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HUFF JE, HOEL D. Perspective and overview of the concepts and value of hazard identification as the
initial phase of risk assessment for cancer and human health. Scand J Work Environ Health 1992;18
Suppl 1:83—9. The identification of potential human health hazards stems from the obvious need to
prevent, avoid, reduce, and eliminate exposure to hazardous agents, mixtures of agents, or exposure cir-
cumstances. The first step in the risk assessment process centers on determining if a hazard exists. The
following strategies are used for this purpose: (i) epidemiologic investigations, (ii) long-term chemical
toxicology and carcinogenesis studies on laboratory animals, (ii) shorter-term in vivo and in vitro assays,
and (iv) physicochemical structure-activity relationships. Indicator 1 is the most relevant and reliable if
adequate data are available; indicator 2 is the most valid and useful alternative for human experience;
indicator 3 allows certain toxicologic end points to be identified, but generally needs confirmatory and
supportive information; and indicator 4 has made gains in the area of predictivity. The advantages and
limitations of each are given. The magnitude of the overall cancer hazard identification effort and a likelihood
number of eventual chemical carcinogens have also been estimated.
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The most important and significant phase or step in
the risk assessment and risk management process is
the initial or first alert of a potential environmental
hazard to public health (1—5). The hazard identifica-
tion stage of the assessment procedure relies almost
exclusively on information gained from human and
animal studies, in vivo and in vitro toxicology and
mutagenesis assays, and, to a lesser extent, on chemi-
cal and physical properties, including molecular struc-
ture. The subsequent three steps in the formal process
are concerned with animal and human dose-response
assessment, human exposure assessment, and human
risk characterization (table 1).

The major sources of information used to identify
potential hazards to human health span the range from
actual observations on humans (6, 7) to computerized
analyses based on chemical structural fragments. Each
type of study has both advantages and limitations
(table 2) and, collectively, allow one to rank the sources
according to value and reliability in predicting poten-
tial adverse health hazards. Since human data are
generally unavailable, the primary source of informa-
tion considered to have the most advantages continues
to be long-term chemical carcinogenesis experiments
(table 2) (8—19).
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The use of mechanistic data to evaluate chemical car-
cinogenesis hazards to humans has gained in value and
recognition during recent years (20—26). However,
more knowledge on chemically perturbed biomolecu-
lar events is certainly needed to allow better informed
forecasts and decisions about whether a particular
chemical or exposure circumstance will or will not lead
to cancer in humans. Nonetheless, mechanistic data,
when available, should contribute markedly to the
overall evaluation process.

This paper attempts to illustrate the scientific con-
cepts and procedures used to evaluate chemical car-
cinogenesis experiments and to set forth general criteria
for the qualitative identification of those chemicals that
may present the most significant potential public health
hazards (9, 10, 18, 19, 27—30). Moreover, the mag-
nitude of the overall cancer hazard identification ef-
fort, together with a likelihood number of eventual
chemical carcinogens, has been estimated.

Carcinogenesis results and magnitude
of hazard

Carcinogenesis results

An evaluation of studies conducted by the National
Cancer Institute and by the National Toxicology Pro-
gram (31) showed that roughly one-half of the chemi-
cals in question induced a positive carcinogenic re-
sponse in at least one organ in at least one of the several
sex-species experiments conducted on a particular
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Table 1. Risk assessment steps and comparative definitions (taken from references 1 and 3).

National Research Council, National Academy
of Sciences 1983 (1)

Task Force on Health Risk
Assessment 1985 (3)

Hazard identification

Determination of whether a particular chemical is or
is not causally linked to particular (adverse) health

effects

Hazard characterization
(dose-response assessment)

Determination of the relation between the magnitude
of exposure and the probability of occurrence of the

(adverse) health effects in question

Exposure assessment

Determination of the extent of human exposure before

or after the application of regulatory controls

Risk characterization

Description of the nature, and often the magnitude, of

human risk, including attendant uncertainty

Qualitative indication that a sub-
stance or condition may adversely
affect human health

Qualitative and quantitative evalua-
tion of the nature of the adverse ef-
fects, including their expression as
functions of the amount of exposure
(dose)

Qualitative and quantitative evalua-
tion of the degree of human exposure
likely to occur

Integration of these steps into a
scientific determination of the level of
risk as a basis for policy considera-
tion

Table 2. Sources for identifying potential cancer hazards to humans and their advantages and disadvantages.

Epidemiologic studies

Long-term studies on animals

Mid-term in vivo assays and short-

term in vivo and in vitro assays

Chemical structure-activity
associations

Advantages

Disadvantages

Humans are ultimate indicators of disease
Sensitive populations evaluated

Prospective and retrospective (validation)
evaluations

Excellent correlation with human carcino-
gens

Exposure levels and conditions known

Toxicity and carcinogenicity effects identi-
fied

Results obtained relatively quickly

Qualitative comparisons among chemical
classes

Integrative and interactive biological sys-
tems closely related to humans

More rapid and less expensive

Easily replicated

Valuable end points measured (eg, muta-
tions, preneoplasia)

Assays easily manipulated [eg, two-stage
models, organ systems (liver, urinary
bladder)]

Single or multiple chemicals and complex
mixtures

Screening assays

Relatively easy, rapid and inexpensive

Reliable for certain chemical classes (eg,
nitrosamines, anthraquinones, benzidine
dyes)

Developed using biological data, yet not
dependent on animal data

Computer adaptable and compatible

Generally retrospective (death certifi-
cates, recall biases, etc)

Insensitive, costly, lengthy

Reliable exposure data not available or
difficult to obtain

Combined, multiple, and complex ex-
posures, lack of appropriate cohorts

Experiments on humans not possible

Rarely replicated

Resources intensive (staff, money, facili-
ties)

Shortage of adequate facilities, scientific
expertise and experience

Experiments often conducted at exposure
levels in excess of those anticipated for
humans

Debates regarding relevancy of results
(eg, routes of exposure and rodents not
being humans)

Usually single chemical experiments, do
not mimic human exposure circum-
stances

In vitro, not fully predictive for in vivo

Usually organism- or organ-specific

Systems generally manipulated towards
select and sensitive end points

Not generally predictive for carcinogene-
sis

Not reliable surrogates for whole animals,
long-term experiments or for humans

Potencies not easily comparable to whole
animals

Not “biological”

Many exceptions to formulated rules

Retrospective and rarely (but becoming)
prospective

chemical (9, 11, 12, 32, 33). Importantly though, from
a hazard identification point of view, only 13.8% of
the chemicals studied adequately in male and female
rats and in male and female mice caused cancer in each
of the four experiments. Another 8.0% produced can-
cer in one or more organ sites in three of the four ex-
periments. Thus these two categories of outcomes rep-
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resent only 71 chemicals out of the 326 evaluated in
long-term carcinogenesis experiments that would likely
present the most potential for cancer hazard to humans
(table 3). This ‘‘weight of the evidence’” approach is
based simply on a qualitative evaluation of the totality
of the evidence; yet it does not mean that chemicals
causing cancer only in a single organ of a single strain



in a single species should be considered inconsequen-
tial or unequivocally safe.

These two-species positive experimental findings
generally cause a chemical to be placed in the suffi-
cient evidence of carcinogenicity category of the In-
ternational Agency for Research on Cancer (IARC)
(13, 19, 34) and in the group of substances reasonably
anticipated to be carcinogens in the Annual Report on
Carcinogens of the United States (US) Department of
Health and Human Services (35). These results per-
mit the identification of those chemicals considered the
most likely to be potentially carcinogenic to humans,
and thus epidemiologic investigations having identi-
fied adequate cohorts should be initiated. Furthermore,
regulatory agencies and others legislatively charged
with conducting formal risk assessments can best al-
locate their resources to those chemicals causing
cancers in multiple species, both sexes, in several
organs or systems, and so on.

Consequently, we decided to evaluate further the
carcinogenesis study results of the National Toxicol-
ogy Program and to aggregate the chemicals qualita-
tively by the number of positive experiments (table 3).
In this way one begins to differentiate at least qualita-
tively the 50% of chemicals causing cancer in at least
one of the sex-species experimental units. Moreover,
epidemiologic studies could be considered for the 45
chemicals causing cancer in each of the four experi-
ments or for the 26 chemicals inducing positive re-
sponses in three of the four groups. These two classes
comprise 21.8% of the total number of chemicals
evaluated in long-term studies. Obviously, this find-
ing must not be construed to mean that other chemi-
cals causing cancers in fewer experiments are not to
be viewed with appropriate public health scrutiny. This
“‘strength of the evidence’” approach simply allows one
to establish some selection criteria for ranking chemi-
cals with respect to potential for cancer hazard to hu-
mans. Furthermore, even this relatively low percent-
age of carcinogenic chemicals may be skewed some-
what disproportionately in the direction of positive
effects, since the criteria for selecting many of the
chemicals so far evaluated for potential carcinogenic-
ity were based on a preexisting ‘‘suspicion’’ that the
chemicals would be carcinogenic. In any event, the use
of such criteria showed that fewer than 25% of these
chemicals induced carcinogenic effects in both species
(12).

Estimated magnitude of the effort and forecasted
number of carcinogens

For some perspective of the meaning of this subset of
data from the National Toxicology Program, and of
the magnitude of the potential problem of chemical
exposures, of the 10 million chemicals so far synthe-
sized, estimates of chemicals in the marketplace range
from 50 000 to 100 000. Some individuals place this
number closer to 60 000 or 70 000 chemicals. Accord-

Table 3. Chemical carcinogenesis sur;rmary results (total num-
ber of chemicals =326, or 1304 experiments) (updated from
reference 12).

Number of
positive LN 208
experiments
Carcinogenic in both sexes
of two species 45 14
Carcinogenic in three of four
sex-species experiments 26 8
Carcinogenic in two of four
sex-species experiments 60 18
Carcinogenic in one of four
sex-species experiments 39 12
Carcinogenic in at least one
sex of one species 170 52
No evidence in any of the four
sex-species experiments 156 48
Concordance in cancer
responses
Between rats and mice : 74
Between sexes
Rats . 85
Mice g 87

ing to the inventory of existing chemicals in the Toxic
Substances Control Act of the US Environmental Pro-
tection Agency, approximately 23% of the more than
60 000 chemicals are polymers of one sort or another.
For almost one-third of the chemicals listed no pro-
duction was reported in 1977 (the most current year
with available data), and for an additional 28% pro-
duction of less than 10 000 pounds (<4536 kg) a year
was reported. Considering these factors for chemicals
produced in excess of 10 000 pounds (> 4536 kg) (and
excluding inorganics, polymers, and naturally occur-
ring substances), reports from manufacturers and
producers were received on only 8500 substances (per-
sonal communication, JA Moore). This value could
be taken to ‘‘indicate’’ that the other > 50 000 chemi-
cals in the inventory are “‘low’’ volume or within the
excluded categories (and of course for agents other
than polymers allows no knowledge about their poten-
tial toxicity). If however these analyses can be consid-
ered reasonable, then one could conclude (with less
than full confidence) that the number of chemicals
posing the most potential harm of induced cancer to
humans would be in the vicinity of 10 000. From these
data we estimate further that approximately only 10
to 20% or so of these 10 000 chemicals would even-
tually be considered likely carcinogens to humans, that
is, as defined by IARC (34) and by the US Department
of Health and Human Services (35).

Continuing this evaluation, if one begins with the
retrospective knowledge that about one-half of the
critically selected chemicals so far evaluated has shown
evidence of carcinogenicity in at least one organ or tis-
sue of one sex of one species and then uses the qualita-
tive information for determining carcinogenicity to
identify the percentage of chemicals that would
reasonably be anticipated to be carcinogenic to hu-
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mans, then approximately 20% of the universe of
available chemicals, if studied adequately, would likely
be considered potentially carcinogenic to humans. This
estimated percentage would translate into approxi-
mately 2500 substances that would be identified even-
tually in long-term carcinogenesis studies (or epidemi-
ologically) as being human carcinogens. However other
information (see the later discussion) indicates that this
figure might be on the ‘‘high”’ end of a reasonable
range estimate.

Since 1972, IARC has searched rigorously the avail-
able literature and in the last 20 years has been able
to locate and evaluate carcinogenicity data on only 732
substances. In the monograph series of IARC (volumes
1—53), 55 “‘agents’’ have been judged to be carcino-
genic to humans, another 45 have been considered
probably carcinogenic to humans, 191 have been rated
possibly carcinogenic to humans, 440 have not been
classifiable as to their individual carcinogenicity to
humans, and one (caprolactam) has been considered
probably not carcinogenic to humans (27, 29, 30). Thus
of the 732 agents evaluated by IARC, only 100 (14%)
are either known as carcinogenic to humans or are
strongly suspected of being carcinogenic to humans.
Of course this percentage of carcinogenic agents can-
not be considered an accurate estimate of the total
universe of chemicals, given the large number of
IARC-evaluated agents that could not as yet be clas-
sified and the knowledge (as has already been men-
tioned) that most chemicals already evaluated were
selected and studied because of an a priori conjecture
of being carcinogenic. Furthermore, the great majority
of chemicals in past and present use has not been evalu-
ated for potential adverse or harmful biological and
toxicologic effects (36).

Nonetheless, considering the information of the US
Environmental Protection Agency, the IARC infor-
mation, and our data, one could make a reasonable
and logical estimate that approximately 10—20% (at
most) of those chemicals considered the most likely to
represent significant exposures would eventually be
shown to be convincingly carcinogenic in long-term ex-
periments with animals. These chemicals then should
be considered likely to be carcinogenic to humans (34,
35). Others of course may wish to propose equally ac-
ceptable ranges, and ours are given largely because no
one else has apparently taken the opportunity to do
so, and, furthermore, ours is a personal-opinion esti-
mate for others to use and compare. In any event, this
estimate does allow us a reasonable and working hy-
pothesis, with some scientific support and conjecture,
with which to probe and plan for the magnitude of
the dynamic task that must be dealt with in the future.

However, worldwide capacity for conducting these
essential carcinogenesis evaluations is limited, and it
is becoming more expensive to undertake the neces-
sary experiments needed to identify confidently those
chemicals or exposures that are potential carcinogenic
hazards to humans. An international survey (37)
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reports that 80 organizations located in 20 countries
are conducting long-term chemical carcinogenesis
studies on a total of about 900 to 1000 chemicals —
that is, a maximum of 300 additional chemical studies
can be started each year since one study takes five or
more years to design and conduct the experiments;
gather, evaluate, and interpret the results; peer review
the evaluations in public forum; and prepare a report
or manuscript for publication. Currently 10 of the 20
countries [ie, Germany (195 studies), France (14
studies), Hungary (27 studies), India (18 studies), Ita-
ly (11 studies), Japan (174 studies), The Netherlands
(37 studies), Norway (11 studies), the United Kingdom
(67 studies), and the United States (609 studies)] do
more than 95% of these studies, and four conduct
more than 85% of the 95% (38).

We suspect that the total capacity and interest would
certainly increase if there were more money made avail-
able for these experiments. However money alone will
not automatically increase the number of chemicals
studied. Other factors must be considered. For exam-
ple, knowledgeable staff and adequate facilities are to-
day in very limited supply. Not everyone can or even
wants to do these ‘‘semiroutine’’ studies. In some cases
those individuals or laboratories actively seeking to do
these time-consuming, meticulous, and laborious in-
vestigations are not considered qualified or adequate.
Thus the search continues for shorter-term, less com-
plicated, easily performed, and more reasonably priced
in vitro or in vivo assays (and perhaps some day even-
tually computer-simulated model experiments). How-
ever, as most scientists in these fields of research be-
lieve, the day for replacing, or even reducing, current
efforts or for duplicating the value of long-term in vivo
carcinogenesis studies will be far into the future.

Concepts and perspectives

The most readily available, reliable, and historical
means for identifying potential human health hazards
necessarily involves undertaking long-term studies with
laboratory animals. These chemical carcinogenesis ex-
periments are designed and conducted principally to
identify those chemicals, mixtures of chemicals, or en-
vironmental and occupational exposures that have a
potential to induce diseases and untoward toxic effects,
especially cancer, in humans. Besides human experi-
ence and epidemiologic investigations, long-term
studies with laboratory animals are the most universally
accepted and extensively validated means with which
to determine carcinogenic hazards to public health.

The data and information engendered in the haz-
ard identification step, together with the available in-
formation from the later three steps in the risk assess-
ment process (table 1), form the bases for what has
been termed the ‘‘weight of the evidence’” approach
to risk assessment. These scientifically based estima-
tions of risks to human health are then weighed against



Table 4. Some examples of “super chemical carcinogens.”?

Chemical Exposure concentrations Route Tumor sites
Benzene 25—200 mg - kg='P Gavage 9
1,3-Butadiene 6.25—1250 ppm Inhalation 12¢
Dibromochloropropane (DBCP) 0.6—3.0 ppm Inhalation 5
1,2-Dibromoethane (EDB) 10—40 ppm Inhalation 6
Dimethoxybenzidine 80—330 ppm Drinking water 114
Dimethylbenzidine 30—150 ppm Drinking water 12d
Dimethylvinylchloride (DMVC) 100—200 mg - kg~' Gavage 8
Ethylene oxide 50—100 ppm Inhalation 5¢
Glycidol 375—75mg - kg—! Gavage 16
Ochratoxin A 70—210 mg - kg—'f Gavage 20.h
Pentachlorophenol 100—600 ppm Feed 3
2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) 0.001—0.29 mg - kg~ Gavage 4
Tetranitromethane (TNM) 0.5—5.0 ppm Inhalation 1h
1,2,3-Trichloropropane 3.0—60 mg - kg~' Gavage 10

2 These chemicals have been selected on a comparative basis from the 400 chemicals listed in the data base of the National
Toxicology Program, largely on the low-exposure levels used, the number of organs showing induced cancers, and the unique-
ness and consistency of the carcinogenic responses (ie, carcinogenic in all sex-species experiments at all exposure levels).

Rats only.

~o Qoo

Mice only; studies with rats showed four other tumor sites.
A 21 pug - kg—! exposure group did not develop tumors; for the other chemicals in this table, a carcinogenic response was

Converting to equivalent inhalation exposures: 19 to 234 ppm.
Mice only; a study with rats has been reported by others showing four other tumor sites.

induced at all exposure levels for each of the sex-species groups.

T o

was overwhelming.

and with the benefits of the identified risk to society
and lead to risk management decisions and promul-
gated policies (1—5). Most people rely on this collec-
tive effort to evaluate risks and hence to protect pub-
lic health, and yet at the same time this philosophy has
been misused by some to delay or circumvent policy
decisions. However, certain circumstances demand
flexibility. For instance, a strong data set that fore-
casts an obvious potential health hazard need not be
subjected to the entire process before remedial actions
are initiated to reduce the recognized risk. Examples
might include those chemicals that, because of the ex-
traordinary responses observed in long-term carcino-
genesis studies, could be considered ‘‘super carcino-
gens’’ (table 4) and should signal cause for immediate
protective action. Obviously, this approach stems from
the fact that chemicals considered to be carcinogens
differ with regard to the overall strength of the induced
carcinogenic response and for practical purposes can
be divided into qualitative groupings based on em-
pirical indicators of ‘‘potency.”’

The factors considered most important for judging
experiments with laboratory animals are (11, 12) (not
in any particular priority order): (i) exposure condi-
tions and concentrations, (ii) number of positive ex-
periments (eg, species and sexes), (iii) magnitude of
induced tumor incidence rates, (iv) dose-response pat-
terns, (v) multiplicity of tumor sites (organs, tissues),
(vi) numbers of tumors per site, (vii) commonly versus
uncommonly occurring tumors, (viii) correspondence
of tumor types and sites among species and sexes, (ix)
latency, metastases, preneoplastic lesions, and (x)
results from short-term tests and structure-activity

Rats only; studies in mice have been reported by others showing cancer of the liver as well as of the kidney.
These one or two organ site carcinogens are included because the exposures were very low and the magnitude of the responses

Other studies have been reported showing four additional tumor sites.

evaluations. In our judgment, the data and results from
these long-term chemical carcinogenesis studies, to-
gether with experience over the years, should permit
necessary key public health decisions to be made or
recommended. For illustrative purposes we believe the
chemicals such as those given in table 4 certainly quali-
fy for quick action — that is, each of these chemicals
caused multiple-site cancers (except tetranitromethane)
in all sex-species experiments at all exposure concen-
trations. None of these chemicals (except perhaps
ochratoxin A) have yet been shown to have an exposure
concentration that did not cause cancer. For several
chemicals, of course, regulatory measures have been
enforced (eg, for benzene and 1,2-dibromoethane) or
are underway (1,3-butadiene).

Thus we believe that carcinogenicity findings from
experiments with laboratory animals are logical and
scientifically reasonable for identifying and predicting
potential carcinogenic risks to humans. We have sug-
gested that a large number of the chemicals so far
evaluated are not considered to be potentially carcino-
genic to humans, and, furthermore, from the universe
of available chemicals, we estimate that most will not
present real carcinogenic hazards to humans. Of course
due caution must be exercised since the toxicologic data
on most chemicals are incomplete or absent (36) and
few chemicals are thought to be “‘safe’” when adverse
effects other than cancer are considered.

The major and unifying conclusion we have come
to endorse after doing chemical carcinogenesis experi-
ments with animals for two decades, and from evalu-
ating the resultant findings singularly at the time and
collectively now, centers on the value and overwhelm-
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ing proof to support the intuitive notion that results
from these experiments have undeniable relevance to
likely responses in humans. As a further point of
historical interest, of the 55 chemicals or exposures
considered to be carcinogenic to humans (with 45
others judged to be probably carcinogenic to humans),
only one-half (27 agents) are single ‘“‘chemicals.”” Of
these, nearly one-third were first identified as carcino-
gens in animals, and the finding was subsequently con-
firmed epidemiologically in humans (10, 27, 34, 39).
Thus these studies should continue to be done, and the
use of quality results from toxicology (and in particu-
lar long-term carcinogenesis) experiments with animals
as alerts to hazard identification should be further en-
dorsed and expanded.

The impact of the identification of chemical carcino-
gens on public health remains difficult to determine,
largely because ‘‘if we do anticipate hazards and there-
by prevent future disease, we will never know that we
are right ... precisely because we are not willing to
allow the evidence of disease to accumulate. In short,
the price we pay for being right is that we cannot prove
that doing nothing was wrong [p 141—142]"" (40).
Sorely needed are new ideas which will lead to the
better identification of specific causes of the major
cancers (41) and of the increasing trends (7) in humans.
Likewise, expanded efforts to define molecular mecha-
nisms of carcinogenesis will lead eventually to more
direct treatments of existing diseases and, as impor-
tantly, will allow more informed decisions about
preventive measures.
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