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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 (*Cs, *"Cs,®Sr,®'I) 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 (By) is statistically significant higher than the incidence rate of children born on April - December,

1987 (By) (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.
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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

BBEJAEHUNE

JlaHubie 0 IETCKOI OHKOJIOTUYECKOI 3a60/1€Ba€MOCTU B
ctpaHax Bocrounoit EBpombr BeTpedaroTcss T0BOJIHHO
peako (JakabZ. et al.,2002). Jlelikemus npezacrasiis-
€T BeJyllee 3JIOKaYeCTBEHHOE 3a00JI€BaHNEM B Pa3BH-
TBIX CTPAHAX,COCTABJISAS MPUOCIUIUTETHHO OJHY TPETh
BCEX CJy4YaeB paka B JIETCKOM Boapacre. [ljst cTpyk-
TYpbI 3200JI€EBAEMOCTH XapakKTepeH TPoduiIb ¢ oT4eT-
JIUBBIM THKOM B Bo3pacTte 2-3 JIeT W MOCJEAYIONINM
CHIDKEHUEM, YTO COTJIACYETCS C pe3yJbTataMu HalJro-
JIeHUil 0 BO3MOKHOI POJIH 06JydeHus] KaK BayKHOM Jie-
TEPMUHAHTBI 3a00JIeBaHusl B IIPEHATATIBHOM IIEPHOE U
pannem gerckom Bospacre (Darby S.C. et al., 1996).

Ilesp HamIero MccJjeI0OBaHUS 3aKJI0YAJIAch B IIPOBEJIE-
HUM aHa/lu3a cJlydaeB JeHKeMuH, pa3BUBIINXCS Ha
nporspkenun 1986-2000 rr., B 3aBUCUMOCTH OT YPOBHS
JIy4eBOTO BO3/eiCTBUSI.

OBBEKT U METO/Ibl

[lannble 0 cuaydyasx 3a6oseBaHUS OBLIN MOJYYeHBI 13
WHAWBUIYATbHON MEIUIINHCKON JOKYMEHTAINH TAIIU-
€HTOB OHKOJIOTHYECKOIO U TIeMaTOJIOIMYECKOrO OT/e-
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Pediatric University Hospital of lasi 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
(B4 - born on July, 1986 - March, 1987 and B9 -
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 *'I, ®‘Cs, ®"Cs
and *Sr 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 "By" (1275 pSv) nearly
twice exceeded of that in cohort "B2"(510 puSv),
as it is shown below table (table 1).

The infant leukemia incidence (cases,/10° 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).

goB llemmarpuyeckoro rocnuTasisi YHHWBEPCHUTETA T.
fAcepl, Kyma u MOCTYIAMO0 GOJBIIUHCTBO IIAIUEHTOB.
Exeronmble manAble O HaceJEHUH B KayKIOM W3 paiio-
HOB B 3aBHCUMOCTH OT BO3PAaCTa,T0Ja U 30HDBI TPOXKU-
Banus (ropojckas, ceJbCKass MECTHOCTb) GbLIM IIOJIY-
YeHbl B PaifoHHBIX 6TOPO TIEPENucy HaceJeHUs.

Koroprel onpezessiim kKak o6ydeHHbIE W HEOOJIydYeH-
HbI€, OCHOBBIBASICh Ha JAHHBIX O JaTe POKIEHUS C UC-
noJb3oBanneM kpurepueB Petridous u Michaelis. [le-
TH, pofuBInuecs B epuof ¢ 1 wioss 1986T. mo 31 ne-
kKabpst 1987 r. paccMaTpuBaJMCh Kak JIHIA, TIOABEPT-
mmxcst 06ay4YeHuio in utero BesencTBue aBapuy Ha YA-
IC (koropra B). Ilocneansas nogpasfensnach Ha JBe
cyokoroprel (Bq - poamsumecst ¢ monst 1986 r. 1o
Mapt 1987 r.,B9 - poausumecsa ¢ anpend mo aekaGpb
1987 r.). Koroptet A u C, omnpezensieMbie Kak
"HeoOrydeHHbie", ObLIN TIPECTABIEHBI JIETHhMU, POINB-
mumucs B nepuox ¢ 1 susaps 1980 r. mo 31 nexa6ps
1985 r. (koropra A),a Takxke c¢ 1 amsaps 1988 r. mo
31 nexa6bpsa 1990 r. (xoropra C). HjeHbl KOTOpT mo-
JIPA3/IETISITNCh Ha 4 KaTETOPUU COTJIACHO PACCUNTAHHBIM
J03aM BHYTpuyTpoOHOTO 06aydenus. Koropra o6iy-
yeHHbIX HacuutbiBasaa 137,072 gereit (37 cayuaes seii-
KeMun), Koropta HeoGydeHHbIx - 774,789 nereit (104
cayuas Jeiikemun). Jas Bospacthoii rpymmbt 0-10 ser
U JIeTeil ro/IoBaJIoro Bo3pacta ObLI TPOBEIEH JIETasb-
HBII aHAJIN3 BCEX CJydYaeB JIEHKEMUH,3a NCKJIIOUYeHNeM
XpoHudeckux JumMdonanbix dopm marosorun. s
pPacyeToB yPOBHEH CTATUCTUYECKON TOCTOBEPHOCTH WC-
MoJIb30BaJI Kputepuu X* n Tect Duriepa.

OKBUBAJEHTHBIE 103bI OO/IyYeHUsT KPACHOTO KOCTHOTO
MO3Ta y JieTeil BCIe[ICTBHE MUIEBOTO MOCTyIIeHus '1,
¥Cs, " Cs u “Sr paccunThIBAIM HA OCHOBAHUH PE3YJIb-
TATOB M3MEPEHUs] KOHIEHTPAIUU AKTHBHOCTH JAHHBIX
PAZNOHYKJIUIOB B MPOAYKTaX IMHUTAHUS C MCIOJIb30BA-
HIEM METOJIOB raMMa-CIIEKTPOMETPUHN BBICOKOTO paspe-
MIEHNS], a TAKyKe PaAMOXUMUIecKoro aHamnsa. OIieHKy
WHUBU/IYQIbHBIX 9KBUBAJIEHTHBIX /103 IIPOBOAUIN HA
OCHOBaHWHM TIOJTYYEHHBIX BEJIWYUH KOHIIEHTPAIUIl aK-
THBHOCTH U BO3PACT-3aBUCHMBIX ITIOKa3aTesell moTpe-
6JIeHUST TIUIEBBIX MPOAYKTOB, pa3paboTaHHbIX MuHu-
CTEPCTBOM 3[IPABOOXPAHEHMS] 1 CEMbU PYMBIHUE C HC-
MOJIb30BAHUEM COOTBETCTBYIOIIUX BO3PACT-3aBUCHMBIX
KoaduimeHToB rnepecyera 103, npuHATHIX MKP3
(ICRP,1995; Phipps A.W.,1991).

PE3YJbTATBI 1 OBCYKAEHUE

OlEHKN CpefHNX BEJMYNH SKBUBAJEHTHBIX /103 06/ Tyde-
HUSL KOCTHOTO Moara B koropte "Bq" (1275 p3s) npu-
GJIMBUTEJIBHO B/IBOE TIPEBBIIIAIN TAKOBbIE B KOTOPTE
"B2" (510 u3s). [lannbie npeacTasiensr B Tabmune 1.

3a6oneBaeMocTb JelikemMueli B geTckoM Bospacte (ciry-
vaes ,/10° Hacesennst) cpeam "o6IydeHHBIX" MIPEBBIIIAIA
ToKOBYI0 B Koroptax A u C (270 u 263 cooTBeTCTBEHHO,
p>0,05) B rpymme or 0 mo 10 mer (pucynok 1). 3a6o-
JieBaeMOCTh B Koropte B1 ObL1a CTaTHCTUYECKH JIOCTO-
BEPHO BBIIIE TaKOBOI B Koropre B2 (386 m 173, coorser-
crBenno, p=0,03), 4To pacXoAuTcs ¢ JAHHBIMU, IIPEACTA-
BaennbiMu Michaelis (UNSCEAR Report 2000).
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RED BONE MARROW EQUIVALENT DOSE OBTAINED BY COHORTS By AND By

WITHIN FIRST THREE YEARS AFTER THE CHERNOBYL ACCIDENT

SKBMBAJTEHTHBIE JO3bl OBJTYHEHWSA KPACHOTO KOCTHOIO MOSTA B KOTOPTAX By M By

MOJTYYEHHBIE BTEYEHWE MEPBLIX TPEX JIET MOCIIE YEPHOBLITECKOM ABAPMA

TABLE 1

TABJMLIA 1

Radionuclide Red bone marrow equivalent dose (MSv)
“B]” “B29’

131 1 _

EZ7en 216 86

EL/om 439 163

St 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 B,. There were found no
cases in cohort B, regardless ionizing radiation
dose levels.

CranzapTu30BaHHblii ToKazareab 3a60J€BaeMOCTH 110
Bcell Teppuropun cocrasasn 103 (95% JM=70-136)
(pucyHok 2).

3a6osieBaemocThb Jieitkemueit B Bo3pacte ot 0 g0 1 ro-
Jia 6blja HAaWBBICHIEH B 0OJyYeHHOW KOTOpTe 10 CpaB-
HEHWIO ¢ HeOOJyUeHHON U3 paiioHa ¢ Hanbojee 3HAUH-
TEJIbHBIM PAJIMAIMOHHBIM 3arpsi3HEHUEM, BbI3BAHHBIM
asapueil (pucynkn 3,4). JlaHHoe yBe/MYEHUE UMEJO
MECTO MCKJIOUUTEJ]BHO 32 CYET CJydaeB B Koropre B,.
B koropre B, HeszaBucumo ot ypoBHeil 03 ciydaeB 3a-
60JIeBaHNS BbBISBJIEHO HE ObLIO.

FIGURE 1. CUMULATIVE LEUKEMIA INCIDENCE RATE IN AGE GROUP OF 0-10 YEARS OLD.

PUCYHOK 1. KYMYNSTVBHBIN MOKA3ATENb 3ABOJIEBAEMOCTW B TPYMME OT 0 4O 10 NET
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msv 10,9 94 101 340
OBT+NT 74,1 0 344 266
0IS+BC+VS 48 293,1 376 289
BVN+GL 0 136 73,8 148
@ Total 386,2 173,4 270 263

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

3a6oJieBaeMOCTh JieiikeMueil B JIETCKOM BO3pacTe B
KoropTe OOJydYeHHBIX OblJa BBINIE II0 CPABHEHUIO C
TaKOBOI B HEOOIYYEHHBIX KOTOpPTaX. JTO COTJIacyeT-
cst ¢ pamapivu Chris Busby (Busby C., 2001) (ra-
G6mnma 2).

[TpemmecTByfomee uccaefoBaHue 3a60JI€BAEMOCTH
JelikemMueil y meteit B Bo3pacte ot 0 10 14 met moka-
3aJ10 CTATUCTUYECKN JOCTOBEPHOE yBeJUdIeHHe MTOKa-
3arenst B 1989-1994 rr. mo cpaBHEHHIO C TaKOBBIM B
nepuon ¢ 1980 mo 1985 rr. B Bo3pacTHOU TpyrIe
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FIGURE 2. STANDARDIZED LEUKEMIA INCIDENCE RATIO IN AGE GROUP OF 0-10 YEARS OLD.

PUCYHOK 2. CTAHOAPTU3OBAHHbIV MOKASATESTb 3ABOJIEBAEMOCTM B IPYMIME 0-10 JIET
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FIGURE 3. CUMULATIVE LEUKEMIA INCIDENCE RATE IN GROUP OF 0-1 YEARS OLD

PUCYHOK 3. KYMYNATUBHbBIM MOKASATESb 3ABOSIEBAEMOCTU JIEMKEMVEA B TPYINE OT 0 4O 1TOLA
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FIGURE 4. STANDARDIZED LEUKEMIA INCIDENCE RATIO IN GROUP OF 0-1 YEARS OLD

PUCYHOK 4. CTAHOAPTV3OBAHHBIE MOKA3ATESIM 3ABONIEBAEMOCTM JIEMKEMWEN B TPYMME OT 0 4O 1TOA
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TABLE 2
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
TABJIMLIA 2

CPABHUTENBHAS XAPAKTEPUCTUKA MOKASATENEN 3ABOSIEBAEMOCTU NEVKEMWEN Y OETEN

B BOCTOYHbBIX PAMOHAX PYMbIHAM 1 AHANTOTYHBIX LAHHBIX

ONs YONbCA, WOTNAHOVA, TPELIA W BbIBLLEA TEPMAHIA

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 - 0.0002 0.0025 0.015
probability

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 ner (Davidescu D. et al, 1996). eranbublit
MOBTOPHbBIN aHATN3 CJYyYaeB B 3aBHCHMOCTU OT BO3-
pacta KOTOPT Ha MOMEHT aBapwuu W ypoBHeW addex-
TUBHBIX /03 B TE€UYEHWE MEPBOrO ToJla MOCJTEe aBapuu
He Toka3as BiaustHue YepHOOBIIBCKOI aBapwy HA 3a-
6oseBaeMoCTh B panHeM aeTckoM Boszpacte (0-6 mer)
U HE3HAYMTEJbHBIN POCT TMOKa3aTeJass B KOTOpTe
o6ayuennbix in utero (Davidescu D. et al.,1998).
B 1992-2001 rr.) 3a6oneBaeMocTb JneiikeMueii B Boc-
TOYHBIX TEPPUTOPUSAX PyMBIHUM XapaKTepH30BaJIach
TeHeHIMel K IIOBBILIEHNIO, YTO ObLII0 HauboJjee gB-
HbIM B TedeHue nocaenanx 10 ger. KymynasaTtuBHbIN
MoKa3aTeJ b 3a00JeBAEMOCTH CYIIECTBEHHBIM 06pa-
30M Bo3poc ¢ 1992 mo 2001 r. B Bo3pacTHOI TpyTI-
ne 0-4 ner m cpean cenpckux xkuteneit (Davidescu
D. et al,2002).

BbIBO/IbI

1. 3aboneBaeMOCTD JieiikeMuell B JIETCKOM BO3pacTe B
"06,y4eHHBIX " TPYHIIaxX BbIIIE, HEXXEJN B "HEOOTydeH-
npix" rpynnax zgereit 0-10 ser.

2. 3a6osieBaeMOCTb y JleTell, poauBIuxcs ¢ uioss 1986
r. mo mapT 1987 r. craTHcTUYeCKn JOCTOBEPHO BBIIIE
TaKOBOH y JeTeil, pOSKJICHHBIX B TIEPHO C ampeJis o
Jexkabpp 1987 .

3. Besmumua moxasaTesist 3a601€Ba€MOCTH KOPPEJIIPY-
eT C 9KBUBAJIEHTHON /1030i 06Iy4eHNsT KOCTHOTO MO3Ta.
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