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The Effect of the Chernobyl Disaster
on the Occurrence of

Adult Acute Leukemias in Turkey

AABBSS  TTRRAACCTT  OObbjjeeccttiivvee::  The aim of this study was to in ves ti ga te whet her the oc cur ren ce of adult ho od acu te mye -
lo ge no us le u ke mi a (AML) and acu te lymphocy tic le u ke mi a (ALL) had in cre a sed be fo re and af ter the Cher nobyl
ac ci dent in the Hos pi tal of the Ha cet te pe Uni ver sity Fa culty of Me di ci ne, one of the ma jor ter ti ary ca re re fer ral
cen ters in Tur key. In ad di ti on, any in cre a se in the num ber of pa ti ents with le u ke mi a pre sen ting from the Black
Se a Re gi on (BSR; the nort hern part of Tur key), which was pre su med to be the most inf lu en ced re gi on by io ni -
zing ra di a ti on be fo re and af ter the di sas ter was al so as ses sed. MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss::  The study con sis ted of pa ti -
ents di ag no sed with AML and ALL and hos pi ta li zed bet we en 1976 and 1994 ye ars. This in ter val was di vi ded in to
two pe ri ods ac cor ding to the da te of the Cher nobyl ac ci dent. The pe ri od be fo re the Cher nobyl ac ci dent (BCP) co -
ve red bet we en 1976 and 1985 and the pe ri od af ter the Cher nobyl ac ci dent (ACP) co ve red bet we en 1989 and
1994. The hos pi tal re gis tra ti on forms we re ret ros pec ti vely analy zed to de ter mi ne the num ber of pa ti ents with
AML and ALL in tho se pe ri ods. In ad di ti on, pa ti ent fi les we re re vi e wed to re cord the pla ce of re si dency, which
was not inc lu ded in the re gis tra ti on re cords. RRee  ssuullttss::  The num bers of pa ti ents with AML and ALL in BCP and ACP
we re 194 and 380, and 96 and 151, res pec ti vely. The re was a li ne ar up ward trend for each di se a se in BCP. The se
trends di sap pe a red for each di se a se in ACP. The dis tri bu ti on of pa ti ents with AML and ALL in BCP was sig ni fi -
cantly dif fe rent when com pa red to the dis tri bu ti on in ACP (p< 0.00 and p= 0.005, res pec ti vely). Af ter eli mi na -
ting the trends by dif fe ren ce trans for ma ti ons, the dif fe ren ces bet we en the pe ri ods di sap pe a red for each di se a se
(p= 0.92 and p= 0.60, res pec ti vely). The num ber of AML and ALL pa ti ents pre sen ting from the BSR did not show
a sig ni fi cant dif fe ren ce bet we en the BCP and ACP (p= 0.74 and p= 0.36, res pec ti vely). CCoonncc  lluu  ssii  oonn:: The di sap pe -
a ran ce of the sig ni fi cant dif fe ren ces bet we en pe ri ods af ter the eli mi na ti on of the trends in BCP for each di se a se
in di ca te that the dif fe ren ces we re du e to the sig ni fi cant li ne ar in cre a ses in the num bers of pa ti ents with each di -
se a se in BCP and not to pe ri o di cal chan ges. In ad di ti on, the num ber of pa ti ents pre sen ting from the BSR af ter the
Cher nobyl di sas ter was not sig ni fi cantly dif fe rent. 

KKeeyy  WWoorrddss::  Ra di a ti on, io ni zing; le u ke mi a; epi de mi o logy

ÖÖZZEETT  AAmmaaçç:: Bu ça lış ma nın ama cı, Çer no bil ka za sı ön ce si ve son ra sın da Tür ki ye’ de en önem li üçün cü de re ce de re-
fe rans mer kez le rin den bi ri olan Ha cet te pe Üni ver si te si Tıp Fa kül te si Has ta ne le ri ne baş vu ran eriş kin akut mi ye lo id
lö se mi (AML) ve akut len fob las tik lö se mi (ALL) ol gu la rın da ar tış olup ol ma dı ğı nı araş tır mak tır. Ay rı ca, ka za dan
ön ce ve son ra iyo ni ze rad yas yon dan en çok et ki len di ği ka bul edi len Ka ra de niz Böl ge si’n den baş vu ran lö se mik has-
ta la rın sa yı sın da ar tış olup ol ma dı ğı da in ce len miş tir. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr::  Bu ça lış ma, 1976-1994 yıl la rı ara sın da
AML ve ALL ta nı sı alınıp has ta ne ye ya tı rı lan has ta lar dan oluş mak ta dır. Çer no bil ka za sı na gö re bu ara lık 2 dö ne me
ay rıl dı. Ka za dan ön ce ki dö nem (ÇÖD) 1976-1985 yıl la rı nı, ka za dan son ra ki dö nem (ÇSD) ise 1989-1994 yıl la rı nı kap-
sa mak ta dır. Her iki dö nem de ki has ta la rın sa yı sı na ulaş mak için has ta ne ar şi vi nin ka yıt form la rı in ce len di. Ka yıt
form la rın da has ta la rın ya şa dık la rı yer ka yıt lı ol ma dı ğı için, ikin ci aşa ma da, has ta la rın dos ya la rı in ce len di. BBuull  gguu  llaarr::
Has ta ne ar şi vi nin ka bul form la rı na gö re, ÇÖD ve ÇSD’de ki AML ve ALL has ta la rın sa yı sı sı ra sıy la 194 ve 380 ile 96
ve 151 idi. Her iki has ta lık gru bun da ÇÖD’ de doğrusal bir ar tış eği li mi sap tan dı. Bu eği li min ÇSD’de kay bol du ğu gö-
rül dü. ÇÖD’ de ki AML ve ALL has ta la rının da ğı lı mı ÇSD’ki ler le kı yas la dı ğın da, dö nem ler ara sın da an lam lı bir fark
göz len di (sı ra sıy la p<0.001 ve p=0.005). Fark lı lık trans for mas yo nu ya pı la rak eği lim ler or ta dan kal dı rıl dık tan son ra,
her iki has ta lık gru bun da da bu fark lı lı ğın or ta dan kay bol du ğu gö rül dü (sı ra sıy la p= 0.92 ve p= 0.60). ÇÖD ve ÇSD’de
Ka ra de niz Böl ge si’n den baş vu ran AML ve ALL has ta la rı nın sa yı la rı ara sın da fark bu lun ma dı (sı ra sıy la p= 0.74 ve p=
0.36). SSoo  nnuuçç::  ÇÖD’ de her iki has ta lık gru bun da ar tış eği lim le ri or ta dan kal dı rıl dık tan son ra, dö nem ler ara sın da ki is -
ta tis tik sel fark lı lı ğın kay bol ma sı, bu fark lı lık la rın, ÇÖD’ de her iki has ta lık gru bun da ki dö nem sel de ği şi me de ğil, an-
lam lı li ne er ar tı şa bağ lı ol du ğu na işa ret et mek te dir. Ay rı ca, Çer no bil fe la ke tin den son ra, Ka ra de niz Böl ge si’n den
baş vu ran has ta la rın oran la rın da fark sap tan ma mış tır.  

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Rad yas yon, iyo ni ze; lö se mi; epi de mi yo lo ji
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he ac ci dent, which oc cur red on Ap ril 26th,
1986 in the re ac tor 4 of the Cher nobyl nuc -
le ar po wer plant in the Uk ra i ne, re le a sed

con si de rab le amo unts of ra di o ac ti ve subs tan ces in -
to the en vi ron ment. Most ex po su re was du e to ra-
di o ac ti ve io di ne and Ca e si um (Cs). Io di ne, which
has a half-li fe of abo ut 8 days, was only im por tant
in the first we eks fol lo wing the ac ci dent whi le the
con tri bu ti on of Cs to ex po su re, par ti cu larly 137Cs,
which has a half-li fe of 30 ye ars, will con ti nu e to be
im por tant for many ye ars.1 The se ra di o nuc li des
may en ter the hu man body vi a pol lu ted wa ter and
fo od re ser vo irs in the na tu re. Af ter the ac ci dent,
the ra di o ac ti vity do ses re ce i ved by adults in Eu ro -
pe ha ve be en de ter mi ned by sci en ti fic stu di es. Ac-
cor dingly, the adult do se in are as of low
con ta mi na ti on such as Por tu gal and Spa in we re 0.2
μSv, but it re ac hed over 200 μSv in highly con ta -
mi na ted co un tri es such as Uk ra i ne, Be la rus, the
Rus si an Fe de ra ti on, Fin land, Swe den, and Ger-
many.1,2

Fol lo wing the ac ci dent, many stu di es fo cu sed
on va ri o us pos sib le he alth con se qu en ces of the ac-
ci dent, ran ging from chan ges in birth ra tes to adult
can cer we re run in highly con ta mi na ted re gi ons
and the re ma i ning Eu ro pe an co un tri es. Most of
them fo cu sed on most con ta mi na ted re gi ons sur ro -
un ding the da ma ged re ac tor in Uk ra i ne, Be la rus
and the Rus si an Fe de ra ti on, fol lo wed by ot her Eu-
ro pe an co un tri es. Du e to lar ge clo uds lo a ded with
ra di o ac ti ve iso to pes, Tur key, es pe ci ally the nort h-
ern parts [Black Se a Re gi on (BSR)], was al so inf lu -
en ced by io ni zing ra di a ti on.1-4 The adult do se in
Tur key was 190 μSv.2,5,6

The cle a rest ef fect se en to da te has be en the
dra ma tic in cre a se in thyro id can cer in chil dren.
The evi den ce for an in cre a sed in ci den ce of le u ke -
mi a is less cle ar, but the re are in di ca ti ons of in cre -
a sed le u ke mi a in ci den ce in Rus si an cle an-up
wor kers.7-9 Most of the pre vi o us stu di es fo cu sed on
child ho od can cers, es pe ci ally le u ke mi a and the re
we re li mi ted stu di es inc lu ding adult ho od acu te le -
u ke mi as.10-12 In this ret ros pec ti ve study, we ai med
to se arch if the re was any in cre a sed oc cur ren ce of
adult ho od acu te mye lo ge no us le u ke mi a (AML) and
acu te lymphocy tic le u ke mi a (ALL) be fo re and af ter

the Cher nobyl ac ci dent in the Hos pi tals of Ha cet -
te pe Uni ver sity Fa culty of Medicine in An ka ra, one
of the ma jor ter ti ary ca re re fer ral cen ters in Tur -
key and lo ca ted in the Midd le Ana to li an Re gi on of
Tur key. Mo re o ver, we al so tri ed to as sess if the re
was any in cre a se in the num ber of pa ti ents with le -
u ke mi a pre sen ting from the BSR (the Nort hern
part of Tur key) be fo re and af ter the di sas ter.

MA TE RI AL AND MET HODS

This study con sis ted of pa ti ents who we re di ag no -
sed with AML and ALL and we re hos pi ta li zed in
the Ha cet te pe Uni ver sity Hos pi tal bet we en 1976
and 1994. Ac cor ding to the da te of the Cher nobyl
ac ci dent, this in ter val was di vi ded in to two pe ri -
ods; the pe ri od be fo re the ac ci dent (BCP) and the
pe ri od af ter the ac ci dent (ACP). BCP co ve red bet -
we en 1976 and 1985. Be ca u se the ef fects of ra di a -
ti on can be ob ser ved as early as 2-5 ye ars af ter
ex po su re, 2 ye ars af ter the ac ci dent was exc lu ded.2

Ac cor dingly, ACP co ve red bet we en 1989 and 1994. 

The hos pi tal re gis tra ti on forms we re ret ros -
pec ti vely analy zed to de ter mi ne the num ber of pa-
ti ents with AML and ALL in tho se pe ri ods. In
ad di ti on, pa ti ent fi les we re in ves ti ga ted to re cord
the pla ce of re si dency, which was not inc lu ded in
the re gis tra ti on re cords. 

STA TIS TI CAL ANALY SIS

SPSS 13.0 (SPSS Inc., Chi ca go, IL) com pu ter prog ram
was used for the sta tis ti cal analy ses. Ti me se ri es
analy sis (ex po nen ti al smo ot hing met hod) was used
to es ti ma te trends. Trend types we re tes ted by reg -
res si on analy sis (cur ve es ti ma ti on test). To com pa re
the dis tri bu ti on of pa ti ents for each di se a se bet we en
the pe ri ods, ARI MA mo del was used. Dif fe ren ce
trans for ma ti on was used to eli mi na te the trends. Chi-
squ a re test was used to eva lu a te the ra ti os of pa ti ents
from BSR and from ot her re gi ons..  A P va lu e be low
0.05 was con si de red sta tis ti cally sig ni fi cant. 

RE SULTS

Ac cor ding to the re gis tra ti on forms of the hos pi tal
arc hi ves 194 pa ti ents with AML and 96 ALL in the
BCP, and 380 AML and 151 ALL in the ACP we re
di ag no sed and hos pi ta li zed (Tab le 1). 
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The dis tri bu ti ons of the pa ti ents ac cor ding to
the pe ri ods we re shown in Fi gu res 1a, 1b, 2a and
2b. The re was a glo bal up ward trend for each di se -
a se in BCP. This trend di sap pe a red for each di se a -
se in ACP. The up ward trend was li ne ar in BCP
(pAML= 0.001 and pALL= 0.01). When dis tri bu ti ons
of the pa ti ents with AML and ALL in BCP we re
com pa red to tho se in ACP, the dif fe ren ce was sig-
ni fi cant (p< 0.001 and p= 0.005, res pec ti vely). The -
se dif fe ren ces may be du e to the trends in BCP.
Af ter eli mi na ting the trends by dif fe ren ce trans for-
ma ti ons, the se dif fe ren ces bet we en pe ri ods di sap -
pe a red for each di se a se (p< 0.92 and p= 0.60,
res pec ti vely).

Sin ce the hos pi tal re gis tra ti on forms did not
inc lu de the da ta for pla ce of re si den ce, pa ti ent fi les
we re al so re vi e wed and the fi les of 375 (65.3 %)
AML and 139 (56.2 %) ALL pa ti ent we re stu di ed
(Tab les 2 and 3). The re was no sta tis ti cally sig ni fi -

cant dif fe ren ce in the num ber of AML and ALL pa-
ti ents pre sen ting from the BSR bet we en the BCP
and ACP (p= 0.74 and p= 0.36, res pec ti vely).  

DIS CUS SI ON

Io ni zing ra di a ti on is among the most stu di ed and
best-qu an ti fi ed car ci no ge nic agents in our en vi -
ron ment. Alt ho ugh the risk of can cer can be in cre -
a sed by ex po su re in vir tu ally every tis su e of the
hu man body, le u ke mi a, exc lu ding chro nic lym-
phocy tic le u ke mi a (CLL), is among the can cers
most strongly re la ted to ra di a ti on ex po su re, and
nu me ro us stu di es ha ve shown that ra di a ti on-re la -
ted in cre a ses in the risk of this di se a se co uld be ob-
ser ved as early as 2-5 ye ars af ter ex po su re.2,13,14

Years Number of patients Number of patients 

with AML with ALL

1976 6 7

1977 15 6

1978 14 2

1979 10 8

1980 17 4

1981 11 10

1982 26 13

1983 30 7

1984 33 16

1985 32 23

1986 60 19

1987 68 17

1988 63 25

1989 62 22

1990 65 30

1991 75 36

1992 70 22

1993 51 18

1994 57 23

TABLE 1: The number of patients with AML and ALL
according to the registration forms in the hospital

archives with respect to years.

AML: Acute myelogenous leukemia; ALL: Acute lymphocytic leukemia.

FIGURE 1A: Annual distribution of patients with acute myelogenous leukemia
before Chernobyl accident.

FIGURE 1B: Annual distribution of patients with acute myelogenous leukemia
after Chernobyl accident.
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The nuc le ar re ac tor fi re in Cher nobyl con ti -
nu ed for 10 days and an in ten se con ta mi na ti on
with ra di o ac ti ve nuc li des to ok pla ce du ring this pe-
ri od. Af ter the Cher nobyl ac ci dent, many stu di es
we re run mostly in highly con ta mi na ted re gi ons
and the re ma i ning Eu ro pe an co un tri es. So me stu d-
i es fo cu sed on the risks of le u ke mi a among li qu i -
da tors and bre ast can cer among yo ung wo men in
the most con ta mi na ted are as.15,16 Exc lu ding so me
stu di es from the most con ta mi na ted re gi ons, no sig-
ni fi cant as so ci a ti on has be en fo und in any of the
stu di es bet we en pub lic he alth and ex po su re from
the Cher nobyl ac ci dent.17-19 An in cre a se in the in-
ci den ce of thyro id can cer has be en ob ser ved among
tho se ex po sed to ra di o ac ti ve io di nes in child ho od
and ado les cen ce in most con ta mi na ted re gi ons.20-24

Although a slightly more often than expected NHL
and lung cancer in persons, who had participated in
the cleanup activities in the Chernobyl area, and
an increase in breast cancer incidence in Belarus
and Ukraine were found, no significant increase in
the incidence of solid cancers was seen.8,9,16,25-29 Be-
cause radiation-related risks of solid cancers remain
elevated throughout life, it is too early to evaluate
the full radiological effect of the accident.29-31

Although an increase in infant leukemia in
northern Greece and Belarus exposed in utero have
been reported, these result have not been con-
firmed.32-35 Hen ce, the as so ci a ti on bet we en le u ke -

mi a and in ute ro ex po su re is still unc le ar.30 The cur-
rent evi den ce on the as so ci a ti on bet we en le u ke mi -
a risk and ex po su re to ra di a ti on from the ac ci dent
in child ho od is li mi ted and conc lu si on can not be
drawn abo ut pos sib le in cre a ses in child ho od le u ke -
mi a.25,30,36-38 On the ot her hand, no ne of the se stu -
di es is suf fi ci ently sen si ti ve to de tect small chan ges
in the in ci den ce of ra re di se a ses such as le u ke mi a.
A ca se-con trol study from Uk ra i ne sug ges ted a sig-

Number of patients Number of patients 

admitted from BSR admitted from other regions Total

n % n % n

BCP 56 (%31.6) 121 (%68.4) 177

ACP 66 (%33.7) 132 (%67.3) 198

General 122 (%32.5) 253 (%67.5) 375

TABLE 2: The number of patients with acute 
myelogenous leukemia with respect to periods and regions.

BCP, the period before the Chernobyl accident; ACP, the period after the Chernobyl
accident; BSR, Black Sea Region.

FIGURE 2A: Annual distribution of patients with acute lymphocytic leukemia
before Chernobyl accident.

FIGURE 2B: AAnnual distribution of patients with acute lymphocytic leukemia
after Chernobyl accident.

Number of patients Number of patients 

admitted from BSR admitted from other regions Total

n % n % n

BCP 26 (%31.7) 56 (%68.3) 82

ACP 14 (%24.5) 43 (%75.5) 57

General 40 (%28.7) 99 (%71.3) 139

TABLE 3: The number of patients with acute 
lymphocytic leukemia with respect to periods and regions.

BCP, the period before the Chernobyl accident; ACP, the period after the Chernobyl
accident; BSR, Black Sea Region.
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ni fi cant as so ci a ti on bet we en le u ke mi a risk and ra-
di a ti on do se to bo ne mar row.39 Apart from the dra-
ma tic in cre a se in ‘yo ung thyro id can cer’ in ci den ce
and so me in cre a se in le u ke mi a and so lid can cer in
most ex po sed wor kers, the re is no cle arly de mons -
tra ted in cre a se in the so ma tic di se a ses du e to ra di -
a ti on.40

Alt ho ugh Tur key has al so be en af fec ted by io -
ni zing ra di a ti on from the ac ci dent, a few stu di es
fo cu sed on child can cer ha ve be en run. An in cre a -
se in acu te le u ke mi a and ne u ral tu be de fects in
chil dren was re por ted in the stu di es from the nort -
hern part of Tur key, which was pre su med to be
mo re inf lu en ced by the nuc le ar ca tas trop he.3,4,41,42

Because we have not had high quality national
cancer registration, which is one of the main prob-
lems for developing countries, we used the regis-
tration form of Hacettepe University Medicine
Faculty Hospitals, which is the nearest third degree
reference center to BSR. The first aim of our study
was to determine whether or not there was any in-
crease in the incidences of acute leukemia diag-
nosed and hospitalized in our institution between
1976 and 1994 years. 

When the graphics were analyzed, there were
global upward trends in each disease in BCP. But,
these global upward trends in each disease were
disappeared in ACP. The types of these upward
trends in BCP were linear (pAML= 0.001 and pALL=
0.01). Except NHL, the incidence rate of hema-
tolymphopoietic malignancies are strikingly stable
in most western countries, however, many factors
such as increasing number of people in industrial
area, improvement in health service may be re-
sponsible for increase in the incidences of these dis-
ease in developing countries. Those reasons may
explain the increases in both diseases in BCP.
When distributions of the patients with AML and
ALL in BCP were compares to the distributions in
ACP, there were significantly differences (p< 0.001
and p= 0.005, respectively). These differences may
be due to the trends in BCP. After eliminating the
trends by difference transformations, these differ-
ences between periods were disappeared in each
disease (p= 0.92 and p= 0.60, respectively). These

showed us that the differences were due to the up-
ward trends in BCP, not due to periodical changes. 

Because the registration form does not include
the data about place of residence of the patients, at
the second stage, the files of the patients with those
diseases were studied to determine any significant
changes in the numbers patients from BSR. In any
patient groups, there were no significantly changes
in the numbers of the patients admitted to our re-
ferral hospital from BSR and out of BSR between
those periods (p > 0.05). Likewise, a previous study
provided no convincing evidence of an increased
risk of childhood leukemia as a result of exposure to
Chernobyl radiation in Belarus, Russia, and
Ukraine.38 Excess of thyroid cancer cases, two un-
confirmed diagnoses of leukemia cases, and the ex-
cess cases of brain tumors have been indicated in a
study from Estonia and Latvia.8,9 Increments in
acute leukemia incidence in Donetsk region of
Ukraine was attributed to radionuclide contamina-
tion after the Chernobyl accident of a region with
initially unfriendly environment.43 Increased inci-
dence of total malignancies possibly related to the
fallout from the Chernobyl accident is seen in Swe-
den.44 Konogorov and coworkers estimated the ra-
diation-induced risk of leukemia in 162,684
Chernobyl accident emergency workers using the
data of the Russian National Medical and Dosimet-
ric Registry.27 Based on their data, the principal
analysis included 41 leukemia cases that occurred
more than 2 years after the first exposure to radia-
tion. The relative risk estimates for leukemia, ex-
cluding CLL, were greater than the value for all
leukemia and were greater than one. The estimated
excess relative risk per Gy was greater for all emer-
gency workers.27 In the studies by Gluzman et al,
the data on 218 consecutive cases of malignant dis-
eases of hematopoietic and lymphoid tissues in
Chernobyl clean-up workers diagnosed in 1996-
2005 were given in comparison with the data of
2697 consecutive patients of general population of
the same age group.16,28 Myelodysplastic syndrome
(MDS) percentage among patients of clean-up
workers group tended to exceed MDS percentage
in the group of patients representing the general
population examined at the same period (4.58 vs.
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3.70%).28 Among 34 AML cases, leukemia was pre-
ceded by MDS in seven patients.28 

CONC LU SI ON

The di sap pe a ran ce of the sta tis ti cally sig ni fi cant
dif fe ren ces bet we en pe ri ods af ter eli mi na ti on of
the trends in BCP for each di se a se show that the
dif fe ren ces we re du e to the sig ni fi cant li ne ar in cre -
a ses in the num ber of pa ti ents with each di se a se in

BCP, not to pe ri o di cal chan ges. In ad di ti on, the re
was no dif fe ren ce in the in ci den ce of tho se di se a ses
in the BSR af ter the Cher nobyl di sas ter. On the ot -
her hand, the trends of chan ges in the can cer in ci -
den ce over ti me and ac ross dif fe rent re gi ons with
va ri o us le vels of ra di a ti on con ta mi na ti on sho uld be
mo ni to red clo sely in or der to bet ter un ders tand the
la te and exact mu ta ge nic and te ra to ge nic ef fects of
es pe ci ally low-do se ra di a ti on.
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