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6. EXPERT EVALUATION AND PREDICTION OF THE RADIOECOLOGICAL STATE OF THE
ENVIRONMENT IN THE AREA OF THE RADIATION PLUME FROM THE CHERNOBYL'
NUCLEAR POWER STATION (AQUATIC ECOSYSTEM)

For a number of reasons the hydrological environment plays a special
role in the determination of the scales and possible consequences of
radioactive contamination. As a result of washout, the radioactive substances
in the drainage area flow into water reservoirs, where the radionuclides are
redistributed and accumulate in components such as bottom sediments, aquatic
plants and fish. This leads to additional exposure of both aquatic organisms
and man, who is associated with the hydrosphere through the food chain.

From the very first days after the accident arrangements were made for
monitoring the content of radionuclides in water and bottom sediments both
within and outside the 30 km zone around the plant. Owing to the
sedimentation processes, the major part of the radioactivity entering the
hydrological environment migrated with comparative rapidity to the bottom
sediments, which exhibit a radionuclide concentration higher than the activity
of water by two to four orders of magnititude (Table 6.1). According to the
experimental data obtained by the Institute of Nuclear Research of the
Ukrainian Academy of Sciences, the Institute of Geochemistry and Analytical
Chemistry of the USSR Academy of Sciences and the All-union Research Institute
for Nuclear Power Plants, the spatial distribution of radionuclides in the
hydrological environment is substantially inhomogeneous. The maximum
radionuclide concentration is observed directly in the cooling pond of the
power plant, where the total activity of water and bottom sediments attain
values of the order of ~ 10 -8 ci/L and ~ 10 ~3 Ci/kg, respectively.
The concentration of artificial radionuclides in the Kiev reservoir and in the
rivers falling into it is substantially lower (by a factor of 102-10^).

In the time dynamics of radionuclides three characteristic stages can
be distinguished. In the first stage (up to the end of May 1986) the
magnitude of radioactive contamination was determined basically by the
short-lived radionuclides, especially 131l. In mid May the 131
concentration in drinking water was n.lO~9 Ci/L, which was somewhat higher
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than permissible concentration category B under NRB-76 (Radiation Safety
Standards) (by a factor of 2-10 for the river Pripyat'). However, by the
beginning of June the 131j content in river water had already fallen by more
than an order (< n.10-10 ci/L).

In the second stage, as 1 3 1i decays the comparatively short-lived
radionuclides such as 89sr, 95zr> 9 5 N D , l^^Ce, 1 0 3 R U P 1 4 0 B 8 and
i^La make an appreciable contribution to the formation of artificial
radioactivity. During 10-20 June the concentration of these radionuclides was
~ 10~ 1 0 Ci/L and 1O~7-1O"""8 Ci/kg in the Kiev reservoir water and
bottom sediments, respectively, and ~ 10~' Ci/L and 10~'-10~^ Ci/kg in
the water and bottom sediments of the river Pripyat'.

In the third stage, after the decay of 13:1i and other relatively
short-lived radionuclides, the main role in the formation of artificial
radioactivity will be played by the long-lived radionuclides such as ^^Cs,
l3Z|Cs and '°Sr. During 10-20 June the *3'cs concentration was
~ 10" 1 0 Ci/L and ~ 10~9 Ci/kg in the water and bottom sediments,
respectively, of the river Dnepr. In the cooling pond of the Chernobyl' power
station and in the Pryipyat' the 1-^Cs concentration was appreciably higher
(by a factor of 10^-10^). The 90gr concentration in river water varied
essentially within io-l:I—lO~10 Ci/L. Considering their long half-life
(about 30 years), further decreases in 1 3 7cs and ^OSJJ activity in water
bodies will be fairly slow.

On the basis of experimental data on radionuclide distribution in the
components of the aquatic ecosystem, calculated exposure dose estimates were
made for aquatic organisms with allowance for the geometric characteristics of
hydrobionts.

Exposure doses from gamma emitters were calculated with allowance for
the buildup factor for scattered radiation. The following dose components
were evaluated: external exposure from water, bottom sediments and organisms
accumulating radionuclides; internal exposure from incorporated
radionuclides. The results of calculations from the data for June 1986 and
the predicted absorbed dose rates for June 1987 are given in Fig. 6.1 and
Table 6.2.

Analysis of the calculated estimates of the additional exposure doses
for hydrobionts indicate the following:

The highest dose burdens are borne by hydrobionts directly
populating the cooling pond. Near the bottom the level of external
exposure is 4.3 rad/h on an average; the level of internal exposure
for aquatic plants attains 10 rad/h. The highest dose burdens will
be borne by the benthic organisms and also the roe and fries of
phytophllous species of fish which breed and live in the
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undergrowths of aquatic vegetation. In the case of these
organisms, both the direct and indirect effects of prolonged
radioactive exposure may be expected to appear.

The exposure doses for organisms populating the rivers in the
contaminated zone (the river Pripyat' and others) are substantially
lower (by a factor of — 10^) than for those living in the
cooling pond.

The dose burdens on hydrobionts inhabiting the Dnepr are close in
the order of magnititude to the natural background, exceeding the
latter in the case rf individual hydrobionts by a factor of 5-10.

Analysis of the contributions of radionuclides to the total
exposure dose shows that the principal dose-contributing nuclides
at present are the relatively short-lived elements: '-"Zr,
95Nb, "iCe, 1 4 0Ba, 1 4 0La, 89Sr, 1 0 3Ru. etc., whose
contribution to the total exposure dose for most components of the
aquatic ecosystem exceeds 70-80%. The contribution of the long-
lived ceasium isotopes (137Cs and 13*Cs) to the total dose does
not at present exceed 4-5%. This means that as the short-lived
radionuclides decay the exposure dose for aquatic organisms will
gradually fall and by the 1987 vegetative season we can already
expect a decline in the dose burdens for most hydrobionts by an
order of magnitude over virtually the whole contaminated area,
including the cooling pond. Thereafter a relative stabilization of
the additional dose burden on the aquatic organisms can be expected
since by 1987 it will be determined mainly by long-lived
radionuclides such as 1 3 7Cs and 90Sv.

In speaking about the possible biological effects of ionizing radiation
it must be borne in mind that individual groups of living organisms exhibit
very wide differences in their resistance to the action of radiation.

Of the hydrobionts the most vulnerable link in the chain is fishes and
it is the economic species of these which form the final link in the
accumulation of radionuclides in the food chain from the aquatic ecosystem to
man. It is known that the exposure dose rate for freshwater fishes under
natural conditions varies within O.OO7-O.O23 mrad/h.

Experimental studies on evaluation of the action of low doses in fish
have shown that a dose rate below 0.4 mrad/h (4 rad/year) does not have
adverse consequences for the vital activity of fish.



In the range up to 40 mrad/h (365 rad/year) various kinds of
disturbances are observed in the functions of organs although on the whole the
radioecological resistance is maintained at the population and organism
levels. Further rise in the exposure threshold above 140 mrad.h (3.5 rad/day)
may produce adverse effects at the population level and cause the
disappearance of some of the most radiosensitive species.

As preliminary predictive evaluations show, the exposure doses for most
aquatic organisms in the Kiev reservoir (0.1-1.0 mrad/h) do not exceed the
range in which populations suffer radiation damage. In the river Pripyat'
(buoy 204) the exposure doses for fish are about 50 mrad/h, i.e. there is a
likelihood of the adverse action of exposure on the haematopoietic, immune and
reproductive systems. Of these, the most significant will be the genetic
effects - the advance action on the sex cells.

In the cooling pond of the Chernobyl' power station, there were the
highest exposure doses - up to 5 rad/h in a number of locations - for

hydrobionts and this will lead to an appreciable radiation effect on the
aquatic ecosystem and in particular on the fish community.

The proposed evaluation of the radioecological state of the water
bodies is preliminary and should subsequently be refined on the basis of the
following data:

The dynamics of movement of radionuclides from the drainage surface
into water bodies, especially during the autumn rains and the
spring flood;

The time dynamics and spatial distribution of radionuclides in
hydrobionts, especially in the economic species of fish;

More accurate information on the species composition, character of
migration, feeding spectr'a and ecophysiological parameters of
aquatic organisms;

Physicochemical forms of the existence of the radionuclides in the
components of the aquatic ecosystem;

Refinement of the basic hydrological parameters of pathways of
transfer of radionuclides in the aquatic ecosystems (cooling pond -
Pripyat' - Kiev reservoir - Dnepr).

From the scientific and practical standpoints, the following problems
are of appreciable radioecological interest:

Evaluation of the mechanisms of the possible radioecological
effects in the case of prolonged (chronic) action of low exposure
doses from artificial radionuclides;
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Evaluation of the mechanisms of the secondary ecological effects
due to non-uniform action of the radiation factor on the ecological
characteristics of species. Non-uniform weakening (or
strengthening) of species upon radioactive contamination will lead
to changes in the interaction between species and, as a result, to
changes in the structure of the ecosystem. As examples of the
secondary effects of radioactive contamination one may mention
increase in the population of harmful organisms in the active silt
and in the contaminated locations of ecosystems near water, changes
in the self-cleaning capacities of water bodies and so on.

It will be necessary to organize and carry out long-term comprehensive
radioecological studies both within and outside the 30 km zone in order to
resolve the above-mentioned problems.



Specific activity (Ci/kg) of bottoa sediient saaples in June 1966 (10 - 20 June 1986)
(according to the data of the Institute of Nuclear Research, Ukranian Acadeiy of
Sciences), Institute of Geochemistry and Analytical Cheiistry (USSR Acadeiy of
Sciences) and All-Union Research Institute for Nuclear Power Plants)

Table 6 . 1
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Table 6.2

Calculated estimates and predictions of exposure doses for aquatic organisis (•rad/h) in the

arta of the radiation pluae frot the Chernobyl' nuclear pouer station (10-20 June 1986)

Hater body

Chernobyl' Poner Station
cooling pond

River Pripyat'
(buoy 20*)

River Dnepr (Kiev, Inst. of
Hydrobiology, Ukr. Acadeay

•f Sciences)

latural background

1
r
1
i

I

f
I

I
i

External exposure

fron water

10 (2) *

0,1 (0,009)

0,002 (0,0002]

0,0001-0,006

Jfroi bottoa sedinents

I

•

1 J

!

4300 (300)

40 (3,3)

0,3 (0,025)

0,002-0,02

• Internal exposure

J aquatic plants

! 10000 (1000)

i no (i5)

, 1,0 (0,2)

1 0,08-0,2

f
1

1

t

1

;

plakton

1000 (100)

12 (2)

0,1 (0,015)

0,002-0,016

f
1

1

1

1

1

fish

500 (50)

6 (0,8)

0,04 (0,01)

0,003-0,005

The figures in brackets are predictions for June 1987.
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