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ABSTRACT The toxbeological significance of exposures 1o
synthelic chemicals is examined in the context of exposures in
naturally occurring chemicals. We calculaie that 99.99% (by
welght) of the pestichdes in the American diet are chemicals that
planis prodwece o defend themselves, Cnly 51 notural pesticides
have been tested in high-dose snimal cancer lests, and about
half (27) are rodeni carcinogens; these IT are shown io be
present in many common foeds, We conclude that natoral and
synthetic chembcals are equally likely to be positive in animal
cancer tests, We also conclude that at the low dosts of most
human exposures the comparative harards of synibelic pesti-
cide residues are insignificani.

Toxicological examination of synthetic chemicals such as
pesticides and imdusirial pollutants, without similar exami-
nation of the chemicals in the nafural world to use for
companson, has generated an imbalance in both data and
perception about potential hazards to humans (1-6). In this
and two accompanying papers (7, 8}, we try to redress this
imbalance and discuss in detail one major group of natural
chemicals in our diet—nature’s pesticides.

About half of all chemicals (whether natural or synthetic)
tested chronically in animal cancer tests al the maximum
tolerated dose (MTD) are carcinogens (7, 9-141.Y The MTD
of the test chemical i a near-loxic dose thal can cause
chronic mitogenesis, oflen as a result of cell killing (7). We
have argued thai mitogenesis increases is, and
therefore that a high percentage of all chemicals might be
expecied 1o be carcinogenic when tested chronically al the
MTD (7). A high proportion of both natural and synthetic test
chemicals are positive for carcinogenicity, Matural chemicals
constitute the vast bulk of chemicals in the human diet and
therefore should be used as a reference for evaluating pos-
sible carcinogenic harards from synthetic chemicals. In re-
cent years, we have compared the possibie hazards of vanous
rodent carcinogens, using the human exposure/rodent po-
tency (HERP) ratio (1, &). It should be emphasized that as the
understanding of carcinogenesis mechanisms improves,
these comparisons can be refined but they cannol provide a
direct estimate of human hazard. This paper does not extend
the HERF compansons (1) becawse our purpose is different
and space does not allow a proper analysis,

Mature's Pesticides: Mutagenicity and Carcinogenicity

Flants are nod just food for animals. . . . The woarld is mot
green. It is colored lectin, fanmin, cyanide, caffeine, aflstoxin,
and camavaning [Janzen (161],

DHetary Pesticides Are 99.99% All Natural, Nature's pesti-
cides are one important subset of natural chemicals. Planis
produce orins o protect themselves against fungi, insecis,
and animal predators (5. 16-23). Tens of thousands of these

The publication cosis of this article were delrmyped in part by page chargs
pavment. This ardicle must therefore be hereby marked odveriirement™
m nccondsnce with B4 L S.C. §174 solely io isdicate this fact.

natural pesticides have been discovered, and every species of
plant analyzed contains its own set of perhaps a few dozen
toxins. When planis are stressed or damaged, such as during
a pest atiack, they may greatly increase their natural pesti-
cide levels, occasionally to levels that can be acutely toxic (o
humans., We estimate that Americans eat about 1.5 g of
natural pesticides per person per day, which is about 10,000
times more than they eat of synthetic pesticide residues (see
below), As referenced in this paper (see refs, 16-11 and
legends to Tables 1 and 2), there is a very large literature on
naiural ioxing in plants and their role in plant defenses. The
human intake of these toxins varies markedly with diet and
would be higher in vegetarians. Our estimate of 1.5 g of
nalural pesticides per person per day is based on the content
of toxins in the major plant foods (2.g., 13 g of roasted coffee
per person per day contains about 765 mg of chlorogenic scid,
neachlorogenic ackd, caffeic acid, and caffeine; see refs. 12
and 13 and Table 2). Phenolics from other plants are esti-
mated 1o contribute another several hundred milligrams of
toxins., Flavonoids and glucosinolates account for several
hundred milligrams; potato and tomato toxins may contribate
another hundred, and saponins from legumes another hun-
dred. Grains such as white fiour and white nice contribute
wvery little, bul whole wheat, brown rice, and corn (maize)
may contribute several hundred milligrams more, The per-
centage of a plant's weight that is toxin varies, but a few
percent of dry weight is a reasonable estimate: 2.g., 1.53% of
alfalfa sprouts is canavanine and 4% of coffec beans is
phenolics. However, the percentage in some plant cultivars
is lower (e.g., potatoes and omaloes),

Abbrevistion: MTD, maximum iolerated dose.

*This s paper no. I of & series. Paper no. 1 s ref. 7

o whom reprind requests should be addressed,

YReferences to, and analyses of, individual cancer tests are m the
Carcinogenic Potency Databaze papers (10=13), Ouwr analyses are
based on this database, which reports only results of chrosic,
losig-term Hmmnlhlmﬁdmnmln detect a carcinogenic effect
or lack of effect and 1o estimate potency. More than S0 experi-
ments met the inclusion criteria of the database, but thousands of
athers did mot- &.g., tesis that lack a control . that are loo shar
or include too few snimals 1o detect an 1. thai use roates of
sdlmimistration oo likely (o resull in whole body exposure (like skin
pauniing or subc Ianeous AdMindsIration), CoCarcinogenesis studies,
and bloassays of pariculate or fibrous matiers,

One-third of the chemicals in the dutabase have been tested by the
‘htlmﬂﬁmn[mlltnﬂtfﬂlﬂmﬂﬁmumﬁmm LemiTIE SLAM-

dard protocals with tests in two species at the MTD (151 Abowt half
of the chemicals in the database, however, have been tested in only
one specees. Positivily rates and prediction between species have
been analyzed (9.

We classify the results of an experimend as either posslive of
negative on the basis of the lnﬂ'rnranpﬂuﬂnmﬂnplﬂﬂlﬂdpq:
and classify & chemical as positive if it has been evaluated a5 posilive
by the author of at least one experimeni. We use the author's opinion
o determing positivity becsuse M often iakes info account more
information than statistical significance nlone, such s histoncal
comirol mies for particular sites, survival and latency, and for dose
response. Generally, this designation by author’s opinion coffe-
spopds well with the resalts of statistical reanalyses of the signifi-
cance of the dose—response effect (9.
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Table 1. Forly-mime naturnl pesticides and metabolites found m cabbage

Glucosinolates: 2-propenyl glucosinolate {sinigrin),* 3-methylthiopropyl glucosinolate, S-methylsulfinyipropyl glucosinolate, J-butenyl
glucosinolsie, 2-hydroxy-3-butenyl glucosinolate, 4-methyithiobutyl glucosinolsie, 4-methylsulfinylbuiyl glucosinolate,
d-methylsulfonylbuly] glscosinolate, benzyl glocosinolate, 2-phenylethyl glocosinolate, propyl glicosinolate, baiyl glucosinolate

Indole glucosinolsies and related indoles: 3-mdodyimethyl glucosinolaie (glucobrassicin), 1-methoxy-3-indodylmethyl glicosmalae
[neoglucobrassicin], indole-3-carbinel,* mdode-3-acetomtrile, bis{3-indolylimethane

Ispibiocyanates mnd goitrin: alfyl sothiocyanaie,* 3-methylthiopropy| isothiocyanate, 3-methylsulfinylpropy] isoihiocyanate. 3-batenyl
isothiocyanate, 5-vinyboxazoline-2-thione {goitrin], 4-methylihicbalyl isothiocyanate, 4-methylsulfinylbuyl sothiocyanate,
4-methylsalfonylbutyl isothiocyanate, 4-pentenyl Bothiocyanate, benzyl isothiocyanate. phenybethy] isothiocyanate

Cyanides: 1-cyano-2, b-epithiopropane, 1-cyano-3 d-epithiobutane, 1-cyano-3 d-spithiopentane, three-l-cyano-2-hydroxy. 1, d-epithinbutane,
erythro-1-cyano-2-hydroxy-3, 4-epithiobatane, 2-phenylpropsoaitribe, altyl cyanide,® 1-cyano-2-hydroxy-3-butene, 1-cyano-3-
methybulfinylpropane, 1-cyano-4-meihybualfinyfbulane

Terpenes: menthad, neomenthol. somenthol, carvone®

Phenols: T-methoxyphenol, T-calloylguinic acsd (ehborogenic acid),® d-calfoylquinic scid,® S-calfoylguinic acid ineochlorogenic ncid),®
4 p-coumaroylquinic acid, S4p-coumaroylquinic scid, 3-feraloylquinic acid

*Discussed below: all others untested, Clasiogeniciry. Chlorogenic acid (25) and ally! isothiocyanate are positive (26). Chlorogenic acid and its
metabolite calfesc acid are also mutagens (27-29), as is allyl isothincyunate (30). C. . Allyl imothsocyanate |nu:n1pq:lumuul'
the bindder in male mts (n neoplasm that is unusaslly mre in control rats) and was classified by the Hllmml Toxicology Program as carcinogenic,
Thete was e evidence of carcinogenicily Im masce; however, Il was siated “'the mice probably ded nold receive the MTD" (31, 32). Sinsgrin (sllyl
glucosinolaie, ie., thioglycoside of allyl isothsocyamate) is cocarcinogenic for the rad pancreas (33). Carvone is negative i mice (M),
Inidode-3-acetoniirile has been shown to form & carcinogen, nitroso indole acetondinile, imthe presence of nitrite (35}, Caffelc acid is a carcimogen
(36, 37) and clastogen (25) and s a metabalite of ifs eslers 3, &=, l.ud!nuﬂ'n:llqmlr: acid (chkorogenic and nencﬂuw acid). Meraboditer.
Sinigrin gives rise 1o ally] izothiocyamate when raw cabbage (e.p. . colesbaw) is eaten; in cooked cabbage it also is metabodized 1o allyl cyanide,
which is undested. Indale-3-carbinal forms dimsers and trimers on ingestion, which mimic dioxin (8). Occurrence. See refs. 18, 71, and 38—40.
Tarieolingy, The mitogenic effects of goitrm (which is goitrogenic) and various organic cyanides from cabbage suggest that they may be potential

carcinogens (41, 42}, Aromatse cyanides related to those from cabbage have been shown to be muisgens and are metabolized 1o

cyanide and potentially mutagenic aldehydes (43).

Concentrations of natural pesticides in plants are usually
measured in parts per thowsind or matlon (16=23) rmther than
parts per billion, the usual concentration of synthetic pesti-
cide residwes or of water pollutants (1, 24). We estimate that
humans ingest roughly 5000 to 10,000 different natural pes-
ticides and their breakdown products (16-23), For example,
Table 1 shows 49 natural pesticides (and metabolites) that are
ingested when cabbage is eaten, and indicates how few have
been tested for carcinogenicity or clastogenicily. Lima beans
contain o completely different array of 23 natural toxins that,
in stressed planis, range in concentration from 0.2 (o 33 parts
per thousand fresh weight; none appears to have been tested
yet for carcinogenicity or leralogenscity (191, Many Legurmi-
nosaE CONaim canivanine, o Wxin arginine analog that, after
being eaten by animals, is incorporated into prodein in place
of arginine. Feeding alfalfa sprouts (1.5% canavanine dry
weight) or canavanine o monkeys couses i lupus erythema-
tosus-like syndrome (445, Lupus in humans is characterized
by & defect in the immune system that is associated with
autoimmunity, anti-nuckear antibodies, chromosome breaks,
mnd various types of pathology. The toxicity of nonfood
plants is well known: planis are among the most commonly
ingested porsonous substances for children under 5 years,

Surprisingly few plant toxins have been tested for carci-
nogenicity (10=13, 45). Among 1052 chemicals tested in at
least one species in chronic cancer tests, only 52 are naturally
occurming plant pesticides (10-13). Among these, abowl half
{27/52) are carcinogenic.|! Even though only a tiny propor-

IThe s of 52 natursl plami pesticides inchsdes T toxins from edi-
ble mushrooms bechause mushrooms sre commonly consid-
ered a plasi fond, Fungal toxins are not mcluded bul are gven
bekva,

FPlant pesticides. Carcinogens: scetaldehyde metbylformylhydra-
gone, allyl mothiocyanate, arecobine hydrochloride, benzaldehyde.
benzyl acetate, caffeic acid, catechol, clivorine, cycasin/methyl-
azoxymeihnnol acetale mixlure, esiragole, ethyl scrylate, glutamyl
phydmazinobenzoic acid, p—hydrizln-:d:-rum acid, kssiocarpine,
MN-methy-N-Eormylthydrazine, o-limonene, a-methylbenry] alcahol,
methythydrazine, B-methoxypsoralen, momsocrodaline, pentanal
methylformalhydrazone, petasitenine, reserpine. safrole, seakirk-
ine, sesamol, and symphyline, [Cycasin as well as ity melabolite
methylazonymethanod sre pOsitive in numerous besis (45) thial do nod
mocl the inglesion criterin of the database.] 5- and B-Methoxypsor-

hiydrogen

tion of the plant toxins in our diet have been tested a0 far, the
27 natural pesticides that are rodent carcinogens ane present
in the following foods; anise, apple, apncot, banana, basil,
broccoli, brussels sprouts, cabbage, cantaloupe, caraway,
carmod, canliflower, celery, chemes, cinnamon, cloves, co-
coa, coffee, collard greens, comfrey herb tea, curranis, dill,
cggplant, endive, fennel, grapefmuit juice, grapes, guava,
honey, honeydew melon, horseradish, kale, lentils, lettuce,
mango, mushrooms, mustard, nuimeg, omnge juice, parsiey,
parsnip, peach, pear, peas, black pepper, pineapple, plum,
potalo, radish, raspberries, rosemary, sesame secds, lama-
gon, tea, lomato, and umip. Thus, it is probable that almost
every fruit and vegetable in the supermarket contains natural
plant pesticides that are rodent carcinogens. The levels of
these 27 rodent carcinogens in the above planis are com-
monly thousands of times higher than the levels of synthetic
pesticides. Table 2 shows a vanety of natural pesticides that
are rodenl carcinogens ocouwrring in the paris-per-million
range in plant foods,

The catechol-iype phenolics, such as tannins, and caffeic
acid and 15 esters (chlorogenic and necchlorogenic acids),
are more widespread in plant species than other natural
pesticides (e.g., Tables 1 and 2. It may be that these
phenolics have an antimicrobial role analogous to the respi-
ratory burst of pxvgen radicals from mammalian phagocytic

alen and e light-activated mutagens (17, 45, 46). &-Meih-
DY is positive in a National Program gavage

study (without light) and is in the dalabase (47). Hli'h-un.wmﬂu
and proralen have only been tested in & skin pointing study (with
light) and are positive (46); they are not in our database, because the
route of administration would not result in whole body exposisre.

m:wl'm.. cucalypiol, cugenod, MI?H* wtamyl]-
l—hydrn;mihylph:nylhrdn.uu isosafrole erol, Di-
menthal, nicotine, norharman, ﬁpu'dht. rodencne,

pillocarpine,

mutin sulfale, sodium benzoate, and vinblastine. Unceriain: rrams-
anethobs and guercedin.

Fungal rooins, Among 16 fungal toxins tested for carcinogenacity,
11 were positive. Carcinogens: aftatoxin, S-azacytidine, nzaserine,
citrimin, griseofulvin, luleagkyrin, mitomycin C, ochraloxin A, sterg-
matocyitin, strepiozotocin, and rearalemcme, Moncarcinogens:
eryihromycin stearste, fusarenon X, oxytetracychine hydrochlonide,
patulin, =nd penicillin V.
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Tabde I. Some natural pesticide carcinogens in fiood

FProe, Natl. Acad, Sei USA 87 (1000) e

Rodem carcipogen Conc,, ppm Plant food

5 fE-Methoxypsomlen 14 Parsley

12 Parsnip, cooked

L1E] Celery

6.2 Celery, new culiivar
25 Celery, siressed

P-Hydmzinchenroale 11 Mushroome

Crluwtamyl p-hydrazinobenzoate 42 Mushrooms

Sinigrin® {allyl isothiocyanate) 15590 Cabbags

150-TER Collard greens
126 Canliflower
1301, 5600 Brussels sprouts
16, 00072, (00 Mustard (brown}
i, 500 Homeradish
o-Limonene 1 Crange julce
) Mango
&, () Pepper, black
Estragole 3,80 Easil
1,000 Fennel
Safrole 3,0 Mutmeg
10, 00K Mace
L] Fepper, black

Ethy| ncrylate 0,07 Pincapple

Seanmol 75 Sesamse seeds (heated oil)

w-Methylbenzyl alcohol 1.3 Cocon

Benzyl acetale &2 Bl

230 Jasmine tea
i5 Homey

Catechol 100 Colfee {roasted beans)

Caffeic acid S0=200 Appée, camod, celery, chemry. eggplant.
endive, grapes, letiuce, pear, plum,
potabo

=1, (N} Absinthe, anise, basil, caraway, dill,
METJOFM, TOSSMary, sage, SEvory,
tarragon, thyme
1, HOG Coffes {roasted beans)
Chloragenic acsd? (calfeic acid) S50 Apricot, cherry, peach, plum
21,600 Coffes {iroasted beans)

Meochloropenic scid’ (calelc acd) S0-500 Appie. apricol, broccoli, brussels sprouts,
cabbage, cherry, kale, peach, pear,
plum

(1] Coffee {roasted beans)

Carcinogen lests arg referenced in refs. 10-13 and ihe folbowing: 5-methoxypsoralen (light-activated)
and E-methoxypsomlen (46, 47) ipsormlen, which is carcinogenic by skin painting, and many other
maitagenic peoralen derivatives are also present in parsbey and celery); p-hydrarinobenzoate and
glstamyl p-hydrazinobenzoste (48, 49); allyl moihiocyanate (31, 32); Ddimonene (50); estragole ond
safrole (45, 51); ethy] acrylate and benzyl acetate (32); a-methylbenzyl abcohol (531 caffeic acid (37
sesamol (371; cavechol (37). Concentration references are as follows: 5- and S-methosypsoraben (17,
ﬂ-ﬂi;p-ﬂ'l.}ﬂ:ﬁ.m:t-lﬂ (im commercsal mushrooms) (48, 499; smignn (3E=40, &); o-limonene
(G1-63); estragode and safrole (&-67); ethyl acrylate (6H); benzyl acetate (89-71), a-methyibenzyl
aleohal (23); caffeic scid, chlorgenic acsd, and secchloropenic acid (72-80) [in cofMes (B1)]; catechol
(B3}, B4); sesamol (85). For mistagenscily and clastogenscity references, see lext,

*Sinignin is & cocarcinogen (33) and is metabolized to the rodent carcimogen allyl issthiocyanste,
although mo adequsie tesi has been done on sinigrin Hself. The proportion converied 1o allyl
isothocyanate of 1o allyl cyanide depends om food preparation (kE-di),

"Chilorogenic and neachlorosgenic acid are metabalized to the carcinogens caffeic acid amd catechol (2

metabodive of quinss acid) but have not been tesied for carcinagenicily themselves. The clastogenscity

and mulzgenicity of these compounds are referenced in Table 1.

cells. The phenolics oxidize when a plant & wounded,
yielding a burst of mutagenic oxygen radicals (e.g.. the
browning when an apple is cut),

Caution is necessary in interpreting the implications of the
occurrence in the diet of natural pesticides that are rodent
carcinogens. It is not argued here thai these dietary expo-
sures are necessanly of much relevance to human cancer.
Indeed, & diet rich in fruit and vegetables is associated with
Iower cancer rates (K6, B7). This may be because anticarci-
nogenic vitemins and antioxidants come from plants (86, 87).

What is imporiant in our analysis is that exposires o natural
rodent carcinogens may cast doubt on the relevance of far
lower levels of exposures to synthetic rodent carcinogens.
Residues of Syntbetic Pesticides. A Mational Research
Council report (88) has discussed the regulation of of syn-
thetic pesticides that are rodent carcinogens, but ignored
natural pesticides. The U.5. Food and Drug Administration
{FDA) has assayed food for 200 chemicals including the
synthetic pesticide residues thought to be of greatest impor-
tance and the residues of some industrial chemicals such as
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polychlorinated biphenyls (PCBs) (24). The FDA found res-
idues for 105 of these chemicals: the U.5. intake of the sum
of these 105 chemicals nverages about (.09 mg per person per
day, which we compare to 1.5 g of natural pesticides (i.e.,
99.99% natural).®* Other amalyses of synthetic pesticide
residues are similar (90). About half (0.04 mg) of this daily
intake of synthetic pesticides is compdsed of four chemicals
{24} that were noi carcinogenic in rodent tesis: ethylhexyl
diphenyl phosphate, chlorpropham, malathion, and dicloran
{10, B9}, Thus, the intake of rodent carcinogens from syn-
thetic residues ia only about 0,05 mg a day (averaging abou
0.06 ppm in plant food) even if one assumes that all the other
respdues are carcinogenic i rodents (which is unlikely).

Cooking Food, The cooking of food is also a major dietary
source of potential rodent carcinogens. Cooking produces
about 2 g (per person per day) of mostly untested burnt
maienal that contaims many rodent carcinogens—e.g., poly-
cvehic hydrocarbons (1, 91), heterocychic amines (92, 93),
furfural (22, 23), nitrosamines and nitroaromatics (1, ™)—ax
well as a plethora of motagens (91-95). Thus, the number and
amounts of carcinogenic (or total) synthetic pesticide resi-
dues appear to be minimal compured (o the background of
naturally occurring chemicals in the diet. Roasted colffee, for
example, is known to contain B2 volatile chemicals (22); 21
have been tested chronically and 16 are rodent carcinogens
(10-13}; caffeic acid. a nonvolatile rodent carcinogen, is also
present (Table 2), A typical cup of coffee contains at least 10
mg (40 ppm) of rodeni carcinogens (mostly caffeic acid,
catechol. furfural, hydrogquinone and hydrogen peroxide)
{Table 2}, The evidence on coffes and human health has been
recently reviewed, and the evidence to date is insufficient o
show that coffee i1s a risk factor for cancer in humans (81, 86).
The same caution sbout the implications for humans of
rident carcinogens in the died that were discussed above for
nature's pesticides apply to coffee and the products of
cooked food.

Clastogenbelty and Mutagenleity Stndies. Results from in
vitro siudies also indicate that the natural world should not be
nored and that positive resolis are commaonly observed in
high-dose protocols. Ishidate er ol (236) reviewed expen-
menis on the clastogenicity (ability to break chromosomes) of
951 chemicals in mammalian cell cultures, OF these 951
chemicals, we identified 72 as natural plant pesticides, and 35
(455 were positive for clastogenicity in at laast one test. This
is similar to the resalts for the remaining chemicals, of which
467/879 (53%) were posilive in al lenst one test,

Of particular interest are the levels at which some of the
carcinogenic plant toxins in Table 1 were clasiogenic (26].
Allyl isothiocyanate was clastogenic at a concentration of
0.0005 ppm, which ix about 200,000 times less than the
concentration of sinigrin, its glucosinolate, in cabbage, Allyl
isothiocyanate was among the most potent chemicals in the
compendium (26) and is also effective ol unusually low levels
in transforming (96) and mutating (30) animal cells. (See also
the discussion of cancer tests in Table 1.) Safrole was
clastogenic at a concentration of about 100 ppm, which is 30
times less than the concentration in nuimeg and roughly equal
to the concentration in black pepper. The rodent carcinogens
safrole and estragole, and a number of other related dietary
natural pesticides that have not been tested in ammal cancer
tests, have been shown 1o produce DN A adducts in mice (97).
Caffeic ackd was clastogenic at s concentration of 260 and 300

**Figures bere are based on men aged 25-30 in 1982-1984. Cancer
tesi reswlis are in refs, 10-13. The negative tesl on 2-ethylhexyl
diphenyl phosphate is in ref. 9. The latesi FDA figures on actsal
exposures do nol include every known synihets pesticide, amd
diels vary. Meventhelesa, 0,05 mg of posubly carcinogenic pesti-
cide residues consumed in  dny seems 10 be n reasonable rough
celimaie,

Froc. Nail, Acad. Sci, USA 87 (199%))

ppm, which is less than its concentration in roasted coffes
beans and close 1o its concentration in apples, lettuce,
endive, and potato skin, Chlorogenic acid, a precursor of
cuffeic scid, was clasiogenic at a concentration of 150 ppm,
which is 100 times less than its concentration in roasted
coffee beans and similar Lo i1s concentration in apples, pears,
plums, peaches, cherries, and apricots. Chlorogenic acid and
caffeic ackd are also mutagens (Table 1). Coffes is genotoxic
to mammalian cells (%8). Plant phenolics such as caffeic acid,
chlorogenic acid, and tannins {esters of gallic acid) have been
reviewed for their mutagenicity and antimutagenicity, clas-
togenicity, and carcinogenicity (99,

‘We dedicate this paper to the memory of Willtam Havender. We
are indebled to B. Peto, N. B, Manley, T. H. Slone, T. Wehr, H.
Beier, L, W, Wattenberg, K. Hall. T. Jukes, G. R. Feawick, J.
Cabdwell, J. Duke, C. VanEren, D. Freedman, R, Prokopy, and M.
Ito, This work was supporied by Mational Cancer Institute Out-
standing Investigator Grant CAIWI0, by Mational Institule of En-
vironmental Health Sceences Cemter Grant ESO]18%, and by Contract
DE-ACH3-Pa5 FONEE: Director, Office of Energy Rescarch, Office of
Heatih and Environmental Research, U5, Depariment of Energy.
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