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2. Evolution of the IARC Monographs programme
In 1969, the International Agency for Research on Cancer (IARC) initiated a programme to
evaluate the carcinogenic risk of chemicals to humans and to produce monographs on
individual chemicals. The Monographs programme has since been expanded to include
consideration of exposures to complex mixtures of chemicals (which occur, for example, in
some occupations and as a result of human habits) and to environmental agents of other
kinds, such as infectious agents and various forms of radiation. With Supplement 6 (IARC,
1987a), the title of the series was modified from IARC Monographs on the Evaluation of the
Carcinogenic Risk of Chemicals to Humans to IARC Monographs on the Evaluation of
Carcinogenic Risks to Humans, in order to reflect the widened scope of the programme. The
objective of the Monographs is to provide thorough, critical reviews and evaluations of the
published scientific evidence on the carcinogenicity of a wide range of human exposures. An
important function of the IARC Monographs is thus to provide an ‘encyclopædia’ of human
carcinogens as a basis for hazard evaluation and preventive action. The Monographs
undertake qualitative carcinogenic hazard identification; the programme does not extend to
quantitative risk assessment.
Criteria for selection of an agent for evaluation are that (a) there is evidence of human
exposure and (b) there is some evidence or suspicion of carcinogenicity. With Supplement 7
(IARC, 1987b), a formal system for making overall evaluations of carcinogenic hazard to
humans was introduced. This system is summarized in detail in the Preamble to the
Monographs that is printed at the beginning of each volume in the series. Since the beginning
of the programme, 834 agents have been evaluated (some of them more than once) in
Volumes 1-71.
The first physical agent to be considered in the Monographs, in the form of an Appendix to
Volume 40 (IARC, 1986), was ultraviolet light. This was not evaluated independently as a
carcinogenic hazard at that time, but was subsequently evaluated in Volume 55 (IARC, 1992).
In addition to solar and ultraviolet radiation, the Monographs have also evaluated radon
(IARC, 1988). Additional physical agents were considered by an ad-hoc Working Group which
met in December 1993 to discuss future priorities for the IARC Monographs (IARC, 1993).
Among those physical agents considered suitable for evaluation by the Monographs, and
assigned high priority at that time, were electric and magnetic fields, the radioactive isotope
iodine-131, and radioactive wastes.
3. Ad-hoc IARC Monographs Advisory Group on Physical Agents
The ad-hoc Advisory Group met in Lyon during 27-29 April 1998. The purposes of the meeting
were to advise the IARC:
(a) on the need to evaluate the carcinogenic hazards of additional physical agents, including
electric and magnetic fields and all forms of radiation;
(b) on what form any resulting monographs should take, including specific modifications to the
table of contents of a "standard" monograph; and
(c) on a list of agents to be evaluated, in order of priority.
Members of the ad-hoc Advisory Group each briefly presented a survey of different aspects of
human exposures to selected physical agents, the published evidence for an associated risk
of cancer, and the current state of research on the subject. These surveys included, for
ionizing radiation: exposure assessment; background radiation and cosmic radiation; medical
uses of radiation; nuclear power; and testing and use of nuclear weapons.
For non-ionizing radiation, these surveys included: how various exposures are defined; the
nature of both occupational and environmental exposures; electromagnetic fields in static,
extremely low frequency (ELF) and radiofrequency (RF) energy ranges; radar; and biological
effects of various exposures. The Advisory Group also heard presentations on the IARC
Monographs Programme, and discussed how inclusion of additional physical agents in the
Monographs series might be useful, in view of other national and international evaluations that
exist.
For ionizing radiation, the United Nations Scientific Committee on the Effects of Atomic
Radiation (UNSCEAR) publishes large volumes periodically in which biological data on the
carcinogenic effects of ionizing radiation are reviewed (UNSCEAR, 1988, 1993a, 1993b,
1994). Other useful information is available from the International Atomic Energy Agency
(IAEA) and from the International Commission on Radiation Protection (ICRP). There are also
national reports from the USA, including the Biological Effects of Ionizing Radiation (BEIR)
Reports of the National Research Council/National Academy of Sciences (e.g., NRC, 1988,
1990), and the reports of the National Council on Radiation Protection and Measurement
(NCRP). The reports mentioned above are highly detailed and technical.
For non-ionizing radiation, the International Commission on Non-ionizing Radiation Protection
(ICNIRP) has published guidelines on RF electromagnetic fields (ICNIRP, 1988), on static
magnetic fields (ICNIRP, 1994), and on mobile telephones and base transmitters (ICNIRP,
1996). The World Health Organization (WHO) has published several Environmental Health
Criteria documents on electromagnetic fields (WHO, 1984, 1987, 1993).
As stated in the preamble to the IARC Monographs, the main objective of this programme is
to carry out a qualitative evaluation of the carcinogenic potential of an agent, irrespective of
dose, exposure pattern or other potential modifying factors. This step, which is often referred
to as ‘hazard identification’, is the first step in the risk assessment process. It is usually
followed by quantitative risk assessment, risk-benefit evaluations (where appropriate) and
finally regulation, which take place at the national or local government levels.
Although non-ionizing radiation has been the object of a number of national and international
evaluations in recent years, the carcinogenic potential of ELF and RF radiations is still
controversial. Many epidemiological studies of human populations and laboratory studies on
experimental animals are currently in progress. Once the results of these studies become
available in the published scientific literature, critical evaluations of the data and
carcinogenicity assessments by the IARC Monographs Programme would be highly
appropriate.
For ionizing radiation, however, the objective of an IARC evaluation is less clear. Ionizing
radiation was first shown to have carcinogenic potential in the early years of this century. In
most countries, ionizing radiation in general, without distinction between different forms, is
considered to constitute a carcinogenic hazard, although there continues to be vigorous
debate about effects of exposure rate, exposure level and the type of radiation. Multinational,
and later international, radiation protection standards and recommendations have existed
since the mid-1940s. There is therefore no need to carry out ‘hazard identification’ for ionizing
radiation. However, as a well-documented environmental cause of human cancer, the subject
certainly deserves inclusion within the IARC ‘encyclopædia’ of human carcinogens.
The Advisory Group discussed what an IARC Monograph could add to existing and on-going
reviews, such as those of UNSCEAR. The major reasons and objectives are:
(a) An important feature of the IARC Monographs is not only the evaluations but also their
value as documentation of evidence for carcinogenicity and as an encyclopædia on human
carcinogens.
(b) The IARC Monographs reach a wider audience and are easier to obtain and to read than
some of the reviews. The Monographs provide a succinct and critical review of the important
studies of carcinogenicity, thus serving as a reference for a large international community of
scientists and administrators.
(c) The Monographs bring together multidisciplinary expertise on exposure and biological
effects and achieve an interdisciplinary assessment of the linkage between exposure and
effects. This is a unique feature of the Monographs.
(d) Specific evaluations of different physical forms of ionizing radiation are still needed (e.g.
for exposures to beta particles and neutrons, the evidence for human carcinogenicity is less
clearly established than for X-rays, gamma rays and alpha particles).
Although the Advisory Group made several suggestions for quantitative risk assessment, the
mandate of the IARC Monographs is hazard identification. Evaluation of data on quantitative
dose-response relationships is considered as an integral part of the hazard identification
process, but extrapolation beyond the available data is not undertaken by the IARC
Monographs. The Monographs may, however, address quantitative issues such as observed
dose-response relationships, the significance of age at exposure and other modifying factors,
benefits of radiation and radiation sensitivity.
On the basis of these discussions, the ad-hoc Advisory Group unanimously agreed that there
was a clear need for a series of IARC Monographs on the carcinogenic hazards of physical
agents. A list of potential agents was drawn up and, by consensus, the priority of each was
assigned. These priorities were based on considerations of the state of epidemiological and
biological evidence concerning each agent.
4. Physical agents of potential interest as cancer hazards
In previous IARC Monographs, evaluations have been carried out of specific agents or
mixtures (for example: tobacco smoke, radon and its decay products, solar radiation), as well
as of exposure circumstances (working in the rubber industry, occupational exposure in
petroleum refining, etc.). Definition of the agent to be evaluated has typically been based on
the availability of specific information on exposures in epidemiological studies. Although
experimental studies are generally designed to examine specific agents – and in some cases
mixtures of agents – and not exposure circumstances, it is often difficult in epidemiological
studies to identify the specific agent which may be a carcinogen in a particular environment.
Radiation – whether ionizing or non-ionizing – is one of the rare classes of agents for which
direct exposure measurements on individuals are often available and can be used in
epidemiological studies. Indeed, information on X- or gamma radiation exposure, for example,
is available in epidemiological studies of atomic bomb survivors, of patients irradiated for
therapeutic purposes, on nuclear workers, and many others. In these studies, therefore, when
a carcinogenic effect is observed, sufficient information is generally available to infer that the
effect is causally related to exposure to X- or gamma rays.
If the logic and practice of previous IARC Monographs is followed, therefore, the "agents" to
be evaluated should be defined as narrowly as possible. Within a monograph organized by
specific kinds of radiation, further subdivision – based on exposure circumstances, for
example "medical exposures" – may, however, be made by a Working Group, depending on
the literature that is available for evaluations of specific physical agents.
4.1 Ionizing Radiation
There was overall agreement that the primary basis of subdivision should be the physical type
of radiation (X- and gamma rays, alpha- and beta-emitting radionuclides, neutrons) and not
the source of exposure. Three different approaches were discussed. The choice among these
should take into account that:
(a) mechanisms of biological effects of exposures to different agents are likely to overlap;
(b) evaluation of specific exposures (such as beta-emitters) is possible for both
epidemiological and experimental studies.
Approach I: A single evaluation of all kinds of ionizing radiation.
This would be an evaluation of the carcinogenic potential of any kind of ionizing radiation and
of any radionuclide, i.e. of any form of radiation capable, either directly or indirectly, of causing
breaks, deletions and translocations in DNA. All studies of ionizing radiation, regardless of
type and exposure circumstance would be considered within this evaluation.
Approach II: Evaluation by type of radiation, or by the principal type of radiation emitted in the
case of radionuclides.
X-rays and gamma rays, and gamma ray emitters. Here, studies of exposures to atomic
bombing, medical diagnostic and therapeutic irradiations, occupational exposures in the
nuclear industry and medicine, participation in weapons testing, etc. would contribute to the
evaluation.
Neutrons. Again, studies of exposures to atomic bombing and a limited number of studies of
therapeutic irradiations and occupational exposures in the nuclear industry would contribute to
the evaluation.
Alpha-particle-emitting radionuclides. Studies of hard-rock miners, residential radon
exposures, and some medical exposures (such as thorotrast) would contribute to the
evaluation.
Beta-particle-emitting radionuclides. Studies on medical, occupational and environmental
exposures to various nuclides, including 3H, some iodine isotopes, etc. would contribute to the
evaluation.
Approach III. Separate evaluation of ‘irradiations’ and ‘radionuclide exposures’
X-rays and gamma rays (possibly including gamma-emitting radionuclides). As above.
Neutrons. As above.
Some radionuclides (possibly restricted to mainly alpha-, beta-, and gamma-emitting
radionuclides), including but not limited to isotopes of the following elements:
Iodine and tellurium: Medical diagnostic and therapeutic exposures, exposures to fall-out from
nuclear weapons testing (Marshall Islands, Utah) and from nuclear accidents (Chernobyl), and
from releases from nuclear facilities;
Plutonium: Occupational exposures in the nuclear weapons and nuclear power industries.
Experimental work in animals would contribute to the evaluation;
Hydrogen (tritium). Occupational exposures in heavy water reactors; environmental releases;
Thorium. Medical exposures (thorotrast)
Different evaluations could be made for some radionuclides within an overall treatment of
alpha-particle or beta-particle emitters, as was done in the Monograph on solar and ultraviolet
radiation (IARC, 1992), where six different evaluations were performed: solar, UV-A, UV-B,
UV-C, sunlamps and sunbeds, and fluorescent light.
The consensus of the Advisory Group was that Approach I was impractical in view of the
magnitude of available literature, and that Approach II offered advantages of flexibility in
choice of specific radioactive elements to be considered.
4.2 Non-ionizing radiation
For non-ionizing radiation, the subdivision of agents to be classified is straightforward:
Static and Extremely Low Frequency (ELF) fields: There seems little point in separating
exposure circumstances (e.g. occupational and residential) for independent evaluation at this
time.
Radiofrequency (RF) fields and radiation. Because of the extremely wide range of frequencies
included within RF, this could possibly be divided into several categories. It is unlikely,
however, that the scientific body of evidence is sufficient at this time to distinguish between
different frequency ranges. The body of evidence is much more limited than for ELF.
For the organisation of the IARC Monographs on non-ionizing radiation, there was discussion
regarding the merits of a single volume, versus a separation into two monographs: static plus
ELF (0-100 kHz) fields in one, and RF fields and radiation (> 100 kHz-300 GHz) in another.
The suggestion to prepare only one volume is supported by the following arguments:
1. It is difficult to separate and evaluate different frequencies distinctly in epidemiological
studies.
2. The division is based on the acute effects of non-ionizing radiation, but it is unclear whether
this division is also appropriate for evaluation of carcinogenic and other chronic effects.
3. In most epidemiological studies carried out to date, only 60-Hz frequency exposures were
measured, but it is probable that subjects were also exposed to higher frequencies which
were not measured.
4. In most occupational studies, exposure assessments are based on job title but the
"electrical exposures" are likely to encompass multiple frequencies. Some epidemiological
studies include evaluation of radiofrequency (cellular telephones and other communication
devices) as well as extremely low frequency (60 Hz) exposures.
5. Another important issue is the possible inter-relationship or effect modification of higher
frequencies upon effects associated with extremely low frequencies and vice-versa; some
studies have suggested that a biological effect may occur at ELF alone and also as a
consequence of RF exposure modulated by ELF.
The suggestion to prepare two volumes is supported by the following arguments:
1. Two different physical mechanisms exist for high and low frequency fields in their
interaction with cells: ELF exposures cause induction of electrical currents, and RF exposures
cause thermal heating.
2. More time is needed for the conduct and publication of epidemiological and animal studies
on RF, but ELF studies are expected to be published and ready for evaluation within two
years. Some epidemiological studies on RF are currently in early stages of implementation.
3. The scientific community, governments and public see the two EMFs as different. ELF
relates to powerlines and electricity, while RF relates to mobile telephones and
telecommunications.
4. There are two different sets of scientific studies, both animal and epidemiological, that
either address ELF and RF electromagnetic fields separately, or address them together.
5. Animal studies will be important for the evaluation of the carcinogenic hazard of RF fields;
these studies will not publish results until after the year 2001.
There was agreement among members of the Advisory Group that the evaluation of static and
ELF exposures could be done in about three years (2001), as the major epidemiological and
experimental animal studies that are currently in progress will be published by then. It was
expected that data on RF will not be available by 2001 but could be expected in 2003 or later.
5. Comment
As a principal objective of expanding the treatment of physical agents within the IARC
Monographs series to include ionizing radiation is to extend the list of ‘IARC carcinogens’ and
to make the ‘encyclopædia’ more comprehensive, evaluations should generally be made on
the basis of specific physical agents. Indeed other alternatives, such as classifying ‘exposure
circumstances,’ are potentially perilous from the point of view of public health, since it is likely
that, for some exposure circumstances, the evaluation would be ‘possibly carcinogenic’ – or
even ‘cannot be evaluated with respect to their carcinogenic potential’. This could lead to
conflict with current international standards for radiation protection since ionizing radiation
exposures in both medical and industrial circumstances are currently tightly regulated. Such
an evaluation could have the unintended effect of contributing to reduction of standards for
radiation protection, and should be avoided.
The IARC Monographs on ionizing radiation should supplement and complement the more
specialised documents that already exist, and should reach a different and wider readership.
6. Recommendations
The advisory group recommended that:
6.1 the IARC Monographs evaluations of physical agents be expanded to include both
ionizing and non-ionizing radiation;
6.2 the evaluations should be made on the basis of the various kinds of ionizing and nonionizing radiation, and not on the circumstances of exposure;
6.3 this should be done in a series of four volumes, according to the following schedule:
Ionizing Radiation, Part I – External sources of radiation (June 1999)
Monograph 1: X-rays and Gamma Rays
Monograph 2: Neutrons
Ionizing Radiation, Part II – Internal sources of radiation (June 2000)
Monograph 3: Alpha-Particle-emitting Radionuclides
Monograph 4: Beta-Particle-emitting Radionuclides
Part 1 should have an overall introduction to ionizing radiation and Part 2 an overall evaluation
of ionizing radiation in addition to the separate evaluations in each monograph.
Non-ionizing Radiation, Part I - Static and Extremely Low Frequency (June 2001)
Electric and Magnetic Fields
Non-ionizing Radiation, Part II - Radiofrequency Electromagnetic Fields (June 2003);
6.4 the basic organisation of the Monographs is readily adaptable to physical agents, as has
been done with earlier volumes on solar and ultraviolet radiation (IARC, 1992) and radon
(IARC, 1988). A generalized outline for ionizing radiation, with particular attention to Section 1
(Exposure data) was developed (Appendix 1);
6.5 the scheduling of the IARC Monographs on non-ionizing radiation should take into account
the status of studies that are currently in progress in order to base the evaluations of
carcinogenic hazard to humans on the broadest possible foundation of published evidence.
These Monographs should precede and serve as a foundation for WHO evaluations of the
total effects of non-ionizing radiation on human health.
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Appendix 1
Structure of a Monograph on Ionizing Radiation
General Remarks on Ionizing Radiation
1. Exposure data (Overall introduction)
1.1. Nomenclature
1.1.1. Definition of ionizing radiation
1.1.2. Quantities and units
1.1.3. Regulations and guidelines

1.2. Methods of measuring ionizing radiation
1.2.1. Photons
1.2.2. Neutrons
1.2.3. Alpha particles
1.2.4. Electrons

1.3. Occurrence and exposure
1.3.1. Environmental exposures: naturally-occurring radiation
1.3.1.1 Cosmic rays:
External (primary and secondary cosmic rays): photons, neutrons, electrons.
Internal (cosmic-ray induced radionuclides): electrons, photons
1.3.1.2 Terrestrial radiation:
External (primary radionuclides in the Earth’s crust): photons.
Internal (primary radionuclides and their progeny in the environment): alpha particles,
electrons, photons.
1.3.2. Environmental exposures: production and use of nuclear weapons
1.3.2.1 Nuclear weapons use and tests:
External (direct radiation and radionuclides deposited on the ground) photons, neutrons.
Internal (fission, activation, and transuranic products in the environment): alpha particles,
electrons, photons
1.3.2.2 Facilities of the military fuel cycle (Hanford, Chelyabinsk):
External (radionuclides deposited on the ground): photons, neutrons.
Internal (radionuclides in the environment): alpha particles, electrons, photons.
1.3.3. Environmental exposures: nuclear power production
1.3.3.1 Facilities of the nuclear fuel cycle (mines, mills, fuel fabrication, reactors, fuel
reprocessing plants, waste disposal):
External (radionuclides deposited on the ground): photons, neutrons.
Internal (radionuclides in the environment): alpha particles, electrons, photons.
1.3.4 Environmental exposures: accidents
1.3.4.1 Chernobyl, Kyshtym, Windscale, Goiania, others:
External (radionuclides deposited on the ground): photons.
Internal (radionuclides in the environment): electrons, photons.
1.3.5. Exposures of members of the public: miscellaneous
1.3.5.1 Use of H-3 and Ra-226 in watches, radiation from TV sets, etc.
External: photons.
Internal (radionuclides in the environment): electrons, photons.
1.3.6. Exposures of patients: medical
1.3.6.1 Diagnostic uses:
External (medical and dental X-rays): photons
Internal (nuclear medicine): electrons, photons.
1.3.6.2 Therapy
External: photons.
Internal (use of radiopharmaceuticals): electrons, photons.
1.3.7 Occupational exposures
1.3.7.1 Naturally-occurring radiation:
External (aircraft crew): electrons, photons, neutrons.
Internal (non-uranium miners): alpha particles, photons.
1.3.7.2 Production and use of nuclear weapons:
External
Internal
1.3.7.3 Nuclear power production:
External
Internal
1.3.7.4 Accidents:
External (Chernobyl)
Internal
1.3.7.5 Medical uses:
External
Internal
1.3.7.6 Miscellaneous:
External
Internal

1.4 Estimates of overall exposure to individuals from all sources

2. Studies of cancer in humans
2.1 Environmental exposure from natural sources
2.2 Environmental exposure from man-made sources
2.3 Medical uses of radiation
2.4 Occupational exposure
2.5 Attributable risk issues
2.5.1 Estimates of overall exposure to individuals from all sources
2.5.2 Proportions of exposure from separate sources
2.6 Other issues in epidemiological studies
2.6.1 Risk modifiers
2.6.2 Quantitative considerations

3. Studies of cancer in experimental animals

4. Other data relevant to an evaluation of carcinogenicity
4.1 Transmission and absorption in biological tissues
4.2 Adverse effects (other than cancer)
4.3 Human radiation sensitivity disorders (ataxia telangiectasia, Nijmegen breakage
syndrome, SCID) (role in other cancer, e.g. breast cancer)
4.4 Genetic and related effects
4.4.1 Immune effects
4.4.2 Mutagenicity

5. Summary and Evaluation
5.1 Exposure
5.2 Human carcinogenicity
5.3 Animal data
5.4 Other relevant data and mechanisms of carcinogenicity
5.5 Overall evaluation
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