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ATTACHMENT V

CARCINOGENIC RISK ESTIMATION FOR CHLOROFORM:
AN ALTERNATIVE TO EPA'S PROCEDURES

Sir.—The Environmental Protection Agency {EPA) has proposed un amendment 10 the Natonal
Interim Prmarv Drinking Water Regulauons as part of the Safe Drinking Water Act The amend.
ment proposed by EPA would estabiish a Maximum Contaminant Level for chloroflorm tund other
trihalomathancsi of 0 | ppm. The Agency indicates in its proposal that this action 18 necessary because
it felt that the concentrations of chiorn{orm known to exist in dninking-water constitute an appreci.
able cancer rish to man (Federal Reguster 1978, 43, 5755

The magnitude of the ¢ancer nsk from chlorolorm has been estimated by the EPA from data
generated at the National Caneer Insttwte (Report on the Carcinogrnesis Bioassay of Chivroform,
Bethesda, MD, 1976). In, this study, long-term admnntration of vhloroform at very high doses
was found to product tumours in laboratory rodents However, there s reason 10 behieve that
the nsk exirapolation performed by EPA serouslv overestimates the actual potential of chiorolorm
to induce cancer in man. There are two major reasons why this particular risk evtimate 8 probably
inaccurate. First, the EPA has faled to conuder important data concerming the mechamsms through
which chloroform exerts its toxicity This has led (o 1 major error (n making species species exirapo.
lations of carcinogenic risk Secondly. the NCT study was carried out with very high doses of chioro-
form At shghtly lower doses. the relative carcinog:mieny of chlornlorm falls sharply. This suggests
that thers may be detoufication mechansms whizh effectivelv protect the amimals until thev are
overwheimed by very large doses. Detniled discusion of these two points lollows In viwew of the
enormous economic mmpact of regulitions such a5 these. it & imperdative that the rish estimation
be performed as accurately as possible 50 that the risk hencfit ratto ¢an be properly considered.

Species.species extrapolation for chiornform tovicity

The Carcinogen Assessment Group of EPA performs nish extrapoiations under the assumption
that the caremogenic process Joes not have a threshold Since it 15 impossible 1o prove or disprove
this point experimentally, further argument s futile and we will proceed without resolving this
question. The nish extrapolation from animals 10 ran insolves two seps

(A) Fust. the exesss cancer mcidence Of statistieally diferent trom the control) s empinically
fitted to 3 mathematical model relaning dose and response. The most commonly used models are.

it Linear P = fd
(i 'Onehit' Puw] =g ™

where P s the {ractional incidence of excess tumours, d s the Jverage daslv dose in me ke and
B 15 a dimensionless parameter 10 be esnmated from the expenimental Jata

(B} Next a speeies correcnion factor w apphed to f This has been chosen to be the cube root
of the ratio of the bods wewhts (e, adjustment oan 2 dose unt surfaoe areal Assurmine an Jverage
weight of 30¢ for mice, 500 ¢ for rats and "Oke for man. this 'ranslates as o 13- 3-fold ncrease
for a mouse-to-man extrapolation and a §19-fold increase for 4 rat-to-man extrapolanon Finally
the nsk to man s calculated by subsutut'ng the human Jdose into the equation The net result
s that man s alwavs considered (o be more sepsitine g carainogzn “han the small amimal species,

This type of spevics.speciss extrapolation was cdeveloped by Rall (Ewee, Res 1960, 2, 360 for
application to a group of I8 antincoplastic agents. These chemicals produce dircct cvtetoxicnty and,
according to the author *. . are generally not involved n the vanable Jrug metabolizing svstems

In the ¢case of chioroferm, however, metabolism plays a diferent role in towciy This 15 because
the toxicity of chlorolorm s apparentiy not Jue "o the parent malecule wself, but rather to the
production of reactive metabolitats) which bind covalently to twsue proteins (Brodic et ol Proc
natn. Acad Scr. 1971, 68, 160: lett et al. Expl mot Path 1973 19, 215: Red Pror Futh Int.
Congr. Phurmac_ Sun Francisco, CA. 1973 Reid & Krshna Expl mnl Path, 1973, 18, 80 Rewd
et al. Am Rer, resp Dus. 1972, 107, 539 Chloroforn thus appears to belong 10 a class of chemicals
that requirs metabolic acination for touaity Coniequently, anv species vanation n the capacity
to metabolize chloroform shouid dramancally affect the oncozemicity of this compound,

In order 1o assess the relative impertance of these factors, we have attemrted to predict the
carcinogenicty of chioroform to rats on the basis of the tumour inc:dence observerd in mice (NCH,
loc. cie.). Since rats were also tested in the NCI study of chloroform the observed incidence of
rat tumours <an serve to ndicate the validity of ther predictons,

First. we used the interspecis extrapolation procedure of the FPA ipeovedure Ay The rais in
the NCI study had a2 mean bady weight of approvmatelv 500 ¢, while the mice had 4 mean body
weipht of approumately 30g. The cube root of the bodv-weight ratw (300 3 5 235 The rats
should be more sensitive 1o chloroform by this factar That 185, a dose of chloroform that produced
107, tumours in a group of mice should produce 1%5°  tumours 1 1 group At rats

Secondly, we have auempted to predict carcinugsmicity from the relatne rass of production
of the toxic chioroform metabolite {precedure B). Several investigators have studied the metaboiism
of chioroform n rats and mice Jnd concluded that mice merabobize chlorofarm more rapidiv than
do-tats. The most complete studies are those of Brown et ul AN crobrieg 1974 40 1510, who adminis-
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. tered 3 60-mpkg dose of chlorolorm orally to tats, squirtel monkeys and three stramns of mice.
. : They recovered very htile unmetaboiized chioroform (rom the mice (Tabie 1). In the rat. three
times a5 much unmetabolized chlotnform was recosered. while in the monkev. 13 times 28 much
unaltered chioroform was exhaled. Frv et ul. {Archs int Pharmacodin Ther, 1972 196, 9%) sdmins-
tered chloreform to human volunteers and found that 17-66", of the material was exhaled un-
changed. However. the human data mav be somewhat misleading. The dose of chiorolorm used
i man (Tmyg kel was much lower than that given to the amimals Consequently. the relative amount
of chloroform that would be metabolized at higher doses may have been oversstimated.

Table L. [nrerspecies cumparinas: chineoform

Oral CHCI, excreted
Jose unchanged
o Species tmg. kg) ", ol Jdose)

Mouse 60 ne

Rat &0 0
Monkey 60 ) R
Man c? 1 7embt

*Brown et ul. Xenobwrica 1974 4, |5}
tFrv ev ul. drchs o, Pharmucadin, Ther. (971
196, 98

Although 1t s obviousih difficult to make quantnatve predictions from this type of metabolic
data ot s ciear that procedure B irefative metaboiic capacuyt leads to the opposite prediction
from that given by the EPA procedure 1A Since the mouse metabolizes chioroform most rapidly.
and presumably produces more of the toxic metabohite, it should be more sensitive o chloroform
than the rat. Thercfore. the interspecies correction factor 1s used 1n reverse in this case.

The resuits of these predictions may be summarized 35 follows

{1 Predicied from EPA’s surface Rat > Mouse
area modet (Rall. foc. cir) 12 83-foldd
(2) Predicted by metabolic Mouse > Rat )
. rates (Brown ef ul. loc. et ) (2 S5-fold) -
4 : ' {3) Obsernved in NCT Mcuse > Rat
bioassay (NC1. foc cu) (4 2-foldy

For the purpose of evaluating the actual carcinogemicuy in the two species. the B parameter 18
estimated for the most sensiive sex in the NCI bioassay according to the one hit model The
relative sensitivity s then approximated for low doses as the ratiwo of the two f values Clearly
procedure B 18 a better predictor than procedure A, for the actual tumour incidence s 3-2-loid
higher in the mouse at equivalent doses of chioroform. Thus the applcanan of the EPA technique
for interspevies extrapolation has produced an error of 10-7-fold in estimating the sensinvity of
the rat from the mouse data.

It 15 aiso noteworthy that éxtrapolation of these data 1o mun with these two procedures gives v
very different results. The EPA procedure iprocedure A) produces human nsk eshmates that are *
inconsistent, The mouse data predict a human nsk J1-fold hgher than the ratdata prediction.
In contrast. with procedure B. the two risk estimations agree sery well Rish predicted (rom the
mouse data s only }-6-fold higher than rsk predicted from the rat data.

Based on these considerations we would consider man to be the least sensitive of the three species
to the carcinogenic action of chloroform. This estimate 15 based on the data of Frv er vl (loc.
cir) as weil as on the general principle that man normaily metabolizes matenials much more slowly
than the small laboratory ammals (Wewss er al. Int J, chin Pharmac, 1977, 18, 572 Although the
absolute magnitude of the nsk s dependent upon the parucular mathemancal model emploved

- in step A, incorrect appheanon of the ‘specics correction factor’ causes an increase of more than
two orders of magnitude in the estumated rish to man. Instead of an excess cancer rsh “...on
the order of 10°*-10"% ,..” (EPA. Statement of the Basis and Purpose for an Amendment 10
the National Intenm Pnmary Dninhing Water Stundards on Trihalomethanes Office of Water
Supply Criterta and Standards Dwision, Washingtonn DC, 19781, we feci that the risk cannot be
higher than about 1*, of this figure.

In addition 10 chloroform, there are many other mstances where the relatinve carcinogenicity of
chemicals correlates well with therr rate of actinanion to 3 reactive species. For instance, vinshidene
chloride 1VYDC) s metabolized more extensively n the mouse than in the rat (McRKenna er ol
Envir. Hith Perspect. 1977, 21, 99, Tumours have been observed in mice exposed 1o VDC Maltom,
ibid 1977, 21, 1) while studies 1n rats have [ailed to reveal 2 discernible oncogemic response tMalton,
loc. cut.: Rampy et ul. Envir, Hith Perspect. 1977, 21, 33: Viola & Caputo. Cancerogenicity Studies
on Vinylidene Chloride: paper presented at NIEHS Conference on Comparauve Metabolism and
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Toxicity of Viavl Chloride Related Compounds, Bethesda MD. 2 Mav 1971 Simudariy 2.
aceiaminoflyorene 1s metabohized t¢ a reactive slectrophile and the carcimogenicty of this material
correfates well with the refative abundance of enzvmes to varrv out this ativallon (n varaus
species (Miller, Report 1o Conference on Environmental Carcinogenesis, Michigan State Universuy
East Lansing. M1, 22-23 May 19781 Trichlorcethvlene » carcinogenic in BaC3IF | mice but not in
Osborne-Mendel rats INCL Report on the Carcinogenests Brodssay of Trichloroethylene, Bethesda,
MD. 1976} Thiy correlates well with the greater capacity of mouse murosomes to catalyse incorpors
auon of trichloroethylene metabolues into DNA iBanerjee & Van Duuren, Cancer Res. 1978, 38, 7761,

Huwh dose/low dose extrapolations

For most sk esimations it 1 customary to surapolate from hich doses, where expenimentally
observable rates of tumqur induction ¢xist, 10 doses 1n the enviconment «everal orders of maenitude
lower. For instance. the doses of chioroform used in the NC1 stud; 1Report on the Carcinogenesss
Bioassay of Chioroform. Bethesda, MD. 1976) are about 100.000 foid higher than the Mavienum
Contaminant Lavel proposed by the EPA. Thi raises important questuions about the vahdity of
such extrapolations.

There are many instances where toxicity (and presumably alse carcinogenicnyi tncreases dispropor-
tionately once the normal detomficanion mechamisms are overwheimed. An example of this tvpe
of behaviour 15 the work recently reported by McKenna er ol tine cu) for YDC. It has been
postulated that VDC 5 metaboluzed in the body tv a reactive electrophile which reacts with erther
endogenous glutathione (detotificztion) or vanous macromolecules (toxic actiom [n the rat. gluta-
thione 15 depleted by exposure to high levels of VO Javger et ul Expl mol. Puth 1974 10, 1§
Furthermore. fasting the rats prior to VOC exposure further deplieted the glutathione and draman-
cally inereased the hepatotovicy of VOO More impartantts, McKenna e ul tn cid noted a
sudden disproportionate increase in macromolecular binding of VDC metabohtes as glutathione
was depleted bv more than 0%, These observauons are particularly important 1 siew of the fag
that chleroform s also known to deplete glutathione, and that chlorolorm toucity ¢an be anta-
gomized by administration of cysteine, 3 glutathiene precursor (Docks & Keishna, Expl maf Puth
[976. 24, 1D

The validity of using high doses of chioroform to predict the effects of low Joses mav be iested
by exam.ning the data of the NCI (Report on the Carcinogenesis Bioassav of Chioroform. Bethesda,
MD. 1976) and of Roe (Prehminary Report of Lony Term Tosts of Chloroform in Rats. Mice
and Dogs, personal commumication. 1976). Data (rom the highest dose group will be used to estimate
the paramaters for the one hit model and the hinear mudel Tumour nadence for lower doses
will thzn be predicted and compared 1o obsenved inenlencs rates Because of the dulerent spontancous
tumour rates for the vanous studies. the most Jegcad wav 1o compare results trom the studies
ts through excess tumours calculated from Abbotts correction

Pocimen = Pt

Ve P

P

Thus our models will be:

P, = Ox thnear modelt
Prcew = 1 = 7% (one hit model)

Upper 95°, confidence limits are also calculated for the observed number of tumours. These
are exact confidence intervals when there  no spontansous bachground rate fie. when Abbotts
corTection 8 Aot necessarv) or when the observed frequency rate in the treated group » zero. For
non-zero frequencies with non-zsero spontaneous rates the confidence nterval v calculated using
the normal approumation to the binomal distnbution and using the appropriate smndard deviation
for a rauo from the Taylor series expansion of the ratio

The predictions. as well as ths actually observed incxdences, are histed in Table 2. Nenher the
linear model nor the one hirt mendel adequately predict the tumour incidence below 200 mg chloro-
formkg. In most cases. even the upper 9%°, connidence intersal for the abserved tumour rates
is below the predicted values. For instance, the NC1 male mwe pnen 138 ma-kg would be predicted
to have 24 times more tumours than were actually observed. The tumour incidences observed
by Roc (loc. cir) tn mice exposed to 60 mekg or lsvs are even further from the predicted values
(Table 2). Since Roe utilized four diffsrent strains of mice, and none of these results are well deseribed
by the model, the lailure of the extrapolation 15 probablv due to 3 deniciency in the model rather
than (o strain differences. However the only definitive procedure o establish the dose-dependency
of the carcinogenic effect of chloroform i for the NCI to repeat the carcinogen binassay over
a wider range of doses Until this has been done, there will be a great deal of uncertainty about
the lower end of the dose-response cune.

Experience with human exposure to chloroform alse appears to be inconsitent with EPA'S ruk
assessment. For example, 2 study of Briush workers in a confectioners factory indicated chronic
exposure (up to 10 vears) 1o concentrations of 50-125 ppm chlornform vapuurs (Chaflea ot ol Br
J.oind, Med. 1958, 15, 240 If we asume that the two routes of exposure 1oral and inhalatom
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Table X Predicted und ohserved incudences of excess liwer jumours 1n chiornform.
treuled mice

Predicted tumours (") Observed tumours
Upper 987,
. Dose Incdence  connidence
Strain (mg, kg Linear* One hnt ") interval
Males
© B6CIFI bkl - - 92 -
138 46 7 0 47
CsBi &0 20 42 0 [}
CBA 60 20 42 0 2
CF1 . 60 20 42 JINS) 13
Icy - 60 20 42 T INSK 1%
17 ) 14 § NS 0
Females
B&CIFA 477 - - 95 —
238 47 78 30 91
I1C1 60 12 3] 0 3§
17 1 10 0 8

NS = Observed tumour incidence not signihcantiv diferent from control incxdence

*Pal|= e-uﬂ LLLER ] for males and | ~ e-vo 00818 w gy for females

tP = 000332 « dose (or males and D00IV9 « Jose for female

¢ A 1, incidence of exvess hulasy tumoury seen n this stram was significantly
different from that 1n the controls

are essentially equivalent. these workers would be predicted to have & hittime cancer rish of 20307,
0 the group exposed for 3 mean of 54 vears |EPA one hit model. NCI femsle mouse data with
surface Jrea correction) These exposures were documented 20 years ago, so that even with a long
latency period. increased cancer incidence should be demonstrable of the EPA nsk estimation
vahd, Stmilar reponts exust from the chemical industry (Bomsiy ¢r ul Arch. Gewerbepuath. Generbehny.
1967, 24, 127 Lehman & Schmudt-Kehl. Arch. Hyg. 1936, 116 131). However, to date, no epidem-
ology study convincingly hnks indusirial exposure to chloroform with an increased cancer ruk.

In summary. there are several reasons for bebeving that the current EPA rsk estmation for
chloroform 45 seriously in error We leel that definitive studies of the metabolsm of chloroform
In vanous species must be carried out in order to allow a rational species.spenies extrapolation
to be performed. Furthermore, there s evidence of a sudden change in the shape of the chlorolorm
dose-response curve below 200 mg'kg. A complete experniment to evaluate the carcinogenicty of
chioroform at lower doses must be carried out before high dose.low dose extrapolations can be
performed. A study of the pharmacokinetics of chloroform tn the selected speaiss would be valuable
in selecting appropriate Jdoses for this study.

There 1s good evidence that there are two classes of carcinogens. One class appears to produce
its effect durectly (eg. S-proprwolactone) and for these agents. at least when given orally, u may
be appropriate to apply surface-area correction factors (procedure Al Compounds in the second
class require metabolic activation before they become carcinogenic te 2. 2-acetvlaminofluorene). In
this case. the relative rate of metabolic activation appears to be the most rehiable means of making
interspecies evrapolation of carcinogenie sk Consequently. we strongly suggest that the NCI
deveiop an appropnate techmique for dstinguishing between these two classes of carcinogens and
that EPA then apply appropriate species/speties extrapolation techmques before proposing any
regulations based on risk assessment.
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