween hepatic peroxisome proliferan n and

- 103 0D41-008X/88 $3.00
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hepatoceilular carcinoma in rodents (Reddy
er al.. 1980) aithough no such relationship
has yet been shown between renal peroxi-
some proliferation and renal tubular adeno-
carcinoma (Reddy er al. 1975, 1982). The
species difference in hepatic peroxisome pro-
liferation elicited by TRI is believed to be the
basis of the species difference in carcinogenic-
ity (Elcombe et ai.. 1985).

Trichloroacetic acid (TCA), a major me-
tabolite of TRI (Green and Prout, 1985) has
recently been shown (0 be carcinogenic in the
B6CIF1 mouse (Herren-Freund er al., 1986).
TCA has also been shown to be responsible
for peroxisome proliferaton in TRI-dosed
mice (Elcombe. [983). Quantitative differ-
ences in the metabolism of TRI in rats and
mice and hence in circulaung levels of TCA
{(Prout ez al.. 1985) may lead to the species
difference in peroxisome proliferation and
consequent carcinogenicity. TCA is reported
10 be 2 major meabolite of PER in mice and
rats (Yliner, 1961;: Daniel. 1963; Dekant er
al.. 1985) and may therefore elicit the same
response when animais are exposed to PER.
In view of the lack of mutagenicity of PER
(Greim et al.. 1975; Barisch e al.. 1979) this
may be the basis for the species difference in
carcinogenicity.

In this paper the pathological and bio-
chemical changes in rat and mouse liver and
kidney, with particular regard to peroxisome
proliferation, were determined after inhala-
tion exposure 10 PER. Blood levels of TCA
in rats and mice exposed to PER were aiso
determined. The animal strains and dose lev-
eis used in the 1985 PER bioassay (Mennear
et al.. 1986) were adopted in order to assess
the relevance of our resuits to the develop-
ment of tumors in these animals.

METHODS

Materrals

1122 -Temachiororthylene (Aasiar grade. 99.9%)
amd tehjoroacenic acid (Asalar grade, 99% pure) were
obtuned from BDH Chemucais PLC (Pools, Doretr

(\I"‘ I'\If\w-uﬂ
YA YE VAT |
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UK). Biochemucais were obtained from Sigma Chemucal
Co. (Poole. Dorser, UK)

Ammalis

Male and female Fischer 344 raus (160-i30 ) and
male and femake BSCIF! muce 12323 g) were supplied
by Charies River (Margaie, Kent, UK). Animais were
muituply housed tn suspended guniess seet wire mesn
cages in long-iem inhalanon cxposure chambers.
equipped with a 12-hr light cyele. prior t0. dunng. and
after exposure. They recerved food (PCD diet, Specal
Diets Services Lid.. Witham, Essex. UK) and water 25
libitum before and after, but not dunng exposure.

Exposure 1o PER Jor up to 18 Days

Exposure. Male and (emaie rats and mice ( § per group)
were exposed o concenmanons of 200 or 400 ppm of
PER foré br/dav for 14. 21, or 28 consecunve dayx. Con-
ol animais were expomd W air oaly. but otherwise were
reated in a manmer sl t that of the test anymais,

Expogsres were whole body in tusies steet chambers
(Doe and Tinson, 1981) baving an internal volume of
approximately 3.4 m’, The chambers were air condi-
uoned to have 2 oominsl emperature of 12°C and rela-
uve Bumidity of 40=60%. The mr fow through the cham.
bers was JOO liters/min. ACnospheres were generatad by
passing vaporaed PER into the mput air of the cnam-
bars.

Atmospheres in the tex chambers were anaivzed for
PER by pas ciromarography (GC) on a Hewiert-Packard
5880A GC (flame onmzanos detaciorn fitted wath 3 Pora-
pak PS columa (1.3 m X 4 wm). The column empera-
ture was 195°C, belium cxrmer pas 50 mi/mun,

Eighteen hours after the lam exposure peniod, animais
were killed by overexpossre w0 halothane (Fluothane.
Imperial Chemical Indumnes PLC, Pharmaceuncals Di-
vizion) and exmaguinaied. The tvers and kidaevs were
rapudly removed. woghed, and then divided to provde
Quue for light microscopy, cecuun microscopy. and
biochemcal analysis.

Light mucroscopy. Sl of tiver and kidney were fixed
in 10% peuoal buffered formol miine, dehydrawd
tirough an ascending ehanol semes, and embedcded in
puraffin wax, Sections (3 sm) were cut and suned wath
bematozylin and ecsin,

Electron mucroscopy. Timmues were fixed in 3% glutaral-
dehyde in 0.) M sodium phosphase buffer. dehvdrated.
and erabwided in epoxy resia, Secuons (1 um) were cut
and stuined with 1'% wividiae blue in 1% borax for Light
MICTOICOPY. Areas weyy selected from the ceneniobular
repons of the livers and the 53 repoas of the proxumal
tubules of the kidney for clectron sucToscopy. Ulorsttun
=xtions of thelt AMOE were susei Wik ursoyl acetats
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TABLE 1
PEROXISOMAL CYANIDEINSENSITIVE PALMITOYL COENTYME A OXIDATION IN RAT AND MOUSE LIVER

AND KIDNEY AFTER EXFORURE TO PER

CN-insensiuve puimitovt CoA oxidanon (nmoi/mun/mg protein)

Liver Kidnev
(ppy (davs) Mous Ra Mouse Rat

0 1428 5.16 = 1.06* 10.26 =0.91 5.5 2372029
~00 a8 1L19 = 4 .46 1295 093" 6.92 298 =021"
400 14 11.98 = 2.56*" 13.68 = 168" 1.89 297 =065
400 21 13.90 =327 1294 =051 $.70 2442099
100 23 18.64 = 561 1.6 z0.89** 8.13 276=033

0 14=2% 9.0l = 1.62 1262=0.77 248 1.9 =021
2 | 16.68 = 3.52™ 15.76 = 1.06"* .85 311 =0.45™
400 i4 1440 = 227" 1490 = 19" 59 156 2028
400 kel | 18.74 = | .68™ 1531 =231" 28 268 = 026"
400 3 1799 = L35 14.14 = .90 4 241 2019

Note. Control animails were exposad W air only foe 14, 11, or 28 davs.
¢ Values are © = 5D, 2 = § excapx for congols. waere 2 = 13,
* Mouse kidneys were pooied according to grouss: values are X

* Saumically sguficant, p < 0.05.
= Suanspeally agmbcant, p < 0.01.

and lead atrate and viewed and photographed in a JOEL
JEM 100CX eiectron mcroscope. Morpnometne analy-
a3 of peroxisomes was performed according o the gea-
eral principies of Weibel o al (1964) 08 siecron mxTo-
§rapis of areas of Cytoplasm 3t 3 magaficasion of 25.000.
Biochemical anaiysts. Saaons of liver and kidoey re-
maining after zisye had been taken for light and electron
micToscopy were piaced in ice-cold sucrose (250 mm)
EDTA (5.4 mm) Tris=HQ (20 mm) buffer, pH 7.4.
Mouws kidaeys were pooied according to group. Homog-
enates (25% w/v approximatty) were prepared using 3
Teflon giass homogenizer at 4°C. Homogenaws wern
centrifuged at J000g for $ min at 4°C. The supsrnauan
from the lndaey homogenates were szored at = 70"C uaul
vad. Superoama from the liver bomogenaies were fur-
ther cramfuged at 15.000g for 13 min at 4°C, as de-
scribed by Elcombe e al (1985). The supernatants were
discardent and the peilets (contuning peroxisomes) wers
resuspended 10 the above buffer and stoved 2t —70°C.
The prownin conunt of the liver and kidney fracnons
was determuned by the method of Lowry & af, (1951)
The acuviues of the peroxsomail ¢nTymaes catalase and
cyanide-inscuzinve palmitoyl coenzyme A axidass were
determingdg by the methods of Beers and Siver (19352) and
Broafman e 2/ (1979), respecavety. - .

TCA Concymrations in Blood arter Exposure to PER

Rats and mice were exposed to 400 opm PER for up
w 6 hr. Angmais killed at bme points of less than 6 br
ewy cxpomsd in giass dexceators at a2 Aow rate of $-10
Garw/mn. Thiss exposexd for the full § hr were bouss)
i the long-am chambers described abowve.

Annospheres were generatad by vaponzioag FER inw
the mr strenms and were moniond by gas chromaiogpa.
pity, Grougs of three r3ts or three mice were iGlled by
exposre 1 CO; and bled by cardiac puncrure at inuee-
vals from the sart of exposure unal 48 hr postexposare
(son Fig. 2). TCA was exurzctad from biood as described
by Proaut & ol (1983) and the methylamd amples were
amtyrd on 8 Hewieni-Packard 589%0A gas chromato-
praph (o with an clecron capoure detmor. A gz col-
uma (2 m X 2 mm), packed with Porzpak PS and oper-
stmd 21 190°C with a nitrogen carrier gas low of 25 mi/
min, wat umxi for the analyns. Under thex conditions
TCA bad a rearntron Sroe of 5.7 mun. The limit of detex-
toa for TCA in blood was 0.2 ug/mil.

Stmnstics
Valus wers msiad for suatistical significance using the
reo-mcdi! Stycient 2 mt.
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RESULTS TABLEZ

Effects of Exposure to PER

The mean analyzed concentratons of PER
for the 28 days of exposure were 193 and 389
ppm for the rats and 196 and 395 ppm for the
mice. These were close to the target levels of
200 and 400 ppm. No significant clinicat ab-
normalities were seen in rats or mice exposed
to either concentration of PER.

Liver

Exposure of B6C3F1 mice 1o 400 ppm
PER for either 14, 21, or 28 days resuited in
smail but statisacally significant increases in
liver/body weight ratios up to 1.3- and 1.3-
fold in males and femaies, respectively. F344
rars exposed to PER showed no changes in
liver/body weight ratos.

Cyanide (CN)insensitive paimitovl CoA
oxidase, 2 marker for peroxisomal S-oxida-
ton was significantly increased in mouse
liver after exposure to PER (Table 1). This
enryme increased to a similar level in males
and females but the controf rate of CN-insen-
sitve paimirovl CoA oxidauon was higher 1n
females. Therefore the increase over control
rates was lower in females than males and
maximum response (seen after 28 days expo-
sure 10 400 ppm) was a J.é-fold increase in
males and a 2.1 -fold increase in females,

In contrast, only smail increases in CN-in-
sensitive palmitoyl CoA oxidation were ob-
served following treatment of F344 rats with
PER (Table 1) although these were some-
rimes statistically significant. The maximum
increase (1.3-fold) was in males exposed to
400 ppm for 28 days. The basal activity of
CN-insensitive palmitoyl CoA oxidation was
noted to be approximately 2-fold greater in
F344 rats than in B6C3F| mice (Tabie 1).

Catalase, another peroxisomal enzyme.
was largely unaffected in mice and rats ex-

PEROXISOMAL CATALASE ACTIVITY IM RAT AND
MOusE LIVER AFTER EXPOSURE TO PER

Caalase
Concen- (kemc”' mg protein ')
traton Durauon
(pprm) (davs) Mome Rat
Maie
0 14-28 1.05= .17 1.62£0.26
400 14 LL1220.19 1.88 = 0.57
400 21 1.30=0.17* 1.62 =021
400 ks § 144 = 034" 1.90 =0.13
Female
0 14=28 1.79=0.12 1.56 =0.23
400 14 1.56 =0.09 146 0.15
400 21 1.85 =0.05 .77 = 0.30
400 23 1.76 2023 1.59£0.24

Note. Control animals were exposed 10 r only 14, 2],
or 28 days

* Values are T = SD. # = § axcepe for coutrols. where
nw= S,

* Staysuclly sguficant, p < 0.05.

posed to PER (Tabie 2). The only increases
{up to 1.4-fold) were observed in male mice
exposed to 400 ppm.

By light microscopy the livers { mice ex-
posad to 400 ppm PER showed centril bular
cosinophilia and centrilobular farry vacuola-
tion. Both effects were seem to 2 similar exten:
in males and femaies and the numbers of ani-
mals affected increased from 14 10 28 days.
Similar effects on lipid were seen at the eiec-
tron microscope level in mice exposed to 200
ppm for 28 days or 400 ppm for 14, 21. or 28
days. Extensive lipid accumulat n was ob-
served in centrilobular hepatocytes, The lipid
was present in the form of large dropiets, 2-
to 5-um diameter. lying free in the cytoplasm
of the cells (macrovesicies), and small drop-
lets, 0.1- 10 0.5-um diameter, contained
within the cisterna of the endoplasmic reticu-
lum (microvesicles). Figure | sh ws the uitra.
structural appearance of a centrilobular he-
patocyte from (2) an unmeated male mouse
and (b) 2 male mouse exposed to 400 ppm
PER for 283 days Electron microscopy
showed proliferation of peroxisomes in the

79
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Fic. 1. (3) Ultrastructural appearance of a centniobular hepatocyie from an untreated male B6CIFL
moywe showing nucieus | N) and peroxisomes ( % ). X6 300. (b) Ultrastrucaral appearance of a cenwtniobular
hepswcyte from a male mouse €xposed to 400 ppm PER 6 hr/day for 28 days The cell shows an accumula-
dou of lipid in the form of large droplens (L) and smail vesicies and 2 probiferztoa of peroxisomes (X ).
The aucieus 13 seen at (N). x6300. Insert: higher magmification of peroxsome showing electron densa core,
19,800,
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TABLE)

MORPHOMETRIC ANALYSIS OF HEPATIC PEROXISOMES IN MICE AND RATS ExPOsED TO PER

Peroxisome volume (% cvtoplasm)

Exposure
Mouse Rat
Concentranon Durauon

(pom) (davs) Male Female Male Female

0 23 15=0.4" 25=038 J1=01 33=07

200 28 52z 1.8 4.4 =0.6" 37=13 47=19

400 14 49 =07 49 = 1.5" 13=046 17=0%

400 b3 S4=12" 43209 28207 2=t

400 18 60=1.4" 48=12" Ja=14 Ja=1t0

* Values (¥ = 3D. n = $) are caiculated from three micrographs per amimal, with 374 pownts applied to exch micro-

graph
* Stausucaily ngnificanc » < 0.01.

centrilobuiar region of the mouse liver (Fig.
1b, Table 3). The proliferated peroxisomes
were smail (<0.5 xm) and the majority re-
tained the central nucleoid (Fig. 1b. insert).
Exposure to 400 or 200 ppm resuited in sta-
ustically significant increases in the volume
of cyroplasm occupied by peroxisomes (Ta-
ble 3).

Exposure of male mice to 200 or 400 ppm
PER also resuited in a decrease in mitochon-
dria after 14 days but this was followed by mi-
tochondrial proliferation in those animals
subsequently exposed to 400 ppm. The efect
was not seen in females. Concomitant with
these changes, exposure at either level for any
of the rime periods investigated resulted in a
decrease i the amount of normal rough en-
doplasmic reticulum in the cells,

Light microscopic examination of livers
from rats exposed to PER showed centrilobu-
lar hyperorophy in both sexes with 2 concom-
itant loss of glycogen. The effects in males
were of similar intensity in both the 200- and
400-ppm dose groups and there was little evi-
dence of progression of the lesion from 14 to
28 days in the 400-ppm group. Resuits sug-
gest that the males were more sensitive to the
liver hypertrophic effects of PER since no
effect was seen in females exposed to 200
ppm for 28 days.

Flectron microscopy showed a2 tme-de-
pendent proliferation of smooth endoplas-
mic reticulum in the liver in both sexes which
correlated well with the cenrrilobular hyper-
trophy. The males were more susceptible
than the femalies. There wasn  dose- or tirne-
dependant increase in peroxisomes in the liv-
ers of either sex (Table 3).

Kidnev

No increases in kidnev/body weight ratios
weTe seen in rats and mice exposed 10 PER.

The effect of PER on peroxisomal cyanide-
insensitive paimitoyl CoA oxidation in rats
and mice is shown in Table [. Insufficient
mouse kidney tissue preciuded the measuyre-
ment of this marker in individual animais.
Consequently values could not be tested for
satistical significance. Slight increases were
seen in f-oxidation in male mouse kidnev,
the maximum being a 1.6-fold increase after
21 days exposure to 400 ppm. Small increases
in this marker were also observed in femnale
rat kidneys after exposure to PER (Table 1)
up to a2 maximum of 1.6-fold.

There was no effect of PER on renal cata-
lase acuvity in rats or mice of either sex (data
oot shown),
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FIG. 2. Slood leveis of TCA n mice and rams exposed
to PER (<00 ppmi for 6 hr and recovery, Values are
means with tares animals to each ume point

No compound-related changes were ob-
served in the kidnevs of either species at the
light or eiectron microscope level.

Blood Leveis of TC.A after Exposure 1o PER

Blood levels of TCA in rats and mice dur-
ing and after a 6-hr exposure to PER (400
ppm) are shown in Fig. 2. Peak blood levels
of TCA (approximately 130 ug/mli) in mice
were reached 3= hrafter the end of the expo-
sure perniod and therearter declined with a
haif-life of 7~3 hr. Forty hours after expasure,
levels persisted at 8-{0 ug/ml. In contrast
blood levels in the rat reached a plateau of
approximately 7 sg/mi after 3 br of exposure
declining to 4 ug/mi 48 hr after the ead of
exposure. Companson of the concentrations
of TCA to which the two species were ex-
posed. by calculauon of the area under the
curves, shows the mouse to have been ex-
posed to 6.7-fold more TCA than the rar

DISCUSSION

The hepatocarcinogenicity of PER in the
mouse tas been known for some years but no
satisfactory mechanism, cither geaotoxic or
epigenetic. has so far been proposed. The first
step in the metabolism of PER is believed to
be xidadon to an epoxide (Reichert, 1983)

and the metabolites which have been identi-
fied support this assumption (Yllner. 1961:
Daniel. 1963: Bonse e al.. 1975: Sakamoro.
1976). Alkviation of nucieotdes by reactive
epoxides has been described for other chiori-
nated alkenes such as vinyi chloride (Laib
and Boit. 1977) and vinylidene chioride (Re-
iz et al.. 1980). DNA binding has not how-
ever been demonstrated after veatment of
rats and mice with PER (Schumann er al..
1980) nor does PER induce gene mutations
in bacteria (Barwsch er al.. 1979; Greim er al..
1975: Bronzeti er al.. 1983). These observa-
tons led 10 proposals (Schumann eral.. 1980)
that PER.induced liver tumors in B6CIF!
mice are a result of recurrent cytotoxicity and
enhancement of the high sponmaneous inci-
dence of liver turnors found in this strain of
mouse.

The results of the present study suggest an
alternative hypothesis for the mechanism of
PER-induced carcinogenicity, that of peroxi-
some proliferation leading to cancer forma-
tion via an epigenetic mechanism (Reddy er
al., 1980). Exposure of male and female mice
to PER for up o 28 days resuited in a signifi-
cant proliferation of peroxisomes in the liver
as measured by peroxisomal S-oxidation (Ta-
bie 1) and morphometrnic analysis of electron
micrographs (Table 3). The induction of per-
oxisomal 3-oxidaton in this sudy was nort
accompanied by increases in catalase (Table
2). This phenomenon has been observed after
administration of other peroxisome prolif-
erators (Cohen and Grasso, 1981; Reddy and
Lalwani, 1983. for review) and is believed to
lead to increased levels of hydrogen peroxide
in the cell. causing oxidatuve damage, cyto-
toxicity, and possibly DNA damage How-
ever, a definite link berween such changes
and the eventual development of cancer re-
mains to be established.

Although increases in the activity of per:-
oxisomal enzymes were observed in the livers
of rats after trearment wath PER (Table 1),
these were slight compared to0 the changes
seen in the mouse and could aot be corrobo-
rated by electron microscopy (Table 3). Sim-
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ilar results after uwatment of rats and mice
with PER have recendy been reported by
Goldsworthy and Popp (1987). A sixfold in.
crease in hepatic CN-insensitive paimitosl
CoA oxidase was observed in B6CSF! muce
dosed PER by gavage at 1000 mg/kg for 10
days. No such increase was seen in F344 rats.
This species difference in peroxisome prolif-
erauon is identical to that found by Elcombe
eral. (1985) after TRI was dosed by gavage to
mice and rats. There were however differ.
ences in the pathology of treated livers be-
tween the present study and that reported by
Elcombe er al. (1983) for TRI. PER-induced
peroxisome proliferation was observed in the
centrilobular region of mouse liver, The in.
duced peroxisomes were smail and retained
the nucieoid core. whereas after TRI treat-
ment thev generally lacked the nucleoid core.
Exposure to PER aiso resuited in a concormi-
tant accumulaton of lipid in centrilobular
cells with periportal ceils unaffected. The rea.
sons for these differences are unknown but
may be due to the effects of other metabolites
or the parent chemical

TCA. the major metabolite of PER (De-
kant et al., 1985). is 2 known hepatic peroxi-
some proliferator in both rats and mice (El-
combe. {985) and is the merabolite responsi-
ble for increased peroxisomes in  mice
exposed to TRI in previous studies (Elcombe
er al.. 1985). [a the present studv, TCA aris-
ing from metabolism of PER oanly induced
hepatic peroxisome proliferation in mice be-
cause of the much higher concentrations of
this metabolite in mouse blood. The lack of
a response in rats indicates that a threshold
concentration of TCA has to be reached in
order to induce peroxisome proliferation in
rodent liver, The low biood levets of TCA ob-
served in rats compared with mice correlates
with the lower rate of oxidative metabolism
of PER io rats than mice (Schumann et al.,
1980: [keda and Ohtsuji, 1972).

Recent studies have confirmed that TCA is
in facta carcinogen in B6C3F 1 muce (Herren-
!-'reund eral., 1986). TCA dosed to male mice
in drinking water at 5 g/liter for 6 | weeks pro-

QDUM ET AL

duced a 50% mmor incidence compared to a
5% incidence in the control group. Peroxi-
some proliferaton was observed in the livers
of treated animals Thus the species differ-
ence in the carcinogenicity of PER between
rats and mice may be explained bv the
marked difference in blood levels of TCA and
a mechanism which induces peroxisome pro-
liferavon.

The effect of PER on the kidney in mice
and rats was minimal (Table 1). No com-
pound-reiated changes were scen at the light
or electron microscope level in regions of the
nephron where peroxisomes are known to be
most prevalent (Beard and Novikotf, 1969).
Similarly the increases observed in peroxi-
somai enzymes were slight and not related to
dose or exposure, Peroxisome proliferation 1s
therefore unlikely to play a role in the carci-
nogenicity of PER in the rat kidney and fur-
ther investigarions are needed to establish an
alternative mechanmm,

Metabolism of PER in man is known to oc-
curata very slow rate (Fernandez ez al.. 1976:
Monster et al, 1979). It is also a saturable
process, saturation accurring at the low inha-
lational exposure levei of 100 ppm (Tkeda er
al.. 1972; Ohwsuki e a/.. 1983). Consequentiv
man is exposed 10 lower concentrations of
TCA than mice or rats. Furthermore, TCA
does not induce pevoxisome proliferanon in
vitro in human bepatocvies (Elcombe, 1985);
indeed the response of prirnates to the induc-
tion of peroxisome proliferation by other
agents is generaily much lower than that of
rodent species (Coben and Grasso, 1981:
Reddy and Lalwani, 1983).

In conclusion this study demonstrates thart
quanttative differences in the metabolism of
PER to TCA in mice and rats lead t prolifer-
auon of peroxisomes in the livers of mice but
not rats. The imown carcinogenicity of TCA
in B6C3F! mice and the correiation berween
hepatic peroxisome proliferati n and cancer
in rodents swongly suggests that TCA-in-
duced peroxisome proliferation is the basis of
the species difference in hepatocarcinogenic-
ity of PER. The limited capacity of humans

"\’\r‘qf\fj z
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to metabolize PER coupled with an intrinsic
deficiency in response to TCA as a per-
oxisome proliferator indicates that PER is
unlikely to cause hepatoceilular carcinoma
in man,
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March 13, 1990 MAZ .0 777

Signsnary Soveed
Diwvision
Mr. Donald J. Ames Air Resources Board
Assistant Chief
Stationary Source Division
Air Resources Board
Attn: Perchloroethylene
P. Q. Box 2815
Sacramento, CA 95812

Dear Mr. Ames:

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

Enclosed is a corrected page 26. Please insert this
corrected page into the HSIA comments.

Sincerely,

0 (5

Thomas A. Cortina
Director of Administration

Enclosure

SL 038753




- 26 -

CORRECTED PAGE v

This calculation shows, in other words, a potential risk of
980,000 in 1,000,000. Needless to say, this is a very large and
very detectable potential risk. The exampie of a 30-year
exposure 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)

potential lifetime risks. Assuming that the exposure scenarios
are realistic, 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 distribution, may
hav 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 to humans.

~ee : SL 038754




international Fabricare Institute

12251 TECH ROAD - SILVER SPRING, MD 20804 - (301) 622-1800

January 21, 1990

Mr. Donald J. Ames, Assistant Chief
Stat{onary Source Division

Air Resources Board Statiaricty 9= 7~
P.0. Box 2815 Divisan
Sacramento, CA 95812 Ate ResOU

Cear Mr. Ames:

RE: Comments of the International Fabricare Institute on the Preliminary

Draftt of the lechnical Support_Document Tor Proposed ldentification
of Percﬂ!oroefﬁy!ene as a 1o0Xxic Air confaminant”

The International Fabricare Institute and the California Fabricare Institute--
respectively the national/international association and the state association
tor 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 to express the need for possible additional comments on
the future "final draft" report beyond the limits of only "...comments on the
Executive Summary and revisions made to preliminary draft report" as expressed
in the ARB cover letter. With an offfici{al release date of December 28, 1980-.
and actual receipt at our offices on January 8, 1990--a scant three weeks has
been available for review and preparation of comments on a complex and
comprehensive document. Given the likely impact of designating
perchloroethylene a carcinogenic air pollutant, versus the extremely limited

time constraints given for initial comments, we request the opportunity to
provide further substantive comment as needed.

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

-.corcing to a national survey of equipment and plant operations conducted in
1288 by IFI, 79.0% of all retail drycleaning plants in the United States use
°CE exclusively, while an additional 9% of plants use PCE in addition to
another solvent, While no break-out figures are available specifically for

California, we would expect that PCE ysage would be the same or slightly higher
than national fiqures.

P Y e R
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Stationary Source Division ?
Air Resources Board

There are no known or anticipated substitutes for PCE in the drycleaning
industry. Of the other solvents currently used, mineral spirits (eg, Stoddard
solvent) have heen 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 113 in drycleaning (approximately 6% of
plants) is expected to phase out in the near future 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 speciaslized drycleaning solvent two years ago is now used by
only approximately 50 plants in the nation--is not a viable substitute because
of ozone depletion concerns and its likely inclusion under the Montreal
Protocol.

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

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
pollutant,

One example of possible emission limitations is the South Coast Air Quality
Management Districts's "Screening Risk Calculation” {n proposed Rule 2?23 of
March 1989, Using the ARB Technical Support Document (TSD) upoer-bound risk
estimates for PCE, the SCAOMD's Screening Risk Calculation can be rearranged to

?gagect maximum "allowable" daily emissions; these woul¢ range from 0.35--1.5
ay.

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

PgEéégo 1bs. cleaned, or the equivalent of 140,000--700,000 lbs cleaning/drum
o .

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 operating plant in the nation by an order of magnitude or better.

Our industry has consistently taken the position that if PCE is shown to be a
probable 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.

-
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Stationary Source Division
Air Resources Board

Significant evidence nas arisen indicating *hat PCE, while carcinogenic 1n
mice, is unlikely to be a human carcinogen. In concert with this, EPA's
Science Advisory BRoard has suggested that FCE is a specific example of a
compound that does not cleanly fit into EPA's current carcinoggn 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...but that designation of PCE as a carcinogenic
air pollutant is not Gnly not necessary or warranted, but disastrous.

The impact on drycleaning of a carcinogen designation for PCE is not
overstated--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 drycleaning stores, 916 coin-op laundry/cleaning stores, and 157
industrial laundry facilities in California.

Based on IFI national industry statistics, PCE is used in aporoximately 88% of
retail stores, *15-20% of coin-ops and 2-5% of industrial plants. Applying
these distributions gives adjusted figures for PCE drycleaning stores in
California of approximately 2,200 retail, 140-200 coin-op, and 3-8 industrial--

or approximately 2,300--2,400 facilities overall, a significant reduction 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.

nS reported, total retail drycleaning receipts in California for 1987 were
~uproximately $518 million.

vsing an IF1 receipt factor for 1987 of $2.52/1b cleaned--as developed in *he
snnual  IFI operating cost survey--gives approximately 205.5 million pounds
cieaned per year. This annual poundage figure, multiplied by the 88% of the

stores which use PCE, gives a value of approximately 181 million pounds cleaned
in retail PCE stores in California.




Stationary Source Division a
Afr Resources Board

Even assuming a relatively low average "solvent mileage" of 8,000 1bs clothes
- cleaned/700 1b drum of PCE (as opposed to current best estimates of *10,00C
1bs/drum), calculated PCE consumption by retail stores woulcd be approximately
7,900 tons per year.

In the absence of current data 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) gives a total for all sectors of
drycleaning 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 he 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 “shipped 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 fs
greater than that of industrial-grade PCE. Unfortunately, the solvent
producers will often equate sales of drycleaning-grade PCE to distributors
directly with sales to drycleaning plants, when such is not the case., We would
be happy to 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/l1b PCE used) is significantly high,

most likely because of an under estimation of the qguantity contained in
hazardous wastes.

Absent a small quantity generator waste exemption in California, these PCE-
containing drycleaning wastes are drummed and sent to solvent recycling
facilities, such as those of Safety Kleen. As most of the retail drycleaning
sector relies on standard-sized cartridge filters as part of their drycleaning
system, and distills solvent at fairly constant rates relative to 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 1lb drum of
PCE are equivalent, respectively, to consumption rates of B8.8--7.0--4.7--3.§5
1bs PCE/100 1bs cleaned.

r\ﬂ"\f‘b ~
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Stationary Source Division
A{r Resources Board

After subtracting the relatively constant 2.2 1b PCE/100 lbs cleaned waste loss
from the above numbers, air emissions equal, respectively, 64%--54%--32%--9% of
total PCE use, not the 88% estimated in the document. Again, we would be happy
to provide a more in-depth analysis of these factors with ARB staff,

Part A also touches upon indoor air concentrations of PCE, some portion of
which may be attributable to residuals in drycleaned articles. As part of this
discussion, 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
drycleaning shops" in blocks of residential apartment rows has presented
problems. Typically, a unit shop is often found with apartments on either sice
of the plant, above it, and behind it...with no means of ventilation other than
through the front door. Fortunately, this is not a common practice in the U.S.

The drycleaning industry is concerned about the possibility of PCE in
drycleaned garments contributing 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.

I1T1. Comments on ARB Technical Support Dociment Part B

The evidence suggestive of PCE's carcinogenicity, when scrutinized carefully,
consists primarily of two findings of liver tumors in the B6C3F1 mouse. The
scientific community has repeatedly cautioned against reliance 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--as ciscussed in the following--let alone in humans, PCE should not be

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

Classification of PCE as a probable human carcinogen reverses at least three
czrtrary determinations by EPA and/or its scientific advisors. The U.S. EPA's
"uly 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 is limited
and the cancer evidence in epidemiologic studies is
{nconclusive. The overall weight-of-evidence

classification for PCE would be Group C, fe., a possible
human carcinogen, -
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HAD at 1-4, 9-73 (emphasis added). The Agency's Science Acvisory Roard also
concluded in 1984 that "insufficient evidence exists to classify the chemical
as a probable carcinogen for humans." Letter from Herschel E. Griffin, M.D.
and Norton Nelson, Ph.D. to EPA Administrator Ruckelshaus, January 4, 1985. In
addition, EPA's Risk Assessment Forum Classified PCE in Group C. See EO
Federal Register 46887. All of these determinations were made after
publication of EPA's 1984 proposed guidelines for classifying carcinogens ana
reflected the criteria specified in the guidelines.

The critical issue presented by EPA's 1986 HAD Addendum and by the ARB
Technical Support Document is whether subsequent experimental findings warrant
a 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 as
"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 recefved 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 both rats and mice were
"prima facie evidence for dose schedules in excess of the maximum tolerated
dose.™ See transcript of proceedings of National Institutes of Health
Clearinghouse on Environmental Carcinogens, Data Evaluation/Risk Assessment
Subgroups, 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 been similarly questioned. Or.
Robert A. Squire, previous Director of the animal bioassay cancer testing
program at the National Cancer Institute, has reviewed NTP's report, including
an on-site review of tissue slides from the test animal. Dr. Squire has noted
several factors which cast doubt on NTP's fincding 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.
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0 There was an abnormally high incidence of leukemiq"Tn control
animals, indicating some other environmental factor which affected
the observed leukemia rate in test animals.,

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

0 The finding of kidney tumors in male rats was not_statistically
significant and, in any case, occurred only in conjunction with
nephrotoxic doses of PCE,

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

The mouse liver is generally not an appropriate surrogate
for carcinogenesis risk in humans particularly where (like
PCE) the compound tested is non-genotoxic 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
findings 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 all of the 1985 rat data, including the finding of

leukemia in females, must be considered at best aquivocal 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 findings of mouse liver
“umors. While the Subcommittee accepted the 1985 positive findings in mice, it
hed reservations about whether those findings reflected a true carcinogenic
mechanism. Regardless cf the Subcommittee's reservations, these findings
r..early do not represent "sufficient evidence" of carcinogenicity in animals

under EPA's guidelines. Evidence is considered sufficient only if an increased
incidence of tumors is found
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fa} in multiple species or strains; or (b) in multiple
experiments (preferably with cifferent routes of
adgministration or using different dose levels): or (¢) to
an unusual degree with regard to incidence, site or type
of tumor, or age at onset.

49 Federal Reqister 46294, 46300 (November 23, 1984), Therefore, for the 1985
mouse liver fumor data to be considered sufficient evidence, it would have to
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 doses exceeding the maximum tolerated
dose in both species.

Even assuming NCI's 1977 findings of increased mouse liver tumors were
reliable, this would still not be "sufficient" evidence. Positive findings of
liver tumors in the BGC3F1 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 liver
tumor as a virtual sole indicator of effects in humans. Moreover, the species-
specific effect of PCE on mice is well-documented. When NTP repeated the 1977
NCI gavage hioassay in 1983, it attempted to prove that liver damage from PCE
is not a necessary precursor of liver tumors {n 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 levels
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
clearly has implications for human risk assessment and one may conclude that
no-effect or threshold levels would probably also exist in man where there i{s
no hepatotoxicity.

These findings are consistent with the absence of a genetic mechanism for PCE-
induced mouse liver tumors. Dr. Marvin Kuschner, Dean of the School of
Medicine at the State University of New York at Stoneybrook, and a former
member of the SAB Subcommittee on Airborne 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 other 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 indicates that this
animal "is dissimilar to the genetically diverse human population in {ts
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 agafnst reliance on 1 tumors in
tlﬁs strain %f‘ mouse as a oregictor cn‘g q\gu an gcaarcinogeenli%ity of Pic\éezr. ni‘?\dgeci:i,
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any other substance.

In recognition of these severe limitations, EPA's guicelines specifically
provide that mouse liver-only 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 production of
neoplasms that occur with high spontaneous background
incidence, the evidence may be decreased to "limited" 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 Register at 46300. Since there is no substantive short term or
othér evidence (eg., genotoxicity or mutagenicity) for PCE, 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 avajlable
epidemiological evidence for PCE. With a unit risk factor (as calculated by
ARB) of 31--144 x 10-6/ppb, evidence of an increased risk should be strongly
discernible in drycleaning worker cohorts, even those of small size,
considering 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 50 ppm exposures, ie, in the range of 1.55-
=7.20750 ppm for lifetime exposures. Even corrected for daily éurafion or
exposure and working span ?acgors, 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 reported, 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. In fact,
each of these other studies has either specified or acknowledged exposure to
multiple solvents, including carbon tetrachloride, petroleum solvents, and
ovhers. A further limitation of these studies has been an inability to
identify work occupations, with the result that the cohorts have consisted cf

an unknown mixture of laundry plant workers, drivers, and other unexposed
smployees.
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While the full NIOSH cohort of 1,500 workers could not be fully identified as
to solvent exposure, a subcohort of approximately one-third of the full group
was known to have had only PCE exposures in their working careers. In the

subcohort--the only PCE-specific exposure aroup ever studied--there was no
overall increase of cancer, and no Site-specific increase in cancer, o

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 represents the
most prudent of courses. To that end, we offer a commitment to the Air
Resources Board to work jointly {n developing viable, innovative approaches *to
significantly reduce environmental emissions from our industry.

Sincerely,
UWellem— & —Fosidi
William E. Fisher o

Assistant General Manager/
Vice President

copy to: Caffey Norman

Earl Nichols, Paul Ceccarelli

Charles Riggott, Jon Mef jer <] LT
Fax to G.Laumann
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R. J. Sommerviiie
County of San Diego Air Pollution Control Officer

February 7, 1990

Robert Rood

Substance Evaluation Section
Air Resources Board

Attn: Parchlornsthvlana

P.O. Box 2815

Sacramento, CA 95812

COMMENTS ON PROPOSED IDENTIFICATION OF PERCHLOROETHYLENE
AS A TOXIC AIR CONTAMINANT, PART A REPORT

Even though the perchloroethylene usages in Table I1I-1 (Section 111, page A-7) were
directly referenced from Appendix A, these two sources do not agree and the
difrerence 1s unclear. CARB predicts a proportional increase in dry cleaning
enussions due to an increase in state population (Section III, page A-13). However,
there is no mention whether tighter OSHA regulations in the work place and
associated phasing-out of transfer systems were considered.

For dry cleaning operations, CARB uses an EPA quoted reduction value of 70%
(Section I, page A-8) for facilities equipped with refrigeration units, while the San
Diego Air Pollution Control District (APCD) has been using 90% as the accepted
reduction value. This factor reflects control standards in current district rules and
this discrepancy could mean an underestimation of perchloroethylene emissions
from dry cleaning operations in San Diego County. Little mention was made of
emussions 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 ot
the estimated 350 perchloroethylene degreasers in California (Section [1], page A-9)
and the emissions are estimaigd from inventories to be 30 tons per year. This
means that degreasers may not contribute to perc zmissions in some districts as
significantly as in others.
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Air Resources Board February 7, 1990
Robert Rood

Emissions from state-wide maskant operation were not mentioned as significant
contributors, while operations in San Diego County may be relatively large emitters
of perchloroethylene.

Thank you for the opportunity to comment.

-

) 2
STANI]!.Y J. ROMELCZYK
Senior Air Pollution Control Engineer
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II. AIR RESOURCES BOARD STAFF RESPONSES TO COMMENTS ON PART A
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A. COMMENTS FROM CITIZENS FOR A BETTER ENVIRONMENT

1.

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

The database for indoor exposure 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
exposure 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-accessible environments. For example, 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 Environmental
Protection Agency (EPA) study of the indoor environments of different
public buildings is reviewed in Part A (Wallace et al., 1987; Sheldon
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 Occupational Safety and Health Agency
(Cal-0SHA) has the specific mandate to review and regulate workers'
exposures and workplace air levels.

Infarmation should be added to assess the multiple routes of
exposure from the different sources of perchloroethylene 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 Health 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.
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The European data on perchloroethylene exposure by ingestion
should be related to exposure in California by identifying the
mechanisms by which perchloroethylene contaminates the food supply.
Cancer risks associated with the ingestion of perchloroethylene 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
identify 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 a
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,

Comment:

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.

The revised Part A report includes available data on maximum
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 environmental media other
than air is very limited and is not necessary to support our
recommendation that perchloroethylene be identified as a toxic air
contaminant.

Superfund Amendments and Reauthorization Act (SARA) Title III data
for toxic air contaminants should be included in reports. Also, the
geographical distribution of the SARA Title III emissions should be
presented.
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The ARB staff has not used information from the SARA Title III,
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 complete emissions inventories than the SARA Title III
reports.

The information contained in the Federal 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
Noncriteria 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 Perchloroethylene 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 %ndividual 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.

Pari A should include the emission levels for the eight South
Coast facilities discussed in section IV C, Exposure to
Perchloroethylene Near Emission Sources.
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The ;evised report includes the estimated total emissions, as well
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

1.

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

The %nformation regarding the extent of perchloroethylene-usage by
the dry cleaning industry is included in the revised Part A report.

The;e are no known reasonable substitutes for perchloroethylene in
the dry cleaning industry.

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

Comment: ]

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 Reasonably Acceptable Control Technology (RACT), Best
Available Control Technology (BACT), or Maximum Available Control
Technology (MACT). In 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 should 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 perchloroethylene is
identified as a toxic air contaminant, all possible control measures
will be considered in the risk management phase of the process.

The ARB staff has overestimated the number of dry cleaning
operations in California. The number of dry cleaners using
perchloroethylene in California is approximately 2400.
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The revised Part A report states that there are approximately
3,000 dry cleaning operations in the state using perchloroethylene.
Based on permitting records, the estimated total number of dry
cleaners using perchioroethylene in just the Bay Area and South Coast
air quality management districts is approximately 2600.

In Appendix A page A-2, the ARB staff estimates that 18,100
tons/year of perchloroethylene 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.

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. In order to avoid confusion, Appendix A
(Methods for Estimating Usage and Emissions of Perchloroethylene 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 establishments to which they sold
perchloroethylene and not on the grade of perchloroethylene sold.

The.ARB staff use an overly high perchloroethylene 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 perchloroethylene
used that year. The difference is assumed to be perchloroethylene
emissions. The ARB staff believes that the 0.88 factor is appropriate
for estimating 1987 perchloroethylene dry cleaning emissions.
Currently, the staff expects that overall perchloroethylene emissions
from the California dry cleaning industry are decreasing due to: 1.)
the adoption of dry cleaning control measures by several air pollytion
control 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
regulations 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 soap and water rather than perchloroethylene. This information is
included in the revised Part A report.

COMMENTS FROM SAN DIEGO AIR POLLUTION CONTROL DISTRICT

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

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 perchloroethylene 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 perchloroethylene emissions) due to a projected increase in
California‘'s population. Was the institution of tighter Cal-0OSHA
regulations in 1990 considered in this prediction?

The preliminary draft of Prooosed Identification of

i i 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 6 above). In the
revised report, the projected increase in population is linked to a
predicted increase in perchloroethyiene-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. 1Is 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 polilution controil 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 95 percent while refrigerated condensers (most
often associated with dry-to-dry dry cleaning operations) reduce
emissions by about 70 percent. In transfer operations, 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 perchloroethylene 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.

In 5art A, little mention was made of emissions from filter or
distillate waste which has been shown to contribute 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 cleaning
emissions. This information is reflected in the revised Part A
report.

On page A-9, the Part A report indicates that degreasers are a
significant source of perchloroethylene emissions throughout the
state. Actually, degreasers may not significantly contribute to
emissions in some districts. For example, San Diego has only 20
degreasers (out of California's estimated 350 degreasers) with
estimated emissions of 30 tons per year.

Some districts are expected to have more degreasers and,
therefore, more emissions from degreasing than other districts.
Currently, there is insufficient data to estimate perchloroethylene
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.

6. Comment:

Emissions from state-wide maskant operations were not mentioned as
significant sources of perchloroethylene emissions. Such operations
in San Diego County may be relatively large perchloroethylene
emitters,
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The halogenated solvent distributors surveyed by the ARB staff
could not identify the purchasers of 642 tons of perchloroethylene
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 perchloroethylene
emissions from maskant operations are included in the emissions
attributed to the Miscellaneous source-category.




III. DEPARTMENT OF HEALTH SERVICES STAFF RESPONSES TO COMMENTS ON PART B
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General Comments
Comment: The statement in Chapter 1 of the draft document that PCE is
used for coffee decaffeination is incorrect (Halogenated Solvents
Industry Alliance, February 1, 1990 [HSIA], page 27).

Response; The reference to use of perchlorocethylene in decaffination of
coffee was eliminated.

Comment: Chapter 1 of the draft document states that the Occupati nal
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).

nse: The revised PEL has been added to 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 i{s unwarranted (International Fabricare Institute, January
31, 1990 [IF1}, pp. 3, 5-10).

Regponse: 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 yivo. PCE induced transformation of rat embryo cells. It induced
sex-linked recessive, lethal mutations in Drosophila. PCE induced gene
conversion and mitotic recombination in yeast. 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
leukemias. 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
determination 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 epidemi 1 gical studies r case
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reports. There are 44 agents for which there is sufficient r 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 (1987) “"although this association cannot establish
that all agents that cause cancer in experimental animals 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 carcinogenicity 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).

Cogment: Chapter 1 of 2 draft report states that the EPA is likely to
classify PCE in its ri assessment category B2, but EPA staff have
indicated that the Age. ; has not reached a final decision on
classifying PCE. The EPA's Science Advisory has placed PCE "on the
continuum 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 that 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
scientific rationale," State of California, Health and Welfare Agency,
Department of Health Services, November 1985) suggest that PCE should
not be identified as posing a cancer hazard to humans (HSIA, pp. 21-22).

As indicated in California’'s Carcinogen Risk Assessment
Guidelines, the document on the Health Effects of Tetrachloroethylene
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 cthat IARC follows all of the suggested procedures necessary t
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 staff that the overall weight of evidence
regarding PCE indicates that it is a potential carcinogenic hazard to
humans.

GComment: The mixed results of the jn vitro genotoxicity studies of
tetrachloroethylene oxide mentioned on page 3-22 of the draft document
sh uld 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 tetrachl roethylene oxide is not a demonstrated metabolite of
PCE and is apparently not carcinogenic (HSIA, pp. 18-20).

Response: The determination that PCE as a genotoxic agent is not based
solely on the genotoxicity of tetrachloroethylene 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
metabolites.

Comment: Overall, the draft document’s evaluation of the
epidemiological data is consistent with that of EPA's Science Advis ry
Board. Since that Board’s review, results have become available fr m
the most complete epidemiological study of the industry conducted to
date (Brown DP and SD Kaplan (1987) Retrospective cohort mortality study
of dry cleaner workers using perchloroethylene. 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 limited
to PCE (IFI, pp. 9-10).

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

Topic: Dose-Response Assessment

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

Response: The differences in metabolism of PCE are discussed in Section
2 on pharmacokinetics and metabolism as well as the Sections on
quantification 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 California’s carcinogen risk assessment
guidelines. 1In light of this and the availability of extensive
pharmacokinetic data, the rejection of a physiologically-based
pharmacokinetic model in favor of an approach based on default
assumptions appears to be an abuse of DHS' discretion (HSIA, pp. 4-5,
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 15-fold lower
estimate of upperbound risk. A risk estimate based on pharmacokinetic
information was used in the current 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 d ses
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 higher 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. 1Instead, 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 9raft 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 tetrachloroethylene is 3 to 106 x 10°' per ug/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).

Responge: 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 15-
fold.

comment: The gavage bioassay reported by the National Cancer Institute
in 1977 does not appear to be a "properly conducted biocassay" 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 the range of risk or the
best value for risk recommended by the Department.

7. Comment: Much relevant research is neither discussed nor referenced in
the draft document (HSIA, p. 16). [The commentor submitted copies of

the following articles: (1) Brown DP and SD Kaplan (1987) Retrospective
cohort mortality study of dry cleaner workers using perchloroethylene.
J Occup Med 29:3535. (2) Elcombe CR (1985) Species differences in
carcinogenicity and peroxisome proliferation due to trichloroethylene: a
biochemical human hazard assessment. Arch Toxicol Suppl 8:6. (3) Odum
J, T Green, JR Foster and PM Hext (1988) The role of trichloroacetic
acid and peroxisome proliferation in the differences in carcinogenicity
of perchloroethylene in the mouse and rat. Toxicol Appl Pharmac 1
93:103., (4) Herren-Freund SL, MA Pereira, G Olsen and AB DeAngelo
(1986) The carcinogenicity of trichloroethylene (TCE) and its
metabolites, trichloroacetic acid (TCA) and dichloroacetic acid (DCA),
in mouse liver. Proc Amer Assoc Cancer Res 27:91, abstr. 1356. 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 the 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 pharmacokinetic
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 stated on page 5-51 of the draft

document], the same statement could be made for other models, including
the IMS [linearized multistage model], unless the surface area factor is
viewed as an individual tissue sensitivicty 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, questions regarding incorporations of factors
that protect certain populations need to be considered. The commentor
compares the linearized multistage model with the 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 rogether. Instead, the
comparison should be made between use of the pharmacokinetic model and
use of an applied dose model. The current perchlorocethylene document
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10.

11.

uses a pharmacokinetic model and an estimate of the uncertainty to

account for population differences in metabolism. In this way, inter- -
individual differences can be taken into account. The surface area

correction is used to consider the differences in sensitivity of tissue

response between rodents and humans.

Comment: 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).

Responsa: The use of a surface area correction factor in the adjustment
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
perchloroethylene.

Compent: The q* correction on the bottom of page 5-8 should be
clarified to differentiate between exposure period and observation
period. If 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 factor should be
104/Te raised to the unity power, not the third power (HSIA, p. 28).

Responge: 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 detectable, 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 ecounomic
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). 1In this study, exposures ranged from 3 to 22 ppm (i.e., 12.5
ppm 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 w uld be 0.21 ppm
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((5/7)(8/24)(5/70)(12.5)=0.21). Multiplying the risk times the exposure
and the number of persons in the study ((1690) x (0.21 ppm) x (56 x 10°
3)(ppm)~! = 20 indicates that an increase of 20 cancers would be
expected. In the study there were 142 observed cancer deaths while only
123 were expected, i.e., an increase of 19. Thus, the estimate is close
to the value expected.
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