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ABSTRACT

In this paper is discussed some questions in the field of Radia-
tion Protection as like: historical prologue of radiations dis-
covery and it's systematics; radiation and radiation protection
relation; ALARA principle and "de minimis'1 approach; radiation
risks and dose limits and radiation and chemicals a risk compa-
rison .

HISTORICAL PROLOGUE

Although our society has been concerned for some time with the

potential radioactive contamination of the environment resul-

ting from the technological exploatation of nuclear energy,

the fact is that the universe is and always has been permeated

with radiation. The remarkable set of circumstances involving

the interaction of radiation and matter has a history of some

ten billion years. If we trace our universe from the present

back into antiquity, we find that the further back we go, the

smaller and denser and hotter it was, until eventually we come

to the moment of birth-time zero- and the initial cosmic fluid.

The various types of particles and radiations in the primordial

fluid could be grouped by modern classlfici.tion schemes into one

of three families given in table 1 .

Table 1. Classification of elementary particles and radiations
hj_.

Hadron family Lepton family Photon family

mesons electrons radiowaves

baryons muons microwaves
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Table 1. (continue)

Hadron family Lepton family Photon family

nucleons: tau particles infrared light
neutrons and
protons electron neutrinos visible light

hyperons muon neutrinos ultravioled light

tau neutrinos X-rays

gamma rays

Each material particle at the beginning existed in one of

two states, which we denote as matter and antimatter. Although

both forms are equally stable when apart, they annihilate each

other and their matter is transformed into photons and neutri-

nos when they come into contact,except at very high temperatu-

res. So at time zero, the universe was densely populated prima-

rily with very energetic hadrons, and the temperature was so

high that matter and antimatter could coexist without annihila-

tion .

Although the relatively small number of neutrons and pro-

tons remaining were capable of combining with each other and

forming stable configurations such as heavy hydrogen and helium

nuclei, this was prevented by the presence of the very energe-

tic photons, which had enough energy to break any bonds that

were established. But as the radiation era progressed, the mean

photon energy dropped below the binding energy of the nucleons,

and heavy hydrogen and helium built up. These continued to at-

tach neutrons, and thus the heavies nuclides were also created.

We shall dispense with billions of years of evolution that

resulted in the establishment of the solar system, the origin

of life, and the emergence of modern man. It took our own spe-

cies Homo sapiens at least 25,000 years to reach a level of

knowledge and understanding prerequisite to discovery of the

existence of energetic radiations in the universe. As it is

known in 1895 Roentgen identified penetrating radiations which

he named X-rays. And in 1896, Becquerel discovered that pene-

trating radiations, later classified as alpha, beta, and gamma

rays, were given off by uranium, and thus opened up a new field

of study of radioactive substances and the radiations they emit.

Thus, by 1900, man had begun to discover and experiment with
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high-energy radiations of the kind that had dominated the uni-

verse some ten billion years earlier. At about the same time,

the work of Plank in 1900 and Einstein in 1905, showd that many

kinds of radiation, including heat radiation, visible light,

ultraviolet ligh and radiowaves, which had previously appeared

to be transmitted as continuous waves of energy, were actually

emitted as discrete bundles of energy called photons.

The discovery of the new particles and rays led to intense

experimentation on their properties and their interactions with

matter. On the other side with the development of the theory of

the atomic nucleus composed of protons and other elementary

particles, it was possible to visualize how certain types of

nuclei could disintegrate and emit particles.

In 1919 Rutherford found that, when alpha particles bombar-

ded nitrogen nuclei, energetic protons were released. In 1932

Chadwick identified the other basic particle in the nucleus:

the neutron.

After the discovery of the neutron, major developments in

nuclear research came in rapid succession: discovery of uranium

fission in 1939, and the recognition of the possibility of re-

leasing enormous amounts of energy; achievement of the first

self-sustaining fission reaction in a reactor in 1942; explo-

sion of nuclear fission devices in 19^5,unfortunatly; produc-

tion of thermonuclear explosions in 1952; commissioning of the

first nuclear-powered plants in 1954; and the development of

high-energy accelerators with energies up to 10 MeV in the

seventies. The result of these developments some ten billion

years after the hadron era was the creation of an extensive

radiation technology concerned with the production of energe-

tic radiation for research, medical treatment and industrial

use.

RADIATION AND RADIATION PROTECTION

The history of mankind has been a continuous fight against na-

tural adversities,and the result of this secular endeavor is

what we call science and technology. The scientific revolution

epitomized by Leonardo da Vinci, Fermat or Galileo gave birth

to the industrial revolution two centuries later. In_more re-

cent years,medical knowledge was boosted by chemical advances
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and better instruments. Communications, medicine, everything

began to improve astonishingly when scientific principles could

be applied thanks to sciences developments. It is obvious that

spiritual and philosophical impulses have deeply affected human

evolution. So did and does science. Our civilization could not

be understood without recognizing the role of human capability

to exploit Nature through scientific and technical processes.

Radiation all kinds, is a good example of how our world depends

on the results of this capability. It is impossible to think

of a developed society without a reliable ana safe radiation

use /2/.

Radiation has been one of the more constant and uniform

features of man's environment since his ancestors emerged from

the sea. It has been harnessed over more than the last 90 years

in medicine,industry and research. For most of that time it has

been practicaly ignored by the public, although in the last few

decades, after Hiroshima and Nagasaki, there have be-en sporadic

outbursts of fear. These have been very unevenly distributed

geographically and in time, but the trends suggest that they

are spreading and intensifying especialy after Chernobyl disas-

ter.

Those of us who are concerned with protecting man against

ionizing radiation.while allowing him to use its benefits,are

faced with a difficulty because have to reconcile two objecti-

ves, one of protecting against radiation and the other of pro-

.tecting against fear /3/• When we look back on many years'expe-

riance of radiation protection it can be seen much change, but

also two underlying threads of consistency. The professionals

have firmly believed that the great majority of uses of radia-

tion and of the processes that produce radiation and radioacti-

ve materials incidentally are well worthwhile. They represent

a tengible and, for the foreseeable future, an irreplaceable

benefit to mankind. The second thread is a continuing determi-

nation to achieve a high standard of protection of workers and

a much higher standard of protection for by standers, the public.

As the uses have proliferated and their scale expanded, and as

knowledge has developed and understanding increased,the techni-

ques and policies of protection have passed from the simplistic

belief in thresholds,below which the risks were zero,to a system
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which is highly developed and sophisticated. That relate to the

practice of the ICRP's recently,wisely formulated statement that

all necessary exposure be kept as low as reasonably achievable,

taking social and economic costs into account-ALARA principle.

As yet unsolved problems of practical implementation this con-

cept are, e.g. /h/:

- determination of adequate criteria and decision-making

methods to find this ALARA optimum;

- weighting of transport of.radionuclides across borders;

- weighting of exposure to future generations;

- relative weights of low probability but high consequence;

events;

- consideration of individual and/or collective doses;

- should a de minimis approach be used?

ALARA PRINCIPLE AND "DE MINIMIS" APPROACH

Procedures such as dose optimization, cost-benefit analysis,and

evaluation of compliance with the ALARA principle generally in-

volve a consideration of collective dose. Collective dose is

the product of the average dose and the number of individuals

comprising the specific population group being evlauated. Pre-

vious studies /5,6/ show that, in principle, there is a level

of individual dose below which the consequences may be conside-

red trivial. Therefore.it would not be necessary to include

such very low doses in an evaluation of collective dose. This

low dose level provides a threshold below which radiation doses

can be referred to as de minimis, following the legal principal

of "de menimis non curat lex", or below regulatory concern.

A review of risk assessment literature indicates that the

total magnitude of consequences can profoundly affect risk ac-

ceptability. Accordingly, it was concluded that potential total

consequences should be a major consideration in determining

reasonable de minimis levels of individual dose. For example,

an individual dose of 0,1 mSv might reasonably be considered de

minimis if one or a very few individuals were involved,whereas

if a population of several dilions of people were to receive

this dose, it could no longer be considered insignificant. The-

refore, for practical application, continually decreasing de

minimis dose level rengin from 1 mSv for one individual down
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to about 0,001 mSv for a population of one billion people can

be accepted /7/. The suggested approach is intended to incorpo-

rate the concept of risk acceptabillity into determination of

reasonable de minimis dose levels.

RADIATION RISKS AND DOSE LIMITS

It seems clear that the estimates of the levels of risk associa-

ted with exposure to ionizing radiation are rising by a factor

of about two or three from the levels assumed by the ICRP when

it set dose limits in its recommendations of 1977 /8/. ICRP has

recently said that the change in risk estimates alone is not a

sufficient reason to change dose limits, although it does say

that the dose limits indicate the borderline to risk levels

which must be considered unacceptable.

As it is well known in radiation protection, the practice

is to assume linearity between dose and risk, without threshold

and therefore any exposure to radiation-however 3mall-is assu-

med to carry a proportionate amount' of risk. There is no real

practical alternative to this assumption and consequently any

discussion on the limitation of doses to individuals must in-

clude not only the basic risk per unit dose relationship but

also a judgement on what risks are acceptable. It is evident

that there is no simple, single dividing line between a region

where risks are accepted and that where risks become unaccep-

table. Rather a broad band exists* a fuzzy area covering a range

of risk which is demonstrably accepted by both workers and the

public. The dose limits are set in this fuzzy area and a change

in the risk associated with the dose limit may not necessarily

take that risk into the region considered unacceptable.

A risk of death of 10 per year must be considered unac-

ceptable for someone of normal life expectancy. A level of 10

per year may not be totally unacceptable if the individual enjoys

commensurate benefit and everything reasonable has been done to

reduce the risk. Continued exposure at the current occupational

dose limit of 50 mSv per year gives an annual fatal risk in ex-

cess of 10 which emphasizes that continued exposure close to

the occupational dose limit represents a level of risks which

verges on the unacceptable. However, an imposed risk at the
-4level of 10 per year is likely to be challenged. The conclu-
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sion is that something over 10 per year represents the limit

of individual tolerated risk. Exposure of a member of the public

continuously at the principal dose limit of 1 mSv per year leads

to a level of fatal risk of 3x10 per year, which again can be

considered as vergin on the unacceptable. Perception of the risk

would appear to depend not only on the individual risk but also

on the size of the exposed population, so that although a fatal

risk of one in a million may be acceptable to an individual,it

may not appear acceptable if 200 million are so exposed as was

seen at the time of the Chernobyl fallout /9/. None of this ma-

kes it easy to find a justification in terms of acceptable risk

for specific limits on exposures to ionizing radiation. More

emphasis would need to be put on reducing average exposures so

that these were clearly in the range recognized as acceptable.

This is a problem that ICRP has to address and one which natio-

nal authorities will considering carefully. Conventional indus-

try is becoming Safer; the fatal accident rates are being redu-

ced across world; the estimates of the risks from radiation are

increasing; some reduction in the doses to most exposed indivi-

dual seems inevitable.

RADIATION AND CHEMICALS - A RISK COMPARISON

At first sight, chemicals and radiation appear to be in widely

different fields, insofar as their harmfulness is concerned.

Indeed, there seems to be little of a comparable nature between

radiation and chemical products, which can frequently be smelt

and are therefore thought to be recognizable, and source of

which is apparently always known or identifiable. In contrast,

radiation seem mysterious, invisible and impossible to control.

This difference, intensified by well-known psychological effects

arises again with respect to the consequence of their action:

chemical products appear to have become an everyday mater, where-

as radiation seems entirely new. In particular, and in the light

of information given out following the Chernobyl accident for

example, it is thought that radiation is already active at very

low doses, and that this action is something particulary novel.

In fact, it should be noted that radiation is no more invi-
sible or odorless than many chemical products,particularly where
the latter are present in highly diluted form, as is frequently
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the case with pollution. Both chemicals and radiation can act

remotely, and even over very great distances. A cloud carrying

radioactive or chemical products can move from one country to

another, driven by the wind. This was the case with the Cherno-

byl cloud. But it also applies to chemical clouds moving from

west to east in Europe and the other parts of the world. There

is no doubt that the Norwegian forests are suffering from this

effect, which is under study on an international scale. In both

cases, air and water are potential long-distance carriers. From

the Bhopal chemical accident in India there was certainly a

cloud which travelled within the sub-continent as the Chernobyl

cloud did in Europe. But in the case of Bhopal, nobody cared

since the effects of low chemical-products doses are not even

considered, and also because it is far easier to measure radio-

activity than to analyse chemicals in the atmosphere /10/.

A carcinogenic action is common to a large number of chemi-

cal products and to various forms of radiation. The harmful ef-

fects of chemical products and radiation call for precautions

in their use, and therefore rules of conduct, or in other words

standards, wherever possible. It is highly desirable that these

standards should carry international weight. However, it is in

the area of standards that the greatest differences exist. The

various sources of pollution- are not on the same level,as far

as knowledge of their effects and internationalization of rela-

ted legislation are concerned.

It appears important to stress the similarity between che-

micals and radiation. On one hand, for radiation, we have de-

liberately chosen a pessimistic view of effects at very low

doses, setting standards at very low levels. It is highly pro-

bable that the effects for these very low doses are even less

than those officially taken into account. On the other hand,

for chemical products and on the basis of analogous data, we

have chosen to consider the effects of doses as nil in practi-

cally all cases. At present, things are changing and we can

think that the two phenomena will be considered in the same

way in the not too distant future.
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