Ranking Possible Cancer Hazards from Rodent Carcinogens,
Using the Human Exposure/Rodent Potency Index (HERP)
Ranking possible carcinogenic hazards from average US exposures to rodent carcinogens
Chemicals that occur naturally are in blue.
Possible hazard HERP (%) (Column 1) is calculated using the information in columns 2, 3, and 4. Average daily US human exposure (Column 2) indicates a daily dose for a
lifetime for drugs, the air in the workplace or home, food, water, residues etc. Human dose of rodent carcinogen (Column 3) is divided by 70 kg to give a mg/kg/day of human
exposure. The Human Exposure/Rodent Potency index (HERP) in Column 1 expresses this human dose as a percentage of the TD50 in the rodent (mg/kg/day), which is reported
in Column 4. TD50 values used in the HERP calculation are averages calculated by taking the harmonic mean of the TD50s of the positive tests in that species from the Carcinogenic
Potency Database (CPDB). Average TD50 values have been calculated separately for rats and mice, and the more potent value is used for calculating possible hazard. (See
Appendix, below for more details.) “.” = no data in CPDB; a number in parentheses indicates a TD 50 value not used in the HERP calculation because TD 50 is less potent than in the
other species. (–) = negative in cancer tests; (+) = positive cancer test(s) not suitable for calculating a TD50.
Possible
hazard:
HERP (%)
140
17
12
6.9
6.8
6.2
6.1
4.0
3.6
2.4
2.2
1.8
1.4
1.3
0.9
0.6
0.5
0.4

Average daily U.S. exposure
EDB: production workers (high
exposure) (before 1977)
Clofibrate
Phenobarbital, 1 sleeping pill
Gemfibrozil
Styrene-butadiene rubber industry
workers (1978-86)
Comfrey-pepsin tablets, 9 daily (no
longer recommended)
Tetrachloroethylene: dry cleaners with
dry-to-dry units (1980-90)
Formaldehyde: production workers
(1979)
Alcoholic beverages, all types
Acrylonitrile: production workers (19601986)
Trichloroethylene: vapor degreasing
(before 1977)
Beer, 229 g
Mobile home air (14 hours/day)
Comfrey-pepsin tablets, 9 daily (no
longer recommended)
Methylene chloride: workers, industry
average (1940s-80s)
Wine, 20.8 g
Dehydroepiandrosterone (DHEA)
Conventional home air (14 hours/day)

Human dose of
rodent carcinogen
Ethylene dibromide, 150 mg

Potency
TD50 (mg/kg/day)
Rats
Mice
1.52
(7.45)

References for Exposure Estimates
(Ott et al., 1980; Ramsey et al., 1978)

Clofibrate, 2 g
Phenobarbital, 60 mg
Gemfibrozil, 1.2 g
1,3-Butadiene, 66.0 mg

169
(+)
247
(261)

.
7.38
(–)
13.9

(Havel and Kane, 1982)
(American Medical Association Division of Drugs, 1983)
(Arky, 1998)
(Matanoski et al., 1993)

Comfrey root, 2.7 g

626

.

(Culvenor et al., 1980; Hirono et al., 1978)

Tetrachloroethylene, 433 mg

101

(126)

(Andrasik and Cloutet, 1990)

Formaldehyde, 6.1 mg

2.19

(43.9)

(Siegal et al., 1983)

Ethyl alcohol, 22.8 ml
Acrylonitrile, 28.4 mg

9110
16.9

(–)
.

(Nephew et al., 2000)
(Blair et al., 1998)

Trichloroethylene, 1.02 g

668

(1580)

(Page and Arthur, 1978)

Ethyl alcohol, 11.7 ml
Formaldehyde, 2.2 mg
Symphytine, 1.8 mg

9110
2.19
1.91

(–)
(43.9)
.

(Beer Institute, 1999)
(Connor et al., 1985)
(Culvenor et al., 1980; Hirono et al., 1978)

Methylene chloride, 471 mg

724

(1100)

(CONSAD Research Corporation, 1990)

Ethyl alcohol, 3.67 ml
DHEA supplement, 25 mg
Formaldehyde, 598 µg

9110
68.1
2.19

(–)
.
(43.9)

(Wine Institute, 2001)
(McCann et al., 1987)
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0.2
0.1
0.1
0.06
0.04
0.03
0.03
0.03

Fluvastatin, 20 mg
d-Limonene, 15.5 mg
Caffeic acid, 20.8 mg
Lovastatin, 20 mg
Caffeic acid, 7.90 mg
Safrole, 1.2 mg
d-Limonene, 4.28 mg
Symphytine, 38 µg

125
204
297
(–)
297
(441)
204
1.91

.
(–)
(4900)
515
(4900)
51.3
(–)
.

(Arky, 1998)
(Stofberg and Grundschober, 1987)
(Clarke and Macrae, 1988; Coffee Research Institute, 2001)
(Arky, 1998)
(Herrmann, 1978; Technical Assessment Systems, 1989)
(Hall et al., 1989)
(Schreier et al., 1979; Technical Assessment Systems, 1989)
(Culvenor et al., 1980)

0.03

Fluvastatin
d-Limonene in food
Coffee, 11.6 g
Lovastatin
Lettuce, 14.9 g
Safrole in spices
Orange juice, 138 g
Comfrey herb tea, 1 cup (1.5 g root) (no
longer recommended)
Tomato, 88.7 g

Caffeic acid, 5.46 mg

297

(4900)

0.03
0.02

Furfural in food
Coffee, 11.6 g

Furfural, 3.64 mg
Catechol, 1.16 mg

(683)
84.7

197
(244)

0.02

Mushroom (Agaricus bisporus 2.55 g)

(–)

20,300

0.02

Apple, 32.0 g

Mixture of hydrazines, etc.
(whole mushroom)
Caffeic acid, 3.40 mg

297

(4900)

0.01
0.01

BHA: daily U.S. avg (1975)
Beer (before 1979), 229 g

BHA, 4.6 mg
Dimethylnitrosamine, 646 ng

606
0.0959

(5530)
(0.189)

0.008
0.007
0.007
0.007
0.006

Aflatoxin: daily U.S. avg (1984-89)
Celery, 14 g
d-Limonene
Cinnamon, 21.9 mg
Coffee, 11.6 g

Aflatoxin, 18 ng
Caffeic acid, 1.51 mg
Food additive, 1.01 mg
Coumarin, 65.0 µg
Furfural, 783 µg

0.0032
297
204
13.9
(683)

(+)
(4900)
(–)
(103)
197

0.005

Coffee, 11.6 g

Hydroquinone, 290 µg

82.8

(225)

0.005
0.005
0.004

Saccharin: daily U.S. avg (1977)
Carrot, 12.1 g
Bread, 79 g

Saccharin, 7 mg
Aniline, 624 µg
Furfural, 584 µg

2140
194 a
(683)

(–)
(–)
197

0.004

Potato, 54.9 g

Caffeic acid, 867 µg

297

(4900)

0.004
0.003
0.002

Methyl eugenol in food
Conventional home air (14 hour/day)
Coffee, 11.6 g

Methyl eugenol, 46.2 µg
Benzene, 155 µg
4-Methylcatechol, 378 µg

(19.7)
(169)
248

18.6
77.5
.

0.002

Nutmeg, 17.6 mg

d-Limonene, 299 µg

204

(–)

0.002

Carrot, 12.1 g

Caffeic acid, 374 µg

297

(4900)

0.002
0.002

Ethylene thiourea: daily U.S. avg (1990) Ethylene thiourea, 9.51 µg
BHA: daily U.S. avg (1987)
BHA, 700 µg

7.9
606

(23.5)
(5530)

(Schmidtlein and Herrmann, 1975a; Technical Assessment
Systems, 1989)
(Adams et al., 1997)
(Coffee Research Institute, 2001; Rahn and König, 1978;
Tressl et al., 1978)
(Matsumoto et al., 1991; Stofberg and Grundschober, 1987;
Toth and Erickson, 1986)
(Mosel and Herrmann, 1974; U.S. Environmental Protection
Agency. Office of Pesticide Programs, 1989)
(U.S. Food and Drug Administration, 1991a)
(Beer Institute, 1999; Fazio et al., 1980; Preussmann and
Eisenbrand, 1984)
(U.S. Food and Drug Administration, 1992)
(Smiciklas-Wright et al., 2002; Stöhr and Herrmann, 1975)
(Lucas et al., 1999)
(Poole and Poole, 1994)
(Coffee Research Institute, 2001; Stofberg and
Grundschober, 1987)
(Coffee Research Institute, 2001; Heinrich and Baltes, 1987;
Tressl et al., 1978)
(National Research Council, 1979)
(Neurath et al., 1977; Technical Assessment Systems, 1989)
(Smiciklas-Wright et al., 2002; Stofberg and Grundschober,
1987)
(Schmidtlein and Herrmann, 1975b; Technical Assessment
Systems, 1989)
(Smith et al., 2002)
(McCann et al., 1987)
(Coffee Research Institute, 2001; Heinrich and Baltes, 1987;
International Agency for Research on Cancer, 1991)
(Bejnarowicz and Kirch, 1963; U.S. Department of
Agriculture, 2000)
(Stöhr and Herrmann, 1975; Technical Assessment Systems,
1989)
(U.S. Environmental Protection Agency, 1991a)
(U.S. Food and Drug Administration, 1991a)
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0.002
0.001
0.001

DDT: daily U.S. avg (before 1972 ban) b DDT, 13.8 µg
Estragole in spices
Estragole, 54.0 µg
Pear, 3.7 g
Caffeic acid, 270 µg

(84.7)
.
297

12.8
51.8
(4900)

0.001

(–)

7.51

0.001

Toxaphene: daily U.S. avg (before 1982
ban) c
Mushroom (Agaricus bisporus 5.34 g)

0.001

Toxaphene, 6.43 µg

277

Plum, 1.7 g

Glutamyl-p-hydrazinobenzoate, .
224 µg
Caffeic acid, 235 µg
297

0.001

[UDMH: daily U.S. avg (1988)]

[UDMH, 2.82 µg (from Alar)]

(–)

3.96

0.001
0.0008

Bacon, 19 g
Bacon, 19 g

Diethylnitrosamine, 19 ng
Dimethylnitrosamine, 57.0 ng

0.0266
0.0959

(+)
(0.189)

0.0008
0.0007
0.0007

DDE: daily U.S. avg (before 1972 ban) b DDE, 6.91 µg
TCDD: daily U.S. avg (1994)
TCDD, 12.0 pg
Bacon, 19 g
N-Nitrosopyrrolidine, 324 ng

0.0006
0.0004

Methyl eugenol
Food additive, 7.7 µg
EDB: Daily U.S. avg (before 1984 ban) b EDB, 420 ng

0.0004

Tap water, 1 liter (1987-92)

Bromodichloromethane, 13 µg

0.0004
0.0003

Celery, 14 g
Mango, 1.0 g

8-Methoxypsoralen, 8.56 µg
d-Limonene, 40.0 µg

0.0003
0.0003
0.0003
0.0002
0.0002

Furfural
Carbaryl: daily U.S. avg (1990)
Mustard, 18.9 mg
Beer (1994-95), 229 g
Mushroom (Agaricus bisporus, 5.34 g)

Food additive, 36.4 µg
Carbaryl, 2.6 µg
Allyl isothiocyanate, 17.4 µg
Dimethylnitrosamine, 16 ng
p-Hydrazinobenzoate, 58.6 µg

0.0002
0.0002
0.0002
0.0001
0.00008
0.00008
0.00008
0.00007

Estragole
Allyl isothiocyanate
Hamburger, pan fried, 85 g
Toxaphene: daily U.S. avg (1990) b
PCBs: daily U.S. avg (1984-86)
Toast, 79 g
DDE/DDT: daily U.S. avg (1990) b
Beer, 229 g

Food additive, 5.79 µg
Food additive, 10.5 µg
PhIP, 176 ng
Toxaphene, 595 ng
PCBs, 98 ng
Urethane, 948 ng
DDE, 659 ng
Furfural, 9.50 µg

0.00006

Parsnip, 48.8 mg

8-Methoxypsoralen, 1.42 µg

(4900)

(Duggan and Corneliussen, 1972)
(Smith et al., 2002)
(Mosel and Herrmann, 1974; U.S. Environmental Protection
Agency, 1997)
(Podrebarac, 1984)
(Chauhan et al., 1985; U.S. Food and Drug Administration,
2002)
(Mosel and Herrmann, 1974; U.S. Environmental Protection
Agency, 1997)
(U.S. Environmental Protection Agency. Office of Pesticide
Programs, 1989)
(Sen et al., 1979; Smiciklas-Wright et al., 2002)
(Smiciklas-Wright et al., 2002; Tricker and Preussmann,
1991)

(–)
12.5
(Duggan and Corneliussen, 1972)
0.0000235 (0.000156) (U.S. Environmental Protection Agency, 2000)
(0.799)
0.679
(Stofberg and Grundschober, 1987; Tricker and Preussmann,
1991)
(19.7)
18.6
(Smith et al., 2002)
1.52
(7.45)
(U.S. Environmental Protection Agency. Office of Pesticide
Programs, February 8, 1984 1984 1984 1984)
(72.5)
47.7
(American Water Works Association. Government Affairs
Office, 1993)
32.4
(–)
(Beier et al., 1983; Smiciklas-Wright et al., 2002)
204
(–)
(Engel and Tressl, 1983; U.S. Environmental Protection
Agency, 1997)
(683)
197
(Lucas et al., 1999)
14.1
(–)
(U.S. Food and Drug Administration, 1991b)
96
(–)
(Krul et al., 2002; Lucas et al., 1999; Tsao et al., 2002)
0.0959
(0.189)
(Beer Institute, 1999; Glória et al., 1997)
.
454 a
(Chauhan et al., 1985; U.S. Food and Drug Administration,
2002)
.
51.8
(Lucas et al., 1999)
96
(–)
(Lucas et al., 1999)
1.64 a
(28.6 a)
(Knize et al., 1994; Technical Assessment Systems, 1989)
(–)
7.51
(U.S. Food and Drug Administration, 1991b)
1.74
(9.58)
(Gunderson, 1995)
(41.3)
16.9
(Canas et al., 1989; Smiciklas-Wright et al., 2002)
(–)
12.5
(U.S. Food and Drug Administration, 1991b)
(683)
197
(Beer Institute, 1999; Lau and Lindsay, 1972; Tressl, 1976;
Wheeler et al., 1971)
32.4
(–)
(Ivie et al., 1981; U.S. Environmental Protection Agency,
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0.00004
0.00003
0.00002
0.00001
0.000009
0.000005

Parsley, fresh, 257 mg

Hamburger, pan fried, 85 g
Dicofol: daily U.S. avg (1990)
Hamburger, pan fried, 85 g
Beer, 229 g
Hexachlorobenzene: daily U.S. avg
(1990)
0.000001
Lindane: daily U.S. avg (1990)
0.0000004
PCNB: daily U.S. avg (1990)
0.0000001
Chlorobenzilate: daily U.S. avg (1989) b
0.00000008 Captan: daily U.S. avg (1990)
0.00000001 Folpet: daily U.S. avg (1990)
<0.00000001 Chlorothalonil: daily U.S. avg (1990)

a

8-Methoxypsoralen, 928 ng

32.4

(–)

MeIQx, 38.1 ng
Dicofol, 544 ng
IQ, 6.38 ng
Urethane, 102 ng
Hexachlorobenzene, 14 ng

1.66
(–)
0.921 a
(41.3)
3.86

(24.3)
32.9
(19.6)
16.9
(65.1)

Lindane, 32 ng
PCNB (Quintozene), 19.2 ng
Chlorobenzilate, 6.4 ng
Captan, 115 ng
Folpet, 12.8 ng
Chlorothalonil, <6.4 ng

(–)
(–)
(–)
2080
(–)
828 c

30.7
71.1
93.9
(2110)
1550
(–)

TD50 harmonic mean was estimated for the base chemical from the hydrochloride salt.
No longer contained in any registered pesticide product (U.S. Environmental Protection Agency, 1998).
c
Additional data from the EPA that is not in the CPDB were used to calculate this TD50 harmonic mean.
b

1997)
(Chaudhary et al., 1986; U.S. Environmental Protection
Agency, 1997)
(Knize et al., 1994; Technical Assessment Systems, 1989)
(U.S. Food and Drug Administration, 1991b)
(Knize et al., 1994; Technical Assessment Systems, 1989)
(Beer Institute, 1999; Canas et al., 1989)
(U.S. Food and Drug Administration, 1991b)
(U.S. Food and Drug Administration, 1991b)
(U.S. Food and Drug Administration, 1991b)
(U.S. Food and Drug Administration, 1991b)
(U.S. Food and Drug Administration, 1991b)
(U.S. Food and Drug Administration, 1991b)
(U.S. Environmental Protection Agency, 1987; U.S. Food
and Drug Administration, 1991b)
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One reasonable strategy for setting priorities in cancer prevention is to use a rough index
to compare and rank possible carcinogenic hazards from a wide variety of chemical exposures at
levels that humans typically receive, and then to focus on those that rank highest (Gold et al.,
1999; Gold et al., 1997a; Gold et al., 1992). Ranking is thus a critical first step. Although one
cannot say whether the ranked chemical exposures are likely to be of major or minor importance
in human cancer, it is not prudent to focus attention on the possible hazards at the bottom of a
ranking if, by using the same methodology to identify hazard, there are numerous common
human exposures with much greater possible hazards. Research on mechanism of carcinogenesis for a given chemical is needed to interpret the possible human risk.
Our analyses are based on the Human Exposure/Rodent Potency index (HERP) which indicates what percentage of the rodent carcinogenic potency (TD50 in mg/kg/day) a person receives from a given average daily exposure over a lifetime (mg/kg/day) (Gold and Zeiger, 1997).
The method for calculating the HERP index, including an example, is described in the Appendix
at the end of this file, and an example is given. TD50 values in our CPDB span a 10 million-fold
range across chemicals (Gold et al., 1997c). Human exposures to rodent carcinogens range
enormously as well, from historically high workplace exposures in some occupations or pharmaceutical dosages to very low exposures from residues of synthetic chemicals in food or water.
Consideration of both these values for a chemical is necessary for ranking possible hazard.
Overall, our HERP ranking shows that synthetic pesticide residues rank low in possible
carcinogenic hazard compared to many common exposures. HERP values for some historically
high exposures in the workplace and some pharmaceuticals rank high, and there is an enormous
background of naturally-occurring rodent carcinogens in average consumption of common foods.
Results on this background of natural chemicals cast doubt on the relative importance of lowdose exposures to residues of synthetic chemicals such as pesticides (Ames et al., 1987; Gold et
al., 1994a; Gold et al., 1992). The rank order of possible hazards by HERP is similar to the
order that would be based on risk assessment using a linear model.
The ranking of possible hazards (HERP values in %) in the HERP table is for average
United States exposures to each rodent carcinogen in our Carcinogenic Potency Database
(http://potency.berkeley.edu/chemicalsummary.html) for which concentration data and average
United States exposure or consumption data were both available, and for which human exposure
could be chronic for a lifetime. For pharmaceuticals the doses are recommended doses, and for
workplace they are past industry or occupation averages for high-exposure occupations. The 93
exposures in the ranking are ordered by possible carcinogenic hazard (HERP), and natural
chemicals in the diet are reported in blue. Two HERP values make convenient reference points
for interpreting the HERP table. The median HERP value is 0.002%. A HERP of 0.00001% is
approximately equal to a regulatory risk level of 1-in-a-million based on a linear model, i.e. the
Virtually Safe Dose (VSD) (Gold et al., 1992). The rank order in the HERP table would be the
same for a Margin of Exposure from the TD50 because the MOE is inversely related to HERP.
The HERP table indicates that if the same methodology is used for both naturally-occurring and
synthetic chemicals, without additional data on mechanism for each chemical, most ordinary
foods would not pass the default regulatory criteria that have been used for synthetic chemicals.
For many natural chemicals the HERP values are in the top half of the HERP table, even though
natural chemicals are markedly underrepresented because so few have been tested in rodent bioassays. The ranking of HERP values maximizes possible hazards from synthetic chemicals be-
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cause it includes historically high exposure values that are now much lower: for example, exposure to DDT and saccharin in food and to several chemicals in the workplace.
For readers who are interested in the results for particular categories of exposure or particular chemicals, we discuss below several categories of exposure and selected chemicals. We
indicate for some chemicals that recent mechanistic data suggests that the rodent results may not
be relevant to humans or that possible hazards would be lower if nonlinearity or a threshold in
the dose-response were taken into account in risk assessment.
Occupational exposures
Occupational exposures to some chemicals have been high, and many of the single chemical
agents or industrial processes evaluated as human carcinogens have been identified by historically high exposures in the workplace (International Agency for Research on Cancer, 1971-2002;
Tomatis and Bartsch, 1990). HERP values rank at or near the top of HERP table for highly exposed occupations, mostly from the past: ethylene dibromide, 1,3-butadiene, tetrachloroethylene,
formaldehyde, acrylonitrile, trichloroethylene, and methylene chloride. The estimation of average daily exposure in occupational settings is often difficult because workers are often exposed
to more than one chemical at a time or for different lengths of time over the course of a worklife.
Epidemiological studies are often small and lack information on potentially confounding factors
such as smoking and alcohol consumption. The International Agency for Research on Cancer
(IARC) has evaluated the evidence in humans as limited for butadiene, trichloroethylene, tetrachloroethylene, and formaldehyde; for ethylene dibromide, acrylonitrile, and methylene chloride
the evidence in humans is inadequate (International Agency for Research on Cancer, 19712002). Unlike the IARC, the National Toxicology Program (NTP) (U.S. National Toxicology
Program, 2000b) considered 1,3-butadiene to be a human carcinogen; the two agencies differed
with respect to their evaluation of the strength of evidence for leukemia in butadiene-exposed
workers and in whether an increased risk in the styrene-butadiene industry may have been due to
exposures other than butadiene (International Agency for Research on Cancer, 1999a; U.S.
National Toxicology Program, 2000b). The rodent carcinogens listed in the HERP table as occupational exposures also occur naturally, with the exception of ethylene dibromide; for example,
butadiene occurs in forest fires, environmental tobacco smoke, and heated cooking oils (Shields
et al., 1995); acrylonitrile occurs in cigarette smoke; formaldehyde is ubiquitous in food, is generated metabolically in animals, and is present in human blood.
The possible hazard estimated for past actual exposure levels of the most heavily exposed
EDB workers is the highest in the table (HERP=140%). We testified in 1981 that our calculations showed that the workers were allowed to breathe in a dose higher than the dose that gave
half of the test rats cancer, although the level of human exposure may have been somewhat overestimated (California Department of Health Services, 1985). An epidemiologic study of these
workers, who inhaled EDB for over a decade, did not show any increase in cancer; however, because of the relatively small numbers of people the study lacked the statistical power to detect a
small effect (California Department of Health Services, 1985; Ott et al., 1980; Ramsey et al.,
1978). Ethylene dibromide is no longer produced in the U.S., and nearly all of its uses have been
discontinued (the primary use was as an antiknock agent in leaded gasoline).
For trichloroethylene (TCE), the HERP is 2.2% for workers who cleaned equipment with
TCE prior to 1977 (vapor degreasers). We recently conducted an analysis (Bogen and Gold,
1997) based on the assumption that carcinogenic effects are due to toxic effects from peak doses
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to the liver, the target organ for trichloroethylene carcinogenicity in mice. Our estimates indicate
that for occupational respiratory exposures, the Permissible Exposure Limit (PEL) for
trichloroethylene would produce concentrations of TCE metabolites that are higher than the no
observed effect level (NOEL) for liver toxicity in mice. On this basis, the PEL is not expected to
be protective. In contrast, the EPA maximum concentration limit (MCL) in drinking water of 5
µg/liter based on a linearized multistage model, is more stringent than our safe dose estimate
based on a 1000-fold safety factor, which is 210 µg/liter (Bogen and Gold, 1997).
In earlier papers, Gold et al used PELs of the United States Occupational Safety and
Health Administration (OSHA), as surrogates for actual exposures and compared the permitted
daily dose-rate for workers with the TD50 in rodents (PERP index, Permissible Exposure/Rodent
Potency) (Gold et al., 1987; Gold et al., 1994a) For current permitted levels, PERP values for 14
chemicals are greater than 10% indicating that workers are permitted to receive doses that are
only 10 times lower than the dose to give tumors to half of laboratory animals. Because workers
can be exposed chronically to high doses of chemicals, it is important to have protective exposure limits (Gold et al., 1994a). In recent years the permitted exposures for 1,3-butadiene and
methylene chloride have been lowered substantially in the U.S., and the current PERP values are
below 1%.
Pharmaceuticals and herbal supplements
Half the drugs in the Physician’s Desk Reference (PDR) that have reported cancer test data, are
carcinogens in rodent bioassays (Davies and Monro, 1995), as are 44% of new drug submissions
to United States Food and Drug Administration (FDA) (Contrera et al., 1997). Most drugs, however, are used for only short periods, and therefore we have not calculated HERP values for
them. Pharmaceuticals are evaluated by the FDA using mechanistic data as well as tumor incidence, and taking benefits into account.
The HERP ranking includes pharmaceuticals that can be used chronically; some are high
in the HERP ranking. Phenobarbital (HERP =12%) is a sedative and anticonvulsant that has
been investigated in humans who took it for decades; there is no convincing evidence that it
caused cancer (American Medical Association Division of Drugs, 1983; Freidman and Habel,
1999; McLean et al., 1986). Mechanistic data suggest that the dose-response curve for tumors
induced in rodents is nonlinear and perhaps exhibits a threshold. Four cholesterol-lowering
drugs have evidence of carcinogenicity in rodent tests; they are not mutagenic or genotoxic, and
long-term epidemiological studies and clinical trials have not provided evidence of an association with fatal or non-fatal cancers in humans (Bjerre and LeLorier, 2001; Childs and Girardot,
1992; Havel and Kane, 1982; International Agency for Research on Cancer, 1996; Pfeffer et al.,
2002; Reddy and Lalwani, 1983; World Health Organization, 1984). Two of these drugs, clofibrate (HERP = 17%) which was used as a cholesterol lowering agent primarily before the 1970s,
and gemfibrozil (HERP = 6.9%) which is currently used, increase liver tumors in rodents by the
mechanism of peroxisome proliferation, suggesting that they would not be expected to be carcinogenic in humans (Cattley et al., 1996; Havel and Kane, 1982; Reddy and Lalwani, 1983;
World Health Organization, 1984). The two other cholesterol-lowering drugs in the HERP table
are statins: fluvastatin (HERP=0.2%) and the widely-used drug, lovastatin (HERP=0.06%).
Large clinical trials of statins have shown no carcinogenic effects in humans, although there
were limitations in the studies: the follow-up period of 5 years is short for observing carcinogenic effects, and the trials were not designed to measure cancer risk (Bjerre and LeLorier, 2001;
Guallar and Goodman, 2001; Pfeffer et al., 2002). A meta-analysis of 5 clinical trials examined
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only the combination of all cancers rather than specific types of cancer (Guallar and Goodman,
2001).
Herbal supplements have recently developed into a large market in the United States;
they have not been a focus of carcinogenicity testing. The FDA regulatory requirements for
safety and efficacy that are applied to pharmaceuticals do not pertain to herbal supplements under the 1994 Dietary Supplement Health and Education Act (DSHEA), and few have been tested
for carcinogenicity. The relevant regulatory requirements in Canada are under review, and current regulations treat non-prescription ingredients of botanical origin separately from pharmaceuticals (Health Canada, 1995; Volpe, 1998). Those that are rodent carcinogens tend to rank
high in HERP because, like some pharmaceutical drugs, the recommended dose is high relative
to the rodent carcinogenic dose. Moreover, under DSHEA the safety criteria that have been used
for decades by FDA for food additives that are “Generally Recognized As Safe” (GRAS) are not
applicable to dietary supplements (Burdock, 2000) even though supplements are used at higher
doses. The NTP is currently testing several medicinal herbs or chemicals that are present in
herbs.
Comfrey
Recently the FDA issued a warning about comfrey and asked manufacturers to withdraw their
comfrey products after several people became ill from taking comfrey as a supplement or as tea.
Comfrey is banned from distribution in Canada (Stickel and Seitz, 2000). Comfrey is a
medicinal herb whose roots and leaves have been shown to be carcinogenic in rats. For the dose
of 9 daily comfrey-pepsin tablets, formerly recommended on the bottle, HERP=6.2%. Symphytine, a pyrrolizidine-alkaloid which is a natural plant pesticide, is a rodent carcinogen present
in comfrey-pepsin tablets and comfrey tea. The HERP value for symphytine is 1.3% in the formerly recommended dosage in comfrey pills and 0.03% in a daily cup of comfrey herb tea.
Comfrey pills are no longer widely sold, but are available on the World Wide Web. Comfrey
roots and leaves can be bought at health food stores and on the Web and can thus be used for tea,
although comfrey is recommended only for topical use in the PDR for Herbal Medicines
(Gruenwald et al., 1998). Poisoning epidemics by pyrrolizidine alkaloids have occurred in the
developing world. In the United States, poisonings, including deaths, have been associated with
use of herbal teas containing comfrey (Huxtable, 1995). Several other pyrrolizidine-containing
medicinal plants are rodent carcinogens, including coltsfoot, Senecio longilobus and S.
nemorensis, Petasites japonicus, and Farfugium japonicum. Over 200 pyrrolizidine alkaloids are
present in more than 300 plant species. Up to 3% of flowering plant species contain pyrrolizidine alkaloids (Prakash et al., 1999). Several pyrrolizidine alkaloids have been tested chronically in rodent bioassays and are carcinogenic e.g., senkirkine, lasiocarpine, petasitenine and
riddelliine (Gold et al., 1997c).
Dehydroepiandrosterone (DHEA)
Dehydroepiandrosterone (DHEA) and DHEA sulfate are the major secretion products of adrenal
glands in humans and are precursors of androgenic and estrogenic hormones (Oelkers, 1999; van
Vollenhoven, 2000). DHEA is manufactured as a dietary supplement, and sold widely for a variety of purposes including the delay of aging. DHEA is a controlled drug in Canada (Health
Canada, 2000). In rats, DHEA induces liver tumors (Hayashi et al., 1994; Rao et al., 1992), and
the HERP value for the dose on the bottle of one daily capsule containing 25 mg DHEA is 0.5%.
Peroxisome proliferation is the mechanism of liver carcinogenesis in rats for DHEA, suggesting
that the carcinogenicity may not be relevant to humans (Hayashi et al., 1994). DHEA has also
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been shown to inhibit the development of tumors of the rat testis (Rao, 1992) and the rat and
mouse mammary gland (McCormick et al., 1996; Schwartz et al., 1981). A recent review of
clinical, experimental, and epidemiological studies concluded that late promotion of breast cancer in postmenopausal women may be stimulated by prolonged intake of DHEA (Stoll, 1999);
however the evidence for a positive association in postmenopausal women between serum
DHEA levels and breast cancer risk is conflicting (Bernstein et al., 1990; Stoll, 1999).
Aristolochic acid
Herbal medicinal products containing aristolochic acid (AA) have induced urinary tract cancer in
humans, and the FDA issued warnings in 2000 and 2001 about supplements and traditional
medicines that contain aristolochic acid (Schwetz, 2001, http://www.cfsan.fda.gov/%20~dms/dsbot.html). Aristolochia species, which are the source of aristolochic acid, are listed in the
Chinese pharmacopoeia (Reid, 1993). AA has recently been evaluated by the World Health
Organization as a human carcinogen (International Agency for Research on Cancer, 2002). In a
diet clinic in Belgium, aristolochic acid was unintentionally administered to patients in pills
which purportedly contained a different plant species (Stephania tetandra). Many of the patients
who took aristolochic acid developed kidney disease (Chinese-herb nephropathy), and the
cumulative dose of aristolochic acid was related to the progression of the disease. Thirty nine
patients suffered terminal renal failure, and of these, 18 developed urothelial tract carcinoma
(Nortier et al., 2000). The average treatment time in the diet clinic was only 13.3 months. The
mutagenicity of aristolochic acid and the carcinogenic effects in rodent bioassays, were demonstrated two decades ago (Mengs, 1982; Mengs, 1988; Robisch et al., 1982). In rats, malignant
tumors were induced unusually rapidly (26 weeks) after dosing for 13 weeks. AA is also a
potent carcinogen in mice (Mengs, 1988) and rabbits (Cosyns et al., 2001) and forms DNA
adducts in humans (Bieler et al., 1997; Schmeiser et al., 1996). In rabbits AA induces acute
nephrotoxicity, the same DNA adducts in the kidney as in humans, and induces urothelial tumors
(Cosyns et al., 2001). No HERP is reported because the human exposures in the diet clinic were
for a short time only.
Natural pesticides
Natural pesticides, because few have been tested, are markedly underrepresented in our HERP
analysis. Importantly, for each plant food listed, there are about 50 additional untested natural
pesticides. Although about 10,000 natural pesticides and their break-down products occur in the
human diet (Ames et al., 1990a), only 72 have been tested adequately in rodent bioassays. Half
are carcinogens in these tests as are half of all chemicals tested.
Average exposures in common foods to many natural pesticides that are carcinogenic in
rodents rank above or close to the median in the HERP table, ranging up to a HERP of 0.1%.
These include caffeic acid (in coffee, lettuce, tomato, apple, potato, celery, carrot, plum and
pear); safrole (in spices and formerly in natural root beer before it was banned), allyl isothiocyanate (mustard), d-limonene (mango, orange juice, black pepper); coumarin in cinnamon; and
hydroquinone, catechol, and 4-methylcatechol in coffee. Some natural pesticides in the commonly eaten mushroom (Agaricus bisporus) are rodent carcinogens (glutamyl-p-hydrazinobenzoate, p-hydrazinobenzoate), and the HERP based on feeding whole mushrooms to mice is
0.02%. For d-limonene, no human risk is anticipated because tumors are induced only in male
rat kidney tubules with involvement of α2u-globulin nephrotoxicity, which does not appear to be
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relevant for humans (Hard and Whysner, 1994; International Agency for Research on Cancer,
1993; Rice et al., 1999; U.S. Environmental Protection Agency, 1991b).
Synthetic pesticides
Synthetic pesticides currently in use that are rodent carcinogens in the CPDB and that are quantitatively detected as residues in food by the FDA Total Diet Study (TDS), are all included in the
HERP table. Several are at the very bottom of the ranking; however, HERP values are about at
the median for 3 exposures prior to their discontinuance or reduction in use: ethylene thiourea
(ETU) in 1990, toxaphene before its cancellation in the United States in 1982, and DDT before
its ban in the United States in 1972. These 3 synthetic pesticides rank below the HERP values
for many naturally occurring chemicals that are common in the diet. The values in the HERP
table are for residue intake by females 65 and older, since they consume higher amounts of fruits
and vegetables than other adult groups, thus maximizing the exposure estimate to pesticide residues. We note that for pesticide residues in the TDS, the consumption estimates for children
(mg/kg/day in 1986-1991) are within a factor of 3 of the adult consumption (mg/kg/day), greater
in adults for some pesticides and greater in children for others (U.S. Food and Drug
Administration, 1993b).
DDT and similar early pesticides have been a concern because of their unusual lipophilicity and persistence; however, natural pesticides can also bioaccumulate. There is no convincing epidemiological evidence of a carcinogenic hazard of DDT to humans (Agency for Toxic
Substances and Disease Registry, 2002; Key and Reeves, 1994). In a recently completed 24-year
study in which DDT was fed to rhesus and cynomolgus monkeys for 11 years, DDT was not
evaluated as carcinogenic (Takayama et al., 1999; Thorgeirsson et al., 1994) despite doses that
were toxic to both liver and central nervous system. However, the experimental protocol used
few animals, and dosing was discontinued after 11 years, which may have reduced the sensitivity
of the study (Gold et al., 1999).
Current United States exposure to DDT and its metabolites is in foods of animal origin,
and the HERP value is low, 0.00008%. DDT is often viewed as the typically dangerous synthetic pesticide because it concentrates in adipose tissue and persists for years. DDT was the
first synthetic pesticide; it eradicated malaria from many parts of the world, including the United
States, and was effective against many vectors of disease such as mosquitoes, tsetse flies, lice,
ticks and fleas. DDT prevented many millions of deaths from malaria (Jukes, 1974). It was also
lethal to many crop pests, and significantly increased the supply and lowered the cost of fresh,
nutritious foods, thus making them accessible to more people. There is no convincing epidemiological evidence, nor is there much toxicological plausibility, that the levels of DDT normally
found in the environment or in human tissues are likely to be a significant contributor to human
cancer (Laden et al., 2001). A recent study of breast cancer on Long Island found no association
between breast cancer and blood levels of DDT, DDE, dieldrin or chlordane (Gammon et al.,
2002).
DDT is unusual with respect to bioconcentration, and because of its chlorine substituents
it takes longer to degrade in nature than most chemicals; however, these are properties of relatively few synthetic chemicals. In addition, many thousands of chlorinated chemicals are produced in nature (Gribble, 1996). Natural pesticides can also bioconcentrate if they are fat-soluble. Potatoes, for example, naturally contain the fat soluble neurotoxins solanine and chaconine
(Ames et al., 1990a; Gold et al., 1997b), which can be detected in the bloodstream of all potato
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eaters. High levels of these potato neurotoxins have been shown to cause birth defects in rodents
(Ames et al., 1990b).
The HERP value for ethylene thiourea (ETU), a breakdown product of certain fungicides,
is the highest among the synthetic pesticide residues (0.002%); it is at the median of the ranking.
The HERP value would be about 10 times lower if the potency value of the EPA were used instead of our TD50; EPA combined rodent results from more than one experiment, including one
in which ETU was administered in utero, and obtained a weaker potency (U.S. Environmental
Protection Agency, 1992). (The CPDB does not include in utero exposures.) Additionally, EPA
has recently discontinued some uses of fungicides for which ETU is a breakdown product, and
exposure levels are therefore lower.
In 1984 the EPA banned the agricultural use of ethylene dibromide (EDB) the main fumigant in the U.S., because of the residue levels found in grain, HERP = 0.0004%. This HERP
value ranks low, whereas the HERP of 140% for the high exposures to EDB that some workers
received in the 1970s, is at the top of the ranking (Gold et al., 1992). Two other pesticides in the
HERP table, toxaphene (HERP = 0.001% in 1982 and 0.0001% in 1990) and chlorobenzilate
(HERP=0.0000001%), have been cancelled (Ames and Gold, 1991; U.S. Environmental
Protection Agency, 1998).
HERP values for other pesticide residues are all below the median of 0.002%. In descending order of HERP these are DDE (before the 1972 ban of DDT), ethylene dibromide, carbaryl, toxaphene (after cancellation), DDE/DDT (after the ban), dicofol, lindane, PCNB, chlorobenzilate, captan, folpet, and chlorothalonil. Some of the lowest HERP values in the HERP table
are for the synthetic pesticides, captan, chlorothalonil, and folpet, which were also evaluated in
1987 by the National Research Council (NRC) and were considered by NRC to have a human
cancer risk above 10-6 (National Research Council, 1987).
Why were the EPA risk estimates reported by NRC so high when the HERP values are so
low? We have investigated this disparity in cancer risk estimation for pesticide residues in the
diet by examining the two components of risk assessment: carcinogenic potency estimates from
rodent bioassays and human exposure estimates (Gold et al., 2001; Gold et al., 1997d). We
found that potency estimates based on rodent bioassay data are similar whether calculated, as in
the NRC report, as the regulatory q*1 or as the TD50 in the CPDB. In contrast, estimates of dietary exposure to residues of synthetic pesticides vary enormously, depending on whether they are
based on the Theoretical Maximum Residue Contribution (TMRC) calculated by the EPA vs. the
average dietary residues measured by the FDA in the Total Diet Study (TDS). The EPA’s
TMRC is the theoretical maximum human exposure anticipated under the most severe field
application conditions, which is often a large overestimate compared to the measured residues.
For several pesticides, the NRC risk estimate was greater than one in a million whereas the FDA
did not detect any residues at all in the TDS even though the TDS measures residues as low as 1
ppb in the diet (Gold et al., 1997d).
In the 1980s enormous attention was given in the media to Alar, a chemical used to
regulate the growth of apples while on the tree (not a pesticide). UDMH, a rodent carcinogen, is
the breakdown product of Alar in apples, applesauce, and apple juice (Ames and Gold, 1989).
The HERP value in the average total diet before use of Alar was discontinued, was 0.001%, just
below the median of the HERP table. Many natural dietary chemicals that are rodent carcinogens have higher HERP values, e.g. caffeic acid in lettuce, tomato, apple, and celery; safrole in
spices, and catechol in coffee. Apple juice contains 353 natural volatile chemicals (Nijssen et
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al., 1996) of which only 12 have been tested for carcinogenicity in the CPDB; 9 of these have
been found to be carcinogenic.
Cooking and preparation of food
Cooking and preparation of food, e.g. fermentation, also produce chemicals that are rodent carcinogens. Alcoholic beverages cause cancer in humans in the liver, esophagus and oral cavity.
Epidemiological studies indicate that all types of alcoholic beverages are associated with increased cancer risk, suggesting that ethyl alcohol itself causes the effect rather than any particular type of beverage. The HERP values in the table for alcohol are high in the ranking:
HERP=3.6% for average U.S. consumption of all alcoholic averages combined, 1.8% in beer,
and 0.6% in wine.
Cooking food is plausible as a contributor to cancer. A wide variety of chemicals are
formed during cooking. Rodent carcinogens formed include furfural and similar furans, nitrosamines, polycyclic hydrocarbons, and heterocyclic amines. Furfural, a chemical formed naturally
when sugars are heated, is a widespread constituent of food flavor. The HERP value for naturally-occurring furfural in average consumption of coffee is 0.006% and in white bread is
0.004%.
Recently, an industrial chemical that is also formed in cigarette smoke, was identified as
a common constituent in the human diet. Acrylamide is formed when carbohydrate is cooked at
high temperatures and is found in common foods; the highest concentrations are in potato chips
and French fries (Tareke et al., 2002). Epidemiological studies in workers (Collins et al., 1989;
Marsh et al., 1999) and studies of dietary exposure to acrylamide have not shown an association
with cancer (Mucci et al., 2003; Pelucchi et al., 2003). Acrylamide is carcinogenic at several
target sites in rat bioassays, and the TD50 in rats is 8.89 mg/kg/day. No estimates are available
for average U.S. consumption; therefore, it is not included in the HERP table. The estimate for
average consumption of dietary acrylamide in Sweden is 40 µg/day (Tareke et al., 2002,
http://www.slv.se/engdefault.asp), and the HERP value would be 0.01%. This HERP value is
similar to other natural constituents of food such as safrole and furfural. Smokers are estimated
to take in four times as much acrylamide as nonsmokers in the general population (Schettgen et
al., 2003). Acrylamide is genotoxic, and the HERP value is above the median, suggesting that
further work is needed to assess its potential hazard to humans, e.g. on formation and fate of
acrylamide in food during cooking and processing, on the absorption, metabolism, and disposition in humans of acrylamide from food, on the mode of action in the animal cancer tests, and on
the mechanisms of action and dose-response characteristics.
Nitrosamines are formed in food from nitrite or nitrogen oxides (NOx) and amines in
food. Tobacco smoking and smokeless tobacco are a major source of non-occupational exposure
to nitrosamines that are rodent carcinogens [N´-nitrosonornicotine and 4-(methylnitrosamino)-1(3-pyridyl)-1-(butanone)] (Hecht and Hoffmann, 1998). Most exposure to nitrosamines in the
diet is for chemicals that are not carcinogenic in rodents (Hecht and Hoffmann, 1998; Lijinsky,
1999). The nitrosamines that are carcinogenic are potent carcinogens, and it has been estimated
that in several countries humans are exposed to about 0.3–1 µg per day (Tricker and Preussmann,
1991) (National Academy of Sciences, 1981), primarily N-nitrosodimethylamine (DMN), Nnitrosopyrrolidine (NPYR) and N-nitrosopiperidine. The largest exposure was to DMN in beer:
concentrations declined more than 30-fold after 1979 (HERP=0.01%) when it was reported that
DMN was formed by the direct-fired drying of malt, and the industry modified the process to indirect firing (Glória, Barbour and Scanlan, 1997). By the 1990s, the HERP value for DMN in
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beer was 0.0002% (Glória et al., 1997). The HERP values for average consumption of bacon
are: DMN=0.0008%, N-Nitrosodiethylamine (DEN)=0.001%, and NPYR=0.0007%. DEN induced liver tumors in rhesus and cynomolgus monkeys and tumors of the nasal mucosa in bush
babies (Gold et al., 1999; Thorgeirsson et al., 1994). In a study of DMN in rhesus monkeys, no
tumors were induced; however the administered doses produced toxic hepatitis, and all animals
died early. Thus, the test was not sensitive because the animals may not have lived long enough
to develop tumors (Gold et al., 1999; Thorgeirsson et al., 1994).
A variety of mutagenic and carcinogenic heterocyclic amines (HA) are formed when
meat, chicken or fish is cooked, particularly when charred. HA are potent mutagens with strong
evidence of carcinogenicity in terms of positivity rates, multiplicity of species and target sites;
however, concordance in target sites between rats and mice for these HA is generally restricted
to the liver (Gold et al., 1994b). Some of the target sites of HA in rats are among the more common cancer sites in humans: colon, prostate and breast. Prostate tumors were induced by PhIP at
only the highest dose tested (400 ppm) and not by other HA. Under usual cooking conditions,
exposures to HA are in the low ppb range, and the HERP values are low. The values in the
HERP table, which rank below the median, are based on hamburger consumption because hamburger has the best available concentration estimates based on various levels of doneness. A recent estimate of HA in the total diet was about 2-fold higher than our consumption estimates for
hamburger (Bogen and Keating, 2001; Keating and Bogen, 2001).
For HA in pan fried hamburger, the HERP value is highest for PhIP, 0.0002%, compared
to 0.00003% for MeIQx and 0.00001% for IQ. Carcinogenicity of the three HA in the HERP
table, IQ, MeIQx, and PhIP, has been investigated in studies in cynomolgus monkeys. IQ rapidly induced a high incidence of hepatocellular carcinoma (Adamson et al., 1994) and the HERP
value would be 2.5 times higher than rats. MeIQx, which induced tumors at multiple sites in rats
and mice (Gold et al., 1997c), did not induce tumors in monkeys (Ogawa et al., 1999). The PhIP
study is still in progress. Metabolism studies indicate the importance of N-hydroxylation in the
carcinogenic effect of HA in monkeys (Ogawa et al., 1999; Snyderwine et al., 1997).
Food Additives
Food additives that are rodent carcinogens can be either naturally-occurring (e.g., allyl isothiocyanate, furfural) or synthetic (e.g., butylated hydroxyanisole [BHA], saccharin). The highest
HERP values for average dietary exposures to synthetic rodent carcinogens in the HERP table
are for exposures in the early 1970s to BHA (0.01%) and saccharin in the 1970s (0.005%). Both
are nongenotoxic rodent carcinogens for which data on mechanism of carcinogenesis strongly
suggest that there would be no risk to humans at the levels found in food.
Naturally-occurring food additives
For five naturally-occurring rodent carcinogens that are also produced commercially and
used as food additives, average exposure data were available and they are included in the HERP
table. The HERP value for the natural occurrence of each chemical is greater than for use as a
commercial additive because the average consumption by naturally-occurring exposures is
greater. For furfural (a product of cooking discussed above) the HERP value for intake from the
natural occurrence is 0.03% compared to 0.0003% for the additive; for d-limonene the natural
occurrence (e.g. in citrus and other common foods) HERP is 0.1% compared to 0.007% for the
additive; for estragole (in spices) the natural occurrence HERP is 0.001% compared to 0.0002%
for the additive; for methyleugenol intake from natural occurrence (in spices) HERP is 0.004%
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compared to 0.0006% for the additive. For allyl isothiocyanate the natural occurrence HERP in
mustard is 0.0003% compared to 0.0002% for the additive; the natural value only includes mustard (Krul et al., 2002; Tsao et al., 2002), but allyl isothiocyanate is also present in other
Brassica vegetables, e.g., cabbage, cauliflower, and Brussels sprouts (Nijssen et al., 1996).
Safrole is the principle component of oil of sassafras (up to 90%). It was formerly used
as the main flavor ingredient in root beer. It is also present in the oils of basil, nutmeg, and mace
(Nijssen et al., 1996). The HERP value for average consumption of naturally-occurring safrole
in spices is 0.03%. Safrole and safrole-containing sassafras oils were banned from use as food
additives in the U.S. and Canada (Canada Gazette, 1995; U.S. Food and Drug Administration,
1960). Before the 1964 ban in the U.S., a person consuming a glass of sassafras root beer per
day for life, would have had a HERP value of 0.2% (Ames et al., 1987). Sassafras root can still
be purchased in health food stores and can therefore be used to make tea; the recipe is on the
World Wide Web.
Butylated hydroxyanisole (BHA)
BHA is a phenolic antioxidant that is Generally Regarded as Safe (GRAS) by the FDA. By
1987, after BHA was shown to be a rodent carcinogen, its use declined six fold (HERP=0.002%)
(U.S. Food and Drug Administration, 1991a); this was due to voluntary replacement by other
antioxidants, and to the fact that the use of animal fats and animal oils, in which BHA is primarily used as an antioxidant, has consistently declined in the U.S. The mechanistic results on BHA
indicate that malignant tumors were induced only at a dose above the MTD at which cell division
was increased in the forestomach, which is the only site of tumorigenesis; the proliferation is
only at high doses, and is dependent on continuous dosing until late in the experiment (Clayson
et al., 1990). Humans do not have a forestomach. We note that the dose-response for BHA
curves sharply upward, but the potency value used in HERP is based on a linear model; if the
California EPA potency value were used in HERP instead of TD50, the HERP values for BHA
would be 25 times lower (California Environmental Protection Agency. Standards and Criteria
Work Group, 1994). A recent epidemiological study in the Netherlands found no association
between BHA consumption and stomach cancer in humans (Botterweck et al., 2000).
Saccharin
Saccharin, which has largely been replaced by other sweeteners, has been shown to induce tumors in rodents by a mechanism that is not relevant to humans. Recently, both NTP and IARC
re-evaluated the potential cancer risk of saccharin to humans. NTP delisted saccharin in its
Report on Carcinogens (U.S. National Toxicology Program, 2000b), and IARC downgraded its
evaluation to Group 3, “not classifiable as to carcinogenicity to humans” (International Agency
for Research on Cancer, 1999b). There is convincing evidence that the induction of bladder tumors in rats by sodium saccharin requires a high dose and is related to development of a calcium
phosphate-containing precipitate in the urine (Cohen, 1995), which is not relevant to human
dietary exposures. In a 24-year study by National Cancer Institutte, rhesus and cynomolgus
monkeys were fed a dose of sodium saccharin that was equivalent to 5 cans of diet soda daily for
11 years (Thorgeirsson et al., 1994). The average daily dose-rate of sodium saccharin
administered to monkeys was about 100 times lower than the dose that was carcinogenic to rats
(Gold et al., 1999; Gold et al., 1997c). There was no carcinogenic effect in monkeys. There was
also no effect on the urine or urothelium, no evidence of increased urothelial-cell proliferation or
of formation of solid material in the urine (Takayama et al., 1998). One would not expect to find
a carcinogenic effect under the conditions of the monkey study because of the low dose
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administered (Gold et al., 1999). Additionally, however, there may be a true species difference
because primate urine has a low concentration of protein and is less concentrated (lower
osmolality) than rat urine (Takayama et al., 1998). Human urine is similar to monkey urine in
this respect (Cohen, 1995).
Mycotoxins
Of the 23 fungal toxins tested for carcinogenicity, 14 are positive (61%). The mutagenic mold
toxin, aflatoxin, which is found in moldy peanut and corn, interacts with chronic hepatitis infection in human liver cancer development (Qian et al., 1994), i.e., there is a synergistic effect in the
human liver between aflatoxin (genotoxic effect) and the hepatitis B virus (cell division effect) in
the induction of liver cancer (Wu-Williams et al., 1992). The HERP value for aflatoxin in the
average U.S. diet in the 1980s is 0.008% based on the rodent potency. If the lower human potency value calculated by FDA from epidemiological data were used instead, the HERP would
be about 10-fold lower (U.S. Food and Drug Administration, 1993a). Aflatoxin also induced
liver tumors in cynomolgus and rhesus monkeys, and the HERP value using TD50 in monkeys
would be between the value based on results in rodents results in humans. Biomarker measurements of aflatoxin in populations in Africa and China, which have high rates of hepatitis B and C
viruses and liver cancer, confirm that those populations are chronically exposed to high levels of
aflatoxin (Groopman et al., 1992; Pons, 1979). Liver cancer is unusual in the U.S. and Canada
(about 2% of cancer deaths), and is more common among men than women (National Cancer
Institute of Canada, 2001; Ries et al., 2000). In the U.S. an increase in liver cancer in the early
1990s was most likely due to the spread of hepatitis virus infection transmitted by transfusions
(before screening of blood products for the hepatitis C virus) use of intravenous drugs, and sexual practices ten to 30 years earlier (El-Serag and Mason, 1999; Ince and Wands, 1999). One
study estimated that in the U.S., hepatitis viruses can account for half of liver cancer cases
among non-Asians and even more among Asians (Yu et al., 1991).
Ochratoxin A, a potent rodent carcinogen (Gold and Zeiger, 1997), has been measured in
Europe and Canada in agricultural and meat products. An estimated exposure of 1 ng/kg/day
would have a HERP value at about the median of the table (International Life Sciences Institute,
February 1996; Kuiper-Goodman and Scott, 1989).
The Persistent Contaminants PCBs and TCDD
Polychlorinated biphenyls (PCBs) and tetrachlorodibenzo-p-dioxin (TCDD, dioxin), which have
been a concern because of their environmental persistence and carcinogenic potency in rodents,
are primarily consumed in foods of animal origin. In the U.S. PCBs are no longer used, but
some exposure persists. Consumption in food in the U.S. declined about 20-fold between 19781986 (Gartrell et al., 1986; Gunderson, 1995). PCBs, which are not flammable, were formerly
used as coolants and lubricants in electrical equipment. The HERP value for PCB for the most
recent reporting in the FDA Total Diet Study (1984-86) is 0.00008%, towards the bottom of the
ranking, and far below many values for naturally occurring chemicals in common foods. It has
been reported that some countries may have higher intakes of PCBs than the U.S. (World Health
Organization, 1993). A recent epidemiological study found no association between PCBs and
breast cancer, in which PCBs were measured in the blood of women on Long Island (Gammon et
al., 2002).
TCDD, the most potent rodent carcinogen, is produced naturally by burning when chloride ion is present, e.g. in forest fires or wood burning in homes. EPA (U.S. Environmental
Protection Agency, 2000) estimates that the source of TCDD is primarily from the atmos-
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phere — either directly from emissions, e.g. incinerators or burning trash, or indirectly by returning dioxin that is already in the environment to the atmosphere (U.S. Environmental Protection
Agency, 1994a; U.S. Environmental Protection Agency, 2001). TCDD bioaccumulates through
the food chain because of its lipophilicity, and more than 95% of human intake is from animal
fats in the diet (U.S. Environmental Protection Agency, 2001). Dioxin emissions decreased by
75% from 1987-1995, which EPA primarily attributes to reduced medical and municipal incineration emissions. The decline continues (U.S. Environmental Protection Agency, 2001). Estimates of dietary intake can vary because TCDD is often not detected in samples of animal products (about 60% of such samples have no detectable TCDD). Intake estimates are based on an
assumption that dioxin is present in food at one-half the limit of detection when no dioxin is detected; the intake estimate would be lower by about half if zero were assumed instead (Schecter
et al., 2001).
TCDD, which is not genotoxic (U.S. Environmental Protection Agency, 2000), exerts
many of its harmful effects in experimental animals through binding to the Ah receptor (AhR),
and does not have effects in the AhR knockout mouse (Birnbaum, 1994; Fernandez-Salguero et
al., 1996). A wide variety of natural substances also bind to the Ah receptor (e.g., tryptophan
oxidation products), and insofar as they have been examined, they have similar properties to
TCDD (Ames et al., 1990b) including inhibition of estrogen-induced effects in rodents (Safe et
al., 1998). For example, a variety of flavones and other plant substances in the diet and their
metabolites bind to the receptor or are converted in the stomach to chemicals that bind to the Ah
receptor e.g. indole-3-carbinol (I3C). I3C is the main metabolite of glucobrassicin, a natural
chemical that is present in large amounts in vegetables of the Brassica genus, including broccoli,
and gives rise to the potent Ah binder, indole carbazole (Bradfield and Bjeldanes, 1987). In
comparing possible harmful effects, the binding affinity (greater for TCDD) and amounts in the
diet (much greater for dietary compounds) both need to be considered. Some studies provide
evidence that I3C enhances carcinogenicity (Dashwood, 1998). Additionally, both I3C and
TCDD, when administered to pregnant rats, resulted in reproductive abnormalities in male offspring (Wilker et al., 1996). Currently, I3C is in clinical trials for prevention of breast cancer
(Kelloff et al., 1996a; Kelloff et al., 1996b; U.S. National Toxicology Program, 2000a) and is
also being tested by NTP (U.S. National Toxicology Program, 2000a). I3C is marketed as a
dietary supplement at recommended doses about 30 times higher (Theranaturals, 2000) than present in the average Western diet (U.S. National Toxicology Program, 2000a).
TCDD has received enormous scientific and regulatory attention, and controversy
abounds about possible health risks to humans. It has been speculated that nearly 7000 publications have been written and $3-5 billion US has been spent to assess dioxin exposure and health
effects to humans and wildlife (Paustenbach, 2002). The U.S. EPA has been estimating dioxin
cancer risk since 1991 (U.S. Environmental Protection Agency, 1994a; U.S. Environmental
Protection Agency, 1994b; U.S. Environmental Protection Agency, 1995; U.S. Environmental
Protection Agency, 2000), and the EPA Science Advisory Board has recently recommended reconsideration of many issues in the EPA assessment. (Paustenbach, 2002; Science Advisory
Board, 2001). A committee of the U.S. National Academy of Sciences has been appointed to
evaluate the risks from dioxins in the diet.
The IARC evaluated TCDD as a human carcinogen (Group 1) on the basis of overall
cancer mortality, even though no specific type of cancer was found to be increased in the epidemiological studies of formerly highly-exposed workers (International Agency for Research on
Cancer, 1997). An IARC evaluation based on overall cancer mortality is unprecedented. With
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respect to risks, IARC concluded that “Evaluation of the relationship between the magnitude of
the exposure in experimental systems and the magnitude of the response (i.e. dose-response relationships) do not permit conclusions to be drawn on the human health risks from background exposures to 2,3,7,8-TCDD.” (International Agency for Research on Cancer, 1997, p. 342) The
U.S. NTP Ninth Report on Carcinogens concurred with IARC in the human carcinogen evaluation (U.S. National Toxicology Program, 2000b; U.S. National Toxicology Program, 2001). The
EPA characterized TCDD as a “human carcinogen” but concluded that “there is no clear indication of increased disease in the general population attributable to dioxin-like compounds.” (U.S.
Environmental Protection Agency, 2000; U.S. Environmental Protection Agency, 2001) One
meta-analysis combined the worker studies and found that there was no increasing cancer mortality, overall or for a specific organ, with increasing exposure to TCDD (Starr, 2001). The most
recent meta-analysis, using additional follow-up data, found an increased trend in total cancer
mortality with increasing TCDD exposure (Crump et al., 2003).
Worldwide, dioxin has primarily been regulated by many groups on the basis of sensitive
reproductive and developmental (noncancer) effects in experimental animals, which have a
threshold. In contrast the U.S. EPA estimates have used cancer potency factors and a standard
linearized risk assessment model. The level of acceptable intake for humans has been judged
similarly by many groups: the World Health Organization (Van den Berg et al., 1998), the U.S.
Agency for Toxic Substances and Disease Registry (ATSDR) (Agency for Toxic Substances and
Disease Registry, 1998), the European Community (European Commission Scientific Committee
on Foods, 2001), Health and Welfare Canada (Ministry of Environment and Energy, 1997), and
the Japanese Environmental Agency (Japanese Environmental Agency, 1999). The acceptable
level set by these groups differs from the U.S. EPA assessments that are based on cancer: the
risks levels that are considered to be safe are 1,000 to 10,000 times higher (less stringent) than
the levels that the EPA draft documents would consider to be a negligible risks (one in a million
cancer risk). All of the agencies, including the U.S. EPA, have based their evaluations on Toxic
Equivalency (TEQ), a method which combines exposures to all dioxins and dioxin-like compounds. These agencies also take into consideration the body burden doses of dioxins in humans
due to bioaccumulation in lipid. There are uncertainties in these methods, e.g., the TEQ method
assumes that the toxic effects of many compounds are additive; however antagonistic effects
have been reported among these chemicals in experimental studies (European Commission
Scientific Committee on Foods, 2000). The EPA risk estimates thus provide a worst-case risk;
actual risks are unlikely to be greater and may be substantially less. The EPA Science Advisory
Board (SAB) has recommended reconsideration of many aspects of the EPA cancer risk assessment, including the issue of classification as a known human carcinogen, methods to estimate
cancer potency and noncancer effects, uncertainties in estimation of body burden of dioxins, and
consideration of dose-response curves other than a linear one (Agency for Toxic Substances and
Disease Registry, 1998; Paustenbach, 2002; Science Advisory Board, 2001).
In the HERP table, the value of 0.0003%, which is for average U.S. intake of TCDD, is
below the median of the values in the table. If the exposures to all dioxin-like compounds were
used for the exposure estimate (TEQ), then the HERP value would be 10 times greater. If the
body burden of these combined dioxins were also considered in HERP, as the EPA has done in
its risk assessment, then the combined effect of these two factors would make the HERP value
30 times greater, (HERP would be 0.01%, but would not be comparable to the other HERP values in the table because of combining exposures to several chemicals [TEQ] and considering exposure due to bioaccumulation).
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In sum, the HERP analysis demonstrates the ubiquitous exposures to rodent carcinogens in everyday life, and documents that possible hazards to the background of naturally-occurring rodent
carcinogens occur throughout the ranking. Widespread exposures to naturally-occurring rodent
carcinogens cast doubt on the relevance to human cancer of low-level exposures to synthetic rodent carcinogens. In regulatory efforts to prevent human cancer, the evaluation of low-level exposures to synthetic chemicals has had a high priority. Our results indicate, however, that a high
percentage of both natural and synthetic chemicals are rodent carcinogens at the MTD, that tumor incidence data from rodent bioassays are not adequate to assess low-dose risk. Moreover,
there is an imbalance in testing of synthetic chemicals compared to natural chemicals. There is a
background of natural chemicals in the diet that rank at or near the median HERP value, even
though so few natural chemicals have been tested in rodent bioassays. In the table, 90% of the
HERP values are above the level that has been used for as the virtually safe dose (VSD at one-ina-million risk) in regulatory policy for rodent carcinogens.
Caution is necessary in drawing conclusions from the occurrence in the diet of natural
chemicals that are rodent carcinogens. It is not argued here that these dietary exposures are necessarily of much relevance to human cancer. The major known causes of human cancer are not
single chemicals agents like those studied in rodent bioassays.
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Appendix: Calculation of HERP
The HERP index takes into account both human exposures and the carcinogenic dose to
rodents and compares them. HERP values indicate what percentage of the rodent carcinogenic
daily dose (mg/kg/day) for 50% of test animals, a person receives from an average daily exposure (mg/kg/day).
For example, methyleugenol is a chemical that is carcinogenic in rats and mice and has a
HERP value of 0.004% for average daily U.S. consumption in food from its natural occurrence,
and 0.0006% for average daily U.S. consumption as a synthetic food additive. Below is an example of the HERP calculation for methyleugenol that occurs naturally.
Data are available indicating that average methyleugenol consumption in the U.S. from
natural occurrence in food is 46.2 µg/day (Smith et al., 2002). The calculation of HERP from
the values in the HERP table for methyleugenol is as follows:
1. Human dose of rodent carcinogen is 46.2 µg/day / 70 kg body weight = 0.66 µg/kg/day
(=0.00066 mg/kg/day).
2. Rodent potency: the TD50 in mice is 18.6 mg/kg/day
0.00066 mg / kg / day human exposure
3. Possible hazard (HERP) is:
= 0.00004 ;
18.6 mg / kg/ day TD 50
0.00004 × 100 = 0.004%

The TD50 values used in HERP are averages for rats and mice separately, calculated by taking the
harmonic mean of the TD50 values from positive experiments in each species. For methyleugenol
the TD 50 in rats is 19.7 mg/kg/day and in mice 18.6 mg/kg/day. Since the mouse TD50 is lower
(more potent), this value is used in HERP. Experiments in the CPDB that do not show an increase in tumors are ignored in HERP.
The TD50 value for rats or mice in the HERP table is a harmonic mean of the most potent
TD50 values from each positive experiment. The harmonic mean (TH) is defined as:
1
TH = 1 n 1
∑
n i=1 Ti

—20—
References
Based on: Gold, L.S., Slone, T.H., Manley, N.M. and Ames, B.N. Misconceptions about the
Causes of Cancer. Vancouver: Fraser Institute (2002).
Adams, T. B., Doull, J., Goodman, J. I., Munro, I. C., Newberne, P., Portoghese, P. S., Smith, R.
L., Wagner, B. M., Weil, C. S., Woods, L. A., and Ford, R. A. (1997). The FEMA GRAS
assessment of furfural used as a flavour ingredient. Food Chem. Toxicol. 35, 739-751.
Adamson, R. H., Takayama, S., Sugimura, T., and Thorgeirsson, U. P. (1994). Induction of
hepatocellular carcinoma in nonhuman primates by the food mutagen 2-amino-3methylimidazo[4,5-f]quinoline. Environ. Health Perspect. 102, 190-193.
Agency for Toxic Substances and Disease Registry (1998). Toxicological Profile for Chlorinated
Dibenzo-p-dioxins (CDDs). Centers for Disease Control, Atlanta, GA.
Agency for Toxic Substances and Disease Registry (2002). Toxicological Profile for DDT, DDE,
and DDD. Centers for Disease Control, Atlanta, GA.
American Medical Association Division of Drugs (1983). AMA Drug Evaluations. AMA,
Chicago, IL.
American
Water
Works
Association.
Government
Affairs
Office
(1993).
Disinfectant/Disinfection By-Products Database for the Negotiated Regulation. AWWA,
Washington, DC.
Ames, B. N., and Gold, L. S. (1989). Letter: Pesticides, risk, and applesauce. Science 244, 755757.
Ames, B. N., and Gold, L. S. (1991). Risk assessment of pesticides. Chem. Eng. News 69, 28-32,
48-49.
Ames, B. N., Magaw, R., and Gold, L. S. (1987). Ranking possible carcinogenic hazards.
Science 236, 271-280.
Ames, B. N., Profet, M., and Gold, L. S. (1990a). Dietary pesticides (99.99% all natural). Proc.
Natl. Acad. Sci. USA 87, 7777-7781.
Ames, B. N., Profet, M., and Gold, L. S. (1990b). Nature’s chemicals and synthetic chemicals:
Comparative toxicology. Proc. Natl. Acad. Sci. USA 87, 7782-7786.
Andrasik, J., and Cloutet, D. (1990). Monitoring solvent vapors in drycleaning plants. Int.
Fabricare Inst. Focus Dry Cleaning 14, 1-8.
Arky, R. (1998). Physicians’ Desk Reference. Medical Economics Company, Montvale, NJ.
Beer Institute (1999). 1999 Brewers Almanac. Beer Institute, Washington, DC.
Beier, R. C., Ivie, G. W., Oertli, E. H., and Holt, D. L. (1983). HPLC analysis of linear
furocoumarins (psoralens) in healthy celery Apium graveolens. Food Chem. Toxicol. 21, 163165.
Bejnarowicz, E. A., and Kirch, E. R. (1963). Gas chromatographic analysis of oil of nutmeg. J.
Pharm. Sci. 52, 988-993.
Bernstein, L., Ross, R. K., and Pike, M. C. (1990). Hormone levels in older women; a study of
postmenopausal breast cancer patients and healthy population controls. Br. J. Cancer 61, 298302.
Bieler, C. A., Stiborova, M., Wiessler, M., Cosyns, J. P., van Ypersele de Strihou, C., and
Schmeiser, H. H. (1997). 32P-post-labelling analysis of DNA adducts formed by aristolochic
acid in tissues from patients with Chinese herbs nephropathy. Carcinogenesis 18, 1063-1067.

—21—
Birnbaum, L. S. (1994). The mechanism of dioxin toxicity: Relationship to risk assessment.
Environ. Health Perspect. 102 (Suppl. 9), 157-167.
Bjerre, L. M., and LeLorier, J. (2001). Do statins cause cancer? A meta-analysis of large
randomized clinical trials. Am. J. Med. 110, 716-723.
Blair, A., Stewart, P. A., Zaebst, D. D., Pottern, L., Zey, J. N., Bloom, T. F., Miller, B., Ward, E.,
and Lubin, J. (1998). Mortality of industrial workers exposed to acrylonitrile. Scand. J. Work
Environ. Health 24 (Suppl. 2), 25-41.
Bogen, K. T., and Gold, L. S. (1997). Trichloroethylene cancer risk: Simplified calculation of
PBPK-based MCLs for cytotoxic endpoints. Regul. Toxicol. Pharmacol. 25, 26-42,
http://www.idealibrary.com/links/doi/10.1006/rtph.1996.1070/pdf.
Bogen, K. T., and Keating, G. A. (2001). U.S. dietary exposures to heterocyclic amines. J.
Expos. Anal. Environ. Epidem. 11, 155-168.
Botterweck, A. A. M., Verhagen, H., Goldbohm, R. A., Kleinjans, J., and van den Brandt, P. A.
(2000). Intake of butylated hydroxyanisole and butylated hydroxytoluene and stomach cancer
risk: Results from analyses in the Netherlands cohort study. Food Chem. Toxicol. 38, 599605.
Bradfield, C. A., and Bjeldanes, L. F. (1987). Structure-activity relationships of dietary indoles:
A proposed mechanism of action as modifiers of xenobiotic metabolism. J. Toxicol. Environ.
Health 21, 311-323.
Burdock, G. A. (2000). Dietary supplements and lessons to be learned from GRAS. Regul.
Toxicol. Pharmacol. 31, 68-76.
California Department of Health Services (1985). EDB Criteria Document. CDHS, Sacramento,
CA.
California Environmental Protection Agency. Standards and Criteria Work Group (1994).
California Cancer Potency Factors: Update. CalEPA, Sacramento.
Canada Gazette (1995). The Food and Drugs Act.
Canas, B. J., Havery, D. C., Robinson, L. R., Sullivan, M. P., Joe, F. L., Jr., and Diachenko, G.
W. (1989). Chemical contaminants monitoring: Ethyl carbamate levels in selected fermented
foods and beverages. J. Assoc. Off. Anal. Chem. 72, 873-876.
Cattley, R. C., Illingworth, D. R., Laws, A., Pahor, M., Tobert, J. A., Newman, T. B., and
Hulley, S. B. (1996). Carcinogenicity of lipid-lowering drugs (letters). JAMA 275, 1479-1482.
Chaudhary, S. K., Ceska, O., Tétu, C., Warrington, P. J., Ashwood-Smith, M. J., and Poulton, G.
A. (1986). Oxypeucedanin, a major furocoumarin in parsley, Petroselinum crispum. Planta
Med. 6, 462-464.
Chauhan, Y., Nagel, D., Gross, M., Cerny, R., and Toth, B. (1985). Isolation of N2-[γ-L-(+)glutamyl]-4-carboxyphenylhydrazine in the cultivated mushroom Agaricus bisporus. J. Agric.
Food Chem. 33, 817-820.
Childs, M., and Girardot, G. (1992). Bilan des données acquises sur le risque à long terme des
traitements hypolipidémiants. Arch. Mal. Coeur Vaiss. 85(Spec. No. 2), 129-133.
Clarke, R. J., and Macrae, R., eds. (1988). Coffee. Elsevier, New York.
Clayson, D. B., Iverson, F., Nera, E. A., and Lok, E. (1990). The significance of induced
forestomach tumors. Annu. Rev. Pharmacol. Toxicol. 30, 441-463.
Coffee Research Institute (2001). Consumption in the United States, Vol. 2002. Coffee Research
Institute. http://www.coffeeresearch.org/market/usa.htm
Cohen, S. M. (1995). Role of urinary physiology and chemistry in bladder carcinogenesis. Food
Chem. Toxicol. 33, 715-730.

—22—
Collins, J. J., Swaen, G. M., Marsh, G. M., Utidjian, H. M., Caporossi, J. C., and Lucas, L. J.
(1989). Mortality patterns among workers exposed to acrylamide. J. Occup. Med. 31, 614617.
Connor, T. H., Theiss, J. C., Hanna, H. A., Monteith, D. K., and Matney, T. S. (1985).
Genotoxicity of organic chemicals frequently found in the air of mobile homes. Toxicol.
Letters 25, 33-40.
CONSAD Research Corporation (1990). Final report. Economic analysis of OSHA’s proposed
standards for methylene chloride.
Contrera, J., Jacobs, A., and DeGeorge, J. (1997). Carcinogenicity testing and the evaluation of
regulatory requirements for pharmaceuticals. Regul. Toxicol. Pharmacol. 25, 130-145.
Cosyns, J.-P., Dehoux, J.-P., Guiot, Y., Goebbels, R.-M., Robert, A., Bernard, A. M., and van
Ypersele de Strihou, C. (2001). Chronic aristolochic acid toxicity in rabbits: A model of
Chinese herbs nephropathy? Kidney Int. 59, 2164-2173.
Crump, K. S., Canady, R., and Kogevinas, M. (2003). Meta-analysis of dioxin cancer dose
response for three occupational cohorts. Environ. Health Perspect. 111, 681-687.
Culvenor, C. C. J., Clarke, M., Edgar, J. A., Frahn, J. L., Jago, M. V., Peterson, J. E., and Smith,
L. W. (1980). Structure and toxicity of the alkaloids of Russian comfrey (Symphytum x
Uplandicum nyman), a medicinal herb and item of human diet. Experientia 36, 377-379.
Dashwood, R. H. (1998). Indole-3-carbinol: Anticarcinogen or tumor promoter in Brassica
vegetables? Chem.-Biol. Interact. 110, 1-5.
Davies, T. S., and Monro, A. (1995). Marketed human pharmaceuticals reported to be
tumorigenic in rodents. J. Am. Coll. Toxicol. 14, 90-107.
Duggan, R. E., and Corneliussen, P. E. (1972). Dietary intake of pesticide chemicals in the
United States (III), June 1968-April 1970. Pest. Monit. J. 5, 331-341.
El-Serag, H. B., and Mason, A. C. (1999). Rising incidence of hepatocellular carcinoma in the
United States. N. Engl. J. Med. 340, 745-750.
Engel, K. H., and Tressl, R. (1983). Studies on the volatile components of two mango varieties.
J. Agric. Food Chem. 31, 796-801.
European Commission Scientific Committee on Foods (2000). Opinion of the SCF on the Risk
Assessment of Dioxins and Dioxin-like PCBs in Food. European Commisssion, Brussels,
Belgium.
European Commission Scientific Committee on Foods (2001). Opinion of the Scientific
Committee on Food on the Risk Assessment of Dioxins and Dioxin-like PCBs in Food.
Update Based on New Scientific Information Available Since the Adoption of the SCF Opinion
of 22nd November 2000. European Commisssion, Brussels, Belgium.
Fazio, T., Havery, D. C., and Howard, J. W. (1980). Determination of volatile N-nitrosamines in
foodstuffs: I. A new clean-up technique for confirmation by GLC-MS. II. A continued
survey of foods and beverages. In N-Nitroso Compounds: Analysis, Formation and
Occurrence (E. A. Walker, L. Griciute, M. Castegnaro and M. Borzsonyi, eds.), Vol. 31, pp.
419-435. International Agency for Research on Cancer, Lyon, France.
Fernandez-Salguero, P. M., Hilbert, D. M., Rudikoff, S., Ward, J. M., and Gonzalez, F. J. (1996).
Aryl-hydrocarbon receptor-deficient mice are resistant to 2,3,7,8-tetrachlorodibenzo-p-dioxininduced toxicity. Toxicol. Appl. Pharmacol. 140, 173-179.
Freidman, G. D., and Habel, L. A. (1999). Barbiturates and lung cancer: A re-evaluation. Int. J.
Cancer 28, 375-379.

—23—
Gammon, M. D., Wolff, M. S., Neugut, A. I., Eng, S. M., Teitelbaum, S. L., Britton, J. A., Terry,
M. B., Levin, B., Stellman, S. D., Kabat, G. C., Hatch, M., Senie, R., Berkowitz, G., Bradlow,
H. L., Garbowski, G., Maffeo, C., Montalvan, P., Kemeny, M., Citron, M., Schnabel, F.,
Schuss, A., Hajdu, S., Vinceguerra, V., Niguidula, N., Ireland, K., and Santella, R. M. (2002).
Environmental Toxins and Breast Cancer on Long Island. II. Organochlorine Compound
Levels in Blood. Cancer Epidemiol. Biomarkers Prev. 11, 686-697.
Gartrell, M. J., Craun, J. C., Podrebarac, D. S., and Gunderson, E. L. (1986). Pesticides, selected
elements, and other chemicals in adult total diet samples, October 1980-March 1982. J. Assoc.
Off. Anal. Chem. 69, 146-161.
Glória, M. B. A., Barbour, J. F., and Scanlan, R. A. (1997). N-nitrosodimethylamine in Brazilian,
U.S. domestic, and U.S. imported beers. J. Agric. Food Chem. 45, 814-816.
Gold, L. S., Backman, G. M., Hooper, N. K., and Peto, R. (1987). Ranking the potential
carcinogenic hazards to workers from exposures to chemicals that are tumorigenic in rodents.
Environ. Health Perspect. 76, 211-219.
Gold, L. S., Garfinkel, G. B., and Slone, T. H. (1994a). Setting priorities among possible
carcinogenic hazards in the workplace. In Chemical Risk Assessment and Occupational
Health: Current Applications, Limitations, and Future Prospects (C. M. Smith, D. C.
Christiani and K. T. Kelsey, eds.), pp. 91-103. Auburn House, Westport, CT.
Gold, L. S., Manley, N. B., Slone, T. H., and Rohrbach, L. (1999). Supplement to the
Carcinogenic Potency Database (CPDB): Results of animal bioassays published in the general
literature in 1993 to 1994 and by the National Toxicology Program in 1995 to 1996. Environ.
Health Perspect. 107(Suppl. 4), 527-600, http://ehpnet1.niehs.nih.gov/docs/1999/suppl4/toc.html.
Gold, L. S., Slone, T. H., and Ames, B. N. (1997a). Overview of Analyses of the Carcinogenic
Potency Database. In Handbook of Carcinogenic Potency and Genotoxicity Databases (L. S.
Gold and E. Zeiger, eds.), pp. 661-685. CRC Press, Boca Raton, FL.
Gold, L. S., Slone, T. H., and Ames, B. N. (1997b). Prioritization of possible carcinogenic
hazards in food. In Food Chemical Risk Analysis (D. R. Tennant, ed., pp. 267-295. Chapman
and Hall, London.
Gold, L. S., Slone, T. H., Ames, B. N., and Manley, N. B. (2001). Pesticide residues in food and
cancer risk: A critical analysis. In Handbook of Pesticide Toxicology (R. I. Krieger, ed., Vol.
1, pp. 799-843. Academic Press, New York.
Gold, L. S., Slone, T. H., Ames, B. N., Manley, N. B., Garfinkel, G. B., and Rohrbach, L.
(1997c). Carcinogenic Potency Database. In Handbook of Carcinogenic Potency and
Genotoxicity Databases (L. S. Gold and E. Zeiger, eds.), pp. 1-605. CRC Press, Boca Raton,
FL.
Gold, L. S., Slone, T. H., Manley, N. B., and Ames, B. N. (1994b). Heterocyclic amines formed
by cooking food: Comparison of bioassay results with other chemicals in the Carcinogenic
Potency Database. Cancer Lett. 83, 21-29.
Gold, L. S., Slone, T. H., Stern, B. R., Manley, N. B., and Ames, B. N. (1992). Rodent
carcinogens:
Setting
priorities.
Science
258,
261-265,
http://potency.berkeley.edu/text/science.html.
Gold, L. S., Stern, B. R., Slone, T. H., Brown, J. P., Manley, N. B., and Ames, B. N. (1997d).
Pesticide residues in food: Investigation of disparities in cancer risk estimates. Cancer Lett.
117, 195-207, http://potency.berkeley.edu/text/pesticide.html.

—24—
Gold, L. S., and Zeiger, E., eds. (1997). Handbook of Carcinogenic Potency and Genotoxicity
Databases. CRC Press, Boca Raton, FL.
Gribble, G. W. (1996). The diversity of natural organochlorines in living organisms. Pure Appl.
Chem. 68, 1699-1712.
Groopman, J. D., Zhu, J. Q., Donahue, P. R., Pikul, A., Zhang, L. S., Chen, J. S., and Wogan, G.
N. (1992). Molecular dosimetry of urinary aflatoxin-DNA adducts in people living in Guangxi
Autonomous Region, People’s Republic of China. Cancer Res. 52, 45-52.
Gruenwald, J., Brendler, T., and Jaenicke, C., eds. (1998). PDR for Herbal Medicines. Medical
Economics Company, Montvale, NJ.
Guallar, E., and Goodman, S. N. (2001). Statins and cancer: A case of meta-uncertainty. Am. J.
Med. 110, 738-740.
Gunderson, E. L. (1995). Dietary intakes of pesticides, selected elements, and other chemicals:
FDA Total Diet Study, June 1984-April 1986. J. Assoc. Off. Anal. Chem. 78, 910-921.
Hall, R. L., Henry, S. H., Scheuplein, R. J., Dull, B. J., and Rulis, A. M. (1989). Comparison of
the carcinogenic risks of naturally occurring and adventitious substances in food. In Food
Toxicology: A Perspective on the Relative Risks (S. L. Taylor and R. A. Scanlan, eds.), pp.
205-224. Marcel Dekker Inc., New York.
Hard, G. C., and Whysner, J. (1994). Risk assessment of d-limonene: An example of male ratspecific renal tumorigens. Crit. Rev. Toxicol. 24, 231-254.
Havel, R. J., and Kane, J. P. (1982). Therapy of hyperlipidemic states. Ann. Rev. Med. 33, 417.
Hayashi, F., Tamura, H., Yamada, J., Kasai, H., and Suga, T. (1994). Characteristics of the
hepatocarcinogenesis caused by dehydroepiandrosterone, a peroxisome proliferator, in male
F-344 rats. Carcinogenesis 15, 2215-2219.
Health Canada (1995). Drugs Directorate Policy on Herbals used as Non-medicinal Ingredients
in Nonprescription Drugs in Human Use, Vol. 2001. Health Canada. http://www.hcsc.gc.ca/hpb-dgps/therapeut/zfiles/english/policy/issued/herbnmi_e.html
Health Canada (2000). Food and Drugs Act and Regulations, Vol. 2001. Health Canada.
http://www.hc-sc.gc.ca/foodaliment/english/publications/acts_and_regulations/food_and_drugs_acts/index.html
Hecht, S. S., and Hoffmann, D. (1998). N-nitroso compounds and man: sources of exposure,
endogenous formation and occurrence in body fluids. Eur. J. Cancer Prev. 7, 165-166.
Heinrich, L., and Baltes, W. (1987). Über die Bestimmung von Phenolen im Kaffeegetränk. Z.
Lebensm. Unters. Forsch. 185, 362-365.
Herrmann, K. (1978). Review on nonessential constituents of vegetables. III. Carrots, celery,
parsnips, beets, spinach, lettuce, endives, chicory, rhubarb, and artichokes. Z. Lebensm.
Unters. Forsch. 167, 262-273.
Hirono, I., Mori, H., and Haga, M. (1978). Carcinogenic activity of Symphytum officinale. J.
Natl. Cancer Inst. 61, 865-868.
Huxtable, R. (1995). Pyrrolizidine alkaloids: Fascinating plant poisons. Newsletter, Center for
Toxicology, Southwest Environmental Health Sciences Center Fall, 1-3.
Ince, N., and Wands, J. R. (1999). The increasing incidence of hepatocellular carcinoma. N.
Engl. J. Med. 340, 798-799.
International Agency for Research on Cancer (1971-2002). IARC Monographs on the Evaluation
of Carcinogenic Risk of Chemicals to Humans. IARC, Lyon, France.
International Agency for Research on Cancer (1991). Coffee, Tea, Mate, Methylxanthines and
Methylglyoxal. IARC, Lyon, France.

—25—
International Agency for Research on Cancer (1993). Some Naturally Occurring Substances:
Food Items, Constituents, and Heterocyclic Aromatic Amines and Mycotoxins. IARC, Lyon,
France.
International Agency for Research on Cancer (1996). Some Pharmaceutical Drugs. IARC, Lyon,
France.
International Agency for Research on Cancer (1997). Polychlorinated Dibenzo-para-dioxins and
Polychlorinated Dibenzofurans. IARC, Lyon, France.
International Agency for Research on Cancer (1999a). Re-Evaluation of Some Organic
Chemicals, Hydrazine and Hydrogen Peroxide. IARC, Lyon, France.
International Agency for Research on Cancer (1999b). Some Chemicals That Cause Tumours of
the Kidney or Urinary Bladder in Rodents and Some Other Substances. IARC, Lyon, France.
International Agency for Research on Cancer (2002). Some Traditional Herbal Medicines, Some
Mycotoxins, Naphthalene and Styrene. IARC, Lyon, France.
International Life Sciences Institute (February 1996). Occurrence and significance of ochratoxin
A in food. ILSI Europe Workshop, 10-12 January 1996, Aix-en-Provence, France. ILSI
Europe Newsletter, 3.
Ivie, G. W., Holt, D. L., and Ivey, M. (1981). Natural toxicants in human foods: Psoralens in raw
and cooked parsnip root. Science 213, 909-910.
Japanese Environmental Agency (1999). Report on the Tolerable Daily Intake (TDI) of Dioxin
and Related Compounds. Ministry of Health and Welfare, Tokyo.
Jukes, T. H. (1974). DDT. JAMA 229, 571-573.
Keating, G. A., and Bogen, K. T. (2001). Methods for estimating heterocyclic amine
concentrations in cooked meats in the US diet. Food Chem. Toxicol. 39, 29-43.
Kelloff, G. J., Boone, C. W., Crowell, J. A., Steele, V. E., Lubet, R. A., Doody, L. A., Malone,
W. F., Hawk, E. T., and Sigman, C. C. (1996a). New agents for cancer chemoprevention. J.
Cell Biochem. Suppl. 26, 1-28.
Kelloff, G. J., Crowell, J. A., Hawk, E. T., Steele, V. E., Lubet, R. A., Boone, C. W., Covey, J.
M., Doody, L. A., Omenn, G. S., Greenwald, P., Hong, W. K., Parkinson, D. R., Bagheri, D.,
Baxter, G. T., Blunden, M., Doeltz, M. K., Eisenhauer, K. M., Johnson, K., Knapp, G. G.,
Longfellow, G., Malone, W. F., Nayfield, S. G., Seifried, H. E., Swall, L. M., and Sigman, C.
C. (1996b). Strategy and planning for chemopreventive drug development: Clinical
development plans II. J. Cell Biochem. Suppl. 26, 54-71.
Key, T., and Reeves, G. (1994). Organochlorines in the environment and breast cancer. Br. Med.
J. 308, 1520-1521.
Knize, M. G., Dolbeare, F. A., Carroll, K. L., Moore II, D. H., and Felton, J. S. (1994). Effect of
cooking time and temperature on the heterocyclic amine content of fried beef patties. Food
Chem. Toxicol. 32, 595-603.
Krul, C., Humblot, C., Philippe, C., Vermeulen, M., van Nuenen, M., Havenaar, R., and Rabot,
S. (2002). Metabolism of sinigrin (2-propenyl glucosinolate) by the human colonic microflora
in a dynamic in vitro large-intestinal model. Carcinogenesis 23, 1009-1016.
Kuiper-Goodman, T., and Scott, P. M. (1989). Risk assessment of the mycotoxin ochratoxin A.
Biomed. Environ. Sci. 2, 179-248.
Laden, F., Hankinson, S. E., Wolff, M. S., Colditz, G. A., Willett, W. C., Speizer, F. E., and
Hunter, D. J. (2001). Plasma organochlorine levels and the risk of breast cancer: An extended
follow-up in the Nurses’ Health Study. Int. J. Cancer 91, 568-574.

—26—
Lau, V. K., and Lindsay, R. C. (1972). Quantification of monocarbonyl compounds in staling
beer. Master Brew. Assoc. Am. Tech. Q. 9, xvii-xviii.
Lijinsky, W. (1999). N-Nitroso compounds in the diet. Mutat. Res. 443, 129-138.
Lucas, C. D., Putanm, J. D., and Hallagan, J. B. (1999). 1995 Poundage and Technical Effects
Update Survey. Flavor and Extract Manufacturer‘s Association of the United States,
Washington, DC.
Marsh, G. M., Lucas, L. J., Youk, A. O., and Schall, L. C. (1999). Mortality patterns among
workers exposed to acrylamide: 1994 follow up. Occup. Environ. Med. 56, 181-190.
Matanoski, G., Francis, M., Correa-Villaseñor, A., Elliot, E., Santos-Brugoa, C., and Schwartz,
L. (1993). Cancer epidemiology among styrene-butadiene rubber workers. IARC Sci. Pub.
127, 363-374.
Matsumoto, K., Ito, M., Yagyu, S., Ogino, H., and Hirono, I. (1991). Carcinogenicity
examination of Agaricus bisporus, edible mushroom, in rats. Cancer Lett. 58, 87-90.
McCann, J., Horn, L., Girman, J., and Nero, A. V. (1987). Potential risks from exposure to
organic carcinogens in indoor air. In Short-Term Bioassays in the Analysis of Complex
Environmental Mixtures (S. S. Sandhu, D. M. deMarini, M. J. Mass, M. M. Moore and J. L.
Mumford, eds.), Vol. 36, pp. 325-354. Plenum, New York.
McCormick, D. L., Rao, K. V. N., Johnson, W. D., Bowman-Gram, T. A., Steele, V. E., Lubet,
R. A., and Kelloff, G. J. (1996). Exceptional chemopreventive activity of low-dose
dehydroepiandrosterone in the rat mammary gland. Cancer Res. 56, 1724-1726.
McKone, T. E. (1987). Human exposure to volatile organic compounds in household tap water:
The indoor inhalation pathway. Environ. Sci. Technol. 21, 1194-1201.
McKone, T. E. (1993). Linking a PBPK model for chloroform with measured breath
concentrations in showers: Implications for dermal exposure models. J. Expo. Anal. Environ.
Epidemiol. 3, 339-365.
McLean, A. E. M., Driver, H. E., Lowe, D., and Sutherland, I. (1986). Thresholds for tumour
promotion by phenobarbital after nitrosamine exposure in rat and man (Abstract). Toxicol.
Letters 31 (Suppl.), 200.
Mengs, U. (1982). The carcinogenic action of aristolochic acid in rats. Arch. Toxicol. 51, 107119.
Mengs, U. (1988). Tumour induction in mice following exposure to aristolochic acid. Arch.
Toxicol. 61, 504-505.
Ministry of Environment and Energy (1997). Green Facts: Environment and Energy Topics at a
Glance. Dioxins and Furans. Ministry of Environment and Energy, Toronto, Ontario.
Mosel, H. D., and Herrmann, K. (1974). The phenolics of fruits. III. The contents of catechins
and hydroxycinnamic acids in pome and stone fruits. Z. Lebensm. Unters. Forsch. 154, 6-11.
Mucci, L. A., Dickman, P. W., Steineck, G., Adami, H.-O., and Augustsson, K. (2003). Dietary
acrylamide and cancer of the large bowel, kidney, and bladder: Absense of an association in a
population-based study in Sweden. Br. J. Cancer 88, 84-89.
National Cancer Institute of Canada (2001). Canadian Cancer Statistics 2001. NCIC, Toronto,
Canada.
National Research Council (1979). The 1977 Survey of Industry on the Use of Food Additives.
National Academy Press, Washington, DC.
National Research Council (1987). Regulating Pesticides in Food: The Delaney Paradox.
National Academy Press, Washington, DC.

—27—
Nephew, T. M., Williams, G. D., Stinson, F. S., Nguyen, K., and Dufour, M. C. (2000).
Surveillance Report #55: Apparent Per Capita Alcohol Consumption: National, State and
Regional Trends, 1977-1998. National Institute on Alcohol Abuse and Alcoholism, Rockvill,
MD.
Neurath, G. B., Dünger, M., Pein, F. G., Ambrosius, D., and Schreiber, O. (1977). Primary and
secondary amines in the human environment. Food Cosmet. Toxicol. 15, 275-282.
Nijssen, L. M., Visscher, C. A., Maarse, H., Willemsens, L. C., and Boelens, M. H., eds. (1996).
Volatile Compounds in Foods. Qualitative and Quantitative Data. TNO-CIVO Food Analysis
Institute, Zeist, The Netherlands.
Nortier, J. L., Muniz Martinez, M.-C., Schmeiser, H. H., Arlt, V. M., Bieler, C. A., Petein, M.,
Depierreux, M. F., De Pauw, L., Abramowicz, D., Vereerstraeten, P., and Vanherweghem, J.L. (2000). Urothelial carcinoma associated with the use of a Chinese herb (Aristolochia
fangchi). N. Engl. J. Med. 342, 1686-1692.
Oelkers, W. (1999). Dehydroepiandrosterone for adrenal insufficiency. N. Engl. J. Med. 341,
1073-1074.
Ogawa, K., Tsuda, H., Shirai, T., Ogiso, T., Wakabayashi, K., Dalgard, D. W., Thorgeirsson, U.
P., Thorgeirsson, S. S., Adamson, R. H., and Sugimura, T. (1999). Lack of carcinogenicity of
2-amino-3,8-dimethylimidazo[4,5-f]quinoxaline (MeIQx) in cynomolgus monkeys. Jpn. J.
Cancer Res. 90, 622-628.
Ott, M. G., Scharnweber, H. C., and Langner, R. R. (1980). Mortality experience of 161
employees exposed to ethylene dibromide in two production units. Br. J. Ind. Med. 37, 163168.
Page, N. P., and Arthur, J. L. (1978). Special Occupational Hazard Review of Trichloroethylene.
National Institute for Occupational Safety and Health, Rockville, MD.
Paustenbach, D. J. (2002). The U.S. EPA Science Advisory Board Evaluation (2001) of the EPA
Dioxin Reassessment. Regul. Toxicol. Pharmacol. 36, 211-219.
Pelucchi, C., Franceschi, S., Levi, F., Trichopoulos, D., Bosetti, C., Negri, E., and La Vecchia,
C. (2003). Fried potatoes and human cancer. Int. J. Cancer 105, 558-560.
Pfeffer, M. A., Keech, A., Sacks, F. M., Cobbe, S. M., Tonkin, A., Byington, R. P., Davis, B. R.,
Friedman, C. P., and Braunwald, E. (2002). Safety and tolerability of pravastatin in long-term
clinical trials: prospective Pravastatin Pooling (PPP) Project. Circulation 105, 2341-2346.
Podrebarac, D. S. (1984). Pesticide, metal, and other chemical residues in adult total diet
samples. (XIV). October 1977-September 1978. J. Assoc. Off. Anal. Chem. 67, 176-185.
Pons, W. A., Jr. (1979). High pressure liquid chromatographic determination of aflatoxins in
corn. J. Assoc. Off. Anal. Chem. 62, 586-594.
Poole, S. K., and Poole, C. F. (1994). Thin-layer chromatographic method for the determination
of the principal polar aromatic flavour compounds of the cinnamons of commerce. Analyst
119, 113-120.
Prakash, A. S., Pereira, T. N., Reilly, P. E. B., and Seawright, A. A. (1999). Pyrrolizidine
alkaloids in human diet. Mutat. Res. 443, 53-57.
Preussmann, R., and Eisenbrand, G. (1984). N-nitroso carcinogens in the environment. In
Chemical Carcinogenesis (C. E. Searle, ed., Vol. 2, pp. 829-868. American Chemical Society
(ACS), Washington DC.
Qian, G.-S., Ross, R. K., Yu, M. C., Yuan, J.-M., Henderson, B. E., Wogan, G. N., and
Groopman, J. D. (1994). A follow-up study of urinary markers of aflatoxin exposure and liver

—28—
cancer risk in Shanghai, People’s Republic of China. Cancer Epidemiol. Biomarkers Prev. 3,
3-10.
Rahn, W., and König, W. A. (1978). GC/MS investigations of the constituents in a diethyl ether
extract of an acidified roast coffee infusion. J. High Resolut. Chromatogr. Chromatogr.
Commun. 1002, 69-71.
Ramsey, J. C., Park, C. N., Ott, M. G., and Gehring, P. J. (1978). Carcinogenic risk assessment:
Ethylene dibromide. Toxicol. Appl. Pharmacol. 47, 411-414.
Rao, M. S., Subbarao, V., Yeldandi, A. V., and Reddy, J. K. (1992). Hepatocarcinogenicity of
dehydroepiandrosterone in the rat. Cancer Res. 52, 2977-2979.
Rao, M. S., Subbarao, V., Yeldandi, A.V., and Reddy, J.K. (1992). Inhibition of spontaneous
testicular Leydig cell tumor development in F-344 rats by dehydroepiandrosterone. Cancer
Lett. 65.
Reddy, J. K., and Lalwani, N. D. (1983). Carcinogenesis by hepatic peroxisome proliferators :
Evaluation of the risk of hypolipidemic drugs and industrial plasticizers to humans. CRC Crit.
Rev. Toxicol. 12, 1-58.
Reid, D. P. (1993). Chinese Herbal Medicine. Shambhala, Boston.
Rice, J. M., Baan, R. A., Blettner, M., Genevois-Charmeau, C., Grosse, Y., McGregor, D. B.,
Partensky, C., and Wilbourn, J. D. (1999). Rodent tumors of urinary bladder, renal cortex, and
thyroid gland in IARC Monographs evaluations of carcinogenic risk to humans. Toxicol. Sci.
49, 166-171.
Ries, L. A. G., Eisner, M. P., Kosary, C. L., Hankey, B. F., Miller, B. A., Clegg, L., and
Edwards, B. K., eds. (2000). SEER Cancer Statistics Review, 1973-1997. National Cancer
Institute, Bethesda, MD.
Robisch, G., Schimmer, O., and Gogglemann, W. (1982). Aristolochic acid is a direct mutagen
in Salmonella typhimurium. Mutat. Res. 105, 201-204.
Safe, S., Wang, F., Porter, W., Duan, R., and McDougal, A. (1998). Ah receptor agonists as
endocrine disruptors: Antiestrogenic activity and mechanisms. Toxicol. Lett. 102-103, 343347.
Schecter, A., Cramer, P., Boggess, K., Stanley, J., Papke, O., Olson, J., Silver, A., and Schmitz,
M. (2001). Intake of dioxins and related compounds from food in the U.S. population. J.
Toxicol. Environ. Health A 63, 1-18.
Schettgen, T., Weiss, T., Drexler, H., and Angerer, H. (2003). A fist approach to estimate the
internal exposure to acrylamide in smoking and non-smoking adults from Germany. Int. J.
Environ. Health 206, 9-14.
Schmeiser, H. H., Bieler, C. A., Wiessler, M., van Ypersele de Strihou, C., and Cosyns, J.-P.
(1996). Detection of DNA adducts formed by aristolochic acid in renal tissue from patients
with Chinese herbs nephropathy. Cancer Res. 56, 2025-2028.
Schmidtlein, H., and Herrmann, K. (1975a). Über die Phenolsäuren des Gemüses. II.
Hydroxyzimtsäuren und Hydroxybenzoesäuren der Frucht- und Samengemüsearten. Z.
Lebensm. Unters.-Forsch. 159, 213-218.
Schmidtlein, H., and Herrmann, K. (1975b). Über die Phenolsäuren des Gemüses. IV.
Hydroxyzimtsäuren und Hydroxybenzösäuren weiterer Gemüsearten und der Kartoffeln. Z.
Lebensm. Unters. Forsch. 159, 255-263.
Schreier, P., Drawert, F., and Heindze, I. (1979). Über die quantitative Zusammensetzung
natürlicher und technologish veränderter pflanzlicher Aromen. Chem. Mikrobiol. Technol.
Lebensm. 6, 78-83.

—29—
Schwartz, A. G., Hard, G. C., Pashko, L. L., Abou-Gharbia, M., and Swern, D. (1981).
Dehydroepiandrosterone: An anti-obesity and anti-carcinogenic agent. Nutr. Cancer 3, 46-53.
Schwetz, B. A. (2001). Safety of aristolochic acid. JAMA 285, 2705.
Science Advisory Board (2001). An SAB Report: Review of the Office of Research and
Development’s Reassessment of Dioxin. U.S. Environmental Protection Agency, Washington,
DC.
Sen, N. P., Seaman, S., and Miles, W. F. (1979). Volatile nitrosamines in various cured meat
products: Effect of cooking and recent trends. J. Agric. Food Chem. 27, 1354-1357.
Shields, P. G., Xu, G. X., Blot, W. J., Fraumeni, J. F., Jr., Trivers, G. E., Pellizzari, E. D., Qu, Y.
H., Gao, Y. T., and Harris, C. C. (1995). Mutagens from heated Chinese and U.S. cooking
oils. J. Natl. Cancer Inst. 87, 836-841.
Siegal, D. M., Frankos, V. H., and Schneiderman, M. (1983). Formaldehyde risk assessment for
occupationally exposed workers. Reg. Toxicol. Pharm. 3, 355-371.
Smiciklas-Wright, H., Mitchell, D. C., Mickle, S. J., Cook, A. J., and Goldman, J. D. (2002).
Foods Commonly Eaten in the United States: Quantities Consumed Per Eating Occation and
in a Day, 1994-1996. U. S. Department of Agriculture, Beltsville, MD.
Smith, R. L., Adams, T. B., Doull, J., Feron, V. J., Goodman, J. I., Marnett, L. J., Protoghese, P.
S., Waddell, W. J., Wagner, B. M., Rogers, A. E., Caldwell, J., and Sipes, I. G. (2002). Safety
assessment of allylalkoxybenzene derivatives used as flavouring substances—methyl eugenol
and estragole. Food Chem. Toxicol. 40, 851-870.
Snyderwine, E. G., Turesky, R. J., Turteltaub, K. W., Davis, C. D., Sadrieh, N., Schut, H. A. J.,
Nagao, M., Sugimura, T., Thorgeirsson, U. P., Adamson, R. H., and Snorri, S. (1997).
Metabolism of food-derived heterocyclic amines in nonhuman primates. Mutat. Res. 376, 203210.
Starr, T. B. (2001). Significant shortcomings of the U.S. Environmental Protection Agency's
latest draft risk characterization for dioxin-like compounds. Toxicol Sci 64, 7-13.
Stickel, F., and Seitz, H. K. (2000). The efficacy and safety of comfrey. Pub. Health Nutr. 3,
501-508.
Stofberg, J., and Grundschober, F. (1987). Consumption ratio and food predominance of
flavoring materials. Second cumulative series. Perfum. Flavor. 12, 27-56.
Stöhr, H., and Herrmann, K. (1975). Über die Phenolsäuren des Gemüses: III.
Hydroxyzimtsäuren und Hydroxybenzoesäuren des Wurzelgemüses. Z. Lebensm. Unters.
Forsch. 159, 219-224.
Stoll, B. A. (1999). Dietary supplements of dehydroepiandrosterone in relation to breast cancer
risk. Eur. J. Clin. Nutr. 53, 771-775.
Takayama, S., Sieber, S. M., Adamson, R. H., Thorgeirsson, U. P., Dalgard, D. W., Arnold, L.
L., Cano, M., Eklund, S., and Cohen, S. M. (1998). Long-term feeding of sodium saccharin to
nonhuman primates: Implications for urinary tract cancer. J. Natl. Cancer Inst. 90, 19-25.
Takayama, S., Sieber, S. M., Dalgard, D. W., Thorgeirsson, U. P., and Adamson, R. H. (1999).
Effects of long-term oral administration of DDT on nonhuman primates. J. Cancer Res. Clin.
Oncol. 125, 219-225.
Tareke, E., Rydberg, P., Karlsson, P., Eriksson, S., and Törnqvist, M. (2002). Analysis of
acrylamide, a carcinogen formed in heated foodstuffs. J. Agric. Food Chem. 50, 4998-5006.
Technical Assessment Systems (1989). Exposure 1 Software Package. TAS, Washington, DC.
Theranaturals (2000). Theranaturals I3C Caps.

—30—
Thorgeirsson, U. P., Dalgard, D. W., Reeves, J., and Adamson, R. H. (1994). Tumor incidence in
a chemical carcinogenesis study in nonhuman primates. Regul. Toxicol. Pharmacol. 19, 130151.
Tomatis, L., and Bartsch, H. (1990). The contribution of experimental studies to risk assessment
of carcinogenic agents in humans. Exp. Pathol. 40, 251-266.
Toth, B., and Erickson, J. (1986). Cancer induction in mice by feeding of the uncooked
cultivated mushroom of commerce Agaricus bisporus. Cancer Res. 46, 4007-4011.
Tressl, R. (1976). Aromastoffe des Bieres und Ihre Entstehung. Brauwelt Jg. 39, 1252-1259.
Tressl, R., Bahri, D., Köppler, H., and Jensen, A. (1978). Diphenole und Caramelkomponenten
in Röstkaffees verschiedener Sorten. II. Z. Lebensm. Unters. Forsch. 167, 111-114.
Tricker, A. R., and Preussmann, R. (1991). Carcinogenic N-nitrosamines in the diet: Occurrence,
formation, mechanisms and carcinogenic potential. Mutat. Res. 259, 277-289.
Tsao, R., Yu, Q., Potter, J., and Chiba, M. (2002). Direct and simultaneous analysis of sinigrin
and allyl isothiocyanate in mustard samples by high-performance liquid chromatography. J.
Agric. Food Chem. 50, 4749-4753.
U.S. Department of Agriculture (2000). United States: Imports of Specified Condiments,
Seasonings, and Flavor Materials by Country of Origin. USDA, Washington, DC.
U.S. Environmental Protection Agency (1987). Peer Review of Chlorothalonil. Office of
Pesticides and Toxic Substances, Washington, DC.
U.S. Environmental Protection Agency (1991a). EBDC/ETU Special Review. DRES Dietary
Exposure/Risk Estimates. USEPA, Washington, DC.
U.S. Environmental Protection Agency (1991b). Report of the EPA Peer Review Workshop on
Alpha2u-globulin: Association with Renal Toxicity and Neoplasia in the Male Rat. USEPA,
Washington, DC.
U.S. Environmental Protection Agency (1992). Ethylene bisdithiocarbamates (EBDCs); Notice
of intent to cancel; Conclusion of special review. Fed. Reg. 57, 7484-7530.
U.S. Environmental Protection Agency (1994a). Estimating Exposure to Dioxin-Like Compounds
(Review Draft). USEPA, Washington, DC.
U.S. Environmental Protection Agency (1994b). Health Assessment Document for 2,3,7,8Tetrachlorodibenzo-p-Dioxin (TCDD) and Related Compounds. USEPA, Washington, DC.
U.S. Environmental Protection Agency (1995). Re-evaluating Dioxin: Science Advisory Board’s
Review of EPA’s Reassessment of Dioxin and Dioxin-like Compounds. USEPA, Washington,
DC.
U.S. Environmental Protection Agency (1997). Exposure Factors Handbook. USEPA,
Washington, DC.
U.S. Environmental Protection Agency (1998). Status of Pesticides in Registration,
Reregistration, and Special Review. USEPA, Washington, DC.
U.S. Environmental Protection Agency (2000). Exposure and Human Health Reassessment of
2,3,7,8-Tetrachlorodibenzo-p-Dioxin (TCDD) and Related Compounds. Draft Final. USEPA,
Washington, DC.
U.S. Environmental Protection Agency (2001). Dioxin: Summary of the Dioxin Reassessment
Science, Information Sheet 1. USEPA, Washington, DC.
U.S. Environmental Protection Agency. Office of Pesticide Programs (February 8, 1984).
Ethylene Dibromide (EDB) Scientific Support and Decision Document for Grain and Grain
Milling Fumigation Uses. USEPA, Washington, DC.

—31—
U.S. Environmental Protection Agency. Office of Pesticide Programs (1989). Daminozide
Special Review. Technical Support Document — Preliminary Determination to Cancel the
Food Uses of Daminozide. USEPA, Washington, DC.
U.S. Food and Drug Administration (1960). Refusal to extend effective date of statute for certain
specified additives in food. Fed. Reg. 25, 12412.
U.S. Food and Drug Administration (1991a). Butylatedhydroxyanisole (BHA) intake: Memo from
Food and Additives Color Section to L. Lin. USFDA, Washington, DC.
U.S. Food and Drug Administration (1991b). FDA Pesticide Program: Residues in foods 1990. J.
Assoc. Off. Anal. Chem. 74, 121A-141A.
U.S. Food and Drug Administration (1992). Exposure to Aflatoxins. Food and Drug
Administration, Washington, DC.
U.S. Food and Drug Administration (1993a). Assessment of carcinogenic upper bound lifetime
risk from resulting aflatoxins in consumer peanut and corn products. Report of the
Quantitative Risk Assessment Committee. USFDA, Washington, DC.
U.S. Food and Drug Administration (1993b). Food and Drug Administration Pesticide Program:
Residue monitoring 1992. J. Assoc. Off. Anal. Chem. 76, 127A-148A.
U.S. Food and Drug Administration (2002). Mushroom Promotion, Research, and Consumer
Information Order, Vol. 2002. U.S. FDA. http://www.ams.usda.gov/fv/rpmushroom.html
U.S. National Toxicology Program (2000a). Background Information Indole-3-carbinol (I3C)
700-06-1. NTP, Research Triangle Park, NC.
U.S. National Toxicology Program (2000b). Ninth Report on Carcinogens. NTP, Research
Triangle Park, NC.
U.S. National Toxicology Program (2001). Addendum to Ninth Report on Carcinogens: 2,3,7,8Tetrachlorodibenzo-p-Dioxin (TCDD); DIOXIN CAS No. 1746-01-6. NTP, Research Triangle
Park, NC.
Van den Berg, M., Birnbaum, L., Bosveld, A. T., Brunstrom, B., Cook, P., Feeley, M., Giesy, J.
P., Hanberg, A., Hasegawa, R., Kennedy, S. W., Kubiak, T., Larsen, J. C., van Leeuwen, F.
X., Liem, A. K., Nolt, C., Peterson, R. E., Poellinger, L., Safe, S., Schrenk, D., Tillitt, D.,
Tysklind, M., Younes, M., Waern, F., and Zacharewski, T. (1998). Toxic equivalency factors
(TEFs) for PCBs, PCDDs, PCDFs for humans and wildlife. Environ Health Perspect 106,
775-92.
van Vollenhoven, R. F. (2000). Dehydroepiandrosterone in systemic lupus erythematosus.
Rheum. Dis. Clin. North. Am. 26, 339-348.
Volpe, J. (1998). Natural Health Products: A New Vision, Vol. 2001. Health Canada.
http://www.parl.gc.ca/InfoComDoc/36/1/HEAL/Studies/Reports/healrp02-e.htm
Wheeler, R. E., Pragnell, M. J., and Pierce, J. S. (1971). The identificaiton of factors affecting
flavour stability in beer. Eur. Brew. Conv. Proc. Cong. 1971, 423-436.
Wilker, C., Johnson, L., and Safe, S. (1996). Effects of developmental exposure to indole-3carbinol or 2,3,7,8-tetrachlorodibenzo-p-dioxin on reproductive potential of male rat
offspring. Toxicol. Appl. Pharmacol. 141, 68-75.
Wine Institute (2001). Per Capita Wine Consumption in Selected Countries, Vol. 2002. Wine
Institute.
http://www.wineinstitute.org/communications/statistics/keyfacts_worldpercapitaconsumption
01.htm

—32—
World Health Organization (1984). WHO cooperative trial on primary prevention of ischaemic
heart disease with clofibrate to lower serum cholesterol: final mortality follow-up. Report of
the Committee of Principal Investigators. Lancet 8403, 600-604.
World Health Organization (1993). Polychlorinated Biphenyls and Terphenyls. WHO, Geneva.
Wu-Williams, A. H., Zeise, L., and Thomas, D. (1992). Risk assessment for aflatoxin B1: A
modeling approach. Risk Anal. 12, 559-567.
Yu, M. C., Tong, M. J., Govindarajan, S., and Henderson, B. E. (1991). Nonviral risk factors for
hepatocellular carcinoma in a low-risk population, the non-Asians of Los Angeles County,
California. J. Natl. Cancer Inst. 83, 1820-1826.

