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ABSTRACT

Some modern problems of Radiation Safety Standards are discussed. It is known that
Standards are based on the Linear-Non-Threshold Concept (LNTC) of radiation risk, which is
now called by many experts as conservative. It is thought it is necessary to include in the
Standards such factor as dose rate or duration of irradiation. Some model of effects of
radiation exposure with taking into account the reparation of cell damage is presented. The
practical method for assessment of effects of duration of irradiation on detriments is proposed.

1 INTRODUCTION

1.1 Nuclear Power Progress and Radiation Protection

It is expected that in 21-sth century the development of civilisation will go on at growth
of the population, aggravation of ecological problems of regions, increase of needs in power
supply. On the other hand already in foreseeable future the world will face with reduction of
cheap organic power resources, stocks of fresh water and rare metals.

It is obvious, that the nuclear power is able to facilitate essentially the solution of power
problems, as it provides effective energy production, sufficient level of safety, does not
practically influence on an environment.

However in many countries a distrust to nuclear power is widespread and it has taken
deep roots as public unacceptance of nuclear technologies. The reasons of such negative
attitude of  society are connected with shock from  pictures of dissemination of dangerous
radioactivity at explosions nuclear bombs and at failures on nuclear power stations ТМI-2 in
USA and on Chernobyl NPP in the Ukraine.

Just such emotions have created public allergy to the nuclear energy and have excited
the doubts in safety of this way of production of the electric energy.

Restoration of trust of the society to the opportunities of a safe, economically effective,
social-acceptable production of the electric power in NPPs is an important problem of modern
nuclear community. Much will depend on a successful solving of the safety problems, of
questions regarding rational radiation protection regulation and estimations of consequences
of radiation accidents. Therefore the analysis of the real radiation detriments is the burning
problem. To return the favour of the society to nuclear power it is necessary in particular to
show, that there is an unduly conservatism in Radiation Standards, so that the dangers of
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small dose irradiation for the health of the personnel and the population are strongly
exaggerated.

It would be useful to renovate radiation protection regulations for more realistic
estimations of consequences of protracted irradiation, of risk radiogenic diseases, that would
allow to lower the psychological burden at development of NPPs.

1.2 Radiation Protection Regulation

As is known, in 1990 the Recommendations ICRP-60 of the International Commission
on Radiological Protection have been published [1]. They became a basis for the regulation of
radiation safety in many countries. These standards should to reflect modern lines in the
radiation protection science. However, they have been formed in post-Chernobyl conditions
and consequently represent a conservative approach.

There is no need to remind that these radiation standards are based on the challenged
Linear No-Threshold Concept (LNTC) of radiation effects. Understanding that such approach
is disputable, the ICRP experts much earlier (in 26-th publications of ICRP) warned, that an
assumption about linear no-threshold of dose-effect dependence "can result to overestimation
of possible radiation risk" and that "at a low dose real irradiation risk can be lower, than risk
estimated at the intentionally cautious assumption of direct proportionality between a dose
and effect ".

It is essential that for radiation regulation the data on victims of nuclear bombardment
of the Japanese cities Hiroshima and Nagasaki in 1945 were used. The factor of linear
dependence of radiogenic effects was determined by the results of long researches of diseases
of the people injured at nuclear bombardment by large dose irradiation. However, it is
obvious, that conditions at nuclear explosions differ from conditions of people’s irradiation at
operational accidents on NPPs. Ignoring the distinctions of a strong and extended irradiation
means neglecting of reparation mechanisms of cellular damages in biological structures.

However, it is wrong apparently to neglect that all living on the Earth are adapted to
conditions of existence of radioactivity in the environment, level of which varies in tens of
times. Many facts and some special researches speak that small doses of radiation can
stimulate the vital processes what is resulted in a beneficial effect termed radiation hormesis.
However, the radiation regulation does not consider these facts and hence they are not  taken
into account.

At the moment an understanding of conservative features of the accepted hypothesis of
linear no-threshold of dose-effect dependence extends. It is known that the French Academy
of Sciences does not recognise competence of this Concept. Also in USA the extensive
program of researches for specification of this Concept is undertaken. Really, around the
hypothesis of LNTC at small doses of radiation there are long discussions. There are both
opponents and supporters of this hypothesis. The supporters of LNTC declare that the risk
data designated with use of LNTC are much underestimated. The opponents LNTC confirm
that this hypothesis is unduly conservative and cannot be used for an estimation of a real
radiation damage [2].

1.3 About Radiation Consequences of the Accident in Chernobyl NPP

It is necessary to tell that the analyses of consequences in Chernobyl accident and other
radiation failures also confirm an excessiveness of estimations of risk with the use of LNTC
dependence. It is known that the assessments of the number of cancers after Chernobyl
accident are overestimated.
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On the other side, certainly, the damage from the accident is significant. In the
conclusion in the Scientific Report about medical consequences of Chernobyl accident [3 ] is
said:" Among the medical consequences of Chernobyl accident the greatest concern is caused
by progressive growth of morbidity by a thyroid gland cancer among the children living on
controllable territories Belarus, Russia and Ukraine. However, at the moment it is not much
present a complete reliance in radiogenic nature of marked increase of cases of a thyroid
gland".

The real consequences of the Chernobyl accident are submitted in the report [4 ].
It is known that many medical experts are supporting an idea, that the main influence on

health of the population in the zone of the Chernobyl accident renders the psychological
factor of fear before radiation. That is a posttraumatic syndrome, caused by a fright and
subsequent discomfort from relocation, hearings, and expectation of the approach of
"radiating" illnesses.

2 MODELLING OF BIOLOGICAL EFFECTS OF RADIATION

2.1  An Outline of Radiation Impact, Cellular Damage Recovery and Cancer Initiation

It is well known that large radiation doses create damages in cells and biological
structures. After many years of research the deterministic and stochastic radiation effects
caused by a destruction of structures in the DNA molecules have been identified. First, just
after a high irradiation–as a loss of the organ functions in the bodies due to cell killing. The
second type of effects is observed after a protracted or chronic irradiation-as a possibility of
carcinogenic and hereditary diseases. The first effect will not be fixed if the doses are less
than some threshold figures. The probabilities of the second one increase with the doses. It
was very important, that stochastic effects were dependent on dose rates. Such features are
connected with the ability of cells for damage recovery and restoration of the structures.

It is possible to present the interaction the radiation and biological structures as it is
shown  on the Fig 1 [5].

Figure1:The picture of interaction of radiation and cells
Here S(t)-survival function,  D• (t)-intensity of radiation, N(t)- number of reparable cells,

L(t)-  number of lethally damaged cells, K(t)- a function of cancer initiation.

The flux of ionising particles D•(t) penetrates in the body, hits and damages some cells
structures and influences on the survivability function S(t). Such actions result in the
creation of some number of lethal β(t)D• (t)S(t)  and sublethal α(t)D•(t)S(t)  damages of cell
structures. Sublethal damages can be considered as ruptures of one strand of DNA molecule.
They can be repaired by the action of internal reparation systems. The flux µ(t)N of these
restored cells returns in the initial box. Some damaged cells have been incorrectly repaired
and create the flux ε(t)N of lethally injured cells. The flux βD•(t)S(t) of damaged cells can
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be considered as a number of ruptures of two strand of DNA molecule, which can’t be
recovered and therefore will increase the number of lethally damaged cells L(t).

         Evidently, the parameters α(t), β(t), µ(t), ε(t) are complex functions of dose rates, age
and may be they are also dependant upon heredity of the irradiated human beings.
     The interaction of radiation and cell structures can be described by the system of
differential equations

        NSD
dt
dS µβα +⋅+−=

•
)(  ,  NSDN

dt
dN εαµ −⋅+−=

•
 ,  NSD
dt
dL εβ +⋅=

•
                     1)

with initial conditions      St=0=1,  Nt=0= Lt=0=0 .
       The rate of cancerous transformations can be presented symbolically as

      The process of observable cancerogenesis is determined by the intensity of formation of
lethally damaged cells-germs of cancer, but develops with delay on time with latent period θ
and depends upon the intensity of elimination of transformed cells, described by the function
f (K (t)).

       The system for S and N can be rewritten as a single integro-differential equation
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      where k=α+β , λ=µ+ε.
       If we assume that it is possible to expand in series and put under the integral S (t`)≈S (t)
we obtain
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        This equality can be considered as a generalisation of the well-known model of Blair-
Davidson [6].

        Some examples of investigation of such approach are presented in [5]. In that paper a
phenomenological method of estimation of radiation effects based on the idea of ”practical
threshold” is proposed.

  A risk of lethal cancer can be presented as
               R=1- exp(-E)
    or for small doses as
              R≈E=Aexp(-αD)+B(D-Do),
    where Do  is some practical threshold.
   The value of that threshold is a function of T/τ -the ratio of the duration of irradiationT

and some time parameter τ of internal processes of reparation or elimination of damaged cells.
       For Non-Linear-No-Threshold  (NLNT) approach we can write
       E=B[D-Do (1-exp(-D/Do))] ,                                                                                         4)

where the risk coefficient B equals to В=0,112 1/Sv for the personnel and  В=0,146 1/Sv for
the population. From known data it was possible to present
       D0=0,8(T/τ)0,301  Sv.

The example of computation for τ=1 year is shown on Figure 2. 

)()( KftL
dt
dK −−= θξ
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Figure 2:  The dependence of cancer risk for the population against the dose at various
durations of  irradiation.

It can be seen that the radiation effect is dose rate dependant and decreases for long
irradiation in some times at same dose.

2.2 Account of Influence of  Dose Rate on Radiation Effect

In the normative documents a question about the dependence of radiation effects on
dose rate or duration of irradiation is very poorly discussed. Being agreed with the potential
influence of dose-rates on effects (up to 10 times), the authors of the recommendations of the
ICRP-60 have accepted the rather rough account of these distinctions with the help so-called
“Dose and Dose Rate Effectiveness Factor”, in abbreviated form- DDREF. The recommended
value of this factor is equal to two.

From the previous reasoning it becomes rational to introduce some "effective” measure
of radiation effect. Conveniently, to compare radiation influence on magnitudes some of a
equivalent instant dose, radiation effect from which is identical with effect of the given
prolonged dose, that is with the account of injury recovery.

A similar situation is in oncology at fractionated treatment of cancerous diseases, when
it needs to compare the effects at different seances of radiation therapy. Due to reasons of
minimisation of radiating influence on healthy cells it is expedient to break a treatment on a
number of sessions. The optimum scenario will be such mode of irradiation of a patient,
where the dose loads will be within the limits of tolerance, what means that it will not cause
excessive damages of healthy cells. On the other hand, time between sessions will allow for
irradiated healthy cells to be restored.
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For the decision of this problem F. Ellis in 1967 has offered the concept of a nominal
standard dose (NSD) and the formula of connection of the total dose D, the duration of the
irradiation in the session Т and the number of fraction N

              D= (NSD) N 0,24 Т 0,11.
     The multiplier NSD means the single dose, resulting to given, tolerant level of a

radiation damages of cells. Despite numerous criticism of this concept, its various variants
have found application in practice of radiation therapy.

    To have magnitude of a equivalent instantaneous dose we shall use the formula 3)
and we shall write the equality

eff
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 And then the factor DDREF=ℜ= D/Deff can be defined as

          If use the empirical description of radiating influence, factor of intensity of  dose
has a  form

       At small dose ℜ = D/Deff ~ (Т/ τ) 0,15.
   It is possible to note affinity of the NSD representation  with the proposal of F. Ellis at N=1.

3 CONCLUSION

It can be seen that it is possible to take into account rather simply the effect of dose rate
for the estimation of radiation risk. The health effects can be assessed at any duration of
irradiation. It could assist to disperse the general impression of danger of radiation “at any
small doses “.
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