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ABSTRACT Between 1949 and 1957, the Mayak nuclear
facility located im the Chelyabinsk region released some
discharges of mdiochemical production waste into the Techa
river gnd the Karschay lake which resulted in an extensive
contamination of large territories with long-lived
radionuelides such as ™S, ""Ca and **Pu. During the sarly
19%0s, our research team conducted the micromeleus as-
sy in residents of four setflements in the Techa river basin
having been expased to radiation. We found &igrificanily
imcressed levels of micronucleated erythrocytes in the blood
of exposed persons as compared to the controls. Moreover,
we ohserved a good comelation between the level of whole-
body S activity detected by @ human radiation counter
(HELC}and the estimated frequency of micronucieated eryih-
rocytes. We analyzed the blood smear samples of members
of the radiation-exposed siaff of Mayak which had been
prepared following an accident in 1957, Most of the
rmidcronucleabed erythrocytes occurred immediately afler this
accident with a sharp decrease about kalf a yesr later and &
continuing gradual decrease. The number of micronucleansd
erythrocyies, however, is persistently higher than in the
controls. We s in long-lived mdio-
W]mw]mn the bu:;m“; are respon-
gible for this result.

INTRODUCTION

According to a news-letter of the Urals
Radiomedical Research Centre, the Urals region
was predominantly contaminated with long-
lived radionuclides, such as *¥35r, "C and ** Pu,
duz to radicactive releases into the water or air
at the Mayak nuclear facility between 1949 and
1957 (Bulatov, 1993). The radioactive contami-
nation of the environment was mainly caused
by the process of the wind's blowing away some
radioactive aerosols from the banks of the
Karachay lake. Approximately 28000 residents
of the revierside settlements were exposed to
the discharges of radioactive wastes into the
Techa river within the Chelyabinsk and

Kurgansk regions. By the 1990s, only four set-
tlements with a total 9000 pﬂpl.l].ﬂh.-l}n have left
in the Techa river basin (Muslyumovo,
Brodokalmak, Busskava Techa and M.
Petropavlovka, see Fig.1). The individuals were
exposed to as external irradiation from the wa-
ter and riverside ground polluted by "'Cs and
®Pu as radioactive particle inhalation and in-
gestion. The internal irradiation was mainly in-
duced by *Sr particles in hones and other or-
gans. The main critical organ in the individuals
was bone marrow. In our previous investiga-
tion (Ilyinskikh et al., 1995 a,b) we found sig-
nificantly high frequencies of micronu- cleated
lymphocytes and erythrocytes in peripheral
blood of the persons residing in the radiation
polluted zone around Mayak nuclear facility.
The aim of present investigation is to conduct a
comelation assay between radionuclides activ-
ity in the body and high frequencies of
micronucleated blood cells in peripheral blood
of the radiation-exposed individuals,

MATERIALS AND METHOD

In 1993, ®8r and "'Cs activity in the body
of each person residing in the setflements of
Muslyumovo, Brodokamak, Russkaya Techa
and M. Petropavlovka was estimated by the hu-
man radiation counter (HRC) in accordance with
the mebprogramm project of the Federal
lic of Germany (Mebprogramm der Bundesre-
publik Deutschland). The activity unit used was
the nonnacurie (nCi). Each of the residents was
given a certificate (bescheinigung) attesting the
radiomuclide activity in the body. During the
carly 1990s, the Siberian Medical University re-
search team ( Tomsk) conducted the micronucleus
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Fig. 1. Map of the place of the aceident at MNF and discharges of radiochemical production waste into the Techa river

assay in the same radiation-exposed resident of
Muslyumove (56 individuals), Brodokalmak
(24 individuals), Russkaya Techa (28 individu-
als) and N-Petropavlovks (16 individuals). Be-
zides, 96 residents of the settlement of
Loskutove located outside the radiation polluted
zone (in the Tomsk region) were used as a con-
trol. The radionuclide activity in the body of
each control individual was also detected by
HRC, We have assessed frequencies of micro-
nucleated erythrocytes in peripheral blood of the
radiation-exposed and conirel individuals.
Blood of each individual was collected and
smeared on clean greese-free slides following a
standard method (Aahby et al., 1986; Almassy
et al., 1987) which did not differ from the
method described previously (Ilyinskikh N.N.

et al., 1992, 1996, 1997). ‘We analyzed 10,000
erythrocytes of each individual. The data have
been evaluated for inter individual variations.

Statistical analyses of the data were made
by correlation assay and Student's “t” test. In
the statistic analysis of the results we took into
account suggestions described by Hart and
Engberg-Pederson (Hart et al., 1983). We used
procedures available in the SAS statistical pack-
age (SAS, 1989). A statistical level lower than
0.05 is reported in the figures as “**" signifi-
cance level lower than 0.01 is reported as “*"
{Hazard Murino et al., 198&).

Moreover, blood smears from 26 persons
who have been exposed to radiation during an
accident at Mayak nuclear facility in 1957 were
kindly donated by Dr. Max Severin, Department
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of Genetics, the Urals Medical Academy. The
blood smears from the radiation-exposed per-
sons have been prepared since 1957, Accord-
ing to official data, doses to all the persons were
estimated at between 0.5 to 2 Gy (gray).

RESULTS AND DISCUSSION

We observed a significant increase in fre-
quencies of micronucleated erythrocytes in pe-
ripheral blood of the persons residing in the ra-
diactive polluted zone around Mavak nuclear
facility as compared with the control individu-
als [zee Fig. 2).

We have found a good correlation between
the increasing of “Sr activity in the body de-
tected by HRC and the significantly high fre-
guency of micronucleated erythrocytes in the
individuals residing in the Muslyumovo settle-
ment (Fig. 3).

As there were clearly differences in the fre-
guencies of micronucleated erythrocytes in in-
dividuals of different age, we performed analy-
si5 depending on the year of birth of the indi-

vidual examined {Fig. 4).

As 15 seen from figure 4, the persons born
berween 1957-1962 have very high frequencies
of micronucleated erythrocytes. The peak of the
index was registered for the individuals born in
1957 when there was an accident at Mayak nu-
clear facility, Moreover, the lowest frequencies
of micronucleated erythrocyes were determined
inn the individuals bom before 1957 and after
1962, Although every individual with "' Cs ac-
tivity detected by HRC in the body had a sig-
nificantly high frequency of micronucleated
ervthrocytes (as compared with contrals) we did
not observe a increase in ""'Cs activity to corre-
late with the growing of the frequency of
micronucleated erythrocytes in the individuals
(see Fig. 5).

We have found that the frequencies of
micronucleated erythrocytes in 46 radiation
exposed individuals (equivalent doses about 250
mSv) who moved to other regions of Siberia
(the Tomsk and Novosibirsk regions) immedi-
ately afier the accident at Mayak nuclear facil-
ity in 1957 were significantly lower than in the
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Fig. 2. Radionuelide (*5r) activity in the bady detected by the human radiation esunter (i) and the lrequencees
of micromacleated erythrocytes (ofoo) in peripheral blood of residents of four radiatlon-caposed settlements elase
te Mavak nuclear facitlity and a contrel serilement (Loskutova).
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Fig. 3. The™5r activity in the body dedected by the human radistion counter (HRC) and the frequencies of
micronucleated erythrocyies in individuals residing In the Muslyumove settlement (the dose-dependent effect of

"Er mctivity).
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Fig. 4. Anslysis of the frequencles of micronucleated erythrocytes (a/aa) in individuals residing in radiation
polluted area sround Mayak nuclear facility depending on the year of birth



MICRONUCLEATED ERYTHROCY TES AND RADIONUCLIDE ACTIVITY IN PERSOMNS

etfala]

1.2 ==

[N o

04+

Frequency of micronuclealed erythrocyles

1.4+ o7 *

-+

092« D08 .

1.23+_B.03"

0,24+_0.08

241

up 1o 3 nCi [conirol)

1y

i
L
from 3 to 8 nGi

Cs activily in the body

above B nCi

-+

Fig. 5. Data of the *"Cs activity In the body detected by the human radiation counter (nCl) and the frequency of
micronucleated erythrocytes (ofoo) in residents of the Muslyumove settlement
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Fig. 6. The frequency of micronucleated eryihrocytes (o/o0) in radiation-exposed individeals (equivalent dose

abant 250 mSv) who maved to other regions of Siberla immediately after the sccident at Mayak in 1957 a3
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Fig. 7. Relationship between the exposure dose estimated (Gy) and frequencies of micronucleated erythrocytes
(ojoa) in radiation-expased individuals at intervals from aboul o week after the accident to 35-40 after the
mccident at Mayak in 1957
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Fig. 8. Relatlonshlp between the exposure doses estimated (Gy) and frequencies of micronucleated erythrocytes
{o/oo) in radiatisa-expased Individuals 35-40 years after the accident at Mayak nuclear facility
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residents of Muslyumovo and higher than in the
control individuals {see Fig. 6).

Moreover, we conducted the micronucleus
assay in the radiation-exposed staff of Mayak
nuclear facility (26 individuals) whose exposure
doses were precisely estimated  at between 0.5
and 2 Gy. The blood smears from the radiation-
exposed persons have been prepared since 1957.
While assaying the blood smears we have drawn
the following conclusions:

1. The frequencies of micronucleated eryth-
rocytes in the radiation exposed individuals
ranged from 0.4 to 16 ofoe (frequencies of
micronucleated erythrocytes in the control in-
dividuals were estimated at 0.2 - 0.3 ofoo).

2. Raditation doses approaching 1 Gy pro-
duced 4-6 ofoo micronucleated erythrocytes in
individuals at 3d-Gth day after the accident.

3. Radiation doses ranging from 1.5 to 2
Gy produced 7-16 ofoo micronucleated eryth-
rocytes at the same days.

4. The frequencies of micronucleated eryth-
rocytes were half as much as the initial levels
{cited under point 2 and 3) half a year after the
accident,

5. The frequencies of micronucleared eryth-
rocyles were four times as low as the initial lev-
els (see point 2 and 3) 5 to 10 years after the
accident. Then the frequencies of micronuc-
leated erythrocytes in the individuals whose
doses approached 1 Gy were gradually decreas-
ing throughout life (Fig. 7).
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6. Alternatively, the frequencies of
micronucleated erythrocytes in the individuals
whose doses were estimated at 1.5 - 2 Gy were
gradually increasing between 10 and 20 vears
after the accident. Between 20 and 35 years af-
ter the accident we observed a sharp increase in
frequencies of micronucleated erythrocytes in
those individuals (Fig. 7).

7. Anaverage frequency of micronucleated
erythrocytes in the individuals exposed to a ra-
diation dose between 1.5 and 2 Gy was 2.6 /oo
3540 vears after the accident. At the same time,
radiation doses ranging from 0.5 to | Gy were
associated with 1.4 ofoo micronucleated
erythrocytes, Doses less than 005 Gy induced 0.6
ofoo micronucleated erythrocyies (see Fig. B).

Besides, we found several women who had
been exposed to radiation in 1957 during pregnancy
(residents of the Muslyumovo settlement). The
children of mothers exposed to radiation dur-
ing pregnancy showed a significantly higher
micronucleated index than the mother herself
(see Fig. 9).

DISCUSSION

Thus, we have found the significantly high
frequency of micronucleated erythrocytes in the
radiation exposed persons residing in a vast ter-
ritory around Mayak nuclear facility as com-
pared with the control individuals.

The average frequency of micronucleated
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Fig. 9. The frequencies of mlcronucleated erythrocyies in mothers exposed to radiation in 1957 during pregaancy
and their children (residents of the Muslyumoye settlement) o5 compared with these in control individuals
(residents of the Loskutove settlements)
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erythrocytes in the persons was rapidly decreas-
ing for half a year after the accident. Since then
the index have been decreasing gradually. Even
35-40 years after the acident there still was a
higher freqency of micronucleated erythrocytes
in the individuals exposed to radiation doses be-
tween 1.5 and 2 Gy than in the controls. We
suppose that the high level of micronucleated
erythrocytes observed for such a long time is
due to incorporation of radionuclides into the
human organism, particularly in bone marrow,
Our previous investigations (Ilyinskikh et al.,
1984, 1995 a b, 1996) showed that radiation by
radionuclide incorporation in the predelivery
period leads to damaging stem erythroid bone
marrow cells which results in the formation of
clones of erythroid cells with micronuclei in the
newbom and then in the adult organism through-
out life. It is accepted that micronucleated eryth-
rocyies in humans are rapidly eliminated in the
spleen, Usually, only splensctomized people are
suitable for smdies of micronuclei in erythro-
cytes (Schlegel and Mac Greger, 1984). In the
present case, presumably the incorporated
radionuclides (in particular, *5r) supply the
body with a constant, comparatively high
radiation dose; so that continually a large
number of micronucleated erythrocytes is pro-
duced which cannot be effectively removed by
the spleen, It is known that children and adults
have different kinetics in the removal of
micronucleated erythrocytes, ldentification of
these erythrocytes in the spleen could be less
efficient in children so that the half life is longer
than in adults. We found a dose-dependent cor-
relation for *Sr, but not for """ Cs activity. The
most probable answer seems to be that the ™S+
localization 15 much closer to the stem cells of
erythrocytes than that of the "(Cs,
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