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ABSTRACT

Injury to living cells is caused by mechanisms which in many cases are similar
for radiation and chemicals. It is thus not surprising that radiation and many
chemicals can cause similar biological effects, e g cancer, fetal injury and
hereditary disease.

Both radiation and chemicals are always found in our environment. One agent
may strengthen or weaken the effect of another, be it radiation in combination
with chemicals or one chemical together with another. The implications of such
synergistic or antagonistic effects are discussed.

Intricate mechanisms help the body to defend itself ag,.i.nst threats to health
from radiation and chemicals, even against cancer risks. In a strategy for
health, it might be worth while to exploit actively these defense mechanisms,
in parallel with decreasing the exposures. Of particular interest are the
large exposures from commonly known sources such as smoking, sun tanning and
high fat contents of food.



COMPARISON OF RADIATION AND CHEMICAL RISKS

1. Types of injury.

Living cells are surprisingly similar whether they belong to an amoeba or a
human being. Radiation causes chemical changes in the cells which may lead to
injury of the chromosome material, DNA. Similar changes may also be caused by
some chemicals. The cell reacts to unwanted changes by mobilising an
impressive repair machinery built on enzymes, that is, organic compounds
capable of accelerating chemical changes in the cells or producing such
changes by catalytic action. In some cases the enzymes acting upon radiation
injury may also act on injuries caused by chemicals. Although chemical
injuries are extremely varied, they may thus sometimes be very similar in
character to injuries caused by radiation.

An organ can not maintain its normal function if a large number of cells is
injured and not fully repaired, whether the harmful agent is radiation or a
chemical. If an essential organ is exposed, the entire body may be threatened.
Severe injury may result from such high exposures. Prevention may be very
efficient by reducing the exposure to ^uch lower levels where only a small
fraction of the cells in the organ at risk is injured. In that case no organ
damage may appear.

Such a prevention may not, however, be sufficient. Even at lower exposure
levels the radiation or chemical may start a process resulting i.i a later
manifest injury. For instance, the DNA may become reprogrammed to start an
unrestrained growth which manifests itself as a cancer tumor several decades
after exposure. Exposure of the gonads may result in mutations that may
express themselves only after generations. It is not yet known whether fetal
injuries can be caused by changes in single cells, nor whether the same is a
possible mechanism for lesions in arteries (atherosclerosis), premature ageing
or activation of latent viruses.

The effects of low level exposures to radiation have been more studied than
those from low level exposures to chemicals. In particular, many factors
influencing radiation carcinogenesis in humans are known. At present, also
about 30 chemicals are known human carcinogens. The list is most likely to be
enlarged. More than one-half of all chemicals tested for carcinogenicity in
animals turned out to be carcinogenic. At present more than 1000 chemicals are
being studied. In cell studies, thousands of chemicals have caused injury to
DNA. There is no complete correspondence between such genotoxicity, and
carcinogenicity in animal experiments. Cancer risks from low level exposures
will be dealt with in more detail later in this report.

Many drugs including alcchol nd tobacco are known to cause fetal
malformations, perinatal mortality and other injuries. Exposures to high
levels of lead, mercury and ionising radiation have caused severe injury to
the fetal central nervous system and even fetal mortality. Whether sucn injury
can be caused by lower exposures is nov a matter of intense research.

There is little proof of other types of late injury. Hereditary injury is
suspected to bs caused by ionising radiation on grounds of animal experiments,
and the same holds for several chemicals. Premature aging has been sought as a
result of radiation exposures, with no conclusive evidence. Irradiated groups
lived as long as other comparable groups, apart from the. cancer mortality
induced by radiation.

Table i gives an overview of risks from radiation and chemicals.



2. Strengthening and weakening the effect.

Living cells are continually bombarded by radiation and chemicals. The
different agents may at higher exposure levels interact to give an effect that
is more than additive. For instance, neither microwave irradiation nor
galactose feeding produced cataracts in the eye lens of rats, but combined
treatment did.

Different agents may also be antagonistic and and give a less than additive
effect when given together. In an experiment radiation doses of 7 Gy killed
all mice, but administration of ginseng extract a few hours after irradiation
saved four out of five.

Synergistic or antagonistic effects may also occur between two or more
chemicals. The relations may be tixtremely complex. The carcinogenic potency of
some substances (AAF and DMBA) -v for instance act synergistically with
another substance (PBB) if the latter is given afterhand, and antagonistically
if it is given beforehand.

In the case of cancer induction, several stages are involved. As a
simplification, three stages are commonly recognised:

* initiation by ionising radiation or a chemical

* promotion by radiation or chemicals. Dioxines are considered promotors, and
microwave radiation suspectad of being a promotor. An initiator is usually
also a promotor if it causes extensive cell death. This is the case for high
doses of ionising radiation and for initiating chemicals that are toxic.

* progression of the tumor. This stage is not clearly distinguishable from
promotion.

The whole process is extremely complex with extensive repair at the cellular
level and strong defense mechanisms from the organism. Only a very small
fraction of all initial DNA injury leads to a manifest tumor.

Even the risk of cancer can be weakened by certain chemicals. Vitamin A seems
to decrease the risk of lung cancer (possibly through its influence on the
development of the lung epithelium). Vitamin C is believed to be a general
protector against cancer (by scavenging free radicals which are produced in
the cells by either radiation or chemicals). Vitamin E seems to act similarly.
The enzyme superoxidedismutase also prevents the formation of free
radicals, and higher levels in blood have been correlated with decreases in
mortality in mice and in human chromosome aberrations from radiation. Also
chemical injury can be prevented at high levels of superoxidedismutase.

A high content of fibres in food may reduce the effect of some carcinogens,
maybe since these adhere to the fibres or are more rapidly passing through the
intestines. Substances (indoles) from cabbage and Brussel sprouts have been
shown to inhibit chemically caused cancer. Other protectors in food are known.

In theory cancer protectors could be added to food, or food habits directed
towards foods which are rich in such substances. Whether this is practically
feasible and worth while is still under discussion, but research in the area
seems strongly justified.



3. Examples of radiation risks

Some examples of radiation risks in the environment are given in Figure 1.
Direct risks to humans, animals and trees result from high level exposures. At
lower levels, the best present estimate of cancer risk is given, using the
assumption of proportionality between cancer risk and radiation dose. All
numerical values are strongly simplified and used to illustrate tendencies
rather than exact figures.

High level exposures did occur in the Soviet union following the Chernobyl
accident. For instance, pinetrees died within a kilometer or so from the
nuclear power plant. It is not, however, sufficient to consider the most
obvious direct radiation effects in the management of environmental
contamination. Special organisms may be particularly sensitive, or ecological
concentration processes may lead to unusually high exposures. The latter is
the case in the example of reindeer in the figure. Such special cases must be
identified in the case of significant contamination of the environment.

High radiation levels may also be found from radon, e g in Swedish homes where
the maximum annual lung dose equivalents run into tens of sieverts. Lung
injuries such as fibrosis can not be excluded at such high levels.

High level exposures do also occur from the ultraviolet radiation of the sun.
Acute skin burns and snowblindness associated with corneitis may be the
result.

But most of the radiation exposures in the environment are at lower levels
where no direct injuries occur. These exposures can be represented by the
contaminations resulting from the accidents at Chernobyl and Windscale, and
the fallout from nuclear weapons tests. What risks may these carry?

The best established effect is the induction of cancer. Some other effects are
mentioned in Section 1, but here the detailed discussion will be limited to
cancer induction. The most recent review by the United Nations Scientific
Committee on the Effects of Atomic Radiations (UNSCEAR) lists some 400
references to recent work on radiation induced cancer, predominantly in
humans. High exposure levels have been definitely associated with increased
cancer incidence. Dependence on some parameters such as age, sex, dose, dose
rate and spontaneous incidence is becoming known to some extent. For instance,
at higher doses, the incidence often tsems to be linearly related to the dose.

At lower doses and dose rates, most studies fail to establish a link between
the radiation exposure and the cancer incidence. To take one example, a review
of 10 studies of nucleic workers in the US and UK revealed a cancer mortality
less than that of the general population. Occasional excesses were found, but
deficits were found as veil and stochastical fluctuations may be the likely
explanation. For instance, cancer of the prostate had been recorded in four of
the studies. In two of them, there seemed to be no clear dependence on
radiation dose, in one study there was an increase with dose and in one a
decrease.

Two major studies deal with cancer incidence from low dose rates. In both
cases patients have been examined using radiations, one group of women x-rayed
in Canada in relation to tuberculosis, the other group in Sweden given iodine-
131 for thyroid diagnosis. The results are supported by animal experiments and
indicate that low dose rates are one-half to one-tenth as carcinogenic as h.'.gh
dose rates.



The management of these cancer risks follows recommendations by the
International Commission on Radiological Protection, ICRP. The cancer risk is
assumed to be linearly related to the radiation dose. One argument supporting
this assumption is that environmental radiation doses are added to a lifetime
dose from natural and medical exposures. Then, the relevant shape of the dose-
response curve is not that prevailing at dose zero but rather the shape at
about 0.1 sievert, which is likely to be more nearly linear. Another argument
supporting the linear assumption is that if several contributions to the total
radiation dose bring the risk Into the truly linear ragion, then the best
apportionment of the risk among the different contributions is by linearity
with dose. A third, more speculative argument, is that if radiation and
chemicals have similar effects, then also the chemical exposures serve to push
the effect of the radiation dose towards the linearity region. Similar
arguments may be applied also in considering the regulation of cancer
promotors.

What is a level low enough to be exempted from regulation? There is an
emerging consensus that 10 /*Sv (microsievert) per year does not normally
warrant regulation. The equivalent of this level Is entered in Figure 1. The
mean contamination level in Sweden following the Chernobyl accident was at
about this level. The maximum level (50 times higher) would not under any
circumstances have been permitted, had an application been filed. The figure
also contains an indication of what levels would not normally be permitted
when planning is possible.

4. Examples of chemical risks.

Table 1 shows that many chemicals give the same type of effects as ionising
radiation. A simplified description as for radiation in Figure 1 is difficult
to provide since many chemicals often occur together in the environment and no
common scale of exposure exists. For instance, tobacco smoke contains more
than one thousand identified chemicals. In a very extensive mapping of air
pollution at the industrial conglomerate of Stenungsund in Sweden, only 13
chemicals or groups of chemicals could be analysed, a small fraction of those
present. Attempts at describing the hazards via experiments on cells and mice
had limited success.

Cancer risks

Some cancer risks from air pollution in Sweden are presented on the ordinate
of Figure 1 without reference to exposure levels. They can be compared with
the cancer risks from Chernobyl for the average Swede. The smoker is exposed
to several thousand times, the city dweller to several hundred times and the
Stenungsund inhabitant to some ten times higher ri.»«c than the Chernobyl risk.

Almost all estimates of cancer risks from chemicals are very uncertain. Still
they play an important role in regulation, e g in the US. A recent review of
128 decisions by federal authorities showed estimated lifetime risk levels
from below a millionth of one per cent and up to 3 per cent, the latter due to
releases to the environment of arsenic from a copper smelter. Regulatory
action had been taken for all cases where the lifetime risk was above 0.4 per
cent and in only one case when the risk was below 0.0001 per cent.

The Swedish environmental protection authority has suggested that a lifetime
risk from chemical carcinogens of 0.001 per cent may be acceptable, or an
annual risk of 0.0001 per cent. This can be compared with the annual cancer
mortality risk of O.3OOO2 per cent associated with the exemption level
suggested for radiation, and the 0.002 per cent "acceptable" for radiation.



Considering the different significances of the terms "acceptable" and
"exemption", the regulatory approaches for radiation and chemicals do not
exhibit any gross discrepancies.

It should be noted that risk estimates, particularly for chemicals, are very
uncertain and subject to intense debate. Swedish researchers have suggested
that risk estimates for chemical carcinogens may draw upon the estimates made
for radiation. The intermediary would be the so called adduct to the
chromosome material DNA. Both radiation and chemicals produce such adducts. A
first prediction of leukemia in workers exposed to ethylene oxide proved
successful.

The cancer risks from contamination of workplaces and the environment
contribute relatively little to the total cancer risks. The main contributors
are smoking, food constituents, and sex related factors such as the age at
childbearing for women.

Other injuries than cancer

At high exposure levels a variety of injuries is caused by chemicals as well
as by radiation. There is no doubt that such exposure levels should be
avoided. In the future, more attention must be paid to the effects of lower
and repeated exposures that may be caused by environmental pollution. An
obvious example is provided by cadmium. It is suspected that present daily
intakes of cadmium in many parts of Sweden may exceed the threshold where
kidney injury is caused. Higher contamination of rice in Japan has earlier
proved to injure particularly the kidneys of women above 40 years of age who
had had many pregnancies.

Another suspicion concerns lead. Fetal brain injury may be linked with
slightly elevated blood lead levels in the mothers, and exposure of children
to lead.from air pollution caused by motor traffic may have caused brain
injury in children.

Fetal brain injury may also be linked with maternal consumption of fish
contaminated with methyl mercury. Mothers in New Zealand had methyl mercury
intakes slightly above the maximum recommended weekly intake according to the
World Health Organisation. The children born may have had impaired
intelligence quotient and language development.

The examples indicate a need for more attention to low level exposure to
chemicals, with particular reference to sensitive groups such as children and
fetuses.

5. Conclusions

a) Many chemicals may cause cellular injury in similar ways as radiation.
Chemicals may thus ca-jse the same type of injury as radiation, e g fetal
injury and cancer. It is also natural that injuries at the cellular level may
interact independently of what was the causing agent. Strengthening and
weakening of the effects may result from such interaction. It is essential
that assessment of the impact of environmental contaminants be based on the
entire environment >1 pollution, not on each component separately.

b) The entire pollution consists of thousands of harmful chemicals and many
types of radiation. The impact assessment is extremely difficult, not the,



least for low exposure levels. Ionising radiation has been more extensively
studied than any single chemical. Methods have been suggested to assess the
impact of some chemicals by analogy with radiation effects using DNA adducts
as the bridge. Such methods should be further explored.

c) In many cases the frequency of radiation induced cancer is proportional to
the accumulated dose. Several arguments favor the general use of a linearity
assumption for environmental impact assessment, and this is also implemented
internationally in the case of ionising radiation. The assumption is getting
international acceptance also for chemical cancer initiators. This is a
promising development in spite of the enormous difficulties of quantification
in the case of chemical injury.

d) Cancer promotors exist at high concentrations in the normal environment,
e g female sex hormones or metabolic products caused by smoking or the
ingestion of alcohol. This may be a reason for studying further whether cancer
promotor regulation should be based on an assumed linear dose-response
relationship.

e) In the case of hereditary and fetal injury, radiation protection is at
present based on linearity assumptions. It should be discussed whether this
would not be prudent also for some chemicals.

f) Future work on protection against environmental chemicals should pay more
attention to non-threshold types of injuries.

g) Mich attention should also be paid to protectors against radiation as well
as against chemicals. In many cases the same substances may serve both
purposes. Protectors may help improve public health also in cases where
prevention is recognizedly difficult, e g when it comes to the major health
hazards associated with smoking, alcohol consumption or sun tanning.
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Caused by
radiation

yes

yes

yes

Number of known
chemicals producing
this effect

tens

hundreds

thousands

Table 1. Types of biological injury from high level exposures

Type of injury

Human cancer

Animal cancer

Injury to cellular DNA

Hereditary injury yes (according (probably several)
to animal
experiments)

Fetal injury yes tens

Mortality or organ injury in humans,
animals and plants yes (probably almost all)

Note: There is no agreed "high level" or "low level" exposure. Often, however,
exposures leading to direct organ injury or mortality (ultimate table entry)
are considered as high level exposures. If the other types of injury appear in
low frequency, the exposures are called low level exposures. The injuries are
then difficult to verify. It is highly likely that these other types of injury
may be caused by a large number of agents even though they have not been
•demonstrated even for high level exposures.
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Figure 1.

Examples of harmful effects of radioactive contamination and air pollution in
the environment .

The ordinate gives the percentage of injured individuals in exposed
populations. The abscissa only pertains to radioactive contamination by
cesium-137.

The injuries calculated from a radioactive contamination do not account for
external irradiation but only for superficial or internal contamination, in
order to provide a closer parallel to chemical exposures. Cancer from a single
deposition may appear for about 50 years; the figure gives the annual mean
during these 50 years.

Near the abscissa are indicated the mean contamination levels in Sweden after
the accidents in Chernobyl 1986 and Windscale 1957, and after the nuclear
weapons tests fallout in the sixties and seventies. The maximum contamination
in Sweden after the Chernobyl accident was about 50 times the indicated
mean. Also indicated are the contamination levels corresponding to radiation
doses where exemption from regulation may be practised (0.01 millisievert per
year) and where exposure would normally not be permitted following licensing
procedures (1 millisievert per year). The corresponding cancer risks are well
below one case per million exposed per year, and one case per ten thousand
exposed per year, respectively.

On the ordinate are also given the cancer risks to three populations

* smokers

* city dwellers exposed to general air pollution

* Stenungsund dwellers exposed to airborne releases from heavy industry in a
conglomerate in the Swedish countryside.

The ordinate also gives the acceptable risk from carcinogenic pollutants
according to the Swedish environmental protection board, one case per million
exposed per year. The exact significance of this acceptability is yet to be
specified.



Figure 1
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