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Abstract

The work presents the analysis of the 50-year investigation into the effect of nuclear energetic and
industrial installations on the population health and environmental conditions. The radiological risks
in routine operations and emergency cases are assessed. The results of the comparative analysis of
risks concerned with a man-caused radiation exposure and a chemical pollution of the environment
are presented. Our results show that there is a severe discrepancy between protection of the
population and environment from radiation and a harmful effect of chemicals. In Russia, the level of
additional exposure due to industrial sources of radiation is legislatively limited by a value of 1 mSv.
In practice, the population in residential areas near a routinely operating nuclear installation is
exposed below O.I mSv/year, which is several orders lower than the threshold of health effects. An
absolutely different situation exists with a chemical pollution of the environment. An excess of
concentrations of chemically hazardous substances is a regular practice and a methodology of their
regulation is far from being perfect. We discuss the approaches to balancing the normative-legislative
basis.

In the conditions of restricted resources and a large number of ecological problems, it is of
primary importance to optimize the activity in the field of ecology. Realization of a non-
optimized project on reduction of an ecological risk is a real loss of resources, which could
more efficiently have been used on needs of the public health service and improving the
quality of life. In this situation, an assessment of the role of the technogenic radiation factors
in the structure of ecological risks typical for modern Russia is very important.

The effects of nuclear power and industry objects on the population and environment have
been studied for nearly 50 years. The first years of Production Association "MAYAK"
operation (discharges of radioactive wastes into the Techa River in 1949-1951) and the
Chernobyl NPP accident have caused the strongest radiological consequences. In the first
case, the chronic radiation sickness was registered among the population, and in the second
situation, a great number of personnel were exposed to radiation.

Roughly, the radiological consequences of accidents in the industry can be described by the
following figures. Among the personnel, the number of exposed people with the clinical
symptoms does not exceed 700, including 56 fatal cases. Among the population, the clinical
symptoms were registered only at the beginning of 1950s for the population along the Techa
River (primary diagnostics-940 cases, final diagnosis-less than 100). The delayed effects were
reliably determined for the same cohort (less than 50 cases of additional leukoses and other
types of cancer) and along the Chernobyl path (up to a thousand of additional cases of a
thyroid gland cancer, including several fatal cases)-see Table I.

Besides, the leukaemia morbidity increase was registered among the liquidators of the
Chernobyl accident consequences (less than 100 additional cases). These data collected for the
period of 50 years are incomparably lower than losses due to personnel injuries in the Russian
industrial production (about 500 thousand) or environmental pollution of the Russian
Federation (more than 2 million) for the same period, or losses in one transport accident (up to
800 in the accident near the city of Ufa in 1989). One of the criterion's of the technology
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safety is the personnel safety (traumatism, occupational diseases, works in unhealthy
conditions). The assessments of the Russian industries according to the personnel risks are
given in Table II (Nuclear Safety Institute (NSI) together with I.V.Parfenova).

The population exposure under conditions of the projected operation does not significantly
contribute to the entire structure of risks, moreover, even to the structure of radiation risks.
Even around the largest plants of nuclear fuel cycle, including PA "MAYAK", where a large
area was contaminated as a result of the nuclear accident in 1957, the annual doses for the
population in 1993-1996 did not exceed 10% of a natural background level (the background
level is about 2-2.5 mSv/year). For comparison: the annual doses due to medical routines
equal 1-3 mSv/year (see Table III).

In spite of this, a primary attention is still given to the regulation of the radiation exposure of
the population and the environment. This situation should be recognized as correct while
maintaining the reached safety level. However, additional normative limitations demand a
justification above the frameworks of the analysis of only radiation risks. In this context, the
recently accepted norms of radiation safety (NRB-99) and other normative documents
(SANPIN-97, OSPORB-99) demand comments concerning the justification of the increasing
expenses on the radiation safety provision.

Let's consider, for example, two scenarios of NRB-99 law application: optimistic and
pessimistic. In the first case, the dose reduction by 30% for 20 years will give a prevented
dose about 1000 Svxperson, and the expenses of the life prolongation for one year will make
up $250,000. In the second case, the radiation dose for 95% of personnel will not diminish,
the individual dose for 5% of staff workers (maintenance personnel) will decrease, but the
collective radiation dose for personnel might increase. The prevented dose, 50 Svxperson, will
be achieved at a price of $5,000,000 for the 1-year life prolongation.

TABLE I. THE DELAYED EFFECTS OF THE CHERNOBYL ACCIDENT FOR THE
POPULATION OF RUSSIA

(The results of the Russian State medical-Dosimetric register, A.F.Tsyb, V.K.Ivanov)

Cohort

Liquidators
1986-87 years
(147,012 people)
Liquidators
1986-1989 years
(160,567 people)
The Bryansk
region-children
and adolescents
(at the moment of
the accident)
(374,447 people)

Oncological
diseases

Leucosis

Thyroid
gland
cancer

Thyroid
gland
cancer

Number of
registered cases

145

55

170

Connected with
radiogenic effect

50

12

55

Spontaneous
diseases

100±50

45±15

30-200
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TABLE II. PERSONNEL RISKS ON BRANCHES OF INDUSTRY-PRELIMINARY RESULTS
(TRAUMATISM, OCCUPATIONAL DISEASES, WORKS IN UNHEALTHY CONDITIONS
HAVE BEEN TAKEN INTO ACCOUNT)

Branch of industry

The whole industry

Coal industry

Non-ferrous metallurgy

Electric power industry

Machine construction industry and metal working

Light industry

Building industry

MinAtom

Communications

Risk,
days of a lost life in one year per one
working man in the branch

0.94

2.21

1.39

1.27

0.96

0.75

0.47

0.32

0.16

TABLE III. RADIATION DOSES FOR THE POPULATION IN RESIDENTIAL AREAS AROUND
MINATOM OBJECTS IN RUSSIA IN 1993-1996

Plant

PA "Mayak"
Krasnoyarsk chemical
complex (KCC)
Siberian chemical
complex (SCC)

Exposed population,
thousands of people
320
200

400

Annual effective dose, mSv/year
External
0.01
0.03

0.0004

Internal
0.10
0.02

0.005

Total
0.11
0.05

0.0054

Comparison of methods and practical realization levels of the protection of people's health
and the environment from radioactive contaminants and chemical pollutants has shown their
sharp difference and unbalance. This concerns all regulative elements: approaches to
regulations, procedures of definition of permissible releases and discharges, opportunities of
monitoring and attitude to obeying the regulations.

The discrepancy starts at the level of approaches to regulations - the threshold concept in
relation to the chemical pollutants and the no-threshold concept-to ionizing radiation. The
discrepancy might have been regarded as being of not a principle importance, if the linear no-
threshold concept had not been a scientific hypothesis. In Russia, while determining
maximum permissible concentrations (MPC) of pollutants in the environment, not only
toxicological, but some other characteristics are used as the limiting factors. This should have
resulted in lower values of MPC. However, a comparison of the risks with theoretically
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identical harms, i.e. at MPC level, displays, that the chemical pollution by carcinogenic
substances at the MPC level gives risks differed by 1-2 orders. Most of them exceed the risks
connected with a chronic exposure at a level of 1 mSv, and in some cases, the risks are at the
unacceptable level (see table IV).

TABLE IV. CHRONIC CARCINOGENIC RISKS DUE TO INTAKE OF CHEMICALS AT MPC
LEVELS

Substance
Arsenic
Cadmium
Chromium (YI)
Epichlorohydrin
1-3 butadiene

Risk
1.3.10"2

5.5.10"4

2.2.10"1

4.6.10"3

2.8.10-1

Substance
Benzene
1,2 dichloroethane
Nickel
Hexachloran
Chloroform

Risk
2.9.10"3

2.6.10"2

2.6.10"4

1.5.10"2

6.9.10"4

The given data are not the examples of the most unsuccessful cases of MPC determination,
but, unfortunately, represent the situation, which is practically a standard. Table V
(S.M.Novikov, B.N.Porfiriev, O.V.Ponomoreva, Consulting Centre of Risk Assessment, NSI
report, 2000) shows, that the carcinogenic risks due to an intake of harmful chemicals at the
MPC levels accepted in Russia are very high for most chemicals normed earlier.

The present system of radiation monitoring allows detecting the changes in the environment at
levels of natural background variations, which are 5-7 orders lower than MPC. The system
requires perfecting only as "a tool" of reacting on emergency situations. At the same time, the
monitoring of the air pollution by chemicals does not allow estimating thoroughly the
concentrations of chemical pollutants in the environment and determining the degree of
hazard of free air contamination for the population health. Only about 70 pollutants are being
monitored by the observation system of Russian Meteorological Service (Rosgidromet), and
many stations monitor not more than 5-10 toxic impurities. Frequently, the concentrations of
basic pollutants in air are not detected or the sensitivity of used methods is comparable with
their MPC values. The results of detailed examinations display, that the contribution of the
pollutants monitored by the Rosgidromet service into the total risk to the population health
from the air pollution does not exceed 30%.

TABLE V. CARCINOGENIC RISKS AND MPC

Risk

>10-2
10-2-10-3
10-3-10-4
10-4-10-5

<10-5
Total

Fresh water
Absolute
7

19
29

23

9

87

%
8.0

21.8
33.3

26.4

10.5

100

Atmospheric air
Absolute
2
6

13

9

7

37

%
5.4
16.2

35.1

24.3

19.0

100

Working area
Absolute
42

34

10

7

0

93

%
45.1

36.5
10.7

7.5

0

100

The realistic proportion of the monitoring levels for radioactive contaminants and chemical
pollutants of free air is illustrated in Fig. 1.
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FIG. 1. Monitoring of the free air contamination.

The accumulated data on contamination of the environment by hazardous chemicals allow
estimating an annual risk of death for the population. The risk values reach 10"2-10"3 as
illustrated in Fig. 2.
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FIG. 2. Free air contamination.

Apart from the assessment of the risks of death for the population in large industrial cities as a
result of free air contamination, it is appropriate mention here an essential increase of the
morbidity rate as a result of chemical pollution, for example, by lead and formaldehyde.

For some Russian cities, a potential risk of health aggravation as a result of chronic free air
pollution by lead compounds assuming a conservation of the existing level of pollution within
25 years is given in Table VI.
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TABLE VI. POTENTIAL RISKS OF TOXIC EFFECTS AS A RESULT OF CHRONIC FREE AIR
POLLUTION BY LEAD COMPOUNDS (N.P.TARASOVA ET AL., NSI REPORT, 2000)

Cities

Komsomolsk-on-Amur, Tobolsk,
Tyumen, Karabash, Vladimir,
Vladivostok

Level of free air pollution by
lead (1994-1995 years), ng/m3

(>0.3) - 0.5

Potential
risk

(>0.34)-0.56

78% of the population in Moscow, assuming a conservation of the existing level of free air
pollution within 25 years, have a risk of diseases in light, medial and heavy forms (see
Table VII).

There is the similar situation with chemical pollution of surface waters and soils. Most of the
large Russian rivers are characterized as polluted, dirty and very dirty. Concerning the
radioactive contamination of the surface waters, only the Techa River water can be considered
as contaminated and only after introduction of the new regulations NRB-99, which state a
very low level of strontium-90 contamination of potable water. The result of the essentially
different approaches to the ecological safety provision is, from one hand, an absence of MPC
excess for radioactive substances in free air. From another hand, in 185 Russian towns (72%
of towns with observation stations) with the total population of 60 million, the average annual
concentrations of at least one monitored chemical exceeded the tolerable concentration limit.
30 million people live in towns, where the average annual concentrations of suspended
chemicals and nitrogen dioxide exceed the maximum permissible concentration limit by a
factor of 10.

The results of a comparative analysis of risks, connected with technogenic radiation exposure
and pollution of the environment by harmful chemical agents (see Table VIII), confirm the
fact of a serious trouble with the environmental protection from chemical pollutants.

TABLE VII. POTENTIAL RISKS OF TOXIC EFFECTS AS A RESULT OF CHRONIC FREE AIR
POLLUTION BY FORMALDEHYDE (N.P.TARASOVA ET AL., NSI REPORT, 2000)

Cities

Moscow

Formaldehyde concentration in free air
(1990-1997 years), ng/m3

0.008

Potential
risk

0.78

We attempted to separate three different groups of deaths, namely: i) of general type, which is
typical for a society with a relatively high living standard, where the ecological problems are
resolved; ii) of social type, which is connected with social problems in a society; and iii) of
ecologically stipulated type, which is determined by the environmental problems. A
comparison of the present mortality rate with the similar data for the earlier (1970-1980)
periods in Russia and with mortality rates in developed countries formed the basis for the
analysis of the effect of social reasons.

The ecologically stipulated deaths were assessed on the basis of the analysis of risks,
connected with the contamination of free air, and data on the negative influence of the potable
water contamination.
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As a whole, the structure of death rate for the Russian population at the end of 1990s due to
different reasons is the following: general reasons - slightly higher than 60-65%; social
reasons-above 30-35%; the ecological reasons-4-5% (see Fig. 4).

In the long term perspective, the ecologically stipulated deaths might increase. This could
happen, if the intensity of environmental pollution increases or is kept on the same level. A
long-term exposure will have an effect in this situation. The mortality rate due to the
ecological reasons can increase up to 8% providing the society solves the social problems. The
value of 4-5%, as well as 8%, does not reflect the ecological problems entirely. The decrease
of the quality of life is behind the frameworks of this estimation.

At the same time, it is necessary to mention an essential difference in the efficiencies of
investments in different sectors of social and economic development of the society from the
point of view of the population health improvement. The similar estimations, based on the
results of research carried out in USA at the beginning of 1990s, are given in Fig. 5. The
results of these studies allow making a conclusion, that the programs, directed to a prevention
of lethal cases as a result of accidents in private life and at work, are much more efficient, than
the programs directed to a decrease of oncologic disease risk, stipulated by the state of the
environment and industrial conditions.
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FIG. 3. Contamination and pollution of surface waters.
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TABLE VIII. INDIVIDUAL ANNUAL RISKS OF DEATH FOR THE POPULATION OF RUSSIA

Confirmed

All reasons

Casualties

Strong atmospheric pollution

ChNPP zone of resettlement

Residential areas close to PA
"Mayak", KCC and SCC

Residential areas close to NPP

Million people

69 (men)

69 (men)

15.2

0.1 (Contaminated regions of
Ukraine. Russia. Byelorussia)

0.9

0.3

Risks

2.0 x 10" (average for a
period 1996 to 1998)

3.3 x 10"3(average for a
period 1996 to 1998)

1 x 10"3

8 x 10"5

6 x l0"6-3 x 10"7

7 x 10"7
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FIG. 4. Mortality rate for the population of Russia at the end of 1990s due to different reasons.

This conclusion is especially important for the modern Russian conditions, because the
mortality rate is appreciably determined by death of injuries and traumas.
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Activity

Public health service

Everyday life

Occupational activity

Environment

All types of activity

Life prolongation expenses,
thousands $ per 1 year

19

36

346

4207

42

"Five-Hundred Life-Saving Interventions and Their Cost-Effectiveness",
T.Tengs, M.Adams, Pliskin J. et al.

FIG. 5. Experience of foreign countries in risk assessment

SUMMARY

(l)Even in the frameworks of no-threshold concept of radiation risk, there has been
formed the hypertrophied exaggeration of the role of technogenic factors in
comparison with the others, including regulated factors of the population exposure
(radon, medicine).

(2)There are serious methodological and scientific problems of regulation and optimal
decrease of risks for the population health and environment, connected with chemical
pollutants. Of them, one of the most serious is a systematic lack of data on
carcinogenic and toxicological properties of chemical agents and their effect on
natural ecosystems.

(3)The scientific and technological potential accumulated in the field of the radiation
risk analysis should be widen to new fields, namely, the analysis and monitoring of
chemical pollution and its effect on people and environment.

DISCUSSION AFTER THE PRESENTATION OF L.A. BOLSHOV

V.B.GEORGIEVSKY (Russian Federation): With regard to chemical compounds which
have a carcinogenic effect, the concept of "risk" is applicable as there is a mathematical
pattern. How do you calculate the risk of those chemical compounds which do not have a
carcinogenic effect-which have other effects? I would not have asked if you had not referred a
few times to a "maximum permissible concentration"-a "hazard index" used in the West when
it is not the carcinogenic effect that is harmful but some other effect. How do you compare
risks?

L.A.BOLSHOV (Russian Federation): People don't die just of cancer; they die of other
diseases as well. And the curve drawn through the maximum permissible concentrations
determines those concentrations-accumulated or instantaneous-which lead to one or another
probability of one or another disease. We examined the data presented in the table in question
together with colleagues of the Centre for Risk Assessment.
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G.LINSLEY (IAEA): I think the problem is that radiation risks on one hand and chemical
risks on the other are in most countries dealt with by different governmental departments.
Even when they are dealt with by a single governmental department, as in the United States,
where the US Environmental Protection Agency deals with both risk types, there is a clear
organizational separation of the two. Consequently, we do not have a coherent approach.

M.GOLDMAN (USA-Session Chair):About 20 years ago, given the fact that many
chemicals have adverse effects not connected with cancer, I suggested the concept of a " rem-
equivalent chemical", the aim being to consider the risks associated with radiation and those
associated with chemicals on equal terms. However, the public was not ready for such a
concept. The creation of a "level playing field" for the consideration of radiation risks and
chemical risks is a major challenge. Mr. Bolshov's idea of the radiation model possibly being
useful in that connection is a good one, but we must first eliminate the "mushroom cloud"
image associated with radiation.

V. NOVIKOV (International Institute of Applied Systems Analysis): One difficulty in
trying to establish a single risk scale is the fact that some risks-for example, those associated
with driving cars, flying and smoking-are incurred voluntarily, whereas people regard the risks
associated with the chemical industry or with radiation as being imposed on them.

M.GOLDMAN (USA-Session Chair): I agree with you. People attach far greater importance
to involuntary risk avoidance than to voluntary risk avoidance.

I.I.LINGE (Russian Federation): With regard to mortality data, in my view it is
inappropriate to compare the Bryansk region with Russia as a whole since Russia is so large.
Also, there are annual oscillations which complicate matters. I have found no evidence of
higher mortality in the Bryansk region.

V.A.KUTKOV (Russian Federation): We have confidence in the mortality data presented
by me earlier as we are operating the only risk analysis laboratory in the Russian Federation.
The laboratory has been in existence since before the Chernobyl accident, and it has available
a unique body of data.
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