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Abstract

Ecological study is performed in five districts of Eastern Romania. The objective of our study is to analy-

ze leukemia cases for 1986-2000 related to exposure level. An exposed cohort consists of 137,072 children

(37 cases of leukemia) and an unexposed cohort - of 774,789 children (204 cases of leukemia). A detailed

analysis of all leukemia cases (except chronic lymphatic leukemia) is performed for terms of effective dos-

es,equivalents obtained in utero and red bone marrow equivalent doses. These groups are of 0-10 years old

and one year old groups. Exposure of children is estimated in doses being derived from the radioactive con-

tent of foodstuffs (134Cs, 137Cs, 90Sr, 131I) for the first 3 years after the Chernobyl accident. An infant leuke-

mia incidence (cases/106 inhabitants) among exposed children is higher than in unexposed cohorts (270

vs. 263; p>0,05) in the group of 0-10 years old. The incidence rate of children born on July,1986 - March,

1987 (B1) is statistically significant higher than the incidence rate of children born on April - December,

1987 (B2) (386vs.173; p=0,03). An increase in leukemia is highest for the exposed cohort as compared to

the unexposed one in the group of 0-1 years old from region with higher contamination with radioactive

fallout. This increase is determined by cases occurred only in B2 cohort. In B1 cohort no cases are found

disregarding dose levels. Correlation between increased leukemia rates and red bone marrow dose is attem-

pted.

Key words: leukemia,the Chernobyl accident,incidence rate,epidemiological study,children.

INTRODUCTION

Reports on patterns of children cancer incidence

are rare enough in countries of Eastern Europe (Ja-

kabZ. et al.,2002). Leukaemia is major malignan-

cy in developed countries of the world being about

one third of all cancer cases diagnosed in pediatric

population. The morbidity structure is peculiar

with a marked peak at ages 2-3,which is followed

by a steady decline. This pattern is consistent with

the observation results testifying to the fact that

exposure to ionizing radiation may be an important

determinant of disease in prenatal period and in in-

fancy (Darby S.C et al.,1996).

The objective of our study was to conduct the

analysis of leukaemia cases by level of exposu-

re to ionizing radiation that occurred in 1986-

2000.

SUBJECTS AND METHODS

The information about the leukemia cases was ob-

tained through patient's medical file from oncolo-

gical and hematological departments of the

ÂÂÅÄÅÍÈÅ

Äàííûå î äåòñêîé îíêîëîãè÷åñêîé çàáîëåâàåìîñòè â

ñòðàíàõ Âîñòî÷íîé Åâðîïû âñòðå÷àþòñÿ äîâîëüíî

ðåäêî (JakabZ. et al.,2002). Ëåéêåìèÿ ïðåäñòàâëÿ-

åò âåäóùåå çëîêà÷åñòâåííîå çàáîëåâàíèåì â ðàçâè-

òûõ ñòðàíàõ, ñîñòàâëÿÿ ïðèáëèçèòåëüíî îäíó òðåòü

âñåõ ñëó÷àåâ ðàêà â äåòñêîì âîçðàñòå. Äëÿ ñòðóê-

òóðû çàáîëåâàåìîñòè õàðàêòåðåí ïðîôèëü ñ îò÷åò-

ëèâûì ïèêîì â âîçðàñòå 2-3 ëåò è ïîñëåäóþùèì

ñíèæåíèåì, ÷òî ñîãëàñóåòñÿ ñ ðåçóëüòàòàìè íàáëþ-

äåíèé î âîçìîæíîé ðîëè îáëó÷åíèÿ êàê âàæíîé äå-

òåðìèíàíòû çàáîëåâàíèÿ â ïðåíàòàëüíîì ïåðèîäå è

ðàííåì äåòñêîì âîçðàñòå (Darby S.C. et al.,1996).

Öåëü íàøåãî èññëåäîâàíèÿ çàêëþ÷àëàñü â ïðîâåäå-

íèè àíàëèçà ñëó÷àåâ ëåéêåìèè, ðàçâèâøèõñÿ íà

ïðîòÿæåíèè 1986-2000 ãã.,â çàâèñèìîñòè îò óðîâíÿ

ëó÷åâîãî âîçäåéñòâèÿ.

ÎÁÚÅÊÒ È ÌÅÒÎÄÛ

Äàííûå î ñëó÷àÿõ çàáîëåâàíèÿ áûëè ïîëó÷åíû èç

èíäèâèäóàëüíîé ìåäèöèíñêîé äîêóìåíòàöèè ïàöè-

åíòîâ îíêîëîãè÷åñêîãî è ãåìàòîëîãè÷åñêîãî îòäå-
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Pediatric University Hospital of Iasi where the

majority of patients were admitted. Annual data

on population in each district according to the

age,sex and residence area type (urban,rural) was

obtained from Regional Office for Population

Censuses.

We defined cohorts as exposed and unexposed ba-

sing on dates of birth and using Petridous's and

Michaels's criteria. The children born between

July 1,1986 and December 31,1987 were conside-

red as being exposed to ionizing radiation in ute-

ro after the Chernobyl NPPaccident (cohort B).

The B cohort was divided into two sub-cohorts

(B1 - born on July,1986 - March,1987 and B2 -

born on April-December 1987). Cohorts A and

C,defined as unexposed groups,which consisted of

children born between January 1, 1980 and De-

cember, 31 1985 (cohort A) and children born

between January 1, 1988 and December 31, 1990

(cohort C). The cohorts were subdivided into four

categories on the basis of estimated doses in utero.

The exposed cohort consisted of 137,072 children

(37 cases of leukemia) and the unexposed cohorts

consisted of 774,789 children,respectively (204 cas-

es of leukemia). A detailed analysis of all leukemia

cases, except chronic lymphatic type of leukemia,

was performed for the age group 0-10 years old as

well as for 1- year old groups. The chi-squared and

Fischer tests were used to calculate a statistical sig-

nificance level.

Red bone marrow equivalent doses obtained by

children through food intake of 131I, 134Cs, 137Cs

and 90Sr isotopes were derived on the basis of the

measured activity concentrations of these radio-

nuclides in traditional foodstuffs both through

the high-resolution gamma spectrometry method

and radiochemical analysis technology. Indivi-

dual equivalent doses of the children were esti-

mated from these activity concentration values

and the age-dependent food consumption rates

elaborated and issued by the Romanian Ministry

of Health and Family and with use of an appro-

priate age-dependent dose conversion coefficients

adopted by the ICRP, (ICRP, 1995; Phipps

A.W.,1991).

RESULTS AND DISCUSSION

The estimated average red bone marrow equivalent

radiation doses in cohort "B1" (1275 µSv) nearly

twice exceeded of that in cohort "B2"(510 µµSv),

as it is shown below table (table 1).

The infant leukemia incidence (cases/106 inhabi-

tants) in the exposed cohort was higher than in

cohorts A and C (270 vs. 263; p>0.05) in the

group of 0-10 years old (figure 1). The incidence

rate of cohort B1 was statistically significantly

higher than that of cohort B2 (386 vs.173;

p=0.03); results which differed from those repor-

ted by Michaelis (UNSCEAR Report,2000).

ëîâ Ïåäèàòðè÷åñêîãî ãîñïèòàëÿ óíèâåðñèòåòà ã.

ßññû, êóäà è ïîñòóïàëî áîëüøèíñòâî ïàöèåíòîâ.

Åæåãîäíûå äàííûå î íàñåëåíèè â êàæäîì èç ðàéî-

íîâ â çàâèñèìîñòè îò âîçðàñòà,ïîëà è çîíû ïðîæè-

âàíèÿ (ãîðîäñêàÿ, ñåëüñêàÿ ìåñòíîñòü) áûëè ïîëó-

÷åíû â Ðàéîííûõ áþðî ïåðåïèñè íàñåëåíèÿ.

Êîãîðòû îïðåäåëÿëè êàê îáëó÷åííûå è íåîáëó÷åí-

íûå,îñíîâûâàÿñü íà äàííûõ î äàòå ðîæäåíèÿ ñ èñ-

ïîëüçîâàíèåì êðèòåðèåâ Petridous è Michaelis. Äå-

òè,ðîäèâøèåñÿ â ïåðèîä ñ 1 èþëÿ 1986 ã. ïî 31 äå-

êàáðÿ 1987 ã. ðàññìàòðèâàëèñü êàê ëèöà, ïîäâåðã-

øèõñÿ îáëó÷åíèþ in utero âñëåäñòâèå àâàðèè íà ×À-

ÝÑ (êîãîðòà Â). Ïîñëåäíÿÿ ïîäðàçäåëÿëàñü íà äâå

ñóáêîãîðòû (Â1 - ðîäèâøèåñÿ ñ èþëÿ 1986 ã. ïî

ìàðò 1987 ã.,Â2 - ðîäèâøèåñÿ ñ àïðåëÿ ïî äåêàáðü

1987 ã.). Êîãîðòû À è Ñ, îïðåäåëÿåìûå êàê

"íåîáëó÷åííûå", áûëè ïðåäñòàâëåíû äåòüìè, ðîäèâ-

øèìèñÿ â ïåðèîä ñ 1 ÿíâàðÿ 1980 ã. ïî 31 äåêàáðÿ

1985 ã. (êîãîðòà À),à òàêæå ñ 1 ÿíâàðÿ 1988 ã. ïî

31 äåêàáðÿ 1990 ã. (êîãîðòà Ñ). ×ëåíû êîãîðò ïî-

äðàçäåëÿëèñü íà 4 êàòåãîðèè ñîãëàñíî ðàññ÷èòàííûì

äîçàì âíóòðèóòðîáíîãî îáëó÷åíèÿ. Êîãîðòà îáëó-

÷åííûõ íàñ÷èòûâàëà 137,072 äåòåé (37 ñëó÷àåâ ëåé-

êåìèè),êîãîðòà íåîáëó÷åííûõ - 774,789 äåòåé (104

ñëó÷àÿ ëåéêåìèè). Äëÿ âîçðàñòíîé ãðóïïû 0-10 ëåò

è äåòåé ãîäîâàëîãî âîçðàñòà áûë ïðîâåäåí äåòàëü-

íûé àíàëèç âñåõ ñëó÷àåâ ëåéêåìèè,çà èñêëþ÷åíèåì

õðîíè÷åñêèõ ëèìôîèäíûõ ôîðì ïàòîëîãèè. Äëÿ

ðàñ÷åòîâ óðîâíåé ñòàòèñòè÷åñêîé äîñòîâåðíîñòè èñ-

ïîëüçîâàëè êðèòåðèè Õ2 è òåñò Ôèøåðà.

Ýêâèâàëåíòíûå äîçû îáëó÷åíèÿ êðàñíîãî êîñòíîãî

ìîçãà ó äåòåé âñëåäñòâèå ïèùåâîãî ïîñòóïëåíèÿ 131I,
134Cs,137Cs è 90Sr ðàññ÷èòûâàëè íà îñíîâàíèè ðåçóëü-

òàòîâ èçìåðåíèÿ êîíöåíòðàöèè àêòèâíîñòè äàííûõ

ðàäèîíóêëèäîâ â ïðîäóêòàõ ïèòàíèÿ ñ èñïîëüçîâà-

íèåì ìåòîäîâ ãàììà-ñïåêòðîìåòðèè âûñîêîãî ðàçðå-

øåíèÿ,à òàêæå ðàäèîõèìè÷åñêîãî àíàëèçà. Îöåíêó

èíäèâèäóàëüíûõ ýêâèâàëåíòíûõ äîç ïðîâîäèëè íà

îñíîâàíèè ïîëó÷åííûõ âåëè÷èí êîíöåíòðàöèé àê-

òèâíîñòè è âîçðàñò-çàâèñèìûõ ïîêàçàòåëåé ïîòðå-

áëåíèÿ ïèùåâûõ ïðîäóêòîâ, ðàçðàáîòàííûõ Ìèíè-

ñòåðñòâîì çäðàâîîõðàíåíèÿ è ñåìüè Ðóìûíèè ñ èñ-

ïîëüçîâàíèåì ñîîòâåòñòâóþùèõ âîçðàñò-çàâèñèìûõ

êîýôôèöèåíòîâ ïåðåñ÷åòà äîç, ïðèíÿòûõ ÌÊÐÇ

(ICRP,1995; Phipps A.W.,1991).

ÐÅÇÓËÜÒÀÒÛ È ÎÁÑÓÆÄÅÍÈÅ

Îöåíêè ñðåäíèõ âåëè÷èí ýêâèâàëåíòíûõ äîç îáëó÷å-

íèÿ êîñòíîãî ìîçãà â êîãîðòå "B1" (1275 µÇâ) ïðè-

áëèçèòåëüíî âäâîå ïðåâûøàëè òàêîâûå â êîãîðòå

"B2" (510 µÇâ). Äàííûå ïðåäñòàâëåíû â òàáëèöå 1.

Çàáîëåâàåìîñòü ëåéêåìèåé â äåòñêîì âîçðàñòå (ñëó-

÷àåâ/106 íàñåëåíèÿ) ñðåäè "îáëó÷åííûõ" ïðåâûøàëà

òîêîâóþ â êîãîðòàõ À è Ñ (270 è 263ñîîòâåòñòâåííî,

p>0,05) â ãðóïïå îò 0 äî 10 ëåò (ðèñóíîê 1). Çàáî-

ëåâàåìîñòü â êîãîðòå B1 áûëà ñòàòèñòè÷åñêè äîñòî-

âåðíî âûøå òàêîâîé â êîãîðòå B2 (386è 173,ñîîòâåò-

ñòâåííî,ð=0,03),÷òî ðàñõîäèòñÿ ñ äàííûìè,ïðåäñòà-

âëåííûìè Michaelis (UNSCEAR Report 2000).
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TTAABBLLEE  11

RED BONE MARROW EQUIVALENT DOSE OBTAINED BY COHORTS B
1
AND B

2

WITHIN FIRST THREE YEARS AFTER THE CHERNOBYL ACCIDENT

ÒÒÀÀÁÁËËÈÈÖÖÀÀ  11

ÝÊÂÈÂÀËÅÍÒÍÛÅ ÄÎÇÛ ÎÁËÓ×ÅÍÈß ÊÐÀÑÍÎÃÎ ÊÎÑÒÍÎÃÎ ÌÎÇÃÀ Â ÊÎÃÎÐÒÀÕ B
1
È B

2

ÏÎËÓ×ÅÍÍÛÅ ÂÒÅ×ÅÍÈÅ ÏÅÐÂÛÕ ÒÐÅÕ ËÅÒ ÏÎÑËÅ ×ÅÐÍÎÁÛËÜÑÊÎÉ ÀÂÀÐÈÈ

FFIIGGUURREE  11.. CUMULATIVE LEUKEMIA INCIDENCE  RATE  IN AGE GROUP OF 0-10 YEARS OLD.

ÐÐÈÈÑÑÓÓÍÍÎÎÊÊ  11. ÊÓÌÓËßÒÈÂÍÛÉ ÏÎÊÀÇÀÒÅËÜ ÇÀÁÎËÅÂÀÅÌÎÑÒÈ Â ÃÐÓÏÏÅ ÎÒ 0 ÄÎ 10 ËÅÒ

Red bone marrow equivalent dose (ìSv) 
Radionuclide 

“B1”  “B2” 
131

I 1 –  
134

Cs 216 86 
137

Cs 439 163 
90

Sr 617 258 

Total (rounded) 1275 510 

The standardized incidence ratio value over the

whole area was 103 (95% CI=70-136) (see figu-

re 2).

The highest increase in leukemia was traced for

the exposed cohort as compared to the unex-

posed one being aged 0-1 from the region of

higher radioactive contamination (figures 3 and

4). The increase was determined by cases

occurred only in cohort B2. There were found no

cases in cohort B1 regardless ionizing radiation

dose levels.

Ñòàíäàðòèçîâàííûé ïîêàçàòåëü çàáîëåâàåìîñòè ïî

âñåé òåððèòîðèè ñîñòàâëÿë 103 (95% ÄÈ=70-136)

(ðèñóíîê 2).

Çàáîëåâàåìîñòü ëåéêåìèåé â âîçðàñòå îò 0 äî 1 ãî-

äà áûëà íàèâûñøåé â îáëó÷åííîé êîãîðòå ïî ñðàâ-

íåíèþ ñ íåîáëó÷åííîé èç ðàéîíà ñ íàèáîëåå çíà÷è-

òåëüíûì ðàäèàöèîííûì çàãðÿçíåíèåì, âûçâàííûì

àâàðèåé (ðèñóíêè 3,4). Äàííîå óâåëè÷åíèå èìåëî

ìåñòî èñêëþ÷èòåëüíî çà ñ÷åò ñëó÷àåâ â êîãîðòå B2.

Â êîãîðòå B1 íåçàâèñèìî îò óðîâíåé äîç ñëó÷àåâ çà-

áîëåâàíèÿ âûÿâëåíî íå áûëî.

Infant leukemia incidence in the exposed cohort

was higher than in the unexposed cohorts. The

results conform to those reported by Chris Busby

(Busby C.,2001),(table 2).

A previous study on leukemia incidence among

children aged 0-14 demonstrated a statistically

significant indices increase in 1989-1994 as com-

pared to that in 1980-1985 in the age group of

0-4 years old (Davidescu D. et al, 1996). A 

Çàáîëåâàåìîñòü ëåéêåìèåé â äåòñêîì âîçðàñòå â

êîãîðòå îáëó÷åííûõ áûëà âûøå ïî ñðàâíåíèþ ñ

òàêîâîé â íåîáëó÷åííûõ êîãîðòàõ. Ýòî ñîãëàñóåò-

ñÿ ñ äàííûìè Chris Busby (Busby C., 2001) (òà-

áëèöà 2).

Ïðåäøåñòâóþùåå èññëåäîâàíèå çàáîëåâàåìîñòè

ëåéêåìèåé ó äåòåé â âîçðàñòå îò 0 äî 14 ëåò ïîêà-

çàëî ñòàòèñòè÷åñêè äîñòîâåðíîå óâåëè÷åíèå ïîêà-

çàòåëÿ â 1989-1994 ãã. ïî ñðàâíåíèþ ñ òàêîâûì â

ïåðèîä ñ 1980 ïî 1985 ãã. â âîçðàñòíîé ãðóïïå 
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BT+NT 74,1 0 344 266

IS+BC+VS 48 293,1 376 289

VN+GL 0 136 73,8 148

Total 386,2 173,4 270 263
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FFIIGGUURREE  44.. STANDARDIZED LEUKEMIA INCIDENCE RATIO IN GROUP OF 0-1 YEARS OLD

ÐÐÈÈÑÑÓÓÍÍÎÎÊÊ  44.. ÑÒÀÍÄÀÐÒÈÇÎÂÀÍÍÛÅ ÏÎÊÀÇÀÒÅËÈ ÇÀÁÎËÅÂÀÅÌÎÑÒÈ ËÅÉÊÅÌÈÅÉ Â ÃÐÓÏÏÅ ÎÒ 0 ÄÎ 1 ÃÎÄÀ

FFIIGGUURREE  22.. STANDARDIZED LEUKEMIA INCIDENCE RATIO IN AGE GROUP OF 0-10 YEARS OLD.

ÐÐÈÈÑÑÓÓÍÍÎÎÊÊ  22.. ÑÒÀÍÄÀÐÒÈÇÎÂÀÍÍÛÉ ÏÎÊÀÇÀÒÅËÜ ÇÀÁÎËÅÂÀÅÌÎÑÒÈ Â ÃÐÓÏÏÅ 0-10 ËÅÒ

FFIIGGUURREE  33..  CUMULATIVE LEUKEMIA INCIDENCE RATE IN GROUP OF 0-1 YEARS OLD

ÐÐÈÈÑÑÓÓÍÍÎÎÊÊ  33.. ÊÓÌÓËßÒÈÂÍÛÉ ÏÎÊÀÇÀÒÅËÜ ÇÀÁÎËÅÂÀÅÌÎÑÒÈ ËÅÉÊÅÌÈÅÉ Â ÃÐÓÏÏÅ ÎÒ 0 ÄÎ 1 ÃÎÄÀ
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TTAABBLLEE  22

COMPARISON CHARACTERISTIC OF INFANT LEUKEMIA RATES AFTER THE CHERNOBYL ACCIDENT 

IN THE EASTERN ROMANIA AND SIMILAR DATA 

FROM WALES, SCOTLAND, GREECE AND THE FORMER GERMANY

ÒÒÀÀÁÁËËÈÈÖÖÀÀ  22
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Group Eastern Romania Wales and Scotland Greece Germany 

Exposed cohort B 

Cohort size 137,072 156,600 163,337 928,649 

Number of cases 37 12 12 35 

Rate 2.70 7.67 7.34 3.77 

Unexposed cohort A+C 

Cohort size 774,789 835,200 1,112,566 5,630,789 

Number of cases 204 18 31 143 

Rate  2.63 2.15 2.79 2.54 

Risk ratio 1.03 3.6 2.6 1.5 

Cumulative Poisson 

probability 

– 0.0002 0.0025 0.015 

 

detailed re-analysis of cases according to cohort

ages at the moment of the Chernobyl accident

and effective dose levels within the first year af-

ter the accident has showed no influence of the

Chernobyl accident upon the leukaemia inciden-

ce rate in early childhood (0-6 years old) and a

slight increase in morbidity in cohort of chil-

dren exposed in utero (Davidescu D.et al.,

1998). For 1992-2001 the leukemia incidence

had an upward tendency in the eastern territory

of Romania. The increased tendency has become

more evident for last ten years. The cumulative

incidence rate rise significantly in the period of

1992-2001 in the group of 0-4 years old and

among rural inhabitants (Davidescu D. et al,

2002).

CONCLUSIONS

1. An infant leukaemia incidence in the exposed

group is higher than that in the unexposed group

of children aged 0-10.

2. The incidence rate of children born since July,

1986 till March, 1987 is statistically significant

higher than the incidence rate of children born sin-

ce July,1986 till March,1987.

3. The incidence rate correlates with a red bone

marrow equivalent radiation dose.
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0-4 ëåò (Davidescu D. et al, 1996). Äåòàëüíûé

ïîâòîðíûé àíàëèç ñëó÷àåâ â çàâèñèìîñòè îò âîç-

ðàñòà êîãîðò íà ìîìåíò àâàðèè è óðîâíåé ýôôåê-

òèâíûõ äîç â òå÷åíèå ïåðâîãî ãîäà ïîñëå àâàðèè

íå ïîêàçàë âëèÿíèå ×åðíîáûëüñêîé àâàðèè íà çà-

áîëåâàåìîñòü â ðàííåì äåòñêîì âîçðàñòå (0-6 ëåò)

è íåçíà÷èòåëüíûé ðîñò ïîêàçàòåëÿ â êîãîðòå

îáëó÷åííûõ in utero (Davidescu D. åt al.,1998).

Â 1992-2001 ãã.) Çàáîëåâàåìîñòü ëåéêåìèåé â âîñ-

òî÷íûõ òåððèòîðèÿõ Ðóìûíèè õàðàêòåðèçîâàëàñü

òåíäåíöèåé ê ïîâûøåíèþ, ÷òî áûëî íàèáîëåå ÿâ-

íûì â òå÷åíèå ïîñëåäíèõ 10 ëåò. Êóìóëÿòèâíûé

ïîêàçàòåëü çàáîëåâàåìîñòè ñóùåñòâåííûì îáðà-

çîì âîçðîñ ñ 1992 ïî 2001 ã. â âîçðàñòíîé ãðóï-

ïå 0-4 ëåò è ñðåäè ñåëüñêèõ æèòåëåé (Davidescu

D. et al,2002).

ÂÛÂÎÄÛ

1. Çàáîëåâàåìîñòü ëåéêåìèåé â äåòñêîì âîçðàñòå â

"îáëó÷åííûõ" ãðóïïàõ âûøå,íåæåëè â "íåîáëó÷åí-

íûõ" ãðóïïàõ äåòåé 0-10 ëåò.

2. Çàáîëåâàåìîñòü ó äåòåé,ðîäèâøèõñÿ ñ èþëÿ 1986

ã. ïî ìàðò 1987 ã. ñòàòèñòè÷åñêè äîñòîâåðíî âûøå

òàêîâîé ó äåòåé, ðîæäåííûõ â ïåðèîä ñ àïðåëÿ ïî

äåêàáðü 1987 ã.

3. Âåëè÷èíà ïîêàçàòåëÿ çàáîëåâàåìîñòè êîððåëèðó-

åò ñ ýêâèâàëåíòíîé äîçîé îáëó÷åíèÿ êîñòíîãî ìîçãà.
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