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lonising radiation can be extremely useful and beneficial in wide fields of medical diagnostics and
cancer therapy. However, the same radiation can also be very hazardous by causing cancer and
other health damages. The kind and the extent of these damages is very much dependent on the
radiation dose in the body and its organs. For radiation fields outside the body the so-called
external dose can be measured directly and the dose within the organs can be calculated. However,
the dose can only be calculated via biokinetic models for internal exposures after incorporation of
radioactive material. For radiological protection in low dose ranges, the radiation dose is given in
milliSievert (mSv) and the amount of radioactivity is given in Bequerel (Bq). Radiation arises from
a so-called radioactive decay, where one radioactive decay per second equals one Bg. For dose
estimation from internal exposures the incorporated radioactivity must be determined. This amount
in Bq is then multiplied by a dose coefficient in order to obtain the radiation dose in mSv. The
dose coefficient depends on the physical properties of the radiation which originates from the
radioactive decay and on the biokinetic distribution as well as the retention of the radioactive
material within the human body and organs. The distribution of radionuclides can be very different
for individual radionuclides. Radioactive iodine is specifically taken up in the thyroid and the
radiation dose in the thyroid is 1,000 times higher than in other organs, radioactive caesium is very
evenly distributed in all living cells while radioactive strontium is especially accumulated in the
bone. From our present knowledge we can state that the radiation effects are the same from
external as well as from internal exposures at a certain radiation dose in the concerned organ.
Many experimental data and clinical experiences show that the health effects at identical levels of
radiation dose in mSv are the same in the concerned organs from external radiation sources or
from uptake of radioactive material.

From experimental, clinical and epidemiological studies over more than 100 years a large amount
of data and knowledge exists about the possible radiation effects and the corresponding dose
ranges causing these effects. The experimental data come from studies with whole animals, with
living cells and biological molecules including human material. The clinical experiences originate
from the use of ionising radiation in medical diagnostics and therapy as well as from accidents
which have occurred with technological nuclear installations as well as with technical devices in
medicine including radioactive sources. From these experiences we have good evidence that the
radiation effects increase with rising radiation doses. For some effects (stochastic effects) we
assume that there exists no threshold dose (Figure). This is the case for the causation of genetic
mutations as well as of cancer. For other radiation effects threshold doses have been observed
(deterministic effects) and these effects can only be caused by radiation doses above the threshold
dose (Figure) which are in all cases above 100 mSv but they differ up to several 1,000 mSv for the
various radiation effects (ICRP 2007). The radiation effects after exposures during prenatal
development deserve special attention which will be described in a further statement (ICRP 2003).

As no threshold doses are assumed for genetic mutations and cancer these health effects are
expected to occur also after small radiation doses below 100 mSv. However, the effects then will
be small and they will further decrease with decreasing doses. For hereditary defects (genetic
mutations) no significant increase has been observed in humans until now. This holds even for
larger populations, e.g. the children of the survivors after the catastrophic atomic bombs in
Hiroshima and Nagasaki (ICRP 2007). Therefore the risk of cancer causation is of strongest
importance for the risk evaluation in the low dose range (<100mSv) of ionising radiation. However,
it has to be kept in mind that in all studies (including the careful studies with the survivors in
Hiroshima and Nagasaki) no measurable effect has been observed in the dose range below 100
mSv. A possible risk can only be obtained by extrapolation under the assumption of a linear dose
response without a threshold (LNT model). The most important and most comprehensive data are



obtained from the survivors in Hiroshima and Nagasaki. From these data and further data from
radiation exposed populations in Russia (Techa River) as well as data from patients who received
radiation for medical treatment and diagnostics the risk evaluation results in an increase of cancer
by 0.5 to 1 percent after a radiation dose of 100 mSv (ICRP 2007).

This evaluation is valid for a total population (both sexes and all ages). For radiological protection
one certainly has to consider that children and the developing organism in utero is more
radiosensitive by around a factor 3 than the average population. After the Chernobyl accident it has
been found that the thyroid of children is highly radiosensitive with respect to causing thyroid
cancer. This effect was mainly due to a strong uptake of iodine-131 into the thyroid. Therefore
strict limits for iodine-131 are necessary in food especially milk after accidents of nuclear reactors.
The uptake of 100 Bq iodine-131 with milk leads to a radiation dose of around 0.4 mSv in the
thyroid of a one-year old child. Despite the high radiosensitivity of children this dose is still very
much below a radiation dose above which a measurable increase of thyroid cancer will occur. In
Japan the dose through iodine uptake is lower than in other countries as the food content of
inactive iodine (high amount of fish and seafood) is higher than in other countries. This inactive
iodine reduces the uptake of radioactive iodine into the thyroid. The uptake of 100 Bq Cs-137 with
food leads to a radiation dose of around 0.0012 mSv in more or less all organs. Thus there is no
specifically endangered organ in case of caesium. Radionuclides of iodine and caesium are the
most frequent releases and therefore these are the releases for which most attention is necessary in
case of nuclear accidents.

With respect to the toxicity of ionising radiation there exist very good comparative controls in the
low dose range as life has been exposed to ionising radiation from natural sources since it exists on
earth. Worldwide the population is annually exposed in average to external doses of about 0.87
mSv and to internal doses of about 0.29 mSv (UNSCEAR 2008). These exposures can strongly
vary in different world regions. With studies in regions with high background radiation (up to 10-
to 50-fold) no increase of cancer has been found until now. In this context it is interesting that an
annual internal exposure of about 0.17 mSv is caused by the radioactive potassium-40. The
biokinetic behaviour of potassium is very similar to that of caesium. Therefore a comparison of the
two radioactive nuclides is possible. It should be noted that every human being carries with
him/her around 9,000 Bq of natural radionuclides of which about 4,000 Bq are potassium-40.
Additionally the respiratory tract is exposed to radioactive radon and its radioactive daughter
products with comparatively high doses. Extensive studies resulted in an increase of lung cancer in
geographic areas with high radon concentrations. These investigations in combination with the
above described studies gives a further insight and information into the toxicity of ionising
radiation.

Finally it should be pointed out that in industrialized countries everybody probably has been
exposed to ionising radiation most likely including also to radioactive material in medical
diagnostics. It should be noted that the radiation dose is in the range of 5 to 10 mSv for an
examination with computed tomography (CT) or positron emission tomography (PET). These are
two very useful medical technologies which are efficient for medical diagnostics and the frequency
of these examinations is rising especially in the highly developed countries including Japan.
Certainly these exposures should not be compared with the exposures which result from accidents
of nuclear installations, as the medical exposures yield a direct benefit to the extiposed patient
while the reactor accident is an undesired, tragic catastrophe. Nevertheless with reactor accidents
the possible health effects (estimated by extrapolation in this dose range) and the radiation doses
are comparable however, the acceptability is certainly different.

In general it can be concluded that a rational analysis of unwanted, hazardous radiation effects
allows scientific information about the radiation risk with respect to its extent and quality which
has to be expected at a certain radiation dose. This knowledge should be used for the judgement of
the governmental institutions and the administration in order to decide on the tolerable measures



and necessary regulations. For severe measures e.g. evacuation and relocation certainly economic
and especially socio-psychological aspects have also to be taken into account.

Figure Typical dose-effect-relationships for heath effects after exposure to ionising radiation
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