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INTRODUCTION
Effects of radiation on somatic cells have been stud-
ied on model mammals and humans, primarily from
the viewpoint of radiation-induced cancer risk and
dose reconstruction (Li I.C. et al., 1983; Sankarana-
rayanan K., 1993). Some data indicated that paren-
tal irradiation can also result in an increased suscep-
tibility of the progeny to promotors of cancer, such
as 12-0-tetradecanoylphorbol-13-acetate (TPA)
(Vorobtsova I.E. et al., 1993). Studies on model or-
ganisms have shown that ionising radiation in-
crease the rate of germ cell mutations (Baker R.J.
et al., 1996; Ichikawa S. et al., 1996). In humans, how-
ever, it has not been convincingly demonstrated
that exposure to low dose radiation could cause
heritable changes in germ cells leading to an in-
creased load of de novo mutations in the progeny
(but see Dubrova Y.E. et al., 1996). Because of very
low mutation rates per locus, enormous sample siz-
es are needed to address this question when classi-
cal genetic methods are employed. Hence, long term
studies of children born to the survivors of Hiroshi-
ma and Nagasaki bombings have revealed a slight,

ÂÂÅÄÅÍÈÅ
Âîçäåéñòâèå èîíèçèðóþùèõ èçëó÷åíèé íà ñîìàòè÷åñ-
êèå êëåòêè ìëåêîïèòàþùèõ è ÷åëîâåêà èçó÷àåòñÿ ãëàâ-
íûì îáðàçîì ñ òî÷êè çðåíèÿ ðèñêà ðàçâèòèÿ îíêîëî-
ãè÷åñêèõ çàáîëåâàíèé è ðåêîíñòðóêöèè äîçû îáëó÷å-
íèÿ (Li I.C. et al., 1983; Sankaranarayanan K., 1993).
Îïóáëèêîâàííûå äàííûå ñâèäåòåëüñòâóþò, ÷òî îáëó-
÷åíèå ðîäèòåëåé ìîæåò ïðèâîäèòü ê ïîâûøåíèþ ÷óâ-
ñòâèòåëüíîñòè ïîòîìñòâà ê òàêèì àêòèâàòîðàì ðàçâè-
òèÿ ðàêà, êàê 12-0-òåòðàäåêàíîèëôîðáîë-13-àöåòàò
(ÒÔÀ) (Vorobtsova I.E. et al., 1993). Ðåçóëüòàòû èññëåäî-
âàíèé in vivo ïîêàçàëè, ÷òî èîíèçèðóþùèå èçëó÷åíèÿ
ïîâûøàþò ÷àñòîòó ìóòàöèé â ïîëîâûõ êëåòêàõ (Ba-
ker R.J. et al., 1996; Ichikawa S. et al., 1996). Ïðè îáëó÷åíèè
÷åëîâåêà â ìàëûõ äîçàõ âîçìîæíîñòü ðàçâèòèÿ íàñëå-
äóåìûõ èçìåíåíèé â ïîëîâûõ êëåòêàõ, ïðèâîäÿùèõ ê
ïîâûøåíèþ ìóòàöèé de novo ó ïîòîìêîâ, íå äîêàçàíà
(íî ñì.: Dubrova Y.E. et al., 1996). Äëÿ ðåøåíèÿ äàííîé
ïðîáëåìû ïðè èñïîëüçîâàíèè êëàññè÷åñêèõ ìåòîäîâ
ãåíåòèêè íåîáõîäèìî èññëåäîâàíèå îãðîìíûõ  âûáî-
ðîê èç-çà íèçêîé ÷àñòîòû ìóòàöèé íà ëîêóñ. Ïðè äîë-
ãîâðåìåííîì îáñëåäîâàíèè äåòåé, ðîäèâøèõñÿ ó ëèö,
ïåðåæèâøèõ àòîìíûå áîìáàðäèðîâêè â Õèðîñèìå è
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Abstract
Exposure to ionising radiation has long been suspected of adding to mutation load in humans. Although the
radiation-induced increase in somatic mutation rate and risk of cancer has been documented in a few studies,
little is known about the impact of radiaton on mutability in human germ cells. Clean up teams of the Chernobyl
accident (liquidators) are among those who received the highest radiation exposures in the accident, hence
they represent the most suitable cohort to address this question. Members of fourteen liquidator nuclear fami-
lies were studied for appearance of new fragments in the DNA fingerprinting patterns in offspring born after
exposure to radiation. Inter-SSR and RAPD-PCR markers were employed combined with PAGE and silver stain-
ing, resulting in about 3195 amplimers per individual per primer, using a selected set of about 100 PCR primers
(75 RAPDs and 27 inter-SSR) out of 400 primers screened. The post-radiation offspring had in total 48 new DNA
fragments revealed (38 RAPD and 10 inter-SSR PCR). Two new bands were revealed only in the non exposed
group utilizing inter-SSR primers, whereas no bands were revealed using RAPD primers. The discovery of new
bands in the offspring of the liquidators using extensive DNA fingerprinting raises the possibility of induced
germline mutations in people exposed to so called �low doses�. This difference is significant (P<0.0003) for
RAPD group.
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but non-significant increase in mutation rate (Ne-
el J.V. et al., 1993).

The radiation exposure following the accident in
the Chernobyl nuclear power station in 1986 is ge-
nerally considered as a low dose exposure (Cherno-
byl Research, 1986; Dubrova Y.E. et al., 1996; Wein-
berg H.Sh. et al., 1997). However, certain population
groups are assumed to have recieved higher doses.
Leading among these are the people who partici-
pated in the clean-up of the sequel of the accident,
known as �liquidators�, or rectifiers. About 400�
500 holders of �liquidator� certificates are current-
ly resident in Israel. This study was aimed at evalu-
ating possible genetic changes in offspring of the
Chernobyl liquidators born after parental exposure.

Utilisation of various multilocus DNA fingerprint-
ing techniques enabled us to detect a higher muta-
tion rate in post radiation offspring of Chernobyl
liquidators using a large set of PCR primers and sil-
ver staining. This article is a report of the findings in
the first 14 families evaluated thus far.

METHODS
Families of the liquidators with two children, of
which one was born before and one after the ex-
posure of one of the parents to radiation, were eli-
gible for this study. Blood was drawn from both
parents and all available children after signing an
informed consent explaining the nature and tar-
gets of the study. Blood samples were stored at
�800C until DNA was extracted by the method of
S.W.M. John et al. (1991). DNA fingerprinting was
carried out using two different PCR methods (1)
Random Amplified Polymorphic DNA (RAPD)
(Williams J. et al., 1990) and (2) inter-Simple Se-
quence Repeats-PCR (SSR-PCR) (Zietkiewicz E.
et al., 1994). PCR products were separated by Poly-
acryl Amide Gel Electrophoresis (PAGE) and silver
staining (SS). RAPD-PCR evaluated some 45,888
bands, and inter-SSR PCR some 19,273 bands al-
though a significant portion of the recorded loci
might overlap.

We evaluated the frequency of appearance of new
amplimers detected in children born after the ex-
posure of the parents but not found in the parents
or in the sibs born before the accident. Statistical sig-
nificance of the revealed difference was calculated
by the Ñhi-square test.

RESULTS
In the 14 analysed liquidator families a total of 38
new bands were discovered by means of RAPD-PCR
and 10 new bands by inter-SSR PCR, in the children
conceived after the exposure to radiation of at least
one of the parents. Using RAPD primers we obtained
for all children born after the accident: a total num-
ber of amplified bands 45,888. Using analogously
inter-SSR primers for children born after the acci-
dent gave 19,273 bands.

Íàãàñàêè, âûÿâëåíî íåçíà÷èòåëüíîå íåäîñòîâåðíîå
ïîâûøåíèå ÷àñòîòû ìóòàöèé (Neel J.V. et al., 1993).

Îáëó÷åíèå âñëåäñòâèå àâàðèè íà ×åðíîáûëüñêîé
àòîìíîé ýëåêòðîñòàíöèè (×ÀÝÑ) â 1986 ã. ðàññìàòðè-
âàåòñÿ êàê îáëó÷åíèå â ìàëûõ äîçàõ (Chernobyl
Research, 1986; Dubrova Y.E. et al., 1996; Weinberg H.Sh.
et al., 1997). Îäíàêî îòäåëüíûå ãðóïïû íàñåëåíèÿ áûëè
îáëó÷åíû â áîëüøèõ äîçàõ, â îñíîâíîì � ëèöà,
ïðèíèìàâøèå ó÷àñòèå â ëèêâèäàöèè ïîñëåäñòâèé àâà-
ðèè, � ëèêâèäàòîðû. Â íàñòîÿùåå âðåìÿ â Èçðàèëå
ïðîæèâàþò îêîëî 400�500 ëèö, èìåþùèõ ñòàòóñ ëèê-
âèäàòîðîâ. Öåëüþ äàííîãî èññëåäîâàíèÿ ÿâëÿåòñÿ
îöåíêà âîçìîæíûõ ãåíåòè÷åñêèõ èçìåíåíèé ó ïîòîì-
êîâ ëèêâèäàòîðîâ, êîòîðûå ðîäèëèñü ïîñëå îáëó÷å-
íèÿ ðîäèòåëåé.

Ïðîâåäåíèå áîëüøîãî êîëè÷åñòâà ìåòîäîâ ìóëüòèëî-
êóñíîãî ÄÍÊ-ôèíãåðïðèíòà ñ èñïîëüçîâàíèåì áîëüøî-
ãî íàáîðà PCR-ïðàéìåðîâ ñ ïîñëåäóþùèì îêðàøèâàíè-
åì ñåðåáðîì è ïîçâîëèëî íàì âûÿâèòü ïîâûøåíèå ÷àñ-
òîòû ìóòàöèé ó ïîòîìêîâ ëèêâèäàòîðîâ. Â äàííîé ñòàòüå
ïðèâåäåíû äàííûå îáñëåäîâàíèÿ ÷ëåíîâ 14 ñåìåé.

ÌÅÒÎÄÛ
Â èññëåäîâàíèå âêëþ÷åíû 14 ñåìåé ëèêâèäàòîðîâ, â ñî-
ñòàâå êîòîðûõ áûëî äâîå äåòåé, îäèí èç íèõ ðîäèâøèé-
ñÿ äî, à äðóãîé � ïîñëå îáëó÷åíèÿ îäíîãî èç ðîäèòåëåé.
Êðîâü áðàëè ó âñåõ ÷ëåíîâ ñåìüè ïîñëå ïîäïèñàíèÿ äî-
êóìåíòîâ, îáúÿñíÿþùèõ õàðàêòåð è öåëü èññëåäîâàíèÿ.
Ïðîáû êðîâè õðàíèëèñü ïðè òåìïåðàòóðå �80 °Ñ äî âû-
äåëåíèÿ ÄÍÊ ïî ìåòîäó S.W.M. John è ñîàâòîðîâ (1991).
ÄÍÊ-ôèíãåðïðèíòèðîâàíèå ïðîâîäèëè ñ èñïîëüçîâà-
íèåì äâóõ ðàçëè÷íûõ ìåòîäîâ PCR (ïîëèìåðàçíàÿ öåï-
íàÿ ðåàêöèÿ): ïîëèìîðôèçì ñëó÷àéíî àìïëèôèöèðî-
âàííûõ ïîñëåäîâàòåëüíîñòåé ÄÍÊ (RAPD) (Williams J.
et al., 1990) è PCR ìåæãåííûõ ïðîñòûõ ïîâòîðÿþùèõñÿ
ïîñëåäîâàòåëüíîñòåé ÄÍÊ (SSR-PCR) (Zietkiewicz E. et al.,
1994). Ïðîäóêòû PCR ðàçäåëÿëè ïðè ïîìîùè ýëåêòðî-
ôîðåçà íà ïîëèàêðèëàìèäíîì ãåëå (PAGE) è îêðàøèâà-
ëè ñåðåáðîì. Ïðè ïîìîùè RAPD-PCR îöåíåíî îêîëî
45 888 ïîëîñ, èíòåð-SSR PCR � îêîëî 19 273 ïîëîñ, îä-
íàêî çíà÷èòåëüíàÿ ÷àñòü èññëåäóåìûõ ëîêóñîâ ìîãëà
áûòü èññëåäîâàíà îáîèìè ìåòîäàìè.

Ìû îöåíèâàëè ÷àñòîòó ïîÿâëåíèÿ íîâûõ àìïëèìåðîâ,
îïðåäåëåííûõ ó äåòåé, ðîæäåííûõ ïîñëå îáëó÷åíèÿ
ðîäèòåëåé, îäíàêî íå îáíàðóæèâàåìûõ ó ðîäèòåëåé
èëè ó ñèáñîâ, ðîæäåííûõ äî àâàðèè. Ñòàòèñòè÷åñêóþ
äîñòîâåðíîñòü âûÿâëåííûõ èçìåíåíèé îïðåäåëÿëè ñ
èñïîëüçîâàíèåì òåñòà χ2.

ÐÅÇÓËÜÒÀÒÛ
Â 14 àíàëèçèðóåìûõ ñåìüÿõ ëèêâèäàòîðîâ áûëî îá-
íàðóæåíî 38 íîâûõ ïîëîñ ñ ïîìîùüþ ìåòîäà RAPD-
PCR è 10 íîâûõ ïîëîñ � èíòåð-SSR PCR ó äåòåé, êîòî-
ðûå áûëè çà÷àòû ïîñëå îáëó÷åíèÿ êàê ìèíèìóì îä-
íîãî èç ðîäèòåëåé. Ñ èñïîëüçîâàíèåì RAPD-ïðàéìå-
ðîâ (â ðàñ÷åòå íà âñåõ äåòåé, ðîäèâøèõñÿ ïîñëå
àâàðèè) ïîëó÷åíî 45 888 àìïëèôèöèðîâàííûõ ïîëîñ;
èíòåð-SSR-ïðàéìåðîâ äëÿ äåòåé, ðîäèâøèõñÿ ïîñëå
àâàðèè, � 19 273 ïîëîñû.
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These results were compared with the genetic finger-
printing of the offspring born to the same parents
before they were exposed to radiation. No bands dif-
ferent from the parental ones were detected in these
children. The proprtion of the new bands that pre-
sented in the parents relative to the total number of
bands was 0.083% for the RAPD-PCR method and
0.052% for the inter-SSR PCR method (table). We com-
pared the frequency of new bands (not represented
in the parents) in children born before and after the
parental exposure. The difference in bands between
the offspring born before- and after- exposure was
statistacally significant utilizing RAPD group.

Ýòè ðåçóëüòàòû ñðàâíèâàëè ñ ãåíåòè÷åñêèì ôèíãåð-
ïðèíòîì ïîòîìêîâ, ðîäèâøèõñÿ ó òåõ æå ðîäèòåëåé
äî èõ îáëó÷åíèÿ. Ó ýòèõ äåòåé íè îäíîé ïîëîñû, îòëè-
÷àâøåéñÿ îò ðîäèòåëüñêèõ, âûÿâëåíî íå áûëî. Îòíî-
øåíèå íîâûõ ïîëîñ, âûÿâëåííûõ ó ðîäèòåëåé, ê îáùå-
ìó ÷èñëó ïîëîñ áûëî 0,083% ïðè ïðèìåíåíèè RAPD-
PCR ìåòîäà è 0,052% � äëÿ èíòåð-SSR PCR ìåòîäà
(òàáëèöà). Ìû ñðàâíèëè ÷àñòîòó íîâûõ ïîëîñ (íå
ïðåäñòàâëåííûõ ó ðîäèòåëåé) ó äåòåé, êîòîðûå ðîäè-
ëèñü äî è ïîñëå îáëó÷åíèÿ ðîäèòåëåé. Ðàçëè÷èÿ ïîëîñ
ìåæäó ïîòîìêàìè, ðîäèâøèìèñÿ äî è ïîñëå îáëó÷å-
íèÿ ðîäèòåëåé, îáíàðóæåíû ñ ïîìîùüþ ìåòîäà RAPD-
PCR áûëè ñòàòèñòè÷åñêè çíà÷èìû.

TABLE

PREVALENCE OF GENETIC MUTATIONS IN ALL OFFSPRING BORN AFTER THE ACCIDENT TO CHERNOBYL LIQUIDATORS IN ISRAEL
(BY TWO PCR METHODS)

ÒÀÁËÈÖÀ

ÐÀÑÏÐÎÑÒÐÀÍÅÍÍÎÑÒÜ ÃÅÍÅÒÈ×ÅÑÊÈÕ ÌÓÒÀÖÈÉ Ó ËÈÖ, ÐÎÆÄÅÍÍÛÕ Â ÏÎÑËÅÀÂÀÐÈÉÍÛÉ ÏÅÐÈÎÄ Ó ËÈÊÂÈÄÀÒÎÐÎÂ ÏÎÑËÅÄÑÒÂÈÉ
ÀÂÀÐÈÈ ÍÀ ×ÀÝÑ, ÆÈÂÓÙÈÕ Â ÈÇÐÀÈËÅ (ÏÎ ÄÀÍÍÛÌ ÄÂÓÕ ÌÅÒÎÄÎÂ PCR)

Index RAPD-PCR Inter-SSR PCR

Experimental Control Experimental Control
Total number of amplimers 45,888 17,670 19,273 7,421
Total number of new bands 38 0 10 2
Proption of new amplimers compared to �old� bands* 0.083% 0.052%
Chi-square (c2) 14.64 0.74

Significance P<0.0003 Non significant

Note. * � by �old� bands we refer to the bands of the child that appear also in either of the parents.

Ïðèìå÷àíèå. * � ê �ñòàðûì� îòíåñåíû ïîëîñû, îáíàðóæåííûå ó äåòåé è èìåþùèåñÿ ó ðîäèòåëåé.

DISCUSSION
These preliminary findings, currently based on
14 families of liquidators fulfilling the inclusion
criteria, are suggestive of a possible genetic effect
on the parental germplasm by radiation exposure.
The observed effect, if further confirmed on a
larger scale controlled investigation, could lead to
the suggestion that exposure of humans to low-
dose radiation is a cause of germline mutations
(see also Jansem R.H. et al., 1995; Dubrova Y.E.
et al., 1996). Because of very low per locus muta-
tion rates, enormous sample sizes are needed to
address this question when classical genetic
methods are employed (Neel J.V. et al., 1993).
Hence, the very possibility of detection of these
changes in our current study, was conditioned by
an extremely large number of genome sites am-
plified (3195 in total), using the selected set of
about 100 PCR primers out of 400 primers
screened (Weinberg H.Sh. et al., 1997).

The results presented here demonstrate consis-
tently the appearance of new bands in the children
born after the exposure, as compared to their sibs;
No new bands appeared in the control families in
the child born after 1986 using RAPD group. It will
be further important to try to link these changes
to the doses to which the corresponding liquida-
tors have been exposed. Given the difficulties in
retrospective estimation of radiation-exposure
levels it is unclear if the doses reconstructed based

ÎÁÑÓÆÄÅÍÈÅ ÐÅÇÓËÜÒÀÒÎÂ
Ïîëó÷åííûå ïðåäâàðèòåëüíûå äàííûå,  áàçèðóþùèåñÿ
íà ìàòåðèàëå èññëåäîâàíèÿ 14 ñåìåé ëèêâèäàòîðîâ,
óäîâëåòâîðÿþùèõ êðèòåðèÿì âêëþ÷åíèÿ â èññëåäîâà-
íèå, ñâèäåòåëüñòâóþò î âîçìîæíîì ãåíåòè÷åñêîì ýô-
ôåêòå îáëó÷åíèÿ ðîäèòåëüñêèõ ïîëîâûõ êëåòîê. Íàáëþ-
äàåìûå ýôôåêòû, â ñëó÷àå èõ ïîäòâåðæäåíèÿ ðåçóëüòà-
òàìè øèðîêîìàñøòàáíûõ êîíòðîëèðîâàííûõ èññëåäî-
âàíèé, ìîãóò ñòàòü åùå îäíèì ñâèäåòåëüñòâîì òîãî, ÷òî
îáëó÷åíèå ÷åëîâåêà â ìàëûõ äîçàõ âûçûâàåò ìóòàöèè â
ïîëîâûõ êëåòêàõ (Jensen R.H. et al., 1995; Dubrova Y.E.
et al., 1996). Â ñâÿçè ñ íèçêîé ÷àñòîòîé ìóòàöèè íà ëîêóñ
ïðè èñïîëüçîâàíèè êëàññè÷åñêèõ ãåíåòè÷åñêèõ ìåòî-
äîâ íåîáõîäèìî èññëåäîâàòü îãðîìíîå êîëè÷åñòâî ìà-
òåðèàëà (Neel J.V. et al., 1993). Â ïðîâîäèìîì íàìè èññëå-
äîâàíèè èìåëàñü áîëüøàÿ âåðîÿòíîñòü îáíàðóæåíèÿ
ýòèõ èçìåíåíèé, îáóñëîâëåííàÿ èñïîëüçîâàíèåì áîëü-
øîãî ÷èñëà àìïëèôèöèðîâàííûõ ó÷àñòêîâ ãåíîìà
(3195 â öåëîì), îòîáðàííûõ ñêðèíèíã-ìåòîäîì 100 (èç
400) íàáîðîâ PCR-ïðàéìåðîâ (Weinberg H.Sh. et al., 1997).

Ïðåäñòàâëåííûå ðåçóëüòàòû ñâèäåòåëüñòâóþò î ïîÿâëå-
íèè íîâûõ ïîëîñ ó äåòåé, ðîæäåííûõ ïîñëå îáëó÷åíèÿ
ðîäèòåëåé, ïî ñðàâíåíèþ ñ òàêîâûìè ó ñèáñîâ. Íîâûõ
ïîëîñ â êîíòðîëüíîé ãðóïïå ñåìåé, äåòè êîòîðûõ ðî-
äèëèñü ïîñëå 1986 ã., ïðè èñïîëüçîâàíèè ìåòîäà RAPD-
PCR íå âûÿâëåíî. Â äàëüíåéøåì áóäåò âàæíî ñâÿçàòü
âûÿâëåííûå èçìåíåíèÿ ñ äîçàìè îáëó÷åíèÿ ëèêâèäàòî-
ðîâ. Â íàñòîÿùåå âðåìÿ ñëîæíîñòü ïðåäñòàâëÿåò îöåí-
êà óðîâíåé äîç îáëó÷åíèÿ. Íåÿñíî, êàê òî÷íî äîçû, âîñ-
ñòàíîâëåííûå ïî âðåìåíè è ìåñòó ïðåáûâàíèÿ ëèêâè-
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on historical data will accurately provide a dose-
response relationship. The multipoint fingerprint-
ing strategy proposed here will allow for more sen-
sitive detection of radiation induced changes
across the genome assisting in more objective as-
sessment of radiation risk. Current isolation and
direct sequencing of the new bands will allow us
to better understand the nature of genetic chang-
es caused by low dose radiation in human germ
cells and possibly lead to early detection and pre-
vention of the possible medical consequences of
such changes.

A study comprising 16 new liquidators� families is
underway at the Institute of Evolution. This work is
a continuation of the research conducted so far and
is done in collaboration with the group Directed by
Prof. O.A. Piatak (Scientific Centre for Radiation
Medicine, Kyiv).

äàòîðîâ â çîíå îáëó÷åíèÿ, áóäóò ñîîòâåòñòâîâàòü äîçî-
çàâèñèìîìó ýôôåêòó. Ïðåäëîæåííàÿ ñòðàòåãèÿ ìóëüòè-
ëîêóñíîãî ôèíãåðïðèíòèðîâàíèÿ ïîçâîëèò ïîâûñèòü
÷óâñòâèòåëüíîñòü îïðåäåëåíèÿ ðàäèàöèîííî èíäóöè-
ðîâàííûõ èçìåíåíèé â ãåíîìå, ñïîñîáñòâóÿ áîëåå
îáúåêòèâíîé îöåíêå ñòåïåíè ðàäèàöèîííîãî ðèñêà. Îá-
íàðóæåíèå íîâûõ ïîëîñ è ïðÿìîå îïðåäåëåíèå èõ ïîñ-
ëåäîâàòåëüíîñòè ïîçâîëèò âñåñòîðîííå èçó÷èòü àñïåê-
òû ãåíåòè÷åñêèõ èçìåíåíèé ïîëîâûõ êëåòîê ÷åëîâåêà
âñëåäñòâèå îáëó÷åíèÿ â ìàëûõ äîçàõ, è, âîçìîæíî, ïðè-
âåäåò ê ðàííåìó âûÿâëåíèþ è ïðåäîòâðàùåíèþ âîçìîæ-
íûõ ìåäèöèíñêèõ ïîñëåäñòâèé òàêèõ èçìåíåíèé.

Â íàñòîÿùåå âðåìÿ â Èíñòèòóòå ýâîëþöèè â ñîòðóä-
íè÷åñòâå ñ ãðóïïîé ñïåöèàëèñòîâ, ðóêîâîäèìîé ïðîô.
Î.À. Ïÿòàêîì (Íàó÷íûé öåíòð ðàäèàöèîííîé ìåäèöè-
íû, Êèåâ), ïðîâîäèòñÿ îáñëåäîâàíèå åùå 16 ñåìåé
ëèêâèäàòîðîâ. Ýòà ðàáîòà ÿâëÿåòñÿ ïðîäîëæåíèåì
äàííîãî èññëåäîâàíèÿ.
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