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May 31, 1989

S. R. Holm, Jr., CAPT, CEC, USN
Director, Facilities Management
Marine Corps Air Station E1 Toro (JA)
Santa Ana, CA 92709-5001

Dear Captain Holm:

Enclosed are the articles I promised-you by Dr. Bruce Ames. He appears to be the
only sane voice in the toxics wilderness. Should you ever get the opportunity to hear
him speak, you will probably find the experience very enlightening.

Cordially,

' Ja_. es A. Goodrich
--J-Director of Basin Management
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amounts of safrole and large amounts
(close to 10 percent by weight) of the
closely related compound piperine (26).
Extracts of black pepper cause tumors in
mice at a variety of sites at a dose of

Dietary Carcinogens and extract equivalent to 4 mg of dried pep-per per day (about 160 mg/kg per day) for

,Sn':carc:no"en s 3 months; an estimate of the averagehuman intake of black pepper is over 140
mg per day (about 2 mg/kg per day) for

Oxygen radicals and degenerative diseases life (26).2) Most hydrazines that have been
tested are carcinogens and mutagens,

Bruce N. Ames and large amounts of carcinogenic hy-
drazines are present in edible mush-
rooms. The widely eaten false morel
(Gyromitra escu/enta) contains 1! hydra-

Comparison of data from different Natural Mutagens and zincs, three of which are known carcino-

countries reveals wide differences in the Carcinogens in Food gens (28). One of these, N-methyl-N- t
rates of many types of cancer. This leads formylhydrazine, is present at a concen-
to hope that each major type of cancer Plant material. Plants in nature syn- tration of 50 mg per 100 g and causes
may be largely avoidable, as is the case thesize toxic chemicals in large amounts, lung tumors in mice at the extremely Iow
for cancers due to tobacco, which consti- apparently as a primary defense against dietary level of 20 _xgper mouse per day
tute 30 percent of the cancer deaths in the hordes of bacterial, fungal, and in- (28): The most common commercial
the United States and the United King- sect and other animal predators _5--40). mushroom, Agaricus bisporus, contains
dom (I). Despite numerous suggestions Plants in the human diet are no excel>- about 300 mg ofagaritine, the 6-glutamyl
to the contrary, there is no convincing tion. The variety of these toxic chemi- derivative of the mutagen 4-hydroxy-
evidence of any generalized increase in
U.S. (or U.K.) cancer rates other than
what could plausibly be ascribed to the Summary. The human diet contains a great variety of natural mutagens and
delayed effects of previous increases in carcinogens, as well as many natural antimutagens and anticarcinogens. Many of
tobacco usage [I-3). Thus. whether or these mutagens and carcinogens may act through the generation of oxygen radicals.
not any recent changes in life-style or Oxygen radicals may also play a major role as endogenous initiators of degenerative
pollution in industrialized countries will processes, such as DNA damage and mutation (and promotion), that may be related
substantially affect future cancer risks, to cancer, heart disease, and aging. Dietary intake of natural antioxidants could be an
some important determinants of current important aspect of the body's defense mechanism against these agents. Many
risks remain to be discovered among antioxidants are being identified as anticarcinogens. Characterizing and optimizing
long-established aspects of our way of such defense systems may be an important part of a strategy of minimizing cancer
life. Epidemiologic studies have indicat- and other age-related diseases.
ed that dietary practices are the most
promising area to explore (I. 4). These
studies suggest that a general increase in cals is so great that organic chemists methyiphenylhydrazine, per 100 g of
consumption of fiber-rich cereals, vege- have been characterizing them for over mushrooms, as well as smaller amounts
tables, and fruits and decrease in con- 100 years, and new plant chemicals are of the closely related carcinogen N-ace-
sumption of fat-rich products and execs- still being discovered (12.24, 25). How- tyl - 4 - hydroxymethylphenylhydrazine
sire alcohol would be prudent (I, 4). ever, toxicological studies have been (28). Some agaritine is metabolized by
There is still a lack of definitive evidence completed for only a very small percent- the mushroom to a diazonium derivative
about the dietary components that are age of them. Recent widespread use of which is a very potent carcinogen (a
critical for humans and about their mech- short-term tests for detecting mutagens single close of 400 ng/g gave 30 percent of
anisms of action. Laboratory studies of (41, 42) and the increased number of mice stomach tumors) and which is also
natural foodstuffs and cooked food are animal cancer tests on plant substances present in the mushroom in smaller
beginning to uncover an extraordinary (6) have contributed to the identification amounts (28). Many hydrazine carcino-
variety of mutagens and possible carcin- of many natural mutagens, teratogens, gens may act by producing oxygen radi-
ogens and anticarcinogens. In this article and carcinogens in the human diet (5- cais (43).
I discuss dietary mutagens and carcino- 40). Sixteen examples are discussed be- 3) Linearfitrocoumarins such as psor-
gens and anticarcinogens that seem of Iow. Men derivatives are potent light-activat-
importance and speculate on relevant I) Safrole, estragole, methyleugenol, ed carcinogens and mutagens and are
biochemical mechanisms, particularly and related compounds are present in widespread in plants of the Umbelliferae

the role of oxygen radicals and their many edible plants (51. Safrole, estra- family, such as celery, parsnips, figs,
inhibitors in the fat-cancer relationship, gole, and methyleugenol are carcinogens and parsley (for instance. 4 mg per 100 g

promotion, anlicarcinogenesis, and ag- in rodents, and several of their metabo- of parsnip) (17. 19, 44). The level in 1
lng. lites are mutagens (5). Oil of sassafras, celery (about 100 p,g per 100 g) can !

which had been used in "natural" sarsa- increase about 100-fold if the celery is ,
The author is chairmanof the Deparlment of parilla root beer. is about 75 percent stressed or diseased (19). Celery pickers

Biochemistry, Un_er.,,it_ of California. Berkeley

94720. safrole. Black pepper contains small and handlers commonly develop skin
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rashes on their arms when exposed to feic acid component of chlorogenic acid ingredient in oil of mustard and horse-
diseased celery (_9). Oil of bergamot, a (9), which is present at about 250 mg per radish, is one of the main toxins of the
citrus oil, is very rich in a psoralen and cup of coffee]. The amounts of these mustard seed and has been shown to
was used in the leading suntan lotion in phenols in human urine (and in the diet) cause chromosome aberrations in ham-
France (17), Psoralens, when activated are appreciable (45). Catechol, for exam- stet cells at Iow concentration (50) and to
by sunlight, damage DNA and induce pie, is excreted in urine at about 10 mg be a carcinogen in rats (31).
tanning more rapidly than the ultraviolet per day and appears to be mainly derived 11) Gossypol is a major toxin in cot-
component of sunlight, which is also a from metabolism of plant substances tonseed and accounts for about I percent
carcinogen (17). Psoralens (plus light) (45). Catechol is a potent promoter of of its dry weight (32). Gossypol causes
are also effective in producing oxygen carcinogenesis (45). an inducer of DNA pathological changes in rat and human
radicals (18). damage, a likely active metabolite of the testes, abnormal sperm, and male steril-

4) The potato glycoaikaloids solanine carcinogen benzene (46). and a toxic ity (32, 33). Genetic damage has been
and chaconine are strong cholinesterase agent in cigarette smoke (45). Catechol- observed in embryos sired by gossypol-
inhibitors and possible teratogens and amine induction of cardiomyopathy is treated male rats: dominant lethal muta-
are present at about 15 mg per 200 g of thought to occur through generation of tions in embryos were measured after
potato (12, 13). When potatoes are dis- oxygen radicals (49). males were taken off gossypol treatment
eased, bruised, or exposed to light, these 7) Theobromine, a relative of caffeine, and allowed to mate (33). Gossypol ap-
and other (24) glycoalkaioids reach lev- has been shown to be genotoxic in a pears to be a carcinogen as well: it has
els that can be lethal to humans (12). variety of tests, to potentiate (as does been reported to be a potent initiator and
Plants typically respond to damage by caffeine) DNA damage by various car- also a promoter of carcinogenesis in skin
making more (and often different) toxic cinogens in human cells, and to cause painting studies with mice (34). Crude.
chemicals as a defense against insects testicular atrophy and spermatogenic unrefined cottonseed oilcontains consid-
and fungi (19, 24.2.5). The different culti- cell abnormalities in rats (27). Cocoa erable amounts of gossypol (100 to 750
vars of potatoes vary in the concentra- powder is about 2 percent theobromine, mg per 100 mi). Thus human consump-
tion of these toxic glycoalkaloids (the and therefore humans ma)' consume (ion may be appreciable in countries.
concentration is a major determinant of hundreds of milligrams of theobromine a such as Egypt, where fairly crude cot-
insect and disease resistance); one culti- day from chocolate. Theobromine is also tonseed oil is commonly used in cooking.
var bred for insect resistance had to be present in tea. Gossypol is being tested as a male con-
withdrawn from use because of its toxici- 8) Pyrrolizidine alkaloids are carcino- traceptive in over 10,000 people in China
ty to humans (> 40 mg of glycoalkaloids genic, mutagenic, and teratogenic and tat an oral dose of about t0 mg per
in a 200-g potato is considered to be a are present in thousands of plant species person per day). as it is inexpensive and
toxic level) (12). (often at :> I percent by weight), some of causes sterility during use (33). Gossy-

5) Querceri. and several similar {la- which are ingested by humans, par(leu- pol's mode of action as a spermicide may
vonoids are mutagens in a number of larly in herbs and herbal teas and occa- be through the production of oxygen
short-term test systems. Flavonoids are sionaily in honey (7, 29). Pyrrolizidine radicals (35).
extremely widespread ldaily levels close alkaloid poisonings in humans (as well as Plant breeders have developed "gland-
to 1 g) in the human diet (8. 16.20, 21). in other mammals) cause lung and liver less cotton," a new strain with low levels
There is evidence for the carcinogenicity lesions and are commonly misdiagnosed of gossypol, but seeds from this strain
of quercetin in two strains of rats (8), (29). are much more susceptible to attack by
although it was negative in other experi- 9) The broad (fava) bean (Vicia faba), the fungus Aspergillusfiavus, which pro-
ments (21). a common food of the Mediterranean duces the potent carcinogen aflatoxin

6) Quinones and their phenol precur- region, contains the toxins vicine and (36).
sors (9. 14.16, 23.45) are widespread in conricine at a level of about 2 percent of 12) Sterculic acid and malvalic acid
the human diet. Quinones are quite toxic the dry weight (30). Pythagoras forbade are widespread in the human diet. They
as they can act as electrophilesor accept his followers to eat the beans, presum- are toxic cyclopropenoid fatty acids
a single electron to yield the semiquin- ably because he was one of the millions present in cottonseed oil and other oils
one radical, which can either react dj- of Mediterranean people with a deficien- from seeds of plants in the family Malva-
rectly w!th DNA (14, 46) or participate in cy of glucose-6-phosphate dehydrog- cea) (for instance, cotton, kapok, okra,
a redox cycle of superoxide radical gen- enase. This deficiency results in a Iow and durian) (31). Another possible
era(ion by transferring the electron to O: glutathione concentration in blood cells, source of human exposure is consump-
t47). The superoxide radical and its met- which causes increased resistance to the (ion offish, poultry, eggs, and milk from
abolic product H20: can, in turn, lead to malarial parasite, probably accounting animals fed on cottonseed (31). Cyclo-
the oxidation of fat in cellular mere- for the widespread occurrence of the propenoid fatty acids are carcinogens in
branes by a lipid peroxidation chain re- mutant gene in malarial regions. Howev- trout, markedly potentiate the carcinoge-
action, thus generating mutagens and er, the iow glutathione concentration nicity of aflatoxin in trout, cause athero-
carcinogens, as discussed below. A hum- also results in a marked sensitivity to sclerosis in rabbits, are mitogenic in rats,

!i ber ofquinones and dietary phenols have agents that cause oxidative damage, and have a variety of toxic effects in farm

i been shown to be mutagens (7. 9. 16.23. such as the fava bean toxins and a varie- animals (51). The toxicity of these fatty
{ 44). Mutagenic anthraquinone deriva- ty of drugs and viruses, Sensitive indi- acids could be due to their ease of oxida-
I fives are found in plants such as rhubarb viduals who ingest lava beans develop a (ion to form peroxides and radicals (3/).
} and in mold toxins (7. 16. 48). Many severe hemolytic anemia caused by the 13) Leguminous plants such as lupine
I

dietary phenols can spontaneously au- enzymatic hydrolysis of vicine to its contain very potent teratogens (22).
(oxidize to quinones, generating hydro- aglycone, diricine, which forms a qui- When cows and goats forage on these
gen peroxide at the same time [examples none that generates oxygen radicals (30). plants, their offspring may have severe
are catechol derivatives such as the caf- 10)Allyl isothiocyanate, a major flavor teratogenic abnormalities: an example is
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_he characteristic "crooked calf" abnor- (38). There are health costs for the use of number of animal studies have shown
reality due to the ingestion of anagyrine these natural pesticides, just as there are that high dietary fat is a promoter and a
from lupine (22). In addition, significant for man-made pesticides (41, 54). and presumptive carcinogen (4, 67, 68). Co-
amounts of these teratogens are trans- these must be balanced against the costs Ion and breast cancer and lung cancer
fen-ed to the animals' milk, so that drink- of producing food. However, little infor- (which is almost entirely due to cigarette
lng the milk during pregnancy is a seri- mat)on is available about the toxicology smoking) account for about half of all
ous teratogenic hazard (22). In one rural of most of the natural plant toxins in our U.S. cancer deaths. In addition to the
California family, a baby boy, a litter of diet, despite the large doses we are ex- cyclopropenoid fatty acids already dis-
puppies, and goat kids all had posed to. Many, if not most, of these cussed, two other plausible mechanisms
"crooked" bone birth-defect abnormal)- plant toxins may be "new" to humans in involving oxidative processes could ac-
ties. The pregnant mother and the dog the sense that the human diet has count for the relation (69)between high
had both been drinking milk obtained changed drastically with historic times, fat and both cancer and heart disease.
from the family goats, which had been By comparison, our knowledge of the !) Rancid fat. Fat accounts for over 40
foraging on lupine (the main forage in toxicological effects of new man-made percent of the calories in the U.S. diet
winter) (22). It was at first mistakenly pesticides is extensive, and general ex- (67). and the amount of ingested oxidized
thought that the birth defects were posure is exceedingly Iow (53). fat may be appreciable (70. 71). Unsatu-
caused by spraying of 2,4-D. Plants also contain a variety of ant)car- rated fatty acids and cholesterol in fat

14) Sesquiterpene lactones are wide- cinogens (55), which are discussed be- are easily oxidized, particularly during
spread in many plants (37), although Iow. cooking (70, 71). The lipid peroxidation
because they are bitter they are not eaten Alcohol. Alcohol has long been associ- chain reaction (rancidity) yields a variety
in large amounts. Some have been ated with cancer of the mouth, esopha- (71-73) of mutagens, promoters, andcar-
shown to be mutagenic (37). They are a gus. pharynx, larynx, and, to a lesser cinogens such as fatty acid hydroperox-
major toxin in the white sap of Lactuca extent, liver il, 56). and it appears to be ides (62), cholesterol hydroperoxide
virosa (poison lettuce), which has been an important human teratogen, causing a (74), endoperoxides, cholesterol and fat-
used as a folk remedy. Plant breeders are variety of physical and mental defects in ty acid epoxides (74-77), enals and other
now transferring genes from this species babies of mothers who drink (57). AIco- aldehydes (44. 59. 78), and alkoxy and
to commercial lettuce to increase insect hol drinking causes abnormalities in hydroperoxy radicals (44. 72). Thus the
resistance (38). mice (57a) and is a synergist for chromo- colon and digestive tract are exposed to

15) The phorbol esters present in the some damage in humans (58). Alcohol a variety of fat-derived carcinogens. Hu-
Euphorbiacea, some of which are used metabolism generates acetaldehyde, man breast fluid can contain enormous
as folk remedies or herb teas. are potent which is a mutagen and teratogen (59), a levels (up to 780 _M) (75) of cholesterol
promoters of carcinogenesis and may cocarcinogen, and possibly a carcinogen epoxide (an oxidation product of choles-
have been a cause of nasopharyngeal (60), and also radicals that produce lipid teroi), which could originate from either
cancer in China and esophageal cancer in hydroperoxides (61) and other mutagens ingested oxidized fat or oxidative pro-
Cura_;ao (39). and carcinogens (62; see below). In some cesses in body lipids. Rodent feeding

16) Alfalfa sprouts contain canavan- epidemiologic studies on alcohol (56), it studies with oxidized fat (79) have not
ine, a highly toxic arginine analog that is has been suggested that dietary green yielded definitive results.
incorporated into protein in place of argi- vegetables are a modifying factor in the 2) Peroxisomes oxidize an appreciable
nine. Canavanine. which occurs in alfal- reduction of cancer risk. percentage of dietary fatty acids, and
fa sprouts at about 1.5 percent of their Mold carcinogens. A variety of mold removal of each two-carbon unit goner-
dry weight (40). appears to be the active carcinogens and mutagens are present in ares one molecule of hydrogen peroxide
agent in causing the severe lupus erythe- mold-contaminated food such as corn, (a mutagen, promoter, and carcinogen)
matosus--like syndrome seen when mon- grain, nuts, peanut butter, bread, (80, 81}. Some hydrogen peroxide es-
keys are fed alfalfa sprouts (40). Lupus cheese, fruit, and apple juice (15, 63). capes the catnlase in the peroxisome (80,
in man is characterized by a defect in the Some of these, such as sterigmatocystin 82, 83), thus contributing to the supply of
immune system which is associated with and afiatoxin, are among the most potent oxygen radicals, which also come from
autoimmunity, ant)nuclear antibodies, carcinogens and mutagens known (1.5, other metabolic sources (72, 83..8.5).Hy-
chromosome breaks, and various types 63). Dietary glutathione has been report- droperoxides generate oxygen radicals in
of pathology (40). The chromosome ed to counteract aflatoxin carcinogenic- the presence of iron-containing corn-
breaks appear to be due to oxygen radi- ity. pounds in the cell (72). Oxygen radicals,
cats as they are prevented by superoxide Nitrite. nitrate, and nitrosamines. A in turn, can damage DNA and can start
dismutase (52}. The canavanine-alfalfa number of human cancers, such as store- the rancidity chain reaction which leads
sprout pathology could be due in part to ach and esophageal cancer, may be relat- to the production of the mutagens and
the production of oxygen radicals during ed to nitrosamines and other nitroso carcinogens listed above (72). Drugs
phagocytization of antibody complexes compounds formed from nitrate and nj- such as ciofibrate, which cause lowering
with canavanine-containing protein, trite in the diet (64, 65). Beets, celery, of serum lipids and proliferation of per-

The 16 examples above, plus coffee lettuce, spinach, radishes, and rhubarb oxisomes in rodents, result in age pig-
(discussed below), illustrate that the hu- all contain about 200 mg of nitrate per ment (lipofuscin) accumulation (a sign of
man dietary intake of "nature's pest/- 100-g portion (65). Anticarcinogens in lipid peroxidation in tissues) and liver
cides" is likely to be several grams per the diet may be important in this context tumors in animals (80). Some fatty acids,
day--probably at least 10,000 times high- as well (66). such as C2.,:s and certain frans fatty
er than the dietary intake of man-made Fat and cancer: possible oxidative acids, appear to cause peroxisomal pro-
pesticides (53). mechanisms. Epidemiologic studies of liferation because they are poorly oxi-

Levels of plant toxins that confer in- cancer in humans suggest, but do not dized in mitochondria and are preferen-
sect and fungal resistance are being in- prove, that high fat intake is associated tinily oxidized in the peroxisomes, al-
creased or decreased by plant breeders with colon and breast cancer (!. 4.67). A though they may be selective for heart or
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liver (86). There has been controversy fried pork or bacon (94). In the evalua- contributors to DNA damage (103). Ma-
, about the role of trans fatty acids in tion of risk from burnt material it may be jor sources of endogenous oxygen radi-

cancer and heart disease, and recent useful (in addition to carrying out epide- cals are hydrogen peroxide (83) and su.
evidence suggests that trans fatty acids miologic studies) to compare the activity peroxide (72, 104-) generated as side

might not be a risk factor for atheroscle- of cigarette tar to that of the burnt mate- products of metabolism, and the oxygen
rosis in experimental animals (87). rial from cooked food (or polluted air) in radical burst from phagocytosis after vi-
Americans consume about 12 g of trans short-term tests and animal carcinoge- ral or bacterial infection or the inflamma-

fatty acids a day (87) and a similar nicity tests involving relevant routes of tory reaction(105). A variety of environ-
amount of unnatural cis isomers [which exposure. Route of exposure and corn- mental agents could also contribute to
need further study (88)], mainly from position of the burnt material are critical the oxygen radical load, as discussed
hydrogenated vegetable fats. Dietary variables. The risk from inhaled cigarette here and in recent reviews (72, 106).
C22:1 fatty acids are also obtained from smoke can be one reference standard: an Many enzymes protect cells from oxida-
rapeseed oil and fish oils (86). Thus average life shortening of about 8 years tive damage; examples are superoxide
oxidation of certain fatty acids might for a two-pack-a-day smoker. The dismutase (104), glutathione peroxidase
generate grams of hydrogen peroxide per amount of burnt material inhaled from (107), DT-diaphorase (108). and the glu-
day within the peroxisome (86l. Another severely polluted city air, on the other tathione transferases (109). In addition, a
source of fat toxicity could be perturba- hand, is relatively small: it would be variety of small molecules in our diet are

tions in the mitochondrial or peroxisom- necessary to breathe smoggy Los Ange- required for antioxidative mechanisms
al membranes caused by abnormal fatty les air (111 i_g/m 3 total particulates; 31 and appear to be anticarcinogens; some
acids, yielding an increased flux of su- i_g/m 3 soluble organic matter) for I to 2 of these are discussed below.

peroxide and hydrogen peroxide. Mito- weeks to equal the soluble organic mat- I) Vitamin E (tocopheroi) is the major
chondrial structure is altered when rats ter of the particulates or the mutagenic- radical trap in lipid membranes (72) and

are fed some abnormal fatty acids from ity from one cigarette (20 mg of tar)(95), has been used clinically in a variety of
partially hydrogenated fish oil (89). DJ- Epidemiologic studies have not shown oxidation-related diseases(/10). Vitamin

etary C22:1 fatty acids and clofibrate also significant risks from city air pollution E ameliorates both the cardiac damage
induce ornithine decarboxylase (86). a alone ii, 96). Air in the houses of smok- and carcinogenicity of the quinones
common attribute of promoters, ers is considerably more polluted than adriamycin and daunomycin, which are

A recent National Academy of Sci- city air outside (97). mutagenic, carcinogenic, cause cardiac
ences committee report suggests that a Coffee, which contains a considerable damage, and appear to be toxic because
reduction of fat consumption in the amount of burnt material, including the of free radical generation (111). Protec-

American diet would be prudent (4), mutagenic pyrolysis product methylgly- rive effects of tocopherols against radia-
although other scientists argue that, until oxai, is mutagenic (21. 98). However. tion-induced DNA damage and mutation

we know more about the mechanism of one cup of coffee also contains about 250 and dimethylhydrazine-induced carcino-
the fat-cancer relation and about which mg of the natural mutagen chlorogenic genesis have also been observed (112).
types of fat are dangerous, it is prema- acid (9) [which is also an antinitrosating Vitamin E markedly increases the endur-
ture to recommend dietary changes(90), agent (66)], highly toxic atractylosides ance of rats during heavy exercise.

(10), the glutathione transferase inducers which causes extensive oxygen radical
kahweal palmitate and cafestol palmitate damage to tissues (113).

Cooked Food as a Source of (ll), and about 100 mg of caffeine [which 2) _-Carotene is another antioxidant in

Ingested Burnt and Browned Material inhibits a DNA-repair system and can the diet that could be important in pro-
increase tumor yield (99) and cause birth tecting body fat and lipid membranes

Work of Sugimura and others has indi- defects at high levels in several expert- against oxidation. Carotenoids are free-
! cared that the burnt and browned materi- mental species (100)]. There is prelimi- radical traps and remarkably efficient

al from heating protein during cooking is nary, but not conclusive, epidemiologic quenchers of singlet oxygen (i!4). Sin-

_! highly mutagenic (21, 91). Severalchem- evidence that heavy coffee drinking is glet oxygen is a very reactive form of
teals isolated on the basis of their mu- associated with cancer of the ovary, oxygen which is mutagenic and particu-

_i tagenicity from heated protein or pyro- bladder, pancreas, and large bowel (lOlL lady effective at causing lipid peroxida-
_[ lyzed amino acids were found to be Cooking also accelerates the rancidity tion (!14). It can be generated by pig-
- _ carcinogenic when fed to rodents (21). In reaction of cooking oils and fat in meat ment-mediated transfer of the energy of

ii addition, browning products (70. 71), thus increasing consumption of light to oxygen, or by lipid peroxidation.
the reaction

I from the caramelization of sugars or the mutagens and carcinogens, although the latter is somewhat contro-reaction of amino acids and sugars dur- versial. I_-Carotene and similar poly-
lng cooking (for instance, the brown ma- prenes are present in carrots and in all

, terial on bread crusts and toasted bread) Anticarcinogem food that contains chlorophyll, and they
, contain a large variety of DNA-damaging appear to be the plants' main defense
{ agents and presumptive carcinogens (23, We have many defense mechanisms to against singlet oxygen generated as a by-

38. 921. The amount of burnt and protect ourselves against mutagens and product from the interaction of light an,. i browned material in the human diet may carcinogens, including continuous shed- chlorophyll (115). Carotenoids ha,
be several grams per day. By compari- ding of the surface layer of our skin. been shown to be anticarcinogens in r

'_ son about 500 mg of burnt material is stomach, cornea, intestines, and colon and mice (116). Carotenoids (in gr

: inhaled each day by a smoker using two (!02). Understanding these mechanisms and yellow vegetables) may be ant
packs of cigarettes (at 20 mg of tar per should be a major goal of cancer, heart, cinogens in humans (I, 56. 1! 7).
cigarette) a day. Smokers have more and aging research. Among the most protective effects in smokers mi

· easily detectable levels of mutagens in important defenses may be those against related to the high level of oxir
their urine than nonsmokers (93), but so oxygen radicals and lipid peroxidation if. both cigarette smoke and tar (
do people who have consumed a meal of as discussed here. these agents are major Carotenoids have been used m,
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t_e treatment for some genetic diseases, proof of a cause-effect relationship) species and has been associated with
such as porphyrias, where a marked pho- (131). It was recently hypothesized that lipid peroxidation (73, 84, 138, 139). The
tosensitivity is presumably due to singlet ascorbic acid may have been supple- fluorescent products in age pigment are
oxygen formation (!19). mented and perhaps partially replaced in thought to be formed by malondiaide-

3) Selenium is another important di- humans by uric acid during primate evo- hyde (a mutagen and carcinogen and a
etary anticarcinogen. Dietary selenium lution (132). major end product of rancidity) cross-
(usually selenite) significantly inhibits 6) Uric acid is a strong antioxidant linking protein and lipids (138). Metabol-
the induction of skin, liver, colon, and present in high concentrations in the ic rate is directly correlated with the rate
mammary tumors in experimental ani- blood of humans (132). The concentra- of lipofuscin formation (and inversely
reals by a number of different carcino- tion of uric acid in the blood can be correlated with longevity) (139).
gens. as well as the induction of mamma- increased by dietary purines: however. Cancer increases with about the fourth
ry tumors by viruses (120). It also inhib- too much causes gout. Uric acid is also power of age. both in short-lived species
its transformation of mouse mammary present in high concentrations in human such as rats and mice (about 30 percent
cells (121). Low selenium concentrations saliva (132) and may play a role in de- of rodents have cancer by the end of
may be a risk factor in human cancer fense there as well. in conjunction with their 2- to 3-year life-span) and in long-
(122). A particular type of heart disease lactoperoxidase. A Iow uric acid level in lived species such as humans (about 30
in young people in the Keshan area of blood may possibly be a risk factor in percent of people have cancer by the end
China has been traced to a selenium cigarette-caused lung cancer in humans of their 85-year life-span) (142). Thus.
deficiency, and low selenium has been (133). the marked increase in life-span that has
associated with cardiovascular death in 7) Edible plants and a variety of sub- occurred in 60 million years of primate
Finland (123). Selenium is in the active stances in them. such as phenols, have evolution has been accompanied by a
site of glutathione peroxidase, an eh- been reported to inhibit (cabbage) or to marked decrease in age-specific cancer
zyme essential for destroying lipid hy- enhance (beets) carcinogenesis (11. 55, rates; that is. in contrast to rodents. 30
droperoxides and endogenous hydrogen 134) or mutagenesis (23, 66, 92, 135) in percent of humans do not have cancer by
peroxide and thus helping to prevent experimental animals. Some of these the age of 3 (142). One important factor
oxygen radical-induced lipid peroxida- substances appear to inhibit by inducing in longevity appears to be basal metabol-
tion (107). although not all of the effects cytochrome P-450 and other metabolic ic rate ¢!39, 141). which is much lower in

of selenium may be accounted for by this enzymes [(134): see also (11)]. although man than in rodents and could markedly
enzyme (120). Several heavy-metal tox- on balance it is not completely clear affect the level of endogenous oxygen
ins. such as Cd:* (a known carcinogen) whether it is generally helpful or harmful radicals.
and Hg2_, lower glutathione peroxidase for humans to ingest these inducing sub- Animals have many antioxidant de-
activity by interacting with selenium stances, lenses against oxygen radicals. 1n-
(107). Selenite (and vitamin E) has been The hypothesis that as much as 80 creased levels of these antioxidants, as
shown to counter the oxidative toxicity percent of cancer could be due to envi- well as new antioxidants, may also be a
of mercuric salts (124). ronmental factors was based on geo- factor in the evolution of man from

4) Glutathioneis present in food and is graphic differences in cancer rates and short-lived prosimians (143). It has been
one of the major antioxidants and anti- studies of migrants (136). These differ- suggested that an increase in superoxide
mutagens in the soluble fraction of cells, ences in cancer rates were thought to be dismutase is correlated (after the basal
The glutathione transferases (some of mainly due to life-style factors, such as metabolic rate is taken into account)
which have peroxidase activity) are ma- smoking and dietary carcinogens and with increased longevity during primate
jor defenses against oxidative and aikyl- promoters (136), but they also may be evolution, although this has been disput-
ating carcinogens (109). The concentra- due in good part [see also (1)] to less than ed (141). Ames et al. proposed (132) that
tion of glutathione may be influenced by optimum amounts of anticarcinogens as uric acid was an antioxidant and was
dietary sulfur amino acids (125, 126). N- and protective factors in the diet. present in much higher concentrations in
Acetylcysteine. a source of cysteine, The optimum levels of dietary antioxi- the blood of humans than in other mare-
raises glutathione concentrations and re- dants, which may vary among individ- reals, it may have been one of the inno-
duces the oxidative cardiotoxicity of uals, remain to be determined; however, rations enabling the marked increase in
adriamycin and the skin reaction to radi- at least for selenium ¢120), it is important life span and consequent marked de-
ation (127). Glutathione concentrations to emphasize the possibility of deleteri- crease in age-specific cancer rates which
are raised even more et_ciently by t.-2- ous side effects at high doses, occurred during primate evolution. The
oxothiazolidine-4-carboxylate, which is ability to synthesize ascorbic acid may
an effective antagonist of acetamino- have been lost at about the same time in
phen-caused liver damage (126). Acct- Oxygen Radicals and Degenerative primate evolution as uric acid levels be-

aminophen is thought to be toxic through DiseasesAssociatedwith Aging gan to increase (144).
radical and quinone oxidizing metabo- Cancer and promotion. Both DNA-
lites (128). Dietary glutathione may be an Aging. A plausible theory of aging damaging agents (initiating mutagens)
effective anticarcinogen against aflatoxin holds that the major cause is damage to (21, 41, 42) and promoters (145) appear
(129). DNA (102, 137) and other macromol- to play an important role in carcinogene-

5) Dietary ascorbic acid is also impor- ecules and that a major source of this sis (21, 146). It has been postulated that
tant as an antioxidant. It was shown to damage is oxygen radicals and lipid per- certain promoters of carcinogenesis act
be anticarcinogenic in rodents treated oxidation (43.84, 103, 138--141). Cancer by generation of oxygen radicals and
with ultraviolet radiation, benzo[a]py- and other degenerative diseases, such as resultant lipid peroxidation (73, 146-
rene. and nitrite (forming nitroso carcin- heart disease (102). are likely to be due in 149). Lipid peroxidation cross-links pro-
ogens) (64, 65, 130). and it may be in- good part to this same fundamental de- teins (43, 150) and affects ali aspects of
versely associated with human uterine structive process. Age pigment (lipofus- cell organization (72), including mem-
cervical dysplasia (although this is not cin) accumulates aging in all mammalian brane and surface structure, and the mi-
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_otic apparatus. A common property of well as for colon and breast cancer (69). Risks
promoters may be their ability to pro- In agreement with this, a strong correla-
duce oxygen radicals. Some examples tion has been observed between the ftc- There are large numbers of mutagens
are fat and hydrogen peroxide (which quency of atherosclerotic lesions and and carcinogens in every meal, all per-

may be among the most important pro- adenomatous polyps of the colon (69). fectly natural and traditional [see also
motets) (67, 68, 81), TCDD (151), lead Thus, the same oxidative processes in- (21, 23)]. Nature is not benign. It should
and cadmium (152), phorbol esters (147, volving fat may contribute to both dis- be emphasized that no human diet can be
149, 133), wounding of tissues (154), eases. Oxidized forms of cholesterol entirely free of mutagens and carcino-
asbestos (135), peroxides (156), catechoi have been implicated in heart disease gens and that the foods mentioned are
(45) (see quinones above), mezerein and (169), and atherosclerotic-like lesions only representative examples. To identi-

teleocidin B (147), phenobarbital (157), have been produced by injecting rabbits fy a substance, whether natural or man-
and radiation (72, 158). Inflammatory with lipid hydroperoxide or oxidized made, as a mutagen or a carcinogen, is
reactions involve the production of oxy- cholesterol (169). The anticarcinogens just a first step. Beyond this. it is neces-

gen radicals by phagocytes (i05), and discussed above could be anti-heart dis- sary to consider the risks for alternative
this could be the basis of promotion for ease agents as we!!. As pointed out in courses of action and to quantitate the
asbestos (155) or wounding (134). Some the preceding section, vitamin E amelio- approximate magnitude of the risk. al-

of the antioxidant anticarcinogens (dis- rates both the cardiac damage and carci- though the quantification of risk poses a
cussed above) are also antipromoters nogenicity of the free-radical-generating major challenge. Carcinogens differ in
(73, 121, 146, 159, 160), and phorbol quinones adriamycin and daunomycin: their potency in rodents by more than a
ester-induced chromosome damage N-acetylcysteine reduces the cardiotoxi- miilionfold (175), and the levels ofpartic-
(149) or promotion of transformation city of adriamycin; and selenium is an ular carcinogens to which humans are
(159) is suppressed by superoxide dismu- antirisk factor for one type of heart dis- exposed can vary more than a billion-
tase, as would be expected if promoters ease. fold. Extrapolation of risk from rodents
were working through oxidative mecha- Other diseases. The brain uses 20 per- to humans is difficult for many reasons,
nisms. Many "complete" carcinogens cent of the oxygen consumed by man including the longevity difference, anti-
cause the production of oxygen radicals and contains an appreciable amount of oxidant factors, and the probable multi-
(73, 161); examples are nitroso corn- unsaturated fat. Lipid peroxidation (with causal nature of most human cancer.

pounds, hydrazines, quinones, polycy- consequent age pigment) is known to Tobacco smoking is, without doubt, a
clic hydrocarbons (through quinones), occur readily in the brain (72), and possi- major and well-understood risk, causing
cadmium and lead salts, nitro eom- ble consequences could be senile demen- about 30 percent of cancer deaths and 25

pounds, and radiation. A good part of the tia or other brain abnormalities (84). Sev- percent of fatal heart attacks (as well as
toxic effects of ionizing radiation damage eral inherited progressive diseases of the other degenerative diseases) in the Unit-
to DNA and cells is thought to be due to central nervous system, such as Batten's ed States (1). These percentages may
generation of oxygen radicals (105, 162), disease, are associated with lipofuscin increase even more in the near future as
although only a tiny part of the oxygen accumulation and may be due to a lipid the health effects of the large increase in
radical load in humans is likely to be peroxidation caused by a high concentra- women smokers become apparent (1).
from this source, tion of unbound iron (170). Mental retar- Diet, which provides both carcinogens

Recent studies give some clues as to dation is one consequence of an inherit- and anticarcinogens, is extremely likely
how promoters might act. Promoters dis- ed defective DNA repair system (XP to be another major risk factor. Exces-
rupt the mitotic apparatus, causing hemi- complementation group D) for depuri- sive alcohol consumption is another risk,
zygosity and expression of recessive nated sites in DNA (171). although it does not seem to be of the
genes (165). Phorbol esters generate oxy- Senile cataracts have been associated same general importance as smoking and
gen radicals, which cause chromosome with light-induced oxidative damage diet. Certain other high-dose exposures
breaks (164) and increase gene copy (172). The retina and an associated layer might also turn out to be important for
number (163). Promoters also cause for- of cells, the pigment epithelium, are ex- particular groups of peopletfor in-

mation of the peroxide hormones of the tremely sensitive to degeneration in vita. stance, certain drugs, where consump-
prostagiandin and ieukotriene family by rain E and selenium deficiency (17;). tion can reach hundreds of milligrams
oxidation of arachidonic acid and other The pigment epithelium accumulates per day; particular cosmetics; and ocr-

C:0 polyenoic fatty acids, and inhibitors massive amounts of lipofuscin in aging tain occupational exposures (2), where
of this process appear to be antipro- and dietary antioxidant deficiency (175). workers inhale dusts or solvents at high
motel's (160). These hormones are inti- The eye is well known to be particularly concentration. We must also be prudent
mately involved in cell division, differen- rich in antioxidants, about environmental pollution (41, 35).
tiation, and tumor growth (166) and The testes are quite prone to lipid Despite all of these risks, it should be
could have arisen in evolution as signal peroxidation and to the accumulation of emphasized that the overall trend in life
molecules warning the cell of oxidative age pigment. A number of agents, such expectancy in the United States is con-

damage. Effects on the cell membrane as gossypol, which cause genetic birth tinuing steadily upward (176).
have also been suggested as the impor- defects (dominant lethals) may be active The understanding of cancer and de-
tant factor in promotion, causing inhibi- by this mechanism. The various agents generative disease mechanisms is being
tion of intercellular communication (167) known to cause cancer by oxidative aided by the rapid progress of science
or protein kinase activation (167a). mechanisms are prospective mutagenic and technology, and this should help to

Heart disease. It has been postulated agents for the germ line. Thus, vitamin dispel confusion about how important
that atherosclerotic lesions, which are E, which was discovered 60 years ago as health risks can be identified among the
derived from single cells, are similar to a fertility factor (72). and other antioxi- vast number of minor risks. We have

benign tumors and are of somatic muta- dants such as selenium (174), may help many methods of attacking the problem
tional origin (102. 168). Fat appears to be both to engender and to protect the next of environmental carcinogens {and anti-
one major risk factor for heart disease as generation, carcinogens), including human epidemi-
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RESEARCHARTICLE cose, [HC]carboxyhemoglobin, ionic ru-
bidium-82, SaGa-labeledEDTA, and oth-
er radiopharmaceuticals, and subsequent
imaging of the distribution of the radio-
active label in the brain by meansof the

Imaging Dopamine Receptors in the tomographic method, based on detectionof the annihilation radiation produced

Human Brain by Positron Tomography during positron ,mission(9).The butyrophenone neuroleptic drug
spiperone has been useful in binding

Henry N. Wagner, Jr., H. Donald Burns, Robert F. Dannals studies for measuring dopamine recep-
tors both in vitro (10) and in vivo (IlL

Dean F. Wong, Bengt Langstrom, Timothy Duelfer, J. James Frost We now report initial results obtained
Hayden T. Ravert, Jonathan M. Links, Shelley B. Rosenbioom with 3-N-[11C]methylspiperone ('C-

Scott E. Lukas, Alfred V. Kramer, Michael J. Kuhar NMSP), a spiperone derivative, in PET

O. _lc_

One of tbe most intriguing problems in as a result of neuroleptic therapy 14). r [_0)
biomedical research today is that of re- The development of positron emission
lating manifestations of neuropsychiatric tomography (PET) and appropriate ra- scanning studies to visualize the distribu-
diseases to chemical processes in differ- dioactive tracers labeled with positron- tion of dopamine receptors in the brains
ent parts of the brain. The neurotrans- emitting radionuclides has now made it of baboons and a human being. Ail stud-

ies were performed with a NeuroECAT
scanner (Ortec, Inc., Oak Ridge, Ten-

Abstract. Neurotransmitter receptors may be involved in a number of neuropsy- nessee), which has a spatial resolution of
chiatric disease states. The ligand 3-N-[ttC]methylspiperone, which preferentially approximately 8 mm (full width at half
binds to dopamine receptors in vivo, was used to image the receptors by positron maximum) in the plane of the slice. The
emission tomography scanning in baboons and in humans. This technique holds distance between slices is 3 cm.
promise for noninvasive clinical studies of dopamine receptors in humans. The newly developed tracer I_C-

NMSP was synthesized by N-alkylation
of spiperone with [11C]methyI iodide; the

mitter dopamine appears to be associat- possible to relate regional biochemistry iodide was produced from IICO2, which
ed with abnormalities related to disor- within the human brain to measurements in turn had been produced with an in-
ders such as Parkinson's disease and of behavior in normal subjects and to hospital cyclotron (model RNP-16, Scan-
schizophrenia. The highest density of elucidate abnormalities in patients with ditronix Cyclotron, Sweden). Carbon-I 1
dopamine neurons occurs in the nigro- AIzheimer's disease (5), Huntington's is a positron-emitting isotope with a
striatal dopamine pathway which degen- disease (6), depression (7), and multiple physical haftqife of 20 minutes. The en-
elates in Parkinson's disease(!). Neuro- infarct dementia (8). The technique con- tire synthesis was accomplished with
leptic drugs elicit extrapyramidal parkin- sists of intravenous injection of a sub- material ready for injection within 55
sonian side effects by blocking dopamine stance such as laF-iabeled deoxyglu- minutes after the end of the cyclotron
receptors in the corpus striatum and also
exert antischizophrenic action by block- Henry N. Wagner. Jr.. H. Donald Burns. Robert F. Dannals. Dean F. Wong. Timothy Duelfer. J. James

Frost, Hayden T. Ravert, Jonathan M. Links. and Alfred V. Kramer are in the Division of Nuclear Medicine.
lng dopamine receptors, perhaps in iim- Johns Hopkins Medical Institutions. Baltimore. Maryland 21205. Bengt Langstrom is in the Institute of
bic areas (2). Numbers of dopamine re- Chemistry, University of Uppsala. S75121Uppsala I, Sweden. Shelley B. Rosenhloom is in the Division of

Neuroradiology. Johns Hopkins Medical Institutions. Scott E. Lukas is at the NIDA Addiction Research
ceptors are increased by chronic neuro- Center. Baltimore City Hospitals. Baltimore. Maryland 21224. Michael J. Kuhar Js in the Departments of
leptic treatment (3) and are also in- Neuroscience. Pharmacology and Experimental Therapeutics. and Psychiatry and Behavioral Science_,.
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creasedin someschizophrenics, perhaps to Henry N. Wagner. Jr.
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Cancer ScaresOver Trivia O O W.D.

Natural Carcinogens in Food Outweigh Traces in Our Water
By BRUCE N. AMES

The lollowing commentary was adapted chemical's potency as well as the daily celery), hydrazines (in mushrooms), and
/rom testimony beIore the CaliJornia Senate human dose. My colleagues and I have done allyl isothiocyanate (in mustard). The
Committee on Toxics and Public SaIety such a study and these are some examples possible carcinogenic hazard of nature's
Management. of our findings, pesticides completely overshadows the

The level of identified carcinogens in traces of man-made pesticide residues
The carcinogens currently being found contaminated well water only rarely in- found in the daily diet. Plants also contain

in California water supplies, such as in volves a possible hazard more than that of anti-carcinogens and valuable nutrients, so
Silicon Valley, are present in extraordi- ordinary chlorinated tap water. Of 35 I believe that even these possible hazards
narily tiny amounts that, except in rare private wells shut down in Silicon Valley seem too small to worry about, particularly
cases, are trivial relative to the background because of their supposed carcinogenic in view of the difficulties of predicting risks
level of carcinogens in nature. Therefore, I hazard found in an Environmental Protec- to humans from tests in rats.
am convinced that such water pollution is tion Agency study, only two were of All calculations of human risk based onirrelevant as a cause of human cancer.

greater possible hazard than ordinary chic- rat and mouse cancer tests, both from
The fallacy in our approach to such rinated tap water, and the most polluted natural and man-made carcinogens, are

pollution is the belief that carcinogens are well (2,800 ppb trichloroethylene) is still at hypothetical. Thus they should be viewed
rare and that they are mostly man-made least 1,000 times less of a possible hazard with a great deal of skepticism, unlike
ch_n_als. Quite the contrary is the case; than an equal volume of cola, beer or wine. known human carcinogens, such as stuck-
every meal has many natural carcinogens. This is because trichloroethylene is an lng and alcohol. Smoking causes 400,000
My estimate is that more than 99.99% of extremely weak carcinogen. It is compara- deaths from cancer, heart disease and other
the carcinogens we ingest are from natural hie to saccharin and only 10 times more maladies every year; alcoholic beveraee_
or traditional sources such as cigarettes, potent than alcohol, which is present at cause 100,000deaths each year in the U.S.
alcohol and chemicals formed by cooking about 50 million ppb in a beer. Given that There also are many new reasons for
food. we drink only about one or two quarts of being skeptical of uncritical low-close ex-

Man-made tome chemicals in food and tap water per day, the trace amounts of trapolation of risk to humans from animal
water are almost always present in the man-made pollution typically found are an data obtained by feeding enormous doses of
parts per billion (ppb) range. One part per insignificant hazard, carcinogens, which are too complicated to
billion, (one person in all of China) is an Man-made pesticide residues in our food explain here. This is reinforced by t,_e
extraordinarily small amount. The carcino-, are about 100 ppb on the average; moat of studies of cancer epidemiologists who a:':'
gens in some common beverages occur in these residues are noncarcinogenic. DDT making considerable progress in under-
much higher concentrations, and its metabolite DDE, however, are standing the smoking, dietary, hormonal.

Coffee contains the natural carcinogens carcinogens in animals. The possible viral and occupational contributions to
hydrogen peroxide and methylglyoxal, DDT-DDE hazard oftheaverageU.S, daily human cancer, but who are finding re-
each at about 4,000 ppb. Tap water contains intake equals that of the chloroform in one markably little solid evidence for any
the carcinogen chloroform at 83 ppb (U.S. glass of tap water and is insignificant significant contribution from pollution.
average) due to chlorination. Cola drinks compared to natural carcinogens in our Since we now know that carcinogens are
contain the carcinogen formaldehyde at diet. Even an occasional highly DDT-DDE common, not rare (more than half the
7,900 ppi). Even human blood averages or PCB-contaminated fish (100 times the chemicals tested in rodents were judgeJ
about 3,000 ppb in formaldehyde from average level) would contribute a possible carcinogens), we must ignore the trivia if
normal metabolism. Beer contains the hazard that is comparable to the average - we are to deal effectively with the impor-
carcinogens formaldehyde (700 ppb), and peanut butter sandwich and is very small rant causes of cancer. We might possibly
alcohol (50 million ppb, or 5% ). Alcohol compared to other common minimal risks, eliminate every trace of man-made carcin-
consumption is a known cause of 3% of such as a glass of beer. ogens fromour wateror food supply, but it
human cancer in this country, and pure Our diet contains natural pesticides in would cost an enormous amount, be cf
ethyl alcohol is a carcinogen in rats. amounts at least 10,000 times greater than minimal relevance to the causes of human

Milk contains a high percentage of fat. residues of man-made pesticides. Natural cancer and distract health workers from
High fat consumption has been linked to pesticides are toxic chemicals, which are real, more important cancer risks.
human colon and breast cancer (though preaent in aU plants, usually making up 5% What we do need are some sensible
calcium from milk may be an important to 10% of a plant's weight. There is an regulations about pollution. We should also
anti-carcinogen). Fruit juices may have enormous variety of them, though only a remember that life expectancy increases
carcinogenic mold toxins, few are present in each plant species. The every year. Age-adjusted death rates for

The primary way we identify carcino- function of these chemicals is to protect the stomach, uterus and liver cancer have been
gens is by testing chemicals at enormous plants against fungi, insects and animal decreasing for years; other major cancers,
doses in animals. The potency of carcino- predators. Thus a major aspect of evolution such as colon, breast and prostate have not
gens varies more than a million-fold. For of plants is chemical warfare. There has increased significantly; only lung can-
example, afiatoxin, a mold carcinogen that been relatively little research in the taxi- eer--which is almost always due to stuck-
is present in small amounts in peanut cology or carcinogenicity of these corn- ing--has increased dramatically.
butter (2 ppb U.S. average), or in corn pounds, and so very few of the large
products such as tortillas, requires about a number present in the human diet have Bruce N. Ames is chairman of the bio-
million times smaller dose to cause the been tested inanimals, chemistry Deloa_t at UC Berkeley, a
same incidence of cancer in test animals as A fair percentage of those few that have member o] the J_rationalAcademy o] Sciences
trichloroethylene, which was the main been tested have turned out to be carcino- and a [ormer member of the board o/
contaminant in Silicon Valley wells. Calcu- gens in rats or mice. They include estragole directors oJ the National Cancer lr_titute.
lating a possible hazard to humans from a, (in basil), safrole (in herbs), symphitine He doe8 no c_ing _o'rthe chemical, drug
cancer test on rats must take into account a ( in comfrey tea), psoralens ( in parsley and or ]ood industries, or for law Iirms.
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Professor Ames was formerly on the Board of Directors of the National Cancer

Institute (National Cancer Advisory Board). He is a member of the National

Academy of Sciences. He was the recipient of the most prestigious award for

cancer reseach, the General Motors Cancer Research Foundation Prize (1983),

and of the highest award in environmental achievement, the Tyler Prize (1985).

He does no consulting for the chemical, drug, or food industry, or for law
firms.

The Honorable Art Torres

Chairman, Senate Committee on

Toxics and Public Safety Management

State Capitol, Room 4062
Sacramento, C_lifornia 95814

Dear Senator Torres:

The carcinogens and toxic chemicals being found in California water

supplies are present in extraordinarily tiny amounts and, except in rare

cases, are present in trivial amounts relative to the background level of

carcinogens in Nature. I am convinced that water pollution is irrelevant to
the causes of human cancer.

The main current fallacy consists ia thinking that carcinogens are rare

and that they are mostly man-made chemicals. My own estimate is that over

99.99% of the carcinogens Californians ingest are natural (e.g., natural toxic

chemicals in plants, mold carcinogens) or traditional (e.g., cooking food,

smoking cigarettes, alcohol).

Every meal is full of carcinogens and when one compares the level of

carcinogens in contaminated water (or pesticide residues _B.food).to the level
· , . _ _ tctgt_. *'ts_

of natural carcinogens, it _s clear that water pollutlo_represen_s a trivial

risk. Every common drink contains carcinogens. I list a few sources and
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Nature's pesticides. We are ingesting natural pesticides in our diet in
amounts at least 10,OOO _imes more than man-made pesticide residues. Natural

pesticides are natural toxic chemicals, which are present in all plants,

usually makin_ up 5-10% of a plant's weight. They have an enormous variety of
chemical structures, though only a few are present in each plant species.

Their function is protection against fungi, insects and animal predators. A

major aspect of evolution of plants is chemical warfare. There has been

relatively little interest in the toxicology or carcinogeuicity of these

compounds until quite recently, and very few of the large number present in
the human diet have been tested in animal cancer bioassays, and only some of

these tests are adequate for estimating their potency. Some of those tested

are carcinogens. They include estragole (in basil), safrole (in herbs),

symphitine (in comfrey tea), psoralens (in parsley and celery), hydrazines (in

mushrooms), and allyl isothiocyanate (in mustard). Calculations on the

carcinogenic risk of these compounds show that they completely overshadow the

traces of man-made pollutants found in the daily diet, e.g., 5 basil leaves
are 100 times more hazardous than the worst well in Silicon Valley (at least 5

basil leaves would be ingested in a portion of "pasta al pesto"). Thousands

more of Nature's pesticides are present in the human diet and because many

mutagens are being discovered among them, many are potential carcinogens.

Skepticism about extrapolating risks from rodents. All risk calculations
based on rat and mouse cancer tests, both from natural and man-made

carcinogens, are hypothetical: thus, they should be taken with a great dose of

skepticism, unlike known human carcinogens such as radioactive radon gas

coming out of the ground into California houses or smoking (¢OO,OOO real

deaths per year in the U.S.). There are many new reasons for skepticism of

low-dose extrapolation of risk to humans from rodent data, and for suspicions

_bout linear dose-response extrapolations, which I won't discuss here. I will

just mention one qualitative point. Of the carcinogens tested in both rats

and mice in our database on potency, 42% of the chemicals were positive in the

mouse and negative in the rat, or vice versa. Thus, even two closely related

short-lived creatures, the rat and the mouse, don't predict very well for each

other whether a substance is a carcinogen.

We might possibly eliminate every trace of man-made carcinogen from our

water supply, but it will cost an enormous amount of California's wealth
(wealth is related to health) and be irrelevant to causes of human cancer and

also might cause new risks to arise that are worse and distract health workers
from real, more important risks. Thus, one can either chase afterparts per

billion of every man-made carcinogen that turns up or have some sensible

regulation about pollution. As one of the world's most eminent

epidemioloEists has said:

"But if no explicit use is to be made of the degree of activity of each

chemical, then instead of effective reduction of the total of all human

cancer the chief result may be complete paralysis (either of the
regulators or of the 'regulatees'). [R. Peto, Epidemiolo§ical

reservations about risk assessment, in Assessment of Risk from Low-Level



CALIFORNIA _Q&A
C ne da), itt 1964. Bruce Ames, chairman uq_o also is a bbocbemist ou tbefac,lty at Berkeles_ you get al sorts of mutagen._. Using our te,t as a

of the btochemtst_' department at Tho' have tun cbildrert, their daughter is a senior at bioassay, he isolated a dozen mutagens trom heated

Berkele_ happened to read the list of the Massachttsetts Institute of Technolog3; and their protein, then tested _me after another m animal can

ingredients on a potato chip package- A son plans to begin studies at the Uniz_rslty of Wis- cer tests. So far. he's tested etghL and ali eight are

geneticist as u_ll as a biochemist, be cortJtn this fait carcinogenic. So ifs clear that when you c_k your

began to think about the new cbemicaL_ entering the Ames_ numerous awards and honors include the food you're making mutagens and carcinogens t(xl

environment, and he uondered q a simple test could EllLiilyAu_trdoftbeAmertcanCbemicalSociety. Sugimura also has shov,_ that the rnam mutagcn in

be dezvloped tO screen them for mutagenicity_tbe the Environmental Mutagen Society Au'arcL the Leu_s coffee is a carcinogen.

ability to damage the DNA in our cells This led tO Rosert$tiel Au_aurcL the Jolm Scott Medal. and election Q: Do )_ou tbtnk $ucAb dietary carcinogens could
the development of the Ames test, now the most to the National Academy of Sciences and the Amer. be $u._cient to cause cancer in the absence of

widely used test for identifying probable careino- ican Academy of Arts and Sciences Most recently, be Other factors?
genic, or cancer, causing substance_ r_cett,ed the 1983 General Motors Cancer Research A: i suspect not at a Iow dose, but maybe at a high

To demonstrate the relation._ip betuwen muta. Foundation Auroral for Cancer Researcla dose where you're als{) damaging the tissue in anm_tl

tions and cancer. Ames used his test to show tbat In Februar): be gave tbe first of tbls )var_ two Fac- experiments, high enough doses are gl%'en to cause

most knou_n carcinogens uvre mutagemq New con- ulty Research Lectures Being asked to delh_r such tissue damage as well as mutagenesis

cerned primarily uqth man.made cberntcal_ be set a lecture represents the highest honor a prOfessor O: Do )_u thin& &be carcinogens in cooked food
out to identify mutagens in the environment; this can receizv from bis or her colleague_ This inter, play a sigrtlfiCant role in human cancer?

uork produced many fi_ding$; including the vieu: ubicb took place the uvek before the lecture. ,4: We don't really know: it's hard to do cpidemiol(_,'3
! ntutagenicity of hair dyes and the]lame retardan_ includes dtscu&sion of man), of the issues be on cooking food. lan:cause evel3*body coors their finn. l.

in cbih_ren_ sleepwear Latelgt be bas turned bls in- add_ there We do know that we're getting at least thc same

terest toward naturally occurrZng substance& and in mmv amount of. if not more. burnt material from eating our
a recent nnview in Science magazine be discu_ed food as we do from smoking However. this material

mutagens and carcinoges_ that have been/dent/fled {_: llrbat causes cancer? may be ie_ dangerous in our digestive systems than

in a t_wlety of foods' broiled steak; dark toasg cot- A: Probably a iht of things. Some of it may be built in our lungs.

fee, mushroom_ celer_ patsies cottonseed oil ruth us as part of out normal metabolism and may be f_: DO you think u_ should edt raw food
peanut butt_ black peppe¢, comfrey herb tea, taus- related to the same processes that cause along Cancer wbeneverpo$_ble?
tard and cbeese_ can also be trilggered by substances in the environ- ,4: Not really, but 1 don't think I should give dietary

AS an international expert on diet ama{ cancer, menS, such _ man-mm:lc chemicals and rm_.mral sub- advice. Thla is all so sensitive that I think ifs better

Ames is deluged with offemfor speaking engage- stances m our food. for advice to come from national committees rather

ments tbrougbout tbe u, orlck be al$o gets bis sbare of _: Wbat pe_ge of _,_ncer do yo# tbtnk is than individual scientists.

letters from iudividual$ seeking dietary advice A ,_lised by natural substances in food, and O: What other dietary carcinogens should such
soft. spoken man with a sense of humo_, be says of wi_xt percentage is caused by man-m_e chem- commigt_s consider?

his fame '1 gueSS ever)*one_ interested in cance_, and ffc4tl$ _nd pollution? A: Fat migiat be the next most ser]ons thing after

etmryone's interested in diet If I bad sex in there. I'd ,4: i mix. ik very tittle is caused by man-made chemi_a_ smoking, because we km)w that higIn fat *s ac_K'_ated

be busy all the time,' and poUutiofi. A little bit mig, l'tt be occupatinnai_ with colon and breast cancez Howeser. we don't frai-

l'be Ames test uses special strains of tb_ bacterium things tike asbcstns. Back in me old days. people ,_x-_ ly know the mechanism for it yet. Bob Bruce. a re-

Salmonella tTphimurium that am unable to make his. wading around in certaio chemicals in factories, and a searcher in Canada, has a theo_' I fu_ attractive He

tt_lin_ an amino acid found m all protein,_ and high percentage off these workers m a few factories ill,ds that if he l_i,,'es high fat to rats and mice. there's

therefore require this nutrient for growth. If the/_c- 8or cancer, so people got the idea that man.made a iht of damage to the epithelial cells in their m-

terid are exposed to a mutagenic substance, some of chemicals cause ca_ce_ But now chemical companies testmcs: the fatty acids strip away the protcctise lin-

them regain tl_ ability to make bistidtne These are a lot cleaner than they used to be. There are still ins of the digestive _'stem. He also finds_ though, that

mutants form visible colonies on a histidine.free probably, some canes where a worker might he getting enough dietary calcium completely overcomes this.

petr_pidt_Strongermutagen$causemorernutations enough of something to cause cafice_ but I think the The idea _ that perhaps the fatty acids are stripping

to occur aru_ consequently, more colonies to appear most reliable estimates state that occupation is caus- away the calcium that holds the ceils togemer and xre

Ames say_ 'During the course of this u,z_rk on ins only. a few percent of cancer deaths. And I don't forming an insoluble fatty, acid-calcinm soap.

mutagenesiX i became convinced that one essential think pollution is causing very much cancer at all Bruce's idea is that calcium is the key factor, and

aspect of carcinogens is tbetr ability to damage DNA Doll ami PeSo, two off the leading epidemiologi$ts that if we supplement our flour with calcium or lower

We kept lists ofpopuidr carcinogens and kept un:n_- in the world, did a major study and concluded that our fat intake, we'U get away from a lot of colon can-

ing to make improvements m the test wbtcb cou/d _co causes 30 percent of cancer, alcohol 3 per. ret Some epidemiology studies suptaort this view: 1
detect them us mutagena One key detwlo_t was ce:aL and ob_lity, oocupation, _ pollotioo a few per- doo't know whether it's right or not. But if it is. it's a

the addition ufa rat liver bomogenate to ourpetr/ coat each, with diet likely to account for even more relatively simple answer and it has nothing to do with

platen with this and other improvement& we wtqv cancer than tobacco. Of course, this doesn't me_m traditional carcifiogez_ It's with our protective s3's-
able to determine that more than 80 percent of car. that we should neglect occupational hazards and terns.

cinogens are mutagenx' pollutiot_ It's just that these are relatively minor {_: How do tr_ditimmal carcinogens work?
Born in New Yurts City in 192& Ames grew up In a things overall q_ne one big thing we really know A: DNA is the genetic material in the nuclei of our

home where science was familiar and learning en. about ia tobacco, and I think all the hints from both cell& It's a double.stranded molecule; when it repli-

couraged His father was cbatrman of a high school eptdemiology and experimerltai work are that natural cat_, each strand determines its complement. Orca.

chernlstrydepartmen_ later Supervlsor tn Sctence for sobstamcen in the diet are another majot rourcc of sionally, when you cop_; there's a mistake, and that's a

the New York City $cbooL_ and finally Assistant So- ca_ mutation. IFs as if you were copying a tape and mere

perintendent of $cbool. t Q: What do you think of the _beory that each was an erro£

Ames can't remembers time when be wusn't In, case o_ cancer can lnatm more tLran one cause? You can increase the mutation rate by agents such

ter_ted m science In bls childboo_ be say& 'i was A: it's probably correcL For example, normally, to give as radiation, hydrogen peroxide, or various chemicals.

always interested in chemistry and biology. I used to liver cancer to a rat, you need a dose of a carcinogen- Direct mutagens directly hit the DNA. Indirect

read the books my father left lying around and in ic substance clo_ to the toxic level; but if you dam- mutagens can work by other mechanisms, for ex-

the summer I collected frogs and sna_ex' age the liver by taking a piece of it out or exposing ample by increasing the concentration of oxygen

After graduating from the Bronx High School of the rat to alcohol, a much lower dose is necessary, radicals, which damage DNA, fat, and other cellular
Science in 1946. be attended Cornels Universtr3 T_SUe damage--which can be due tO such factors as molecules.

u,bere be received bis B.A. in 1950 with a major in hepatitis virus, alcohol, or smoking--probably often {_: tlow do antiearcffnogenn_ un)rk?

chemistry and minor in bioloR_. In 1953, be received acts in combination with mutations to cause cancer A: vitamin E. for example, att;ps fat fi'om going rancid.

his Ph.D. in biochemistry from the Callfornid In. Also. it's been shown that me effects of two or more Every cell has a layer of membrane around it which

stitute of Tecbnoh_ tken spent 15 years us a carcino_oas can be more man additive: asbestos plus contains fat that can go rancid if it isn't protected.
biochemist at the National Institutes of Healll_ He smoking is worse than you'd expect by looking at Rancid just means oxidized. It's similar to what hap-

joined tbe Department of Biocbemistry at Berkeley _,a_ alone or smoking alone, pens when you paint your house: when linseed oiL.._

as a full professor in 1968. _: Have any of the mutagenlc substances Ilbat _'-_: :_E in the paint, is exp(_rd to ox3'gcn. _t starts
In 1960. be married D_. Giooanna Fer_o-Luzz_ yOn'lt_ identified in foods actually been sbourn crceis-½nking--it all solidifies. Rancidi_' generates a

to be carcinogenic as well? varie W of peroxides and other carcinogenic and

Luciile Day has three degrees from Berkeley: a B.A. in A: Yes. For example. $u_mura in Japan was watching mutagenic oxidizing agcms. Vitamin E. w-hich is one

biological sciences ( 1971 ), an M.A. in zoology ( 1973 ), his wife cook rome little fish on a hibachi one day. of nature's antioxidants, wiU stop this process in )'our

and a Ph.D. in science and mathematics educaticm He'd been using our test sv_em to look at varmus ceils.

( 1979 ). She is co-author of How to Encourage Girls things, and he had the idea of scraping the surface of Q: What other substances are anttcarclnogenic?
in Math and Science Strategies for Parents and Edu. me fish al_ tearing it. Well, it was extremely mutagen. A: In a number of epid_iology studies, green and

cators (Prentice-HalL 1982 ). and has published a ic. Then he starting heating up carhoyhdrates and pro- yellow vegetables seem to be anticarcmogemc. Fewer

volume of poetry, Self. Portrait with Hand Microscope. reins, and he found that when you heat up protein, smokers who eat green and yellow vegetables get can-
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._. .......... ,. _ _ _. ,, , t. _..', ' ap;m has a very high rate of slonlacll cancer--pIle o[ lives. Are they going Io hc Worse? Arc wc t;dking
(Conlilll_ed.li'i_t_l iJit_,e )) thc highest in lilt' w{)rld--v_here;is the U.S. has one of about significant alnonlllS?
JI I J I I III tile lowest stonl;ich cancer ratcs, but a very high rate I wouldn't want lo give up mustard, cclcr_: and

My real com'crn with dict:_ry pc, tic des is with naI- for colon and brc:,st c:,ncer Epidenliologists who have mushrooms unless there '.'.'crc reason to think tilt' ris:;

tlr;mi pc.sticidcs. As il ttmrns pul, { '.c_ y f, lant in nature is studied what happens to Japanese immigrants in the of these foods ,,,,'as appreciahle relative to other ri.ck.,,.

Inaking toxic chendcals t{p pr,,tct _lnclf l'ronl insects, IInitcd States have Stand that their cllildren become It turns out that cver3'tlling you th) has sonic risk.

and these chemicals tar_ c{)nll}rist' ;is much as % per- like Americans: they have high colon and breast can- Every time you drive your caf', there's a certain rink

cent cpf the plant ']be amount (pr nature's pesticides ocr rates, bnt Iow stomach cancer rates, you'll get into an accident. SunMfinc carries ri_,k: it's a
wc arc ingesting is at leaEt IO.OO(} limes thc level of Presumably, somethiug iu the Japanese diet is carcinogen. Btit }'{pti dou'! Tv;mi Ira)pst up an umhrclla

man-made pesticides: the variel) of thcse natural causing stomach c;mncer, and somcthing in tile Amer- every time you go omilnide.

chemicals we're eating is incrediblc, and nlany arc iran diet is causing colon and breast cancer. 'lllere Q: Do you think there should be ali), challges lit
now being shown lo be holh nmlagcnic and carets- also might be diflc_-reuccs in consumption of anti- governmentpoll O, concerning cardnogens and

ogenic. Yet people art' deathly alraid o1: traces of illan- carcinogens. When wc determine what these carcin- cancer research?
made chemicals, i think concerns arc a little {)tit of ogens and anti-carciuogcns arc, vuc can eat less or A: I think we mired t(} concentrate on lite maior things
whack, more of them and get less of ;mil three kinds cif cancer, we know about, sml¢.'ll as cigarettes, while doing re-

Q: !iaven't humans and other attirnals et,oh,ed For examl_le, Io'.vering fat. increasing calcium, and in- search to idcnlify other important risk factors. 'lhe

lc} pl_tect themseh_es against pesticides Itt creasing libor may be thc import:mt l;actors fi)r pre- governm-nt is putting a billion dollars a year into EPA

plants? venting colon cancer (as much as ripe :ill thc cancer research in thc corm-
A: We have a lot of defenses. For example, our dj- As we learn more about basic biology, there's going try). ! find it really sir:rage that Congress directs the

gestive system has a protective lining; as new cells are to be an enormous impact on aging and c;mcer and EPA to chase Mier really tiny doses of carcinogens

produced, the old ones, which have been exposed to heart disease. Just as 5A;ientisls advise you now not to when we have ahnost .iOO,O()O premature deaths

mutagens, are sloughed off'. Also, our liver defends us eat t(_) much saturated fat because it's associated with a year from cigarettes--and tobacco f:trmers are

against foreign chemicals, and cells thronghout our heart disease, we'll be able to make dclinilive slate- subsidized.

bodies have antioxidants and enzymes that protect tis meuts about fi)oB and cancer Since tile impdications I think we need to continue our nnpporl fi)r basic

against oxidative damage. We have layers and layers of are that diet is c;lusing even more cancer than smnok- research to {mdersl:md c;mccr, and I think ,_vc nct'd It)

defenses that work against both natural and man-made lng, eventually we should be able lo eliminate a h)t of look more at natural things A single mnshroom or

chemicals. But none of these del_-nses are perfect: cancer by controlling our dict. CUll of coB_.-e has nlorc carcimpgcnn th:m :ill of thc

there are always little bits of harmful chemicals Q: What_ the current process I_.), u,hich a sub- man-made pollution ,,'_m'rc likely Io ge! itl a d:ly. But

getting bT'- stance is legally declared a carcinogen? very little of thc govcrnmcm'.,, testing program is

Q: How far doyou think we are from hat,tng a A: If il causes cancer in rats and mice, it's called a car- concerned with uatural suhstanccs Furlhcrmorc,

cure for cancer? cinogen. If it's a mutagen, it's jnst a prospective car- even though comfrey herb tea has hmg bccn known

A: Cancer is many different diseases, so we probably cinogen: {}ur Salmonella test isn't enough lo ban to be fidl of carcinogens, no one has told thc puDlic

won't have one general cure, but people are making something, about it.

progress. However, my hopes are with prevention, i'm Q: How much do you think Ibc government Q: When will u,e know more de, stilt,ely tehat to
very optimistic because life expectancy gets longer sbould be involved ht setting policy concerning eat and what not to eat?
every year: whatever we're doing, we're doing some- food? A: It might be a while. In the meantime, committees

thing right. Some people are afraid of the modern A: I'm not sure we want the government to ban mus- have advised us not to cat too nmch fat, because ifs
world and modern technology, but wealth, indus- lard, celery, and mushrooms because there are carci- associated with heart disease, cohm cancer, and breast

trialization, and new knowledge are associated with a nogens in mustard, crier}; and mushrooms. But I cancer. Also, eat a good balanced diet, eat some green

longer life span. I think one could make the argument think information is good: the main thing is to pro- vegetables, and avoid smoking and drinking too much
that America is less polluted (with pollutants that vide information that puts things in perspective, alcohol. ! also want to tell people not to worry--lit_:

matter) than it was a generation ago. There are so many carcinogens around--every expectancy is increasing, new knowlcdgc is coming in

There are compelling arguments fi)r thinking that meal is full of them--that before we start banning very quickly, and scientists are learning more about

prevention will be as important as cure. For example, something, we want to really think about the alterna- how to prevent cancer W
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The Honorable Art Torres

Chairman, Senate Committee on
Toxics and Public Safety Management

State Capitol, Room 4062
Sacramento, California 95814

Dear Senator Torres:

The carcinogens and toxic chemicals being found in California water
supplies are present in extraordinarily tiny amounts and, except in rare
cases, are present in trivial amounts relative to the background level of
carcinogens in Nature. I am convinced that water pollution is irrelevant to
the causes of human cancer.

The main current fallacy consists in thinking that carcinogens are rare
and that they are mostly man-made chemicals. My own estimate is that over
99.99% of the carcinogens Californians ingest are natural (e.g., natural toxic
chemicals in plants, mold carcinogens) or traditional (e.g., cooking food,
smokin_ cigarettes, alcohol).

Every meal is full of carcinogens and when one compares the level of
carcinogens in contaminated water (or pesticide residues $n food).to the level

· . . _ _Tac_lt. tl_ O .

of natural carcinogens, It is clear that water pollutlo_represen_s a trivial
risk. Every common drink contains carcinogens. I list a few sources and
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levels of natural carcinogens below, and I compare them to the Silicon

Valley's contaminated wells as an example.

a) Coffee contains about 1,000 micrograms of hydrogen peroxide (a known

carcinogen) per cup (4,000 ppb; ppb = parts per billion) as well as about

1,000 micrograms (4,000 ppb) of methylglyoxal, which has recently been shown
to be a carcinogen, b) Tap water contains the carcinogen chloroform at 83

micrograms per liter (83 ppb U.S. average), which is generated from

chlorinating the water, c) Cola contains the carcinogen formaldehyde at

2,800 micrograms per 12 ounces (7,900 ppb). d) Beer contains nitrosamines,

formaldehyde (700 ppb), and alcohol (50 million ppb), all known carcinogens.

Ethyl alcohol is a known human carcinogen (3% of U.S. cancer) as well as a

carcinogen in rats. e) Milk contains a high percentage of fat, and high fat

has been implicated in human breast and colon cancer and rodent cancer (though
milk is an important source of calcium, which may be important as an

anticarcinogen); and f) organic fruit juices may have various amounts of

carcinogenic mold toxins. We are just completing a study where we compare

risks for humans due to intake of carcinogens. In this study we adjust for

the potency of each carcinogen from rodent data. This adjustment is necessary

because the potency of carcinogens varies over a million-fold, e.g.,

_flatoxin, a mold carcinogen, present in small amounts in peanut butter (2 ppb
U.S. average) or corn products such as tortillas, is about a million times

more potent as a carcinogen than trichloroethylene, which often contaminates
well water.

I give some comparisons below.

Contaminated water. The level of carcinogens in contaminated well water

(e.g., Silicon Valley or Woburn) only rarely involves a risk above the risk of

ordinary tap water. Of 35 wells shut down in Silicon Valley because of their

supposed carcinogenic h_z_rd in an EPA study, only two were of greater risk

than ordinary tap water (well water usually lacks the chloroform present in
chlorinated tap water), and the most polluted well (2,800 ppb

trichloroethylene) is at least 1,000 times less hazardous than an equal volume
of cola, beer, or wine. Given that the consumption of tap water is only about

1 or 2 liters per day, it seems unlikely that man-made water pollution is

causing more than a minimal hazard. This is in contrast to inhalation,

particularly in the workplace, where breathing in 10,000 liters of air

containing a carcinogen in a work day can result in appreciable doses and thus

could represent a significant hazard.

Pesticide residues. Man-made pesticide residues present in our food

amount to about 150 micrograms/day on the average; most of these residues are

composed of non-carcinogenic compounds. The most significant man-made

pesticide carcinogenic residue in food is likely to be DDE, a metabolite of

DDT. The risk of the DDE in the average U.S. daily intake is equivalent to

the risk due to chloroform in 1 glass of tap water and, thus, it is

insignificant compared to the risk due to the high level of natural

carcinogens in our diet. Even an occasional highly DDE- or PCB-contaminated

fish (e.g., 100 times the average level) would contribute a risk that is small

compared to other very common minor risks such as a glass of beer or a peanut
butter sandwich.
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Nature's pesticides. We are ingesting natural pesticides in our diet in

amounts at least 10,000 times more than man-made pesticide residues. Naturml

pesticides are natural toxic chemicals, which are present in all plants,

usually making up 5-10% of a plant's weight. They have an enormous variety of

chemical structures, though only a few are present in each plant species.

Their function is protection against fungi, insects and animal predators. A

major aspect of evolution of plants is chemical warfare. There has been

relatively little interest in the toxicology or carcinogenicity of these

compounds until quite recently, and very few of the large number present in

the human diet have been tested in animal cancer bioassays, and only some of

these tests are adequate for estimating their potency. Some of those tested

are carcinogens. They include estragole (in basil), safrole (in herbs), _

symphitine (in comfrey tea), psoralens (in parsley and celery), hydrazines (in

mushrooms), and allyl isothiocyanate (in mustard). Calculations on the

carcinogenic risk of these compounds show that they completely overshadow the
traces of man-made pollutants found in the daily diet, e.g., 5 basil leaves

are 100 times more hazardous than the worst well in Silicon Valley (at least 5

basil leaves would be ingested in a portion of "pasta al pesto"). Thousands

more of Nature's pesticides are present in the human diet and because many

mutagens are being discovered among them, many are potential carcinogens.

Skepticism about extrapolating risks from rodents. All risk calculations
based on rat and mouse cancer tests, both from natural and man-made

carcinogens, are hypothetical: thus, they should be taken with a great dose of

skepticism, unlike known human carcinogens such as radioactive radon gas

coming out of the ground into California houses or smoking (400,000 real

deaths per year in the U.S.). There are many new reasons for skepticism of

low-dose extrapolation of risk to humans from rodent data, and for suspicions
about linear dose-response extrapolations, which I won't discuss here. I will

just mention one qualitative point. Of the carcinogens tested in both rats

and mice in our database on potency, 42% of the chemicals were positive in the

mouse and negative in the rat, or vice versa. Thus, even two closely related

short-lived creatures, the rat and the mouse, don't predict very well for each

other whether a substance is a carcinogen.

We might possibly eliminate every trace of man-made carcinogen from our

water supply, but it will cost an enormous amount of California's wealth
(wealth is related to health) and be irrelevant to causes of human cancer and

also might cause new risks to arise that are worse and distract health workers

from real, more important risks. Thus, one can either chase afterparts per
billio_ of every man-made carcinogen that turns up or have some sensible

regulation about pollution. As one of the world's most eminent

epidemiologists has said:

"But if no explicit use is to be made of the degree of activity of each

chemical, then instead of effective reduction of the total of all human

cancer the chief result may be complete paralysis (either of the
regulators or of the 'regulatees').' IR. Peto, Epidemiological
reservations about risk assessment, in Assessment of Risk from Low-Level
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Exposure to Radiation and Chemicals, A. D. Woodhead, C. J. Shellabarge_,
V. Pond, and A. Nollae_der, eds. (Plenum Press, New York, 1985), pp. 3-

16.]

Yours truly,

Bruce N. Ames

BNA/ssk Professor and Chairman

Enclosure:

Cal Monthly article

cc: Assemblyman Bill Jones

II am sending a copy to Assemblyman Bill Jones because he sent me a copy of

his bill. Unfortunately, I cannot appear to testify concerning it, but I

support the idea of reasonable standards.]



(

CALIFORNIA _Q&A,,
ne day in1964, BruceAmes. cbairman wboalsOisabiocl_mistontbefaculO'atBerkel.e_, you get ail sorts of mutagens- Using our test as a
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in cbiidren_ sleepwear I_iel. R he bas tunned bis IA. o_dresse_ ther_ We do know that we're gettmg at least the same

terest toward naturally occurring substances; and in M amount o£ if not more. burnt material {tom catting our
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mutants form visible colonies on a b_tidine.free pt'obably some cases where a worker might be _etting enough (lietary calcium completely overcomes this.
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wh:tck, muorc (if thcnl and gel less Lll ;ill three kinds L)f cancer, we know about, such ;is cigarettes, while doing re-
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gestive system has a protective lining; as new cells are ti) be all enormous impact on aging and cancer and F.PA to chase afire trail)' tiny doses of carcinogens

produced, the old ones, which have been exposed IL) heart disease, Jnst as scieutisls advise )'LIU nt)w not to when we have almost 4I)O,OI)O premature deaths

mutagens, are sloughed ()ff. Also, our liver defcnds us eat too mucll salurated fat bccaLise it's associated with a year from cigarettes--and tobacco farmers are

against foreign chemicals, and cells throughout our heart disease, we'll ITC able Ill nlake delinilive state- subsidized.

bodies have antioxidants and enzynles Ihat protect us Lents al)out food ;117(.I cancer. ,_ince the indic;lit, ins I think we need ti} continue our support fi)r h;isic

against oxidative damage. We h;ivc layers and layers of are Ihat diet is c;Insiug even more c:lncer Ihan Sulok- research to undcrnt.lnd c;inccr, ;iUd J think _.','e need IL)

defenses that work against bi)ih natural and nlall-ilta(.le lng, eventually we shl)uld bc al}lc lo eliminate a lot of look more at n;itl,r:ll Ihings. A single intishroom (ir
chemicals. But none of these dcl¥1)scs are perfcct: cancer by controlling one diet. cnp of co[l_'e II;is more c;ircillogcns thau ;ill of thc

Ihere are always little bits of harmhll chclnicals Q: What_ the cum'e.tprocess I_1' which a $1th- man-made p(iJlution )'ou're likcl)' Ill gel in a day. But

getting by. sin)ice t$ legally declared a carcl}logeJl? very little of thc govcru,ncuI'._ lusting program is

Q: !!owfar doyou think u,e are from ha_,t_Jg a A: If it causes cancer in rats ;lSd nlicc, it's called a car- concerned with iI;llilraJ s(iJ)slallCCS. J:LirlJlt'rill(irc,

cure for cancer? cinogen. If it's a mnlagcn, it's just a iTrospeclive car- even though colnl¥e)' Jlcrl) Ica has long hccn known

A: Cancer is man)' different diseases, so we probabl)' cinogen: our Saimo_le//cl (cst isn'l enoLmRh lo ban tLI be Sill of carcinogens, no one has Iold IJle public

won't have one general once, but people are slaking SOUIcIhJnlg. al_)LIt it.

progress. Ilowevcr, my hopes are wilh prcvemion. I'm Q: !!ow much do you lht_Jk the gover_me.t Q: When will u,e k_ow more definitively what to

very optimistic because life expeclancy gels hlngcr should be involved tJJ settl.g policy concemJ/ng eat and what .ol to eat?

every year: whatever we're doing, we're doing some- food? .4: It might be a v, hile. in Ihe meantime, commitleeS

thing righl. Some people are afraid of lite modern A: I'm not stmrc we want the government 1o ban mus- have advised us nol to eat too much fat, becansc ifs

world and modern lechnoJog3', bul weallh, indus- tard, celery, and mushrooms because there are caJrci- associated wilh heart disease, robin cancer, and breast

Irializalion, and new knowledge are associated wilh a nogens in mustard, celery and mushrooms. But I cancer. Also, eat a good balanced diet, eat some green

longer life span. I think one could make thc argument Ihink information is good: Ihe main thing is to pro- vegetables, and avoid smoking and drinking too milch

that America is les5 polluted (wilh pollutanls Ihat vide informalion that puts Ihings in perspective, alcohol. I also wanl to tell people not to worry--life

matter) titan tt was a generation ago. There are si) many carcinogens around_every expeclancy is increasing, new knowledge is coming in

There are compelling ar_b_menls Sir thinking that meal is fidl of them--thai before we starl banning very quickly, and scientists are learning more about

prevention will be as importaut as cure. For example, somelhing, we want Il) really Ihink abonl the alterna- how to prevent cauccr, it'
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SHOULDTAPWATERbe sure. but not one of the high-prestige
clerkships that automatically mark the
recipients as future leaders 'of the bar.

She went to work in the public defender's BE FOR DRINKING ?office in Santa Clara County, where she
did well enough to be chosen to teach
part-time at Stanford Law School. In
1974, she quit both jobs and was about

to open a private practice. It was then Check one:
Jer_ Brown made all the difference in
her career. [] I'm for clean drinking water. Stop contaminating it.

They had met casually at Interna- [] l'm for clean drinking water. Don't stop contaminating it.tional House in Berkeley, where they
both lived as students. A dozen years
later, while in between jobs, she vol-
unteered to work for Brown, who was
then running for governor. BY CARL POPE

Far from the inner circle of Brown's
political organization, she was in charge
of running his campaign in San Mateo,
a county that he unexpectedly won. _SACRAMENTOTEENAGERrcaches made the desert bloom, of William

(She drove him a couple of times; she Af°r a glass of tap water on a hot Mulholland and the California Water
recalls that he liked her inexpensive car summer's day, sips, grimaces Project. California's aqueducts and
and found the idea of a woman driver and throws the water back into darns were second only to its freeways
"amusing." In many profiles, she has the sink. Then he reaches for a bottle of as symbols of the state's technological
been portrayed as the future governor's mineral water. He is part of a growing wizardry. In many ways, all of Califor-
"chauffeur,' a decided exaggeration.) revolution that may replace the tax nia shared the city of Modesto's motto:

After the election, she reluctantly rebellion as the centerpiece of Califor- "Water, Wealth, Contentment, Health."
postponed starting her private law prac- nia politics-a rebellion for safe drink- But rebellions, as Thomas Jefferson
rice to serve on Brown's transition team. lng water, noted in the Declaration of In&pen-
She eventually screened candidates for Public opinion polls now show that dence, require just two conditions: "a
jobs in the new administration. "I told for many Californians, drinking water long train of abuses" long ignored.
him exactlv what I thought," she re- safety is a leading public safety con- Evidence suggests that both conditions
calls, and he welcomed her candor. She cern. California leads the nation in its exist in today's California, and that the
was amply rewarded, reliance on bottled water--17 percent stage rnav well be set for a new kind of

First, in 1975, she became Brown's of the state and 30 percent of the revolution.
choice for secretary, of the Agriculture residents of Los Angeles pay to have Our Sacramento teenager won't
and Services Agency, a cabinet position special water supplies brought into drink the water, because of an abuse that
that had usually gone to a farmer. She their homes to avoid the need to drink occurs only a few miles away. For most
was an aggressive administrator and what comes out of their taps. of its length, the snowmelt that feeds the
soon became embroiled in controversy. So far, the problem of toxic con- Sacramento River runs cold and clean.
Among other things, she helped to write tamination of drinking water has been But just north of the city of Sacramento,
the Agricultural Labor Relations Act, a one of the two dominant themes of the a good deal of the river is diverted by.
piece of progressive legislation that em- governor's race, and it is rapidly emerg- rice farmers across their fields, where it
bittered agribusiness, lng as a focus of the U.S. Senate race as picks up a broad variety of fertilizers,

Then, in 1977, Brown nominated her well. Alan Cranston, in challenging his herbicides and pesticides before flowing
to the post of chief justice. He cited her Republican opponent, Ed Zschau, to back into the river proper. One of these
years of"writing legislation and carry.- support Proposition 65, the Safe Drink- herbicides, Bolero, is used in quantities
lng out its intent." This, he said, gave ing Water and Toxic Enforcement Act, sufficient to give drinking water in the
her "that real-world kind of experience said, _Fhe people of California are en- area a distinctly bad taste.
that will be valuable in making the tided to be able to mm on their kitchen The Sacramento River is just part of
judgments a Supreme Court justice tap water with confidence that they and the state's complex system for deliver-
must make." their children can drink it without being lng drinking water to cities like San

It was an astonishing appointment, poisoned. Yet six million Californians Francisco, San Jose, Los Angeles and
Other womenwith more impressive crc- are presently drinking contaminated San Diego, none of which could sur-
dentials had been considered, but not water. This is a disgrace." And Richie vive on their own local water sources.
picked. Bird was young for an appellate Ross, political strategist for the Assem- Contamination bv Bolero is not the last
post, had limited government back- bly Democrats, believes "the issue of abuse visited on the river as it winds its
ground and lacked judicial experience, drinking water safety, is twice as impor- way south.

At her swearing in, as Governor tant in determining which candidate a The water that is rejected at the
Brown administered the oath of office, voter supports as the candidate's stand Sacramento tap flows into the city's
she flubbed her lines, and it has not on Rose Bird.' sewers, where it mixes with household
been easy for her since. Perhaps be- Two decades ago, a tap water waste and industrial effluent containing
cause she was perceived as Brown's can- rebellion in California would have a variety of heavy metals and solvents.
didate, perhaps because she was young, been unthinkable. This was the state of Some of these, but only some, are re-
perhaps because she was a woman, per- the hydrologic revolution, the state that moved by the sewage treatment plant.
haps because she was an outsider, Bird The remainder, dissolved in the effiu-
was never popular with the voters. SierraClubpolitwal direct(irCarl Popeis the ent, pour down into the delta where
Never has she been free from attack or authorof Hazardous Waste in America the Sacramento is joined by the San

(continuedon page 97) and a coauthorof Proposition65. Joaquin River. Down the San Joaquin
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Socrag_nto _ ,. ....

WHATYOU wmffYou .... .,,"
Chloroform causes cancer ind.poses risks to the liver, _ mate mice, can be found/n' the water*at alevel_°/'lOto'' :-

thyroid and immune system, t_ il the most commom of L_g_ beiowthestlowable20ppb. Bole r?.)s _resent at 4

when natural orglmk_,mat_r::m_d_ water reacts with .,w'al_'"_.t_ite__-{_._.;_1,_-<_ _<,_. ;:,-//-_ ._,. :_.i

water at a leYel of $O to 44)p_b_n (ppb), in Sma .....;' '_

50 to 70 ppb, in Los Angeles tap_w//ter at 35 ppb and in ,mm!_a;_.'camtnage_ith_._are,pres- , <
San Diego tap wmer at 15 to 60_._ Thus, the drlnidng ent in _L_ut_ ta_ at leveh:0f 4 ppb and 2 ppb
water in Califom/a's major '_' '_m_,etsthe U.S. safet_ . _beiOw _ 5 ppb and $. ppb. TCA -_
standard of less fha,. 100 ppb b_t"(maeeds the less th_an30 _i Ft'_!_.a-dry-_(.an'tn_m.lve_i _`_treln'esentin San : -_
ppb recommended bythe W0._alth Org_nh,_don. Jose waX:-l_n_of_ ppband.)_ppb. No standard has _'

The herbicides Ordram 'and-H01ero are used by rice !j_f_e_f_a_ Freon,"and the standard for TCA
farmers in Sacramento...Ordra_hich causes sterility- (200pphq-_ '$_it_._w4mmpledor_ of, attidlea.' _.

come toxaphene, mercury, chlordane, taminated with toxic chemicals-6 per- result. (Not all observers agreed with
PCBs, arsenic, cadmium, copper, cent of them at concentrations above the decision to ban DBCP. A leader of
chromium, lead and selenium, all of the safety levels set by state and federal the National Peach Council suggested
which are on the Environmental Pro- agencies. Just 3 percent have been that qse of the chemical continue but
tection Agency (EPA) list of priority closed. The studv shocked even Llovd that only those too old to have children
pollutants-a mix making this one of Connelly, the Sacramento assembiy- or those whose religion prohibits the use
the most heavily polluted rivers in the man who requested it: "These results of artificial birth control be employed in
state. Most of this pollution comes do not paint a very comforting view," its production and application.)
from surface and subsurface agricul- he says. "We knew we had problems In many cases, current concentra-
tural drainage; the remainder from but I didn't think they were this bad." tions in most water supplies are below
mining, timber and other industrial ac- Contamination of underground wells the levels defined by state agencies as re-
tivities. The delta itself adds more originates in several industrial and quiringaction. How reliablethoselevels
pesticides and herbicides from agricul- agricultural practices. '_ may be over time, as yet untested, re-
rural operations, heavy metals from In Silicon Valley, leaking uiader- mains to be seen. Although chlorinated
energy facilities and organics from ground storage tanks containing to'dc solvents and pesticides can be absorbed
gasoline storage and transfer facilities, solvents used by the electronics industry readily through the skin, bathing is
Then, as the water makes its way to are one source of major contamination, rarely, if ever, taken into consideration
San Jose, Los Angeles and San Diego but so are truck drivers who clean out when levels are set. Since volatiles
in the California aqueduct, it continues their hoses before delivering solvents to evaporate quickly, one fifteen-minute
to pick up pesticide residues from the tanks by squirting them on the shower can provide as much chemical to
spraying operations on farmlands ground. According to Ted Smith, head the body as drinking eight glasses of
along the aqueduct itself, of the Silicon Valley Toxics Coalition, water. Infants--presumably those who

Some of these chemicals are volatile "The tragedy is that an industry which need the most protection from the
and thus evaporate as the water flows prides itself on being so precise and state-are especially vulnerable.
southward. The herbicide Ordram, for careful in so many ways was so insen- In any case, with every passing year,
example, is not detectable by the time sitive and sloppy when it came to pro- the number of contaminated wells
the water reaches Southern California tecting the environment." increases. Moreover, none ot: these or-
customers. But others, particularly the In the San Fernando Valley, no one ganic chemicals and heavy metals
metals like mercury (a highly potent has been able to pinpoint the exact belong in drinking water. They would
neurotoxin), lead (a carcinogen and sources of industrial solvents, prin- not have been found by a modern
neurotoxin) and cadmium (which cipally trichloroethylene (TCE), which analytic chemist checking the Sacra-
causes cancer, heart disease and high have caused more wells to be shut mento and San Joaquin rivers or San
blood pressure) - highly toxic even in down in Los Angeles County than in Fernando Valley groundwater in 1848.
tiny quantities-remain, any other county in the state. Many Californians are already carry-

Underground sources of drinking In the Central Valley, 2,000 wells are ing excessive levels of many of these
water are no better protected. A recent contaminated, particularly with the chemicals, and even relatively low con-
Department of Health Services study now banned pesticide DBCP, which centrations of a toxin like lead in drink-
found that 18 percent of the state's fell under government scrutiny when lng water can result in hundreds of
drinking water wells were con- workers producing it became sterile as a (continuedon page 88)
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tenous-iooking, with great pr{ Water up indefinitely in legal challenges A
ofaluminum-coveredrockand third source of weaknessis the rules
like holes carved in the mount (continuedfrom page 67) and permits that specifically 'allow for
remnants of the bauxite mir thousands of children suffering neuro- degradation of water supplies.
went on there in the Middle logicaldamage. Take, tor example, ethylene dibro-
cording to legend, one of the Thus. after spending billions of mide (EDB). In 1977 the EPA dis-
Maji founded a community dollars on the world's most elaborate covered that EDB caused cancer. After
¢ears ago. The story goes that network of surface and subsurface the chemical was found in both wells
lescendants used to throw peo plumbing, still more billions on sewers and grain products as a result of its use
erv cliff where Mary Fra _ces felt and sewage treatment plants and as a pesticide to fumigate grain, the
Lreatened. Mary Frances says she millions on a complex structure of en- EPA in 1983 banned most uses of EDB
mw nothing of the legend al the time, vironmental laws and regulations, as a pesticide. Even then, however, an

that she was in a very e,.5 place. "It Calitbrnia finds itself accused of being exception was made: EDB could still be
v,,_ much, too strong; [ h hang unable to guarantee the safety of its tap used to treat winter citrus crops for ex-
on She says she clung a large water. How did all this effort and port to Japan. This allows for the
cru, ifixat the edge of the plal to pre- investment produce enough public possibility of further contamination of
veto herself from going ove anxiety and anger to fuel a tap water wells by the pesticide. And workers

ch spellscould get a wt in se- rebellion? loa_ing ships are exposed to an enor-
rious trouble a few years ago, By issuing permits, m6us cancer risk from the fumes.
but i is safe to admit to _em today. Historically, most societies have Worse, the EPA did nothing to
W are 78 and a ous writer, treated the poisoning of wells as a regulate the principal use of EDB--as a
you c admit to just abo_ t anything, crime; in dry climates, like ours, it is gasoline additive. While only relatively
even t being an "old sou attuned to said that such criminals were executed, small amounts of the chemical are now
spirits ' the past. Mary rances uses In modern California, however, we rely liken to reach groundwater from use as
the phi se in explaining vhy she has on government to protect our water, a pesticide, every one of the thousands

always : .qt more at hom_ in Europe's Instead of demanding that tho_e who of underground gasoline storage tanks
ancient _ills: "I m an _ soul, you use dangerous chemicals keep tl'lem out in the state is now a potential con-

" _ " ' erknow, _ . .' savs. I need .o be m old of drinking water, instead of holding tamination source of EDB.
countries to be more full me. them accountable for any contamina- Overall, our toxics regulatory pro-

The _allyuttered do not es- tion, we have asked that they play by grams are more loophole than safety
cape e, ever on alert for lit- rules set up by various agencies. Com- net. Massive lobbying, floods of cam-
erarv nces. "Do , mean that in pliance with rules, as embodied in"per- paign contributions and relentless
the E.M. sense? says. In A mits," rather than protection of water litigation by the oil and chemical corn-
Passageto Forster tescribes an old has become the standard to which in- panies keep these loopholes open, and
soul as one 'ho enjoys residue of wis- dustry is held. And as the word sug- keep the flood of toxic chemicals flow-
dom past lives, t_ests, the "permits" often amount to a lng through the state's economy. The
Shirlev actress, sub- legal sanction to release toxic chemicals legislature, the governor and the bu-
scribes to a souls, and has into drinking water, reaucracy are simply incapable of say-
made a best mt of it. Mary, Each of the chemical releases cited in lng no to the pleadings of these ample
Frances hasn't firlev MacLaine, our Sacramento River example was ap- pocketbooks.
and isn't sure r Forster's concept proved and licensed by the state of When Mendocino and Trinity court-
applies to hersel thinks"spirit" is a California,, from the rice farmer's re- ties moved to protect their streams
better word than 1, and that it takes a lease of Bolero directly into the waters from contamination by aerial spraying
couple of thousa years to be an old of the Sacramento to the industrial and of phenoxy herbicides, then-attorney
one. She feels dra to them as she is to agricultural effluent that pours into the general Deukmejian intervened and
old countries-all hree of her husbands delta from the San Joaquin. Every charged that such local regulation of
were old spirits, says, Dillwyn being year, millions of pounds of chemicals pesticides was illegal· When he lost,
the oldest. As for "I've been here that can cause cancer, birth defects or and the state Supreme Court ruled that
a thousand times " sterility even in trace amounts are counties did have the power to protect

Whatever you of it, her belief is released directly or indirectly into our their',waters, it took the legislature less
consonant with aspects of her ex- drinking water--with the approvM, than two months to pass a bill explicitly
traordinarv Iii affection for sanction and authority of state and stripping them of that right.
Europe, tbr ext worldly men, for federal agencies. The public may not perceive exactly
the _o xes of the palate, For the most part, these laws articu- how such special-interest loopholes are
her sanguine in the face of late the goal of protecting the environ- enacted. But the continued failure of
difficulty, th_ ation to worry, ment, the public health and the state's the present system to provide protec-
the ability things too seri- water supplies. The Porter-Cologne tion against toxics has thoroughly
ouslv. Alter if been around Water Quality Control Act, for ex- disenchanted most Californians.
before, the: no to think you ample, ca.lls for the prevention of"any- Seventy-three percent of those polled_--
won't be al _undagain, thing that is injurious to health: in the by the University of Southern Califor-

A fores] current spiri- waters of the state." The federal Clean nia last year said they "don't trust
tual dis' appears t the end Air and Clean Water acts call for government to protect [them] and
of' The _WalMe.T and rigorous control of pollution from toxics. [their} family against toxic chemicals."

whom she calls are In practice, though, these statutes have And just as repeated failures bv the
seated the dining car .' train from done far too little to protect our drinking legislature to respond to the public de-
Vevey Milan. It is the summer of water from contamination, mand for property tax relief spawned
1939 nd they have returne to Europe Each statute requires that the bureau- Proposition 13 as the climactic battle of
to dis of their property know- cracv write a specific rule tbr each the tax revolt, a new statewide ballot
ing war is imminent that Dill- chemical, or plant, or facility. In some proposition has emerged as a result of
wvn is incurably ill. "We were two cases the rules never get written; in this public mood. Proposition 65 is

(continued page 93) other cases the',' are written but are tied shaping up to become the main battle-
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_round ot the tap _',ater rebellion, fund {toxic waste dump cleanup fund), corporations opposing the measure
At the heart of this initiative is a con- Also. an antisecrecy provision would echo this notion. One lawver warned a

cepr that seems to strike terror into the make it a crime for certain government major oil company that "whatever its
hearts of man;' of the state's oil and employees to intentionally conceal direct impact, the initiative sets an ira-
chemical companies. Instead of telling their knowledge of an illegal discharge portant precedent for this state and
business to "follow government rules." of hazardous waste: thev must notifv others .... ai. tangerous precedent which
the voters would hold industry directl`,' the board of supervisors and local may rapidly be followed elsewhere .... "
accountable tbr their use of those health officer within 72 hours. It' it passes.
chemicals that can cause cancer or Even with all these provisions, there Both sides expect this to be one of the
birth defects. Proposition 65 requires are a number of problems relating to most hotly contested issues on the f',:dl
the governor to publish a list of chemi- drinking water quality that the measure ballot. In addition to the environmental
cals on which there is a scientific con- does not address. David Roe of the En- and public health organizations that ini-
sensus: these chemicals cause cancer, vironmentat Detbnse Fund, one of the ti_ly designed the measure, Proposition
birth defects or sterility, authors of the initiative, admits, "Of 65 has received support from the Ca.li-

:\fter a grace period, businesses course, this doesn't solve all the prob- tornia District Attornevs Association,
using chemicals on the list must meet lems. It deals with a narrow range of the which thinks it will provide prosecutors
two standards: thev must keep any problem. But we think it cuts deep, and with new tools against toxic dumpers;
significant quantity of these chemicals sets a precedent tot going after the rest from organized labor, which believes
from reaching a source of drinking of it." Roe identifies three major areas the initiative's warning requirements
water: and the,,, must make a reason- untouched by the initiative. First, it is are more effective than those in existing
able et-tort to warn anyone they expose designed to prevent future contamina- law; and from a panoply of elected
to a significant level or: such a chemical, tion of drinking water--it does not deal officials, including Mayor Dianne Fein-

The state is allowed to define sate with the expensive, muddy problem of stein and state Senator Art Torres.
levels for these chemicals, so that trivial cleaning up already contaminated In addition to the Chamber of Corn-
releases do not trigger these require- sources. Second, the initiative does not merce, the California Farm Bureau
ments. State agencies ma,,' also publish solve the problem of chemicals that have and the oil and chemical companies.
guidelines to define for businesses how not yet been tested--the so-called _data early opposition to Proposition 65 has
the',' should go about warning people gap." Finally, Roe points out, there are come from the Assembly Republican
who are exposed. In some situations, medical problems other than cancer and caucus, particularly caucus leader Pat
say. consumer products containing a birth defects caused by toxics. Nolan, who has expressed the belief
carcinogen, a label mav be needed. At Opponents of the initiative, or- that the initiative is "an arrow pointed
gas stations, posting of signs could ganized bv the California Chamber of at Governor Deukmejian's heart."
warn customers of the hazardous fumes Commerce and the oil industry, as well The coalition against the initiative
they are being exposed to. But the as some environmentalists, see other has hired the consulting firm of Russo
basic responsibility would remain on loopholes. They complain about the ex- Watts & Rollins, which in previous
the businesses-whether nr not _tate emptions for government-- the military }'ears did work !hr a number of suc
agencies wrote regulations, tn particular is a major source of cessfulcandidates and propositions, in-

These two requirements would apply groundwater contamination--and small cluding the governor. A skilled and
across the board, whether the chemical businesses, as well as the fact that Prop- effective campaign team, Russo Watts
in question was a pesticide or a fuel osition 65 does not directly regulate & Rollins begins far behind in the polls,
additive and _hether it was released bv municipal landfills or water companies, with the knowledge that its principal
a power plant or a chemical factory. Roe replies that with the exception of financial backers have very low public
The`,' would for the first time place a the military, exemption, an unfortunate credibility on the toxics issue.
consistent safety, net between the public legal necessity, the other objections Their campaign strategy., says Tom
and chemicals that cause cancer and raised are _'relatively minor." He says Epstein, who heads the _Yes! Get Tough
birth defects. And. in a further step to that legitimate small businesses withless on Toxics" campaign for Proposition
empo_ver ordinary, citizens, the initia- than ten employees simply do not gert- 65, is likely to be the classic strategy of a
rive allows for direct citizen enforce- erate a large volume of toxic chemicals well-funded campaign trying to defeat a
ment if law' enforcement officials do not that might threaten drinking water, popular idea: confusion. "Their ballot
act against a violator within 60 days of Should such a smallbusiness be involved argument," Epstein says, "is a classic.
being informed, in illegaldumping, however, it would not They present four main points, which

While cracking down on legal be exempt from criminal penalties. Roe are not consistent with each other.
releases of chemicals that cause cancer ',dso asserts that 'although the initiative They'll probably have a TV spot to go
and birth defects, the initiative also does not specifically deal with landfills with each point, and hope to confuse
toughens existing penalties for illegal and water companies, it does deal with enough people to defeat us." Epstein
uses. Violators of the provisions re- the heart of the problem by going after says the four main points apparently
quiring exposure warnings and prohib- those businesses that discharge toxic identified by Russo Watts & Rollins are
iting releases into drinking water could chemicals into the facilities and aquifers the exemptions incorporated into the
be fined up to $2,500 a day. Fines tot operated by governing agencies, initiative, the effect on agriculture, the
criminal dumping would double from Advocates of the toxics initiative, in- provision allowing citizens to sue and
$50,000 to $100,000 a day; it' serious cluding such major statewide organiza- the argument that the state already has
injury',vas incurred bv anv victims, the tions as the Sierra Club, Consumers enough laws on toxics.
fines could go as high as $5i50,000 a day Union, California League of Conser- Epstein believes that as long as spend-
and the possible jail term would in- ration Voters and the Northern Call- lng for the "No" side does not get "too
crease from three to six years. Twenty- fornia Public Health Association, say tremendous," he is confident the voters
five percent of all fines would go to the that passage of the proposition will will support Proposition 65. "We just
district attorney (or to whichever in- send a clear signal to the chemical have to make sure that everyone in the
dMdual or party brought the suit), 25 industry that the tap water rebellion is state knows what the initiative is, and
percent to police or health agencies in- serious--and the future contamination what it does. No amount of confusing
volved and the remaining 50 percent of drinking water must stop. Memos 30-second spots will convince the voters
would be deposited in the state Super- drafted by lawyers for some of the kev once they really understand it." ,1
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Est/mates;790 Deathsa Year ......
i-- I Ii I I III _ s ·

'/_', _ _' _., ,,., .;..

Warning on Radioactive Drinking.,.Wate
Vashington cases of lung eancer caused each The agency noted t!_tthehidl ;_'' *_ The' _· aseney 'eStimates

Naturally occurring radio- year by radon iu the soU. vidual risk of getting cancer from 300,000 people in the United
....... radioactive contamination of driuk- are exposed to radon in wa

tetivity in drinking water Nevertheless, .J_, 1_ A. Corfu? __ tug water depends on the conce rt. levels that exceed a Lin-10C
roses a serious health threat vo, director of the c 'rff_,fiaan d. ._i,-tration of the radioactivity. For ex- time risk of cancer.
icross the country and re- dards division_.0_ ._,_._{)i_ _u_nnp!e, there are 20 states in which

qluires stricter regulatio n' the Drinking Water f_ '_j_,-_lme lev eb$ re.ach,'l,O00pieocuries of Cook said that probablyEnvironmental "Protection ter is still a mttch nmre-S_n'iibYm'gu :-:-'radiation ',_- lit,kr Of water A nten. drinking water in the United
Agency said yesterday, lie health threai_.thlm,-stam_9_._ curie is on=_trillionth of a'eUrie,"_-a contains some level of radioa_

Radon, radium and uranium in more .widely, pu_lr_b-!wNM_._ Standard measurement of radloac- but added that concentrati,

drinking water supplies are causing entedby pesticides _ toxic ._ tivity. , _,,% _ .,,_....... , _._._ ,=,. . ...... _. this contamination reach d
asmany as 730 eancer, dmati_ma year,- chemicals, :-, ,;-_....... ous levels only in some.areas.

· ...... , At that level_&-person w_:is
agency officials reported at · press. _ By announcing the ris
conference. The,/ no4md, however, ]'i Radium. isotopes _226 'end 228_ _exposed to the .wa_. over 70 years
that there are resdily a_ble are each 'estm_tedby the_a&eney to has a 1 in 10,000 q_ of develoP- said. the agency is seeking to
means of reducing radioactivity in cause from three to 80 cases of bone tug canc er. At an exposure level of tize the public to the health!ems that exist."
drinking water to safe levels. - cancer a year. Uranium is said to, lO,0O0picocuries,.the cancer risk_ 1

ca, me from one to 10 cases a year. in 1000. .,_'_,_lot.
The agency t to . _._

pime rulea a year frm_ now to eX-
pand and strengthen ,_s current
_ns goverm_,.permmtt_
amounts of radioactivtt_ tm drixtk.
lng water. Current rules COverradi-
um and many other radioactive ma-
terials, not radon or uranium- Agen-
cy officials said they need more in-
formation and time for public
comment before they devine nmw
rules. _

Radioactive contamination of
drinking water is found virtually
everywhere in the country, the
agency said. It said there are high
concentrations in New England,
where there is considerable rado n
in the water; in the North Central
and Appalachian states, which also
have high levels of radon, and in the
Rocky Mountains, where high levels
of uranium are frequently found.

Michael Cook, director of the
agency's Office of Drinking Water,
said the problem is found largely in
small water systems that draw from
underground water tables.

The agency said that radon -- a
gas emitted from decaying uranium
that produces solid particles that
can cause lung cancer _ is the big-
gest problem. It estimated that from

· 30 to 600 cancer cases a year were
· caused by radon in drinking water.

This compares with 5000 to 20,000





Guest Column

The Public Gives Water Utilities High Marks
(Editor's Notes: The American Water These consumers are the same people the 18- to 25-year-old group said so,

Works Association Research Founda- who are turning to bottled water in These responses indicate that younger
tion (AWWARF)commissioned a public surprising numbers (15.4 percent) and people are in particular need of more
attitudes survey on drinking water paying about 800 to 1000 times as much accurate information about their water
issues in the fall of 1985. The following for it as for tap water. Some 72 percent of and water suppliers.
article by John B, Mannion is a very brief all respondents said they are concerned
overview of the conclusions that about encountering a substance in Though age may be something of afactor in some issues, the overriding
emerged from the study and is being water that over their lifetime would be conclusion is that a substantial minority
reprinted for the benefit of ACWA's responsible for their death. About one in
member agencies and the California 100,000 of us will be killed by lightning of the public--one fourth to one third ofthem, perhaps more--is apprehensive
water community. The article, "The during a 70-year lifetime, but through- about the issue of drinking water and
Public Gives Water Utilities High Marks," out all regions of the country, people are
appeared in the June issue of Journal more concerned about death by drinking health. In that group are many who areuninformed or misinformed. Atthe same
AWWA along with a companion article water contaminants. Willingness to pay time, may of them and many respon-
titled, "Public Attitudes Toward Water for increased water treatment and dents in general profess confidence in
Utilities," by James F. Manwaring, protection and for more research are the local water utility--a solid base to
Stanley M. Zdep, and Ida M. Sayre. also indicators of concern. Almost 30 build upon. People say they are ready to
Mannion is deputy executive director of percent of those who were aware of a
the AWWA Research Foundation.) recent local contamination incident support improved treatment costs andresearch, and they believe the utility is

reported that they found out about it by the most accurate source of informationWater utilities enjoy better standing
among their customers than one might their own observation (21.6 percent saidthe water utility told them), in these matters.
assume from reading newspapers.
Nevertheless, utilities face a significant Can this concern and confidence be The industry should be encouraged
challenge in the matter of public educe- reconciled? Strictly speaking, the survey by the results of this study and moved to
tion, especially among young people, does not provide an unequivocal ex- mount a more vigorous program of
These are among the conclusions that planation. A few reviewers have specu- public communication. Where treatment
emerge from a study of the63 tablesthat lated, and it is no more than speculation, changes or other measures to improve
constitute the raw data behind the that the questions about concern and water quality are indicated, utilities
AWWA Research Foundation's "Report risk might easily have been interpreted might take some comfort from this

survey. The message is that water
on Public Attitudes Toward Drinking as conjectural rather than interrogatory;
Water Issues." i.e., hypothetical, not inquiring about utilities are well thought of, and a

facts. Not being mind readers, all that concerned public stands ready to follow
The most notable oddity in the survey can be said with any certainty is that the their leadership.

results is that two apparently contra- two attitudes coexist in the minds of "

dictory attitudes exist side-by-side some consumers. There are genuinely Reprinted from Journal AWWA, Vol. 78.
among some consumers. On one hand, positive opinions about local water and No. 6 (June 1986), by permission.
people give good ratings to local water water utilities, and there is a minority Copyright 1986, American Water Works
quality, the performance of their water among consumers that is sincerely Association.
utility, and other factors that indicate concerned. This concern may be un-
favorable opinions of utilities and their focused or misplaced, but it is real.

service. On the other hand, there is Positio Openunmistakable fear among respondents A message for managers and owners ns

concerning harmful contaminants in One of the clearer messages of the Superintendent of Treatment Plants
drinking water. How can this be? survey concerns the need for utility to be responsible for the operation and

In the survey responses related to programs of public information and maintenance of reclamation facilities;a
contamination, the positive data are education. Misunderstanding and con- grade V wastewater certificate is pre-
striking. For example, 19 of 20 respon- cern seem to occur throughout the ferred; a grade IV may be considered,
dents were unaware of local water various subgroups in the population, depending on qualifications; salary is
contamination during the past two without much regard for geographic dependent on qualifications, plusbene-
years. Some 71 percent of those aware region, education level, sex, income fits; a minimum of seven years of
of contamination believed the utility was category, and so on. Age apparently progressive experience in the operation
doing something about the problem, affects some attitudes but not consis- of a comparable wastewater treatment
Only 24 percent of those who rated their tently so. facility, five years of which must have

water average, below average, or not Respondents rated the overall per- been in a supervisory capacity; resumes
safe believed it contained harmful formance of utility personnel very and applications accepted until the
contaminants, and almost half of them highly, with 23.3 percent saying it was position is filled; for applications, call
were thinking of chlorine and fluoride, very good, 50 percent saying good. It is (714) 582-3204; send application and
whiclq are actually beneficial. Con- instructive to examine the top rating by resume to the Santa Margarita Water
sumers named their local utility, more age group. This rating was obtained District, P.O. Box 2279, Mission Viejo
oftenthananyotherorganization, asthe among 10.8 percent of the 18- to 25- 92690.
most accurate source of information year-old group;18.3 percent of the 26- to General Manager; excellent benefit
about drinking water. Across the United 45-year-old group; 31.8 percent of the package, salary negotiable; district
States, 87 percent of consumers were 46- to 65-year-old group; and 33.6 provides water supply, treatmentdistri-
sufficiently confident of their water to percent of those aged 65 or older, bution and sewage collection and treat-
rate it excellent, above average, or SimilaHy, almost 76 percent of all meat systems for a small Northern
average--very positive responses in- respondents said they could name their California community (Lake California);
deed. water utility; only 50 percent of those in candidate must possess strong business
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_.¢S 2,ace $a¢ J._a '_ $,.;cu'sa r' ',',cater 3rs slace. _ancho California Water ,'nat s s.mail scmcare.: ts ::-e' .e*.
C:str c t 3rd stare Monterey · County Dis[r_ct. common .m_mmai rISKSSUC" asa _ a$3"

_iooa Control aha Water Conservat!on Group S(80 and over employees)--l st beer or a peanut putter sanclwJc'_
Drstr_ct. place. Mouiton Niguel Water Distr_ct'

Group 7 (46-79 employees)--Ist 2ne place, Padre Dam Municipal Water
We are ingesting natural pesticides in

piece. Walnut Valley Water District: 2nd District: 3rd place. Sweetwater Author- our diet in amounts at least 10.000 times
place. Cas_tas Mumclpat Water District: ity more than man-made pesticide resi-

dues.''

Ames: Don't Scare The Public "On theotherhand, we are ,ngest,ng
natural pesticides tn our diet in amounts

About Unimportant Toxic Risks least 10,000 times more than man-made pesticide residues. Natural pesti-
"The poison makes the dose--every rides are natural toxic chemicals, which

chemical is toxic in some sense," Pro- are present in all plants, usually making
lessor Bruce N. Ames. chairman of the up five percent to 10 percent of a plant's
Department of Biochemistry, University weight.. , Calculations on the possible
of California at Berkeley, told the over carcinogenic hazard of plant com-
500 conferees attending the May 8 pounds show that they completely
luncheon at ACWA's 1986 Spring Con- overshadow the traces of man-made
ference in Monterey. pollutants found in the dally diet.

Ames. recipient of two of the country's

most prestigious awards for cancer "We do not live in a risk-free world."
research, declared water pollution
irrelevant to the causes of human
cancer. "We do not live in a risk-free world We

_T_j might possibly eliminate ever'/ trace of

"The carcinogens and toxic chemicals man-made carcinogen from our water or
being found in California water supplies food supply, but it wilt cost an enormous
are present in extraordinarily tiny amount and be irrelevant to causes of
amounts and. except in rare cases, are human cancer. My advice? 'Dent scare
present _ntrivial amounts relative to the the public about ummportant risks."
background level of carcinogens found
in nature." he said. "1 am convinced that Bruce N. Ames

water pollution and man-made pesticide Luncheon Speaker

residues are irrelevant to the causes of Ag Pa Fcchuman cancer, nated well water (such as in Silicon hal uses
Valley) only rarely involves a possible On i'_A A.,_AA&'- AA
hazard more than that of ordinary tap r_r_p_uW=_

,1 am convinced that water pollution water. Of 35 wells shut down in Silicon
and man-made pesticide residues are Valley because an EPA study showed a In Water Politics
irrelevant to the causes ct human supposed carcinogenic hazard, only
cancer." two were of greater possible hazard than By Melissa Blanton

ordinary tap water (well water usually M.B. Communications

"The main current fallacy consists in lacks the chloroform present in chlori- One of the highlights of the ACWA
thinking that carcinogens are rare and nated tap water), and the most polluted Spring Conference was a panel discus-
that they are mostly man-made chemi- well (2.800 ppbtrichloroethylene) poses sion on "Perspective/Trends in Agr_-
cals. My own esbmate is that over 99.99 at least 1.000 times less of a possible cultural Water Politics." sponsored by
percent of the carcinogens Californians hazard than an equal volume of cola, the Agricu(tural Water Committee.
ingest are natural ,natural toxic chemi- beer or wine. Moderated by Committee Chairman
cals in plants and molds) or traditional Daniel Nelson. manager of the Broad-
(cooking food. cigarettes, alcohol) .... and the most polluted well (2,800 view Water District. the panel expressed

"Every meal has many carcinogens, ppb trichloroethylene) poses at least provocative and sometimes d_vergent
and when one compares the level of 1,000 times less of a possible hazard views of the changes that have °ccurred
carcinogens in contaminated water (or than an equal volume of cola, beer or over the past six decades.
pesticide residues_n food) to the level of wine." William R. Gianelli. consuitir_g c_wl
natural carcinogens, it is clear that water engineer and recipient of ACWA's 1985
pollution (or pesticide residues) repre- "Given that the consumption of tap Water Leader of the Year award, pre-
sents a trivial exposure, water is only about one or two liters per sented an historic overview, toucning

"The whole wor!d is full of carcino- day. it seems unlikely that man-made upon the development of malorfederal.

gens. So what is important and what is water pollution is causing more than a state and local projects.
trivia? minimal hazard. A major turning po4nt m the poithcal

"The man-made carcinogenic residue clout of agriculture occurred when t,'-e
"Water pollution and pesticide resi- of most interest in food is likely to be California Legislature was reacoort .:'_ed

dues are almost always present in the DDE... and is insBgnificant compared 20 years ago. The abandonment 3f tr'e
parts per billion range. One part per with natural carcinogens in our diet. system whereby the Senate ,vas se-
billion (or. one person in all of China) Bs Even an occasional highly DDE- or lacteal on an areaw_de, rather :',an a
an extraordinarily small amount. PCB-contaminated fish (100 times the population, basis has made :ss._es "core

"The !evel of carcinogens in contami- average level) would contribute a risk partisan, preventing :he trac., :"a,
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so,. _g :ecnn_ca_coocerns. West!ar'ds activities

at Kesterson provldea case study of hOWPran"'_ng ar:d 23rser,at,on _eag..,e
these problems affect Mater agencies.D,rector Gera_ _ M,e-a_ c_sc.,ssec
There _s some potentiai ;n _,awng thesome at :ne -eas_:'_s '_, :-e '-ans_tionai
water community and the env_ronmentaistage o+ tqe pas: 'e?, .,ears dur[ngwn_cn

a new au_l_c a,"C :o,;bcal resconse tO community meet in a spirit of coopera-
agr:cu,tural pro_ects '_as evoived Sup- tion and consensus. Negotfation solves
port for malor pro!ects 3egan phasing more problems than Iitigabon.
out ,n the !960s. s'.gnail,ng the end to an In a wrap-up to the discussion, con-
era suiting civil engineer B.J. Miller gave hm

Over t;me. the reasons for the thoughts on three factors affecting the ._,
changing perspective nave ,ncluded southern part of the San Joaqum Valley
social, enwronmental and economm These are. in order of descending

conslderations, lnaddition, the politics immediacy: subsurface dra,nage, water ._'_ _ti

of the Central Valley itself has changed, marketing and overdraft.

There are still areas in which irrigated The common thread in the failure to ¢.
agriculture can make some gains, in- reach consensus _n these areas is the _r.,,_ ..

c!uding ,water transfers, mitigation of failure of the people debating the issues Brenda Mabry, human relations and
problems such as those experienced at to reach agreement on what "reality" is. communications consultant, givesKesterson and resolution of problems in Until this happens, we'll be stuck with
the Delta· the problems. Miller said. advice on helping employees

increase their "people skills" by
Constraints faced by public agencies The panel discussion was followed by learning communication and human

were outlined by James Ganulin. gen- a lively question-and-answer session, relation skills.
eral counsel. Westlands Water District. which ended only because the clock ran
Among them are economic, environ- out.

IL ·

Jr',,.,
._,

Assemblyman Jim Costa explains
Prop. 44--the Water Conservation

"_"_. and Water Quality Bond Law of
'T' 1986--during the Legislative Issues

1. _- r,- program.

Getting together during an ACWA Conference break are (from left) Jamie

Hartshorn Damer, Rita Schmidt Sudman and Nancy Long, all with the Water [' _.,_

Education Foundation. _ _

I _',I_,.,4

Lowell Weeks of Coachella, ex-

presses his thanks to ACWA
President Rex Pursell for being

A glimpse of some of the nearly 1,500 people attending the ACWA 1986 named as an Honorary Life Member
Spring Conference in Monterey. of the Association.

6





WHY BUY BOTTLED WATER?
Personal :aste. not a concern over safety of tap water quality, should 5e -_h_ma:r.

t!,, _p,a[bo[-reason m buy bottled water or a water filter. This brochure will demonstrate _'

r[ed water is typically no better or worse than tap water. The difference {s in the tas:c
3nd cost--tap water costs less than 1¢ for 10 gallons, and bottled water $0c ro ST._iJ0
5)r {me gallon. Taste is a personal matter. Try keeping tap water in the refrigerator.
S_e if you can taste the difference between it and refrigerated bottled water.

HOW DO I KNOW TAP WATER IS SAFE?

WELL WATER

All municipal tap water in our county must meet strict tests for quality and safety.
About half the water used in our valley is well water. It is pumped from deep in the

ground, free of bacteria and other natural contamination. Only a reD' small percent-
age of municipal wells have ever been contaminated by toxic chemicals in Santa Clara
County. Any chemicals that are found in working wells are heavily diluted in water
before being sent to consumers. Or, the wells are closed. Al1 well water delivered by
major municipal suppliers in our county meets state and federal drinking water stap:
dards. Tests of well water are made regularly to guarantee the water :,s safe.

IMPORTED WATER

The other half of the tap water in our valley is treated surface water, imported from
hundreds of miles through rivers and aqueducts. When chlorine is used to kill water-
borne diseases and bacteria, compounds called trihalomethanes (TH*Is) are pro-
duced. Federal standards require that THMs be produced at levels less than 100 parrs

per billion averaged over a year. Local tap water contains annual averages of about 60
parts per billion, which is well within safe drinking water standards. The Water
District is studying ways to significantly reduce THMs.

CAN ACCURATE TESTS OF
MY HOME WATER QUALITY
BE MADE AT MY HOME?

It's highly doubtful. There are cases of sales people adding a liquid chemical to tap
water samples and turning it cloudy or changing its color. Consumers are told that
these tests can detect solvents, metals, pesticides, and toxic chemicals. They cannot.

Highly accurate analytical instruments used in state certified laboratories provide the
only dependable test results.

WHY AREN'T TAP WATER
ICE CUBES CLEAR?

Most tap water in our county contains a lot of dissolved calcium and other minerals
essential for good health. Unfortunately, the high mineral content doesn't make for
clear ice. That is because minerals turn into solid white particles when frozen.



DOES CLOUDY TAP WATER MEAN
THERE'S SOMETHING WRONG?

Not necessarily. Water in distribution pipelines is under pressure. This means "air"
is dissolved in the water. When the water flows from the faucet the air is released and
may form tiny bubbles. These bubbles are easily seen in a glass of water and will
slowly rise and disappear. If your water remains cloudy, call your water utility to in-
vestigate the cause.

DON'T I HAVE TO
BUY BOTTLED WATER
TO CUT BACK ON SODIUM?

No. Nearly all the sodium people consume each day comes from food, not water. If
you are limited to 1,000 milligrams sodium per day you can drink tap water. A diet
restricted to 500 milligrams or less per day means you should find out the sodium con-
tent of your drinking water--whether it's tap water or bottled water. Contact the com-
pany you pay your water bills to for tap water sodium content. Do not purchase bottled
water that does not state the sodium content. One bottled water shown in our test on
the next page had six times the amount of sodium found in tap water.

WHAT ABOUT ADD-ON FILTERS?

The only reason to buy a filter for municipally-supplied water in Santa Clara County
is to change the taste, not for health reasons. The very best filters on the market can
remove detectable levels of trihalomethanes and organic chemicals of the type that
have been found in a handful of Santa Clara Valley's hundreds of major drinking water
wells. The levels of these compounds are extremely low; any tap water that may con-
tain them is safe and meets all drinking water standards. If you do own a filter, be very
careful to change the filter medium--usually activated carbon--at least as often as
recommended by the manufacturer. If you don't, the filter itself will harbor bacteria;
this will endanger your health if the bacteria levels are too high.

WHAT ABOUT BACTERIA IN TREATED
TAP WATER COMPARED TO
BOTTLED WATER?

A recent test comparing bottled water to this District's treated imported water '"'? a_l_
revealed that treated water has far less bacteria than most bottled water tested. Look _---q
at the results of that test in this brochure. Bacteria levels in some bottled water ranged [
from five to 2,300 times greater than treated water. Municipal water supplies are
regularly tested for bacteria and must meet very rigid standards.



WHAT DOES THE TABLE MEAN?

Simply put, it showed that tap water was better than some bottled water and not

quite as good as some others. But the bottom line is that tap water produced at our

treatment plants is perfectly safe. And that the most important "contaminant" in

water--bacteria--is almost nonexistent in treated tap water. There is little difference

between bottled water and municipally-supplied tap water in Santa Clara County. Ex-

cept that bottled water costs 500 to 7,000 times more than high-quality water coming

out of your tap.

LABORATORY TEST: TAP VS BOTTLED WATER

Total
Bacteria_ Dissolved

per THM a Sodium Chloride Arsenic Nitrates Minerals Taste Hardness
Brand milliliter mg/14 mg/1 mg/1 mg/16 mg/1 ? mg/1 Rating s rog/1

1 1 nd s 14 17 nd 0.1 142 3 106
2 5 nd 3 6 nd 0.8 308 3 300
3 < 12 nd 19 13 nd 1.0 155 2 96
4 6 nd 2 6 nd < 0.1 8 3 nd
5 < 1 nd 12 13 nd < 0.1 90 5 62
6 2300 nd 189 194 0.14 < 0.1 620 4 16
7 27 nd nd 5 nd <0.1 <1 3 nd
8 <1 nd nd nd nd 0.1 2 2 nd
9 40 nd 5 24 nd 0.6 52 3 34

10 860 nd 4 i nd <0.1 9 2 4

Treated
Imported 1 0.04 32 31 nd <0.1 268 4 190

Water

Bottledwater: 1,2,3, 5,6, 10 Distilledon site: 4 Vendingmachine:7, 8,9

1. Heterotrophicplate count 5. nd, none detected
2. The symbol < means less than 6. Maximum contaminant level is 0.05 mg/1
3. Trihalomethane (THM) maximum contaminant level, 0.10 mg/1 7. Maximum contaminant level as nitrogen is 10 mg/1
4. Milligrams per liter, mg/1, are equivalent to parts per 8. Taste panel used a scale of 1 to 9:1 = very acceptable

million,ppm. 5 =maybeacceptable,6 to 9=not acceptable.

Test results were based on one sample from different brands purchased randomly on November 7, 1985.
Test was conducted at Santa Clara Valley Water District's Rinconada Water Treatment Plant.

Santa Clara Valley Water District · 5750 Almaden Expressway * San Jose, CA 95118 ° (408) 265-2600
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Figure 22 Age Acilusted White Male Cancer Death Rales Der t00.O00 poOulat_on. Setected
Co.untnes. 1974-1975

An InternationalComparlson Czechoslovak,a _ 2132

Scotland _ 205 0It is widely believed that the United States has a high cancer
death rate comparedwith other countries. One network Belg,um
television program on cancer opened with the statement; "The ,u,_a,y
news tonight is that the UnitedStates is number one in cancer. F,a,,ce :
The National Cancer Institute estimates that if you're living in Ne_herlancls_. 1934 *" ':
America your chances of gettingcancer are higher than
anywhere else in the world." Lusembo_rg _ ,li_k3

4

However, information collected by the World Health u,_guay ,'-:[.. I I _929
Organization and analyzed by the American Cancer Society England&Wales 1897t
;ives a much different view· In a comparison of cancer death _st,,a _s94
ra_esin 46 countries, the U.S. ranked 23rd for male and 19th for ,
female cancer deaths. Czechoslovakia holds the dubious honor u_,_states _ _ 1594 I
Dfbeing "number one" followed by Scotland, Belgium, Hungary o 50 loo 15o 200 250
_ndFrance (Figure 22). According to this survey, the U.S. white Rateper100.000

Numbers wl_rlln bats indicate rank order among 46 counmes -'-_ '

'hate death rate, was 159 per 100,000. s_,ce: American Cancer Soc,e w. 1980 Cancer Facts and Figures. New yo_r_(:1979
· -..
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¢igucet9 1978Car_erOeattlsbySitean_Sex AS is evident in Figures 20 and 21, the only cancer deaths that
qualify as "epidemic" are those from lung cancer. The rapid

.a_e """_"'?L._ /Ja_ ' "'"':_ increase in lung cancer deaths is most evident for men, but has

sk.,, 2% ="'-"_,,_' _ ,°o _ also occurred in recent years for women as well. This delayed
increase in female lung cancer death rates is consistent wdh the

Lam 3_% _ ;i_::_:;,!i,,_._ "_'. _.... , rise in female cigarette smoking that followed World War II In
· Co,on/Rectum12% _!;"_ ;ii!fi !:_'!i_::!:!_i_ t4"° Lur"l contrast, men began smoking in large numbers after World War

Pancreas 5% I"':_ll !ui: ._!.r, _ 15". ¢:c,_,),__r.cI.,rn : ._"__'_ ;_,_ , I, almost 30 years earlier. The usual latency period for lung

Prostate 10'/. _;:i:i] [_'"_ii'i'!'_J;"_;?:?] 5o p........_ cancer is 20 to 30 years which accounts for'the delayed increase _,,
Un,.,,/ 5% ':;_.__,_::_;._,_ _o. o.,._:_ in the female rates. Table 2 summarizes the recent trends in the

_1 Leukemia& _;.,,,_',_ _ u,,,,,, specific cancer death rates for men and women.
Lym_i_omas 9% i'i":;'_ _':':_ 3'o U ....... ',

h4.

Ill S,eMrce: AmeriCan Cancer Society, 1980 Ca_ce_ Fec_ end Figures.
New York: 1979. ' '_:.
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!'.:= Cervix U.S. Cancer Mortality

:!!'_ The incidence of cewical cancer has decreased substantially Cancer is the second leading cause of death in the United
since 1947 in both white and nonwhite females (Figure 14). States after diseases of the head and circulatory system.

Among whites, it declined from 38 in 1947 to 11per 100,000 in The American Cancer Society estimates that about 405,000
1976. Among nonwhites, cervical cancer incidence deceased Americans will die of cancer in 1980. Of these, 101,000, or 25
from 75 to 26 per 100,000 during the same time period. Most, if percent, will die of lung cancer, Data from the National Center for
not all of this decline can be explained by use of the Pap test, Health Statistics indicate there has been a gradual rise in the
which can detect precancerous changes in uterine tissue before combined age adjusted cancer death rate since 1950 (Figure
they become cancerous and thus allow for surgical treatment or 16). In general, the cancer death rate has increased among men
other therapy· and decreased among women· Yet except for the large

increases in lung cancer deaths, age adjusted death rates for
F,gure14Est,maledUfermeCervixCancerIncrdenceRate_,p_r1000O0 other types of cancer are leveling off, and in some cases

P_Oul._hon f_y Race. SNC$ (1947-48). TNCS I tGeq 71) SEER 119761
.. declining· Figures 17 and 18summarize the recent trends m the

_0o combined death rates for whites and nonwhites.

80 746 j

"_i_ · Figure 16 Age Adjusted Cancer Death Rates' per 1()0.000 Population· All
40 38 3 ! Sites. All Sexes and Races. Unffed States. 1950-1977.
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J W HOrm trends m Cancer moclence ,3nd mort._hty in the Untied Slates 19_9-76 t 10
J Nat Cancerlnstrt 64 1511091 1980

-, Stomach , o° 100 1
O

Stomach cancer incidence also declined substantially for all sex
and race groups during the period 1947-1971 (Figure 15). The
combined rates for males and females dropped from 25 to 9 per i
100,000. Between 1971 and 1976, U.S, stomach cancer _ J
incidence has remained stable at the lowest level in the world, rr 0 j1950 1955 1960 1965 1970 1975 1976 1977

The cause of this decline is unknown, but many believe it is · Ageadjustedto 1940Censuspopulation t
, _ related to the widespread use of refrigeration and antioxidant Source: U.S.Departmentof Health,EducationandWelfare,

food additives rather than salting to preserve food. In other Health:UnitedStates1979,DHEWNo.(PHS)80-1232.
countries where salting and pickling are still the main forms of Washington.D.C.:1980.
food preservation, stomach cancer rates are considerably .'_
higher than those in the U.S.

j

F,gu_e15Est,matedStomachCancerInodec,ceRatesDerIOQO00PoDulaho_ These changes in cancer death rates are due in part to the
by Race and Sex. SNCS {1947-a8). TNCS (t969-71). SEER (1976) decrease in certain forms of cancer, especially stomach and

_oo cervical cancer. They are also the result of the increased use of
screening methods that can detect cancers early, when therapy

_0 can be more successful. Some of the decrease can also be
-. attributed to improved medical and surgical treatments for

· _. 60 J diagnosed cancers. These improvements have increased the
:_ survival rates for several forms of cancer, particularly leukemia,..l:t

40 38_ I Hodgkin's disease and breast cancer in young women. On the _1
32 4 other hand, survival rates for lung and pancreatic cancers J

-_ 2o __ _7s. ' _ 9_ 1_9 2o3 remain very Iow.

_. [ [_9 1,, 12s _._,. ' :i,_ :-.: 92 Lungcanceristhemostcommoncauseofcancerdeaths,,--=0- ' _';'*'"-::_s" _'._._ ;:_.'' _,.,-: [ '? ._'F_J among men, followed by colon-rectum and prostate cancers.
1947-1948 19_9-'1971 1976 19474948 1969-1971 t976 Among women, breast cancer is the leading cause of cancer
White _'_, Males II Females No_wh_le

_ so.,c.: D.,,esa,SS andOTS,_,,er,e..,C.,,,=er,,',:,,_e,.:.andmo.a,_,,,I,ends,r,r,,e deaths followed by colon-rectum and lung cancers. Figure 19
Ur, led Slale,: 1935-1974. J Naif C41_ce, lns,f. 60(3) 545. 1978; Po#ack. E S and shows the proportion of all cancer deaths for specific forms of
JW Horm. Trends in cancer ,_e and mo_a#ly in lhe Umle_l Stales. 1969-76. the disease.
J Nat. C41_t_e_'lf'lafff. 64 (5);10_1. I_0. _.
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'::i Melanoma Kidney

·_:-:i: The incidence of melanoma, a malignant skin cancer, has The incidence of kidney cancer has increased among males an:

,._ increased in all groups since 1947 (Figure 10). Among white females in both race groups (Figure 12). Among white males, it
males, it increased from 3 to 7 per 100,000 during the period rose from 5 to 10 cases per 100,000 during the period
1947-1976. Among white females, melanoma incidence 1947-1976. For nonwhite males, incidence increased from 5 to 9
increased from 3 to 6 per 100,000 in 1976· Although slight per 100,000 during this same period· Increases m female
increases in melanoma incidence have also been reported for incidence during 1947-1976 were substantially less than those
nonwhites, this form of cancer is rare among dark-skinned for males, suggesting differential exposure to some
individuals· Geographic variation in melanoma incidence carcinogenic agent·
suggests that it may be due in part to exposure to solar radiation,
but this relationship is still uncertain.

F,gure_0 _Sllmat_t(lMel.3no,w3a Incidence Rale_ p_r 10O000 PODulahOn Dy F:rgure 12 EslfrnaledKidnev CancerlncJc_e_ce Ralespe_ _00·000 POou_a_on
Race and Sex SNC$ (_947.481 TNCS I _9_59.7_)_EER {1976i by Race and Sex SNCS {1947.48_ T_CS 119(,9.71). SEER _1976_
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_947-t¥4R 19.S9 1971 1976 _9.47-1948 19<59.1971 1976 1947-1948 19_9-1971 1976 1947-I_48 _9_9-1971 1976

Wh,te ' Mates [] FemWes Norlwtllle Wh_le _. Mares []Females No_nwl_te

.,,¥-_11 Source Dm/ese S S Rod D T Sdvecman Catlcer ir_ctd_nC_ RcI_Irr_orIRhl¥ [¢enc}%tn the Source Oevesa. S S and O T ,_lverman. C,artcer InoOence and m_al_lv 1re,<is in 1ne
* ri '_ Un_feciStates 1935-1974. J Nat/ Canceflnst_t. 60(3):545. 1978 PoUack E S ar_

t- _,; Un,led Slates 1935._974 J Na# Cance_/n_r_f 60(31 S45 1978 Pollack. E S and
JW Horm·Tre_ld¢,,nc. ancerl_c[de,'_cea_I3mr_r_k=lhlymlheUmtedSlales 1969-76. JW Horm. Trendsmcar',cerlocJdeoceandrnorlal_ty_ntheUnttedSlales 19_9.76
J Nat Carlce_ 4nstlt ,5415_ 1091.1980 J Nat Cance_ Insttt. 64 (5) 1091. 1980

Pancreas Leukemia

The incidence of pancreatic cancer increased in all sex and race Leukemia incidence increased among white males and
groups since 1947 (Figure 11). Among white males, pancreatic nonwhite females during the period 1947-1976 (Figure 13) In
cancer incidence increased from 9 per 100,000 in 1947 to 12 per nonwhite females the rate doubled from 3 to 6 per 100,000
100,000 in 1976. For white females, incidence rose from 6 to 8 During this same period, the incidence for white females and

_._,.j per 100,000 during the period 1947-1976. Among nonwhite nonwhite males has remained relatively constant.
males, pancreatic cancer incidence increased from 10 in 1947 to
18 per 100,000 in 1976. For nonwhite females, it increased from
4 to 11per 100,000.

Figure 13 Eshmated Leuken_a In_der',ce Rales per 100 000 P_lal_o_
F,gure 11 Estrmatecl PancreahC Cancel Inoden_e RaleS I)er I00.000 by Race and Sex. SNCS (1947-48). TNCS (t969-71). SEER (1976)

Populaflon by Race and Se_. $NCS (1947-48). TNCS (1969-71}. SEER (1976)
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Source Devesa. SS. and O.T Salvarsan. Cem;erinoder',ca etd mo_lakty Irer_<l$tnlt_ Source Devesa. S S andD T S_Nerman. Cancer _nc_ence an<tmonai_W t_emls_,tneUmted Stales: 1935-t974· J Na#. Cancer Instlt. 60{3) 545.1978: Pollack E S and

" Ur_led Slates: 1935-1974, J Naif. CancM Insnt., 60(3):545,1978: Po4blck. E.S and J.W Ho_m. Tren<tsin ca,cee _nc_ie_c.e and mortahty tn the Umlecl States 19459-76
J W Ho_m. Trends in CanCM inodenca and mortality i_ _1Uf'4le_l States. 1969-76, J. Nat Cal,*l_r Ins_f. 64 tS) 1091.19_0
J Nat Cance_'lnsM,. 64 (5}:1091.1980

:'7 13 1

;: 12



_.i_ One report has suggested there may be two different forms F,_._e_ E_.,,,_,e__.e, C._e,_-c,_-ce_._,e.__, _00000Poo._,,o.
::" of malignant breast tumors. One form isthought tobehave in byRd,.eandSex SNCS(194748) TNCS(t969-71) SEERII976)

:-_ a relatively benign manner compared with the other, and has 1oo
little effect on breastcancer mortality. During the 1970's,
many women became more aware of breast cancer because of _o
the publicity over the breastcancer diagnoses of Betty Ford,
Marvella Bayh and Happy Rockefeller. The increase in 6O

self-examination and other early detection methods may
therefore have uncoveredmore of the relatively benign cancer
types. This possibility may explain the recent increase in breast ,o

264

cancer incidence. 8 7o 17_ 713
Prostate _ _._ 9_ '":
Prostate cancer incidencehas increased substantially among _ 0 . 'L_'_3., . __ __ _s_ .._.__ ._

1947 1'_48 1969.1971 1976 ";cJ.a7.lcJ,48 1_9-1971 _976

white and nonwhitemales (Figure 7). Among whites, it w.,,e Males []FemalesNonwh,le
increased from 37 to 69per 100,000 during 1947-1976.Among S_,ce [_.,,.%3 S S Fli_,.D T SmlYermar_Ca ...... cid ....... d ,T10.,=IhfV,rends q_,tlc

nonwhites, prostate cancer incidence increased from 44 to 108 U.,,e. Slams1935-_974J 'vailCancer.?_t,r60_31545 19TsPo.ac. E S and
J W Herin Tre_ds ,n cancer _nc*Cepce and mo. tab W_n the'&Jmted Slates. 1969-76

m::'_'. cases per 100,000 population during the same time penod. _~._c,,,ce,l,,,,,,6.,_s,_o91,980
These increases may again reflect better diagnosis of prostate

.... cancer in its early stages, and for nonwhites, better access to These increases in male bladder cancer are likely due to 'I
_ medical care. Since prostate cancer occurs more in older males, cigarette smoking and occupational exposures to certain toxic )longer male life expectancywill also allow for the discovery of chemicals. Among females, the recent increases are probably

new cancer cases although another illness or disease may due to smoking alone, In general, bladder cancer is far more

actually cause death, likely to occur in males than femalesl t
iF*gure 7 E_,.maled Proslale Cancer Incidence Ralos Der 100 (100

Populairon [')y Race SNCS 1047-481 TNCS (1_rh'_9-711SEER 11976) I10;'9

,..,,ti _oo Uterus (Other Than Cervix)

..:',i The incidence of cancer of the uterine corpus increased among
8o whites from 23 in 1947 to 31per 100,000 in 1976(Figure 9).

_86 _8_ Among nonwhites, incidence substantially decreased during the '1
_o period 1947-1971,then increased slightly during 1971-1976·

/
t

Research has suggested that these/ creases may be due to the l
4__ _:l_ long term use of estrogen compounds m treating menopausal

40 _;_ ' symptoms.

T_,t__, LJtl'f t*5 c_,r_u$ ,Ir_dUI_'tLI5 N(li L)_he,r,,_,',_,,';,_t'Ldpthl j

, _-;,d _ SNCS11947 401 TNCS_ _9-7 )SEER_ q761

CC 0 100
1947-1948 19_9.1971 1976 1_47.1_45 1969-1971 t976

Wh_le Males $_onwh_i_

Source Devesa. S.S and D T Sdve_man Cae.ce, _nc_denCeand mor_ahl¥ trends,n t_e 80
Un_ted Stales 1995-1o_74,J Nail Cance_ Ins/,I . 6013t 545 1978 Pollack. E S and
J W Ho_rn Tre'-,ds _ncancer incidence and mcr, ably m the Un_led Slates. 1969-76

J Nat Cancerln$t_t. 64 (5)1091.1980 60

Bladder 4O

For males, bladder cancer incidence increased from 1947 to 25O

20 m_

1976 (Figure 81. Among white males, it increased from 17 to 26 _ [.x_ '_ _ _ : _..... '' '3 ..... _ 2

per 100,000.Among nonwhite males, bladder cancer increased _. ' _: _ [_'"_ ....
from 5 in 1947to 13per 100,000 in 1976. Female bladder cancer _- o ' . '_ ' 'J19,47-1948 19_9-1971 1976 1947.1948 19_9-1971 1_7_,

,[: incidence decreased slightly from 7 in whites and 6 in nonwhite w_,,,_ I=_,_.a,o, N.......
in 1947to 6 and 4 per100.000,respectively, in 1971. Since 1971, s .... e De..... SSandOTSd....... Ca,_c....... d..... ndrnOFl.llmIvftertCJ......

,wwv*'"_',_'"'inwhites U.,le.Slales 1935-1974 J NailCar;ce,Inst,t 60(3) 545 1978 Pollack E S and tfemale bladder has increased to 7cancer per J W Horm T/ends _ncanc_ incidence arid rr,ortatdv in the U_lt_ Slales 1_J_9-7_

and 6 per 100.000innonwhites, u~._c,,,_,,,,._._.64_5,_o911_o

.t
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'_!i.ill i :.._ Rectum· *- An even greater increase has been noted among nonwhite
;': '::*'_*':::- males. In 1947,nonwhite male incidence was estimated at 23 The incidence of cancer of the rectum among white males and
·..:L _ per 100,000;by 1976 it had increased to 113per 100,000, or females and nonwhite females decreased from 1947 to 1971.

more than 500 percent. These large increases are believed to then increased between 1971and 1976(Figure 5). Among
be due to the effects of cigarette smoking, although some of the nonwhite males, however, incidence increased slightly until 197'
increasefor nonwhites may be explained by a lack of medical then decreased.
care in the past· Nonwhites had fewer contacts with the health
care system in 1947 than they did after legislation of Medicaid in
1965·This suggests that the number of new cases identified in F,gure5 E._hrnatedRectalCancer_nn,OenceF_a_esDertOO000Pooutaho_by Race and Se_ SNCS 11947 48) TNCS 11'_;_'4-711SEER, 19;'_)
1947was lower than it should have been.

100

Lung cancer among women has also steadily increased since
1947.The American Cancer Society estimates that by 1983 _0
lung cancer will replace breast .cancer as the leading cause
of cancer deaths among women. Among white females, lung _o
cancer incidence increased from 7 in 1947 to 24 per 100.000 in

--.,,,_,=_ 1976.Among nonwhite females, incidence rose from 5 to 26 per
:....... ..'_:_ 100,000in 1976.At present, lung cancer incidence is increasing 40

". at a faster rate for females than for males. Indeed, a substantial § '·'_ '
': ":" _ 207 194. ..: proportion of the overall increase in cancer incidence during the - _0 18o

-" 1970scan be explained by the dramatic surge in female lung _ '_/_ t,,,_,,· 96 _14 123 13¢ t_,a

cancer cases. This increase is also believed due to the increase _ o _,F___ [m_j .'-'
in female cigarette smoking following World War II. I_Z1_ ,9,_,,9:t ,,,76 ,_.,7_,.,4_,_,,,.,,.,., .,...

Wh_le Males _lr ernal_s Nonwn_t_

Source Devesa. S S and D T S_lverman. C;Incer rnclclence and rnor_ahtv trends ,n tr_e
UnlfP_l Sr_le_, 1935.1974 d Nail C,_ncer In_t/r C-ff3_3_545 1978 Pi'_tI,lC_ F _ _r_,l

J w Horr'n Tre_Ms in cal)cer _ncl¢]erlce a_l_Jrtlortahty ir, tile Un_tP,d$fale,_ L_6'_· 76
Colon j Nat Cancer lnstlI 641511091, 1980

· .._'-,,_11 Colon cancer incidence among white males increased from 24

, -'."' _i"': _ per 100,000in 1947to 37 in 1976 (Figure 4). Among nonwhite Breastt-
males, incidence increased from 14in 1947to 38 per 100,000 in

t:. Thebreastistheleadingsiteofcancerincidenceamong: ,! 1976. Nonwhite female incidence also increased during this
·_-._ period from 12to 32 per 100,000. women. In whites, breast cancer incidence increased from 74.r

84 per 100,000 during 1947-1976(Figure 6). Among nonwhites
r,gur_ 4 E..,,rna,,,,t Co*o,, ¢:ancer tnc,cJc'n_:eRa,r._. pe'_1Of)000 Pnp,,,n, ..... it increased from 50 to 67 cases per 100,000 population during

h,n.,,,..,,._,,.s_cs_9474_r,c¢,,,,,r,,).,_srf n,,,_7,,_ the same timeperiod.
100

Ft(]llh, _ _ _f,[,1,1f_l Rtl,a _f C,1._ +,l I,,t Ikt,,rl(-¢,_,1[+", [I, · 1t_L_Ol'l(_P_pd_ tf_,TM

· ' "_ 100
..

. .. - 60
83 5

80
73 6 73 3 _

"31 4 i 32 4 w'r29 0 4:, 60

¢:o § " ';'_ _ ¢
,,,,19,81.9.9,119, 1,.71,.81, 9.19,,19,8

SC'Jrce Devesa. S S and g f S_lv_'mari. Cancer incidence and mo_lallly Irencls in the _

'_ Un, red Slates 1935-1974. J Nail CancerlnslFI. 60(3) 5,45. 1978, Pollack. E S and _ 0 9 0 8 ' 0 2 0 7
J w Herin. Trends _ncancer .nc_clence and mo_rtahtyin the Crate,el Slates. 1969-76. _ 0 --

-.: :; ._ J Nat Cancerlnst_t. 64 (5) 1091, 1980 1947-1948 1969-1971 1976 1947-1948 1969-1971 19,',,
"- ' ' ' Wlmle Males I_Females Nonwh_le

I -I-; :"_.'_1 SOurce: Devesa. SS andDTSdve_man. Cance.rlnc_clenceandmo_ahtylrends_nI_e

.__._ Colon cancer incidence among white females decreased slightly Un,ledSlales 19,35-1974 J Nail Cancerlnst_I. 6013) 545. 1978 Pollac_ E S and
J W Horm, Trends _ncancer ,nc_dence and mort.lhly _nIhe Un_le_l Slates 19R9.76

: during the period 1947-1971from 26 to 25 per 100,000. Since ,_,,,atCa,,¢e,,,,sI,I.ri _s_IO91.1_o
1971,this incidence has increased to 31per 100,000.
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Figure 2 19_0 Eshmated Cancer Incl0enc® by S,/e ertl Sex '
Table I Estimated Cancer Incidence Rates per 100,000 Population by

Male ._ O F ,e..... (1969-71)'%R.ce .nd Sex. S.lected Body Sit... SNCS (19.47.48)', TNCSSEER (1976)'"Skin 2/. 2% Sk,n Wh_te Nonwhite ?
C_al 5% 2°. O_aJ Cancer Site Total Males Females Males Fer',,_

Lung 22% l_h 2:°'° B..... , Ali Sites Combined
Colon_Rectum14% °° Lu,q SNCS 288.9 283.7 305.0 225 6 2%;

TNCS 277.7 309.0 256.8 330 2 23'

Prostate 17% 3% Pancreas Lung
Unnary dj% 1, Ovary SNCS 17.6 29.5 6.7 23.3 -: ·

Leukemia t Ut_r,s TNCS 39.2 88.0 149 77.9 _._
& Lymphomas 9% ' 4% Unnary SEER 77.8 23.7 112.8 2_'

' _ Colon

Allother 19'% 7% t.eukeml,1& SNCS 238 238 260 13 7 1' ·
Lympnomas TNCS 26.4 290 248 229 23 '_

t4% Allother SEER 36.9 31 4 378 32 -:
':: _;:';:d-.'pi Rectum

' SNCS 16.6 20.7 13.9 11.4 12 :
' ': : ':: * Excluding nommelanoma skin cancer at3_ ca/T,Jl'lOnle in sJtu TNCS 122 160 96 13 0 7 ._

: '- ; · :' : Source: AmenCan Cancer SOOety, f980 Cancer Fac_ encl Figures. S E E R 19 4 11 4 12 6 8 ':

"_ New York: 1979 Breast

SNCS 09 736 02 50 :
AS with all statistical data, several factors will influence the TNCS 08 733 07 53
interpretation of these estimates, First, as knowledge about SEER 835 66 -
cancer increases, changes occur in medical diagnosis. (There Prostate
are currently more than 100 known types of human cancer.) Past SNCS 374 438TNCS 452 68 6
incidence surveys may have either under or over-reported SEER 68.6 107 9

_ certain kinds of cancer because of these diagnostic changes. Bladder
.. ,-,-:' ; SNCS 113 172 71 4 8 5

· '" . Second, the survey areas from which data are collected also TNCS 11.7 21.3 5.6 9 8 3
t__ change with time, For example, two southern cities with large SEER 26 4 7.3 13 2
' black populations (Atlanta and New Orleans) were added to the Uterus Corpus and

'_'"' SEER network in 1974 and 1976. As a result, the estimates of Uterus NOS$SNCS 22.9 2.,
cancer incidence among blacks from the past surveys cannot TNCS 23 2 1._
properly be compared with the newer data And as noted earlier, SEER 312 _ , 5
the SEER program adjusts its data to a different standard Melanoma
population than the earlier National Cancer Surveys. These and SNCS 27 26 3 3 0 6 O -:TNCS 43 48 4 7 08 0.

other methodological differences suggest that the incidence SEER 68 6 I 1 3 ,

.._,_-r_==,e data for 1971-1976 may be somewhat higher than they would be Pancreas
if the pre-1971 techniques were used. Therefore any small SNCS 71 8.9 56 99 4 '

TNCS 87 10.7 6.5 14 1 8 '

increases or decreases should be interpreted cautiously SEER 115 80 17 7 1_ ·
Lung Kidney

Since 1947 the greatest increase in cancer incidence has SNCS 4.0 5.2 2.9 4.8 2 -_
TNCS 5.7 8.2 3.8 6.9 3 J

been for lung cancer. In 1947, white male incidence was SEER 9.6 4.8 9.0 3 8
estimated at 30 per 100,000 population. By 1976, this rate had Leukemia
risen to 78, an increase of more than 160 percent (Figure 3). I SNCS 7.6 g.0 6.9 9.2 3 0

; TNCS 8.4 11.0 6.7 8.7 5 3
Figure 3 Esl,mated Lung Cancer Incidence Rates per 100000 Populaho_ 112 8 ! SEER 13.I 7.1 9.2 6 1

bY Race and Sex' SNCS (19'47'48)' TNCS'1969'71)' SEER (1976) :_.;_"_.;';' _ I Uterine Cervix

SNCS 383 74 6

I1_ 100 _._,.,_. TNCS 15.1 31 3
.: ,-.:: :, · - ... '_r'!l ' SEER 10.6 264

_'_'_
· : *": ' 80 77 8 .... 77 9 · { Stomach
·: *'_'.r:tl? 680 _r! _ _;_1 , SNCS 25.2 324 178 386 18 9

_,_ _iii] f_,._,_'_' ! TNCS 91 12.1 5-8 186 7 9;..: [ SEER 126 5.6 203 9 2

:. _ distribution of 1950 Census 1:)ol3ulation

40 - ' '_1 i "TNCS: Third National Cancer Survey. 1969-1971.fates adjusted to age295 _ '_! '' _ I distribution of 1950 Census population.
20 _'_ _ _._ 237 233 {_ i "'SEER: Surveillance, Epidemiology and End Results. 1976. rates adlusted '

-- _'_ 'i_ ...... _ 'm _iii'l_ i '. ;1:: Not otherwise SI:NK3Oed.age distribution of 1970Census poDulation.

1947.1948 1969-1971 1976 19,47.1948 1969-1971 1976 I Source: [:)evesa, S.S. and O.T. Silverman, Cancer inOdence and mortahfv

:: ' : Whoa Ill Males IIIFem_e,_ Nom,,_le ' i trends in the United States: 1935-1974, J. Natl. Cancer Instil,

:' ':'::_:;.'; Sc_Jrce Deveu. SS andOT S4v_man. Cance_mc_ienceandm_la#tyltem:ls,nthe 60(3):545,1978; PoII;'ck, E S. andJW. Hofm. Trendsmcance_
: ;,';.: 1_ Umled Slates: 1935-1974. J. Nad Canc_rlnslff. 80(3) 545. 1978. Poaack. E S and Jf1_en_e and mortality in the United States, 1969-76. J Nail

" JW _m. Tfe,3Ostncanc_tm:x_mce sr,4m_lel_fmtheUml_lStatt_. 1969-75. Cartce_tnsbt., 64(5):1091, 1980.
j. Net Cancer/neet. 64 (5):1091. lg_0
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....... _,_,ommu_q_akU_ldrlU Jne enLIre commonwealth of Puerto statistics, i:..:/ . 7' J[' : :,,....,v . -_

?:?':"': i _

Rico. New Jersey and New York have also established cancer U.S. Cancer Incidence' :' _ ...'.'-:-:..' :.i:''_registries to monitor new cases and cancer deaths, but these

data are nol included in the SEER reporting system. The American Cancer Society estimates that 785,000 new _{ ...-::i:i:';._;.:.::..i
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L._TTERI On page 1260 of his article "Dietary We strongly disagree with Philip H.
carcinogens and anticarcinogens" Ames Abelson's assertion that "the colon and

Cancer and Diet refers to "dietary selenium (usually sclc- digestive tract are exposed to many fat-
nite)." The term "selenite" could cause derived carcinogens" (Editorial, 23

Bruce N. Ames' remarkable summary confusion because geologists know the Sept., p. 1249). Unsaturated fatty acids
(23 Sept., p. 1256) of the evidence that mineral selenite, a variety of gypsum in dietary fats are subject to chemical
cancer and cardiovascular and other de- (CaSO, · 2H:O) containing no selenium, reactions (oxidation, polymerization, hy-
generative diseases are of metabolic ori- Ames must be referring to a compound drolysis) that can occur to a limited
gin comes as welcome support for the of selenium when he uses the term "sclc- extent during deep-fat frying. The extent
hitherto-little-noticed contentions by nite." I doubt that the mineral selenite of these reactions, however, depends
Totter (1), Handler (2), and Fridovich (3) would inhibit tumor or counter the oxi- largely on frying conditions, principally
that oxygen radicals may be an impor- dative toxicity of mercuric salts, the temperature, aeration, and duration.
tant proximate cause of cancer. DALE E. INGMANSON Many of the studies used to support the

The thrust of Ames' article would Department of Natural Science, implication that oxidation that can occur
seem to be that cancer is essentially a College of Sciences, during cooking "form[s] mutagens, pro-
natural aging process. No matter what San Diego State University, rooters, and carcinogens" were per-
we eat, the huge flood of oxygen radicals San Diego, California 92182 formed under exaggerated conditions
produced in many metabolic processes that are unrealistic and not indicative of
overwhelms all but the most heavy ex- Perhaps the most provocative thing in actual conditions. It is the usual practice
ternal carcinogens, such as tobacco in Ames' provocative article is his placing of restaurants to discard frying fat when
heavy smokers. To be sure, anticarcino- of the figs in the family Umbe!!iferae. It prolonged frying causes excessive foam-
genie substances are of benefit, but to is often said that disciplinary crossovers lng of the hot fat or when undesirable
choose a noncarcinogenic diet would can reinvigorate static fields by bringing flavor or dark color develop. This being
probably be equivalent to starving to new insights unfettered by conventional the case, Abelson's statements that
death, wisdom. It remains to be seen if Ames' "rancid fats are possible causative

The implications of Ames' findings are dietary pre- and proscriptions have as agents of colon and breast cancer in
broad and fall into three categories, much impact on American life-styles as humans" and that "rancid fats should
First, our preoccupation with small efflu- his creative taxonomy is likely to have not be part of the diet" are unnecessarily
ents of carcinogens resulting from vari- on the family Moraceae. alarming to prudent users of heated fat or
ous industrial processes represents a se- ARTHURM. SHAPIRO other fat-containing products.
rious misdirection of resources. This was Department ofZoology. Universio' of In support of the safety of fats heated
revealed by Totter in 1980 (I), when he California. Davis 93616 under more realistic conditions, a 2-year
showed that overall cancer mortality in animal feeding study by Nolen et al. (4)
19 countries, when corrected for corn- In his article "Dietary carcinogens and showed that animals consuming used
pleting risks, was not correlated with anticarcinogens," Ames states tp. 1258) frying fats as the sole source of fat in the
degree of industrialization, as measured that "high dietary fat is a promoter and a diet throughout their life-span thrived as
by per capita energy use. presumptive carcinogen," citing among well as control animals consuming the

Second, the Delaney amendment, his references the recent National Acad- same fat that had not been subject to
which seeks to eliminate the last trace of emy of Sciences (NAS) report Diet, Ntt- frying conditions. Furthermore, ff "the
artificial carcinogen in food, seems to be trition, and Cancer (1). The NAS report colon and digestive tract are [truly being]
targeting a tiny part of the carcinogenic does state that "most of the data suggest exposed to many fat-de,ed carcino-
burden and ignoring the major carcino- that dietary fat has promoting activity"; gens," we should be seeing increasing
gen. the ubiquitous oxygen radical. In however, this report does not refer to fat colon and breast cancer mortality in the
short, the Delaney amendment may be as "a presumptive carcinogen." Rather, United States as a result of the marked
based on wrong science and be wrong the report notes that "there is not increases in vegetable oil (much of it
policy, enough evidence to warrant the com- highly unsaturated) consumption since

Finally, if we concede that cancer, like plete exclusion of an effect on initia- the early 1900's (3). In fact, however,
death itseff, is "natural," then our pri- tion." data from the American Cancer Society
mary focus in cancer research ought to Ames writes that "the amount of in- indicate that age-adjusted mortality rates
shift far more toward early detection and gested oxidized fat may be appreciable." for both colon and breast cancer have
extirpation of tumors. This, I believe, Neither of the references he cites (2, 3), remained essentially unchanged since
would require rethinking of the National however, provides direct evidence in 1940 (6).
Cancer Institute's underlying strategy, support of this statement. Shorland et al. Ames notes that "[s]ome fatty acids,
which at present seems to be dominated (2) demonstrate that vitamin E supple- such as C22:t and certain trans fatty
by the belief that cancer, unlike death mentation to calves retarded lipid oxida- acids, appear to cause peroxisomal pro-
itself, is a preventable disease, tion of some muscle tissue but not others !iferation because they are poorly oxi-

ALVIN M. WEINBERG during frozen storage. No estimates are dized in mitochondria and are preferen-
Institute for Energy Analysis. Oak provided regarding how much oxidized tially oxidized in the peroxisomes."
Ridge Associated Universities, P.O. fat humans typically ingest. A perusal of Data are not accumulating, however, to
Box 117, Oak Ridge, Tennessee 37830 Autoxidation in Food and Biological substantiate such a theory.

Systems, edited by Simic and Karel (3), Citing the paper of Enig et al. (7),
Itetm,a_-_ Not. reveals the same facts. There are no which has been criticized (8), Ames

I. J. R. Totter.Proc.Natl.Acad.Sci. U.S.A.77. direct estimates of the amounts of oxi- states that "Americans consume about
1763(1980). dized fat ingested by humans, and it is 12 g of trans fatty acids a day and a

2. P. Handler. dedication address presented at the
NorthwesternUniversityCancerCenter,Er- well recognized that the unpalatable ha- similar amount of unnatural cis isomers,
anston.111..18Ma,,,'1979. ture of rancid fats precludes their inges- ... mainly from hydrogenated vegeta-3. 1- Fridovich. Science 201. 875 {1978}; subse-

quempersonalcommumcation, tion in significant quantities, ble fats." We believe these estimates of



consumption are excessive and are not 10.J. B. Ohlroueet al.. J. Lipid Res.22. 955 sistence of these trends through 1980(5).(1981).
supported by reliable data. A more rea- II. FoodandNutritionBoard.RecommendedDJ- These trends are consistent with the the-
sonabie estimateof consumption of "un- etaryAllowances(NationalAcademy of Sci- ory that past exposure to industrial car-ences, ed. 9, Washington, D.C., 1980).
usual" cis and trans positional isomers 12.R.R.Brown.CancerRes.41,3741(1981). cinogens, whose production have in-
has been suggested by Emken to be 13.Councilfor AgriculturalScienceandTechnolo- creased exponentially since the 1940's,gy. Diet, Nutrition, and Cancer: A Critique
around 9 grams per day (not 24 grams per (SpecialPublication13.CouncilforAgricultural 'are responsible for recently increasing
day, as suggested by Enig et al.) or about ScienceandTechnology.Ames.Iowa.1982). cancer burdens (3, 4).
6 to 8 percent of total fatty acid intake The assertion that smoking is respon-
(9). When one considers that the fatty We commend Ames for his review of sible for essentially all lung cancer, and
acid composition of adipose tissue re- natural dietary toxins, but not for con- thus accounts for almost all recent in-
flects that of the diet and that a range of eluding that, rather than reducing expo- creases in cancer rates, is negated by
from 2.0 to 5.8 percent trans fatty acids sure to environmental and occupational substantial evidence (3), including (i) the
has been reported in human adipose tis- carcinogens, "dietary practices are the more than doubling of lung cancer rates
sue (10), an adult male consuming his most promising area to explore" for re- among nonsmokers over the last two
recommended dietary allowance of 2700 ducing cancer risks. Ames' article, decades, with the proportion of these
calories per day (il) of a diet providing moreover, is flawed by substantial er- cancers in nonsmokers approaching 20
40 percent of the calories as fat would rors, omission of relevant data, and reit- percent (3, 6); (ii) the sharply increasing
ingest around 2.4 to 7 grams of trans ance on tenuous hypotheses. These limi- incidence ofadenocarcinoma of the lung,
fatty acids per day. rations are more significant in view of the which is less closely related to smoking

Contrary to the disputed hypotheses major public health implications of than are squamous and oat cell carcino-
of Enig et al. (7), there are no reliable Ames' article and the accompanying edt- mas (7); (iii) over the last three decades
data relating frans fatty acids to tumor torial by Abeison, press release, and (8), the decline in the proportion of
development. A study by Brown (12) not publicity in the mass media, smoking males and the tar content of
cited by Ames indicated no unusual inet- Ames' position that there is no evi- cigarettes, while lung cancer mortality
dence of tumors in mice treated with dence for generalized recent increases in increased at a rate that cannot be ac-
dimethylhydrazine (or with saline) and U.S. or U.K. cancer rates, other than for counted for by cohort effects; (iv) the
then fed a diet high in trans fatty acids cancers attributed to tobacco, is based strong positive associations, largely in-
for 17months, on epidemiological analyses that, with dependent of smoking habits, between

Finally, Ames mentions the disagree- tenuous justification, exclude people lung cancer and exposure to a wide range
ment between the NAS report (1) and a over the age of 65 and also blacks of all of occupational carcinogens, including
critique of this report (13)by the Council ages and attribute a near exclusive to- vinyl chloride, mustard gas and chioro-
for Agricultural Science and Technology bacco etiology to cancers of various or- methylmethylether, and carcinogenic
(CAST) on the appropriateness of rec- gans in addition to the lung (i). In fact, processes, such as copper smelting and
ommending reduced fat consumption to overall cancer rates have increased uranium, zinc, and lead mining (3.4); (v)
the American public. In doing this, he sharply since 1970 (2). Incidence and lung cancer rates in black men that are
indirectly quotes the CAST report as mortality rates in the United States, age now about 40 percent higher and have
saying that, "until we know more.., a- standardized to 1970, have risen sharply been increasing more rapidly than in
bout which types of fats are dangerous, it since the late 1960's particularly for per- whites over the last 30 years, although
is premature to recommend dietary sons over 60, blacks of all ages, and a blacks smoke less and start smoking
changes" (13). However, the CAST re- wide range of occupational subgroups later in life (4, 9); (vi) lung cancer rates
port does not state that certain "types of (2-4). From 1969to 1976, mortality rates that are almost equal in white and black
fats are dangerous." We believe there increased for white and black males by 8 women, although the proportion of whites
are insufficient reliable data to justify the percent and 17 percent, respectively, smoking more than one pack a day is
suggestion that certain fats in the current and for white and black females by 4 twice that of blacks (9); (vii)a threefold
American diet represent a substantial percent and 6 percent, respectively, increase in lung cancer rates among
cancer risk. While this increase was pronounced for womenbetween 1950and 1975,a steeper

J. EDWARDHUNT£R lung cancer--21 percent and 32 percent increase than could be accounted for by
Biological Subcommittee, for white and black males, respectively, the modest rise in their smoking preva-
Institute of Shortening and Edible Oils, and 74 percent and 56 percent for white lence (8); (viii) the major geographic
Inc., 1750 New YorkAvenue, NW, and black females, respectively---in- variations in mortality rates due to can-
Washington, D.C. 20006 creases also occurred in other organs, cers of the lung (besides other organs)

iUtere___ including, for whites, the prostate (11 that have been associated with work-
!. NationalResearchCouncil.Diet,Nutrition,and percent), male and female kidney (5 per- place and community air pollution (10)

Cancer(NationalAcademyPress,WashielBon, cent), and female breast (4 percent); and are not explainable by differences inD.C.. 19_2).
2. F. B. Shorlandet Al.,./. aSric.FoodCkem.19, sharper increases were noted for less smoking patterns; (ix) the shift of the

863 (1961).
3. M. G. SimicandM. Karel,Eds.,Autoxidation common cancers, including those of highest lung cancer rates from northeast-

inFoodandBiological Systems(Plenum,New brain, liver, esophagus, and multiple my- em to southeastern and southcentral
York.ISS0_. eloma. Incidence rates rose more rapidly states after World War II industrializa-4. G, A. Nolen et al., J. Nutr. 921,337 (1967),

5. R. M. Marstonand S. O. Welsh,Natl. Food than mortality on an overall basis and for tion of the South; and (x) the divergent
Rev. 21, 17 (1953).

6. AmericanCancerSociety, CancerFacts&Fig- cancers of various organs, such as the trends and directions observed between
ures_1983(AmericanCancer Society. New colon, bladder, kidney, skin (melano- cancers of the lung, on the one hand,
York. 1962).

7. M. G. Enig et al.. Fed. Proc. Fed. Am. Soc. ma), uterus, female breast, and prostate, and, on the other hand, of other organs,
Exp. Biol. 217.22H (1978).

g. T. H. Applewhite.ibid.35. 2435(1979):.L C. besides lung (2); for whites, cancers of including the esophagus, buccal cavity,
Bailarltl ibid.,p. 2435.W. H, Meyer. ibid.,p. sites other than the lung accounted for and pharynx (4), which have also been
2456.

9. E. A. Emken. J. Ara. Oil Chem. Soc. $8. 278 approximately 70 percent of the in- strongly associated with cigarette smok-

(1981_. crease. The most recent data show per- lng (I). These considerations in no way
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detract from the critical importance of (4), and atomic plant workers (12). These fills or industrial impoundments is not
tobacco as a major cause of preventable studies are all the more important as yet available, although preliminary data
diseaseand death, two- to fivefold excesses in cancer rates from sites such as Woburn, Massachu-

In his statement that high-dose expo- have generally been necessary before setts, are highly suggestive (16).
sure to occupational carcinogens "might they could be detected by standard cpi- Ames dismisses the possibility that
alsoturn out to be important for particu- demiologlcal techniques (13). carcinogenic synthetic pesticides, mar-
!ar groups of people" [emphasis added], Contrary to Ames, substantive studies keted since the 1940's, may contribute
Ames does not acknowledge the sub- have documented the carcinogenic et'- substantially to cancer rates, as their
stantial literature on occupational can- feets of urban air pollution or some relat- dietary intake is claimed to'be 10,000
cer. According to a 1978 federal esti- ed urban factor. Accordingly, the World times lower than that of age-old "na-
mate, occupational exposure just to as- Health Organization concluded that "it ture's pesticides." There is, however,
bestos and five other carcinogens could, is probable that some urban atmospheric much evidence to the contrary. For ex-
on a worst case basis, account for 18to factor is involved [in the etiology of lung ample, a number of widely used chlori-
38percent of all male cancers in coming cancer], resulting from the air pollution hated hydrocarbon pesticides have accu-
decades(11). Even outspoken critics of from car exhausts, fumes from heating mulated by many orders of magnitude in
these estimates, whose analyses Ames systems and industrial fumes" (_4); certain foods to levels comparable to
cites, concede that "the minimum pro- automobile exhaust contains a wide those inducing cancer in small 8roups of
portion of all current cancer deaths at- range of carcinogens, many common to experimental animals (17). Chub and
tributable to occupation can hardly be tobacco smoke. In addition, many epide- trout in Lake Michigan have been found
less than 2% or 3%" (1), 4000 to 6000 mioiogical studies have documented with aldrin and dieldrin residues above
male deaths per annum. Asbestos and large geographical variations in stan- 0.3 part per million, and similar residues
coke plant workers both have lung can- dardized cancer mortality rates, on an of chlordane and heptachlor have been
cer rates five to ten times those of appro- overall and organ-specific basis, with found in the Great Lakes and in Long
priate controls (11). Some 10 million higher rates in communities located near Island and New York City lakes; in 1983
workers are now potentially exposed to smelters, petrochemical plants and facili- Montana health ot_cials warned against
!1 "high volume human carcinogens," ties producing nuclear weapons, and in eating game contaminated with concen-
and there are major excessesof cancers communities with high levels of atmo- trations ofheptachlor epoxide more than
throughout a wide range of occupational spheric pollution (10, 15); definitive cpi- 100times the Environmental Protection
groups, including oil refinery and petro- demiological evidence of carcinogenic Agency's (EPA's) "acceptable intake
chemical workers, rubber and tire work- and reproductive hazards from proximi- level." Aidrin and dieldrin were found to
ers, welders and metal-trades workers ty of residence to hazardous waste !and- be carcinogenic at dietary concentra-
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tions of between 0. I and 20 parts per cancer risks by as much as 0.1 to 0.5 although evidence for such risks, where
million in five separaterodent bioassays, percent (20). not negative, is generally inconclusive.
and residues of chlordane andheptachlor Ames' position on the significance of A recent report concludes that "in the
have been found in concentrations in dietary burdens of carcinogenic synthet- only human studies in which the total
human fat similar to those found in rats ic pesticides is not supported by recent fiber consumption was quantified, no
in whom carcinogenic effects had been data on ethylene dibromide (EDB) resi- association was found between total fi-
induced by these pesticides (18). By all dues, with concentrations up to 5000 bet consumption and colon cancer" (23).
principles of extrapolation, such expo- pans per billion in flour and citrus pulp. The position that high fat consumption is
sures would be expected to result in a EPA estimated, again using procedures a major cause of breast and colon cancer
significant excessof human cancers. The that minimize risk, that lifetime expo- is based on experimental and epidemio-
widespread use of chlordane and hepta- sures to "realistic worst case" dietary logical studies (!, 24). However, this
chlor for termite treatment represents concentrations of 31 parts per billion of evidence is weak and inconsistent (3,
additional major carcinogenic expo- EDB would result in cancer risks of from 25). There appear to be no data on the
sures. Indoor chlordane concentrations 10-4 to 10-3 (21), about 300 to 3000 correlation between the proportion of fat
greater than an arbitrary interim guide- deaths per year; occupational risks were in the diet, the critical variable examined
line of 5 micrograms per cubic meter estimated to be as high as 40 percent, in the animal experiments, and rates of
have led to the evacuation of more than Ames has also objected to the regulation colon and breast cancers on a nation-by-
1500contaminated homes at Air Force of EDB, saying that the "trace of the nation basis; while those rates are
basesacross the country (19) and to the carcinogen EDB now allowed in food is strongly correlated with absolute fat con-
petition by a New York State citizens' insignificant" (22); this in spite of the sumption, this correlation is equally
group, after the finding in April 1983that fact that available noncarcinogenic alter- good with other measures of industrial-
63 percent of 443 treated homes were natives include aluminum phosphide for ization, such as per capita energy pro-
contaminated, to ban the use of chlor- grains and cold storage for fruits and cluction (3). Moreover, up to 20-fold in-
dane for termite treatment. Exposure to vegetables, creasesin dietary fat were generally nec-
5 micrograms per cubic meter of chior- The minimal references by Ames to essary to increase tumor yields in ro-
dane, approximately 50 micrograms per problems of poorly regulated exposures dents after the administration of
day for an average adult, according to to a wide range of environmental and carcinogens, whereas between-country
EPA extrapolations that considerably occupational carcinogens are in contrast differences in total fat consumption are
underestimate risk for several reasons, to his exaggeratedemphasis of the roles generally less than a factor of 2 (3).
including neglectof high-dose flattening, of high-fat and !ow-fiber diets and of Finally, no evidence was found in two
would be expected to increase lifetime charred foods as "major risk factors." majorcase control studies of an associa-
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33. A. Blumand B. N. Ames. Science195. 17 there are so many types of fat and the struction by the acid in the stomach. In
(1977);B.N. Ames.ibid.204,587(1979). evidence so far does not prove causeand addition, lipid hydroperoxides are pres-

effect. I referenced the considerable epi- eat in heatedfat that is reused. A number
Weinberg and I are in agreement that demiological literature associating high of hydroperoxides have been shown to

cancer and heart disease appear to be in fat consumption with colon and breast bemutagensand carcinogens, and others
large part degenerative diseases of old cancer and the considerable body of ant- are likely to be, due to their generation of
age, that oxygen radicals generated dur- mai experiments implicating high fat oxygen radicals. I discussed ionizing ru-
ing normal metabolism are likely to be with cancer. The National Academy of diation as a mutagen-carcinogen that is
major contributors to this aging process, Sciences committee (which also re- active because it generates oxygen radi-
and that it is unlikely we are going to viewed the field), and more recently the cals, and I also referred to the carcinoge-
eliminate them. I also agree that Frido- American Cancer Society, have advised nicity of hydrogen peroxide and fatty
vich, Totter, and Handler have made the American public that it would be acid hydroperoxides. Even a small
major contributions to the field, prudent to reduce their fat intake to amount of oxidation (for example, a per-

We also agree that every meal con- lower cancer risk. It was important to oxide number as !ow as 2) which could
tains natural carcinogens, and it is un- point out the controversy as to where be found commonly in cooking oil in
likely we are going to eliminate all of prudence begins and to mention the dis- restaurants and in fat (10), would repre-
them. However, I do not think that this agreements with this view. Recent re- sent a level of 1200 ppm (if it were a
knowledge makes it any less important views on nutrition and cancer also dis- triglyceride hydroperoxide). Meat can
to work toward cancer prevention. By cuss fat (3). Most scientists would em- also have a fair amount of rancidity. I
identifying smoking as a major cause of phasize that the evidence linking fat to mentioned Shorland's article (!1) be-
lung cancer and heart disease, we have cancer is much !ess secure than that causeit reviews someof the literature on
furnished people with the knowledge implicating cigarettes, alcohol, or asbes- rancidity in meat: "In contrast to fresh
that they can live 8 years longer on tos with cancer. I had hoped that a intact meat, cooked and uncooked
average by not smoking heavily. The discussion of plausible molecular mecha- ground meat becomes rancid within 48
incidence of stomach cancer is high in nisms for a fat-cancer connection might hours at 4°C.... This phenomenon has
Japan and iow in the United States, provide some testable hypotheses. I dis- been described ... as 'warmed over'
while colon and breast cancer incidence cussed cyclopropenoid fatty acids, ran- flavor .... " Rancidity products (as
are high in the United States and Iow in cid fat, and peroxisome oxidation of car- measuredby malondialdehyde reaction)
Japan. This may be due to a limited rain fats. Newmark et al. (4)and Welsch were found to be increased in ground
number of dietary components, and if we and Aylsworth (5) have other explana- meat stored in the refrigerator and in the
could identify them, we might be able to tions. All of these mechanisms are plau- urine of people who consumed the meat
prolong the life span of the people affect- sible, but we do not know which, ff any, (12). I gave references to both sides of
ed in both countries. Understanding are correct, the trans fatty acid controversy, and I
someof the main causes of cancer may Fat rancidity products in the diet still find Hunter's additional comments use-
be the first step in preventing cancer, appear to be a possible source of muta- ful.
and although causes and mechanismsare gens and carcinogens that could contrib- The letter from Epstein and his co-
complex, with more knowledge we ute to colon and breast cancer. I listed in signatories implies that my inquiry into
should be able to sort out some of the my article some of the carcinogenicity natural dietary carcinogens and anticar-
major risks in our diet and intervene in and mutagenicity data on the variety of cinogens trivializes the importance of
many ways, both to minimize significant hydroperoxides, enals, epoxides, and reducing exposure to the carcinogens of
carcinogens and to maximize anticarci- other reactive chemicals produced by occupation andpoUution andthat, there-
nogenic defenses. I also agree that the the rancidity reaction. Appreciable fore, I am aiding the corporations, which
preoccupation with tiny amounts of man- amounts of lipid oxidation products may Epstein et al. imply are the true causes
made pollution has been blown up out of exist in palatable food. For example, of cancer. They also criticize me for
proportion. Tsai et al. (6) have found significant changing my mind and seem to misun-

Ingmanson rightly points out that sale- amounts of cholesterol epoxide (a mix- derstand the chief purposes of my arti-
nite is another name for the crystalline ture of et and 13) in commercial dried cie. One way in which biology advances
form of the mineral gypsum (CaSO4 eggs, scrambled egg mix, and dried is by the formulation of new hypotheses
· 2H20). The etymology is from the whole eggproducts containing additives, which can then be tested and either
Greek for moonstone, "probably anallu- each averaging about 20 parts per million rejected, accepted, or (more commonly)
sion to the soft moon-like reflection of (ppm), although some samples reached modified and converted into the next
light fr_m some of its faces" (1). The eight times this. Cholesterol epoxide is a generation of more specific and more
selenite I meant is the SeO32- anion weak alkylating agent, induces sarcomas testable hypotheses. It is through this
(analogous to sulfite and tellurite). The at the injection site in rats and mice, is process that scientists change their
name of the element selenium is also positive in a sister chromatid exchange minds, which is, in fact, desirable. I was
derived from the Greek word for moon, test, transforms hamster embryo cells, prompted to write the article in order
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