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GENERAL CHARACTERIZATION OF HEALTH IN FIRST-GENERATION OFFSPRING
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Abstract

This paper presents the medical monitoring results of 300 children (3-14 years old) of the first generation
of Chernobyl liquidators living in the same region of the Russian Federation (Obninsk-city). The monitor-
ing was performed in a period of 1994-2002. Results on disease prevalence and primary disease incidence in
children of liquidators were compared with standardized indices of children living in Obninsk whose par-
ents did not participate in clean-up operations in the Chernobyl area. In addition the results were compared
with official standardized indices of children morbidity in the Russian Federation as a whole. The study
and control groups of children residing in Obninsk were matched on age and sex. Results showed an annu-
al increase of a number of new cases of hereditary anomalies (Q00-Q99) in particular in 1997 and 1999
years, diseases of blood and hemopoietic organs (D50-D89) in a period of 1994-1999, endocrine system and
metabolic diseases (E00-E90) including thyroid hyperplasia from the year 1997, mental and behavior disor-
ders (F00-F99,G00-G99) beginning from the year 1999. More frequent cases of hereditary anomalies in chil-
dren of liquidators were anomalies of digestive organs (Q38-Q45) and urine pathways (Q60-Q64),but in the

control group it was anomalies of the musculoscelenal (Q65-Q79) and circulatory system.

Keywords: Chernobyl accident, liquidators, offspring, hereditary disorders, medical monitoring.

INTRODUCTION

In a period from 1986 to 1991 more than 600 thou-
sand people,wildly known as liquidators,took part in
clean-up operations after the accident occurred at the
Chernobyl nuclear power plant (WHO,1996). Most
of them were young and middle-aged men who were
exposed to ionizing radiation in doses ranged between
10 and 250 mGy. Some of them had received doses
up to 500 mGy. According to official data collected
in the National Chernobyl Registry of the Russian
Federation (RF) the average dose for all liquidators
is 120 mGy. Those who worked in radionuclide con-
taminated areas in 1986-1987 had received more high
doses (Ivanov V. et al., 2001). Medical and epi-
demiological monitoring of liquidators carried out in
a framework of national and international programs
in Belarus, Russia and Ukraine, have shown negative
trends in their health caused by a complex of haz-
ardous factors of the accident. Participants of meet-
ings organized by the World Health Organization in
St.-Petersburg and Obninsk (the RF) in 1995 rec-
ommended studying the health status of children
born to liquidators after their work in the Chernobyl
area in order to collect

BBEJAEHUE

B nmmkBupaiuu nocienacTBuii aBapun Ha UepHOObLIBCKOM
aTOMHOI 2JIEKTPOCTAHITNH TIPUHSIO y4yactue 6osee 600
ThICsY yenmoBeK B mepuog 1986-1991 rr. (WHO,1996).
B 6osmbimHCTBE cBOEM 9TO GBLIN JIIOAW  MOJIOZIOTO U 3pe-
JIOTO BO3pACTa,KOTOPbIE B pe3yJbTaTe paGoThl B 30HE TIO-
BBINNEHHOM PaJIMOAKTUBHOCTU TIOJBEPTJIUCH OOJYICHUIO B
no3ax or 10 go 250 MI'p,a B OT/IENBHBIX CIydasX W /10
500 MIp. Ilo odpunmasbHBIM AaHHBIM MeIUKO-103UMe-
Tpraeckoro perucrpa Poccmiickoit @enepamym  (PD)
CPeNHsIsT [103a /IS BeeX JIMKBHUJATOPOB cocraBJsier 120
MIp. Hambosee BbIcOKME JI03bI MOJYYUIH JTMKBAIATOPBI
B 1986-1987 rr. (Ivanov V. et al.,2001). Memuuun-
CKUIl W 3MUIEMUOJIOTHYECKUIT MOHUTOPUHT JIMKBUIATO-
POB, OCYIIECTBJISIEMBINl B PaMKaX HAI[MOHAJIBHBIX U MEX-
JlyHApOAHBIX mporpamM B besapycn, Poccin n Ykpanne
BBISIBUJI HETATUBHBIE TEHAECHIINN B MI3MEHEHUN UX COCTOS-
HUS 3/I0POBDST,00YCIOBIEHHDIE BJMSHAEM KOMILJIEKCA T1a-
TOTeHHBIX (DaKTOPOB aBapuu. Ha coBeniaHum SKCIEPTOB
BO3 B8 1995 r. B Cankr-Ilerep6ypre axIeHTHPOBATIOCH
BHUMaHME YYACTHUKOB Ha HEOOGXOAUMOCTH MU3YyUYEHUS CO-
CTOSIHUST 37I0POBbsSI JIETEH JIMKBUJATOPOB C TEJBIO TIOJTY-
YeHWs JIAaHHBIX O BO3MOKHBIX TeHeTHdecKnX adderrax
Manbix 703 pammamm (WHO, 1997). Kak ussecTHO,
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data on genetic effects of low radiation doses
(WHO,1997). In spite of a fact that genetic effects
of radiation were not found in descendants of sur-
vivors after atomic bombing in Hiroshima and
Nagasaki in 1945, such effects nevertheless were
observed in experimental animals exposed to radia-
tion (UNSCEAR, 2000). Due to this, the United
Nations Scientific Committee on the Effects of
Atomic Radiation admits the possibility of develop-
ing radiation genetic effects in humans as well.

The comparative study of health state in dynamics
of children being the first-generation offspring of
liquidators living in Obninsk city and other chil-
dren residing in this settlement and RF as a whole
was the study aim. These data are necessary for
the development of a strategy for further investi-
gation of possible health consequences, including
genetic effects in descendents of those who were
exposed to low doses of ionizing radiation and
affected by other pathological factors of the
Chernobyl NPPaccident.

SUBJECT AND METHODS

The conducted comparative study was based upon
health survey results in 300 children (166 girls and
134 boys 3-14 years old) of the first generation of
Chernobyl NPP accident consequences liquidation
participants living in Obninsk-city being under
medical monitoring in a period from 1994 to 2002.
Children aged 10-14 comprised most numerous
group (71%). The age of parents of these children
at a time of presumable conception ranged between
25-45. In most of examined children one of the par-
ents was a liquidator i.e. about 85% of children
had a father-liquidator,13% of children had a moth-
er-liquidator,and 2% of children had both parents-
liquidators. More than 90% of their fathers worked
in the Chernobyl exclusion zone in 1986-1987.
They served mostly as builders, fitters, drivers,
adjusters, planners and decontamination staff and
performed different types of duty under "sarcopha-
gus" or near the Unit No. 4. In most of parents no
received radiation dose value was defined and only
20% of them had a certificate with a level of
obtained doses ranged between 100-180 mGy.
Health indices for a group of descendants of liq-
uidators were compared with respective values for
16,263 children living in Obninsk whose parents
did not participate in clean-up operations and with
standardized health indicators for children in a
whole RF. The study and control groups of chil-
dren were matched by age and sex. Medical moni-
toring of all children residing in Obninsk was per-
formed by the same team of specialists working in
the Medical-Sanitary Department Ne 8 with the use
of standardized protocols.

An analysis of numerical data was performed
through non-parametric statistics with application
of Wilcoxon test (Gaydishev 1.,1997).

P aHAJIN3 Pe3yJIbTATOB M3YUeHUS] TeHeTHUECKUX IMOCJIe-
ctBUil y obuyderHOro B 1945 romy HaceneHuss XupoCUMbI
n Haracaku, He BBIABIJT BIMSHUS PaJHAlliil HA TIOTOM-
KOB,HO,TeM HE MEHee,B SKCIIEePIMEHTaX Ha KUBOTHBIX Ta-
koit adderr o6Hapy:ken (UNSCEAR,2000). B cBssu ¢
sTuM Hayunblii KOMUTET 110 U3Y4YCHUIO JAEHCTBUA aTOM-
Hoit paqmai ipy - OOH  otMeuaer,4To B HacTosIee
BpeMsI HeJb3sl KaTeTOPMYECKH OTPHIATh BO3MOXKHOCTD
Pa3BUTUS PAIMAIMOHHDBIX TeHeTHYeCKX 3(D(hEKTOB U y
YeJI0BEKA.

Henbio paGoTbl SBUJIOCH CPABHUTEJIbHOE U3YUYCHHE B
JIMHAMITKE OOIIET0 COCTOSTHUSI 3[I0POBbsT JIETEH TIePBO-
TO TTOKOJIEHUsI INKBUAATOPOB, TPOKMBAONIX B T. O6-
HUHCKE,a TaK)Ke OCTAJIbHBIX JIETENl 3TOr0 HACEJEHHOTO
nyakTa 1 PD B 1mesoM. ITH aHble HEOOXOIUMBI s
OTIpEICJIEHUN CTPATeruu JaTbHEUNTNX WCCACIOBAHIHI
110 BbBISIBJIEHUIO BO3MOJKHBIX MEJIMIIMHCKUX TIOCJIE/]-
CTBUIl, B TOM YHCJ€ U TEHETHYECKUX,Y MOTOMKOB JIHII,
MO/IBEPTIINXCS BO3/EMCTBUIO MAJIbIX /103 PAJAUAIUU U
JPYTHUX TATOJOTHYeCKHX (PaKTOpoB UepHOOBLIbCKON
aBapuu.

OBBEKT 1 METO/Ibl HCCJIEJOBAHUA

B ocHOBY paGOTBl TTOJMOXKEHDBI PE3yJIbTATHI MEIUIUH-
cxoro Habmonenus B rnepuoja ¢ 1994 nmo 2002 rombr
3a coctosHueM 370poBbsi 300 meTeit mMepBOrO MOKO-
JIEHUSI YYACTHUKOB JIMKBUJAIUU [OCJIEICTBUI aBa-
pun Ha YAIDC r. O6umncka B Bo3pacre ot 3 m10 14
Jer: neBodek - 166, mampbumkos - 134. Haubouee
muorouncaennoii  (71%) oxasamach rpymnma jereit
B Bo3pacte 10-14 ser. Bospact poaureneii nereii
B IPEIOJaraeMbiil Mepuoja 3avdaTus KoJuebauics OT
25 no 45 set. Y OOJBIIMHCTBA JIETE€H OJWH U3 POJIH-
Tesiell OBl TUKBUAATOPOM: B 85 % - oterr u B 13% -
Math, y 2 % pgereii - o6a poxutens. Bosee 90% or-
110B pabortaau B 30He oTuyxjeHuss YAIC B 1986
u 1987 rr. OcHoBHbIE BU/IbI BBITIOJHSIEMbIX UMU Pa-
60T: CTpPOUTEJIbHDBIE B 30HE, MOHTAXKHBIE IO CAPKO-
darom u moJ PeaKTOPOM, Ae3aKTUBAIUS 4-TO IHEPTO-
6J10Ka, 06CTyKBanne poOOTOTEXHUKU 4-TO 6JI0Ka,
BBIBO3 TIpyHTa U Mycopa. Haubosee mmorouucien-
HBIMH OKAa3aJIUCh TPYIIbl BOJAUTEJEH, CTPOUTEIeH U
MOHT)KHUKOB. Y OGOJIBIINHCTBA pOAMTEJEN 71034
BHEIHETO O0JIyueHus: He ompenesena,y 20% obcue-
JIOBAHHBIX WMEJCS JOKYMEHT, COTJIACHO KOTOPOMY,
cymMMaphas 103a o6imiero o6iydenusi K0Je6ajach B
npenesax 100-180 mI'p. CpaBHeHue pe3ysabTaTos,
MOJIYYeHHBIX IIPHU aHan3e 3a60JeBaeMocTu jgereit 1-
rO MOKOJIEHWS JUKBUAATOPOB, IPOBEIEH C AHAJOTHY-
HBIMH CTaHJAPTU30BAHHBIMU TOKA3ATEJSIMU OCTAJb-
Horo gerckoro Hacemenus (16263 peGenka), poaure-
JII KOTOPBIX HE MPUHUMAJIU Y4aCTUS B J€3aKTHUBA-
IIMOHHBIX Pab0Tax,a/eKBATHBIX OCHOBHOII I'PYyIIIE 110
Bo3pacty u merogam obcaenoBanus. OG6cienoBanue
MPOBEIEHO OJHUME U TEMHU JKe Bpadamu,paboTalonim-
mu B IIMCU-8 r. O6HUHCKA.

O6paboTKy 1HU@POBBIX JAHHBIX ITPOBOIMIN METOIOM
HelapaMeTpuYecKoll CTATUCTUKH, UCTOJIb3ysT W-Kpu-
tepuit Bunkokcona (Taiigpmmes I1.,2001).
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RESULTS AND DISCUSSION

A significant increase of an integrated index of
disease prevalence regarding all classes of diseases
(ICD-10) for children of liquidators in compare
with other children of the Russian Federation was
observed (table 1). The following diseases have
been more frequently registered in children of lig-
uidators than in the control groups of children in
a whole period of monitoring: neoplasms,congeni-
tal anomalies, endocrine and metabolic diseases,
mental and behavior disorders. In some years of
the monitoring,there was an increase of diseases of
the genitourinary system, diseases of the nervous
system and sensory organs in children of liquida-
tors (p<0.01). Disease prevalence was especially
high in 1999. In parallel, diseases of the skin and
subcutaneous tissue, as well as injuries and poi-
soning were less registered in children of liquida-
tors than in the controls.

PE3YJIbTATBI 1 OBCYK/AEHUE

AHaM3 pe3yJbTaTOB JAMHAMUYECKOTO HAOJIO/IEHUS Jie-
Tell INKBUAATOPOB BBISBUJI 3HAYUMOE  yBeJndeHue 06-
MIEr0 TIOKA3aTeJsisi PaCIpPOCTPAHEHHOCTH 3a60JIeBaHMIA
no BeeM Kaaccam 6Gosesneit (MKB-10) mo cpasrenuio
¢ perckuM HacesenueM Poccnu (taGimma 1). B erpyk-
Type PACIpPOCTPAHEHHOCTH 3a00JIEBAHUN BO BCE TOJIBI
Ha6Mo/IcHNsT HanmboJiee 4acTo y JeTell JIMKBUIATOPOB
M0 CPaBHEHWIO C KOHTPOJBHBIMU T'PYIIaMU JUATHOCTHU-
pPOBaJMCh HOBOOOPA30BAaHUS, BPOXK/ICHHBIE AHOMAJIUH,
60Jie3HU JHJIOKPMHHON CHCTeMbI U OOMEHa BEIECTB,
MICUXNYECKNEe PACCTPONCTBA M PACCTPOICTBA TOBeJe-
HUS, 2 B OT/IEJbHBIE TOABI HAGIIOCHUS - OOJIE3HU MO-
YEeII00BON, HEPBHOI cnucteM W OpraHoB uyBcTB (mpm
p<0,01). HanGosee BBIpasKEHHBIE IIOKA3aTENU PaC-
MIPOCTPAHEHHOCTHU 9TUX 3a0oJieBaHuii oTMeueHbl B 1999
rofy. ¥ nereil TUKBUIATOPOB PEXKE PETUCTPUPOBAJINCH
60JIE3HN KOKHM U MOJKOKHON KJIETYATKU,a TaKKe TpaB-
MbI M OTPaBJICHUS

TABLE 1

COMPARATIVE CHARACTERISTICS OF DISEASE PREVALENCE AND PRIMARY DISEASE

INCIDENCE IN CHILDREN OF STUDY GROUPS

TABJIMUA 1

CPABHUTESTbHAS XAPAKTEPUCTUKA PACMPOCTPAHEHHOCTU W MEPBUYHOM 3ABOSIEBAEMOCTU

B OBCJIELYEMbIX TPYMMAX OETEA

. Primary disease
Classes of diseases Groups of compare Disease prevalence incidence

(V) M)
Infectious and parasitic diseases Children of liquidators/ control 1 <0.05 <0.05
Children of liquidators/ control 2 <0.1 >(0.1

Neoplasm Children of liquidators/ control 1 <0.01 >0.1
Children of liquidators/ control 2 <0.05 >0.1

Endocrine and metabolic diseases Children of liquidators/ control 1 <0.01 0.01
Children of liquidators/ control 2 <0.01 <0.1

Diseases of blood and hemopoietic Children of liquidators/ control 1 >0.1 >0.1
organs Children of liquidators/ control 2 >0.1 >0.1
Mental and behavioral disorders Children of liquidators/ control 1 <0.1 >(0.1
Children of liquidators/ control 2 <0.01 <0.01

Diseases of the nervous system and Children of liquidators/ control 1 <0.05 >0.1
sensory organs Children of liquidators/ control 2 <0.05 >(0.1
Diseases of the circulatory system Children of liquidators/ control 1 <0.05 >0.1
Children of liquidators/ control 2 >(0.1 <0.1
Diseases of the respiratory system Children of liquidators/ control 1 >0.1 <0.05
Children of liquidators/ control 2 <0.1 >(0.1

Diseases of the digestive system Children of liquidators/ control 1 >0.1 >0.1
Children of liquidators/ control 2 <0.1 >0.1
Diseases of the genitourinary system Children of liquidators/ control 1 <0.01 <0.05
Children of liquidators/ control 2 >0.1 <0.05
Diseases of skin and subcutaneous Children of liquidators/ control 1 >0.1 <0.01
tissue Children of liquidators/ control 2 <0.01 <0.01
Diseases of the musculoskeletal system | Children of liquidators/ control 1 <0.01 <0.01
and connective tissue Children of liquidators/ control 2 >0.1 >0.1
Hereditary anomalies Children of liquidators/ control 1 <0.01 >0.1
Children of liquidators/ control 2 <0.01 <0.1
Injuries and poisoning Children of liquidators/ control 1 <0.01 <0.01
Children of liquidators/ control 2 <0.01 <0.01
Total Children of liquidators/ control 1 >(0.1 <0.05
Children of liquidators/ control 2 <0.05 >0.1

Note: control 1 - children from Obninsk-city, control 2 - children from the Russian Fedaration.
Hpumeuanue: xourpons 1 - getn r. OGHUHCKA, KOHTPOJDb 2 - fetn PD.
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Significant differences between the study and con-
trol groups were found in incidence rates of some
diseases (table 1,figure 1). This concerns first of
all new cases of neoplasms (only benign neo-
plasms were diagnosed in the study group wihtin
all the survey period),endocrine and metabolic dis-
eases including thyroid hyperplasia (since 1997),
mental and behavioral disorders (since 1999), and
hereditary disorders in 1997 and 1999 revealed in
group of children of liquidators.

3Han/IMbIe paSJH/ILH/IH Me)K,[Iy CpaBHI/IBaeMbIMI/I prHHaMH
[_[eTef/'I OTMCUYEHDbI U 110 4aCTOTe BHepBbIe BbIHBJIeHHOﬁ T1a-
tosorun (tabmua 1,pucynok 1). B rpynme gereii guk-
BH/IATOPOB 60JIblile HOBOOOPA30BaHUIl, UMEBIIMX J106PO-
KaueCTBEHHbIH XapakTep Ha IIPOTSKEHUM BCEro Iepuo-
Jla HaOJTIo/IeHusT, a TakyKe 3a00JIeBaHNi SHIOKPUHHOM CH-
CTeMBI 1 OOMeHA BEIECTB, BKII0YAs THIEPILIA3UIO IIUTO-
BumHoil xenesbl (¢ 1997 rozma), ICUXMYECKHX pac-
cTpoiictB m paccrpoiicts nosegenus (¢ 1999 r.), Bpox-
neHabpix anoMasmii B 1997 u 1999 roxgax.

FIGURE 1. INCIDENCE RATES FOR ALL CLASSES OF DISEASES (ICD-10) AND SEPARATE CLASSES OF DISEASES
(PER 1000) AMONG CHILDREN OF LIQUIDATORS AND CHILDREN OF CONTROL GROUPS

PUCYHOK 1. 3ABOJIEBAEMOCTb MO BCEM KITACCAM BOJE3HEM (MKB-10) W OTOESbHbIM KIACCAM BOJIE3HEN (HA 1000 YEN.)
CPEOV LETEV WIKBMOATOPOB W OETEM KOHTPOJIbHbIX TPYIN
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The following specific forms of congenital disorders
in children of liquidators were diagnosed: Mebius
syndrome - Q87.0 (one case), anomalies of gall-
bladder - Q44 (5 children),heart disease - Q24.8 (2
children), anomalies of kidney and urine pathways
- Q63,062.1 (5 children),anomaly of digestive sys-
tem - Q45.8 combined with anomaly of ureter (1
child),amputation of the forearm - Q71.2 (1 case)
and anomaly of the thorax (pectus excavatum) -
Q67.6 (1 case). Patterns of hereditary disorders in
children of liquidators and ordinary children living
in Obninsk are different (figure 2). Hereditary dis-
orders of the musculoskeletal system (49.4%) and
the circulatory system (38.4%) were typical for the
control group of children. As for children of lig-
uidators, the hereditary disorders of the digestive
(37.8%) and urine systems (31.25%) were more typ-
ical.

Cpemn Bpoxaennoii marostornn (5,6%) y aereii uKBU-
JIATOPOB ObLTM OOHAPYSKEHDI CJIeIyfolHe  crerpuyie-
ckme dopmbr: Q87.0 - cunapom Mebuyca (y omHoro pe-
6enka), Q44 - anomManun xeaHOro 1My3pips (y nsru ge-
Teit), Q24.8 - nopok passutus cepana (y aByx zereit),
Q63 - nopokn passutus moukn (y uerbIpex jereit),
Q62.1 - aTpe3ust U cTeHO3 MOYETOUHNKA 1 Q45.8 - py-
rMe yTOYHEHHbIE aHOMAJIMU OPTaHoB TumeBapenus (y
opHoro pe6erka), Q71.2 - ammyranus npeamaedbs (y
onHoro peGerka), Q67.6 - snamas rpyap (y omHoro pe-
6enka).B cTpykType BpOKACHHON M HAC/IEACTBEHHOI
MATOJIOTHH OTMEYEHO HWHOE MPOIEHTHOE COOTHOIIEHWE
ee cocrapasiionx (pucynok 2). Ecim B KOHTPOMBHOM
rpymie HanGoJiee MHOTOYUCTEHHBIMEI ObLIN BPOKIEH-
HbIe aHOMAJNHN KOCTHO-MBITEYHOM cucteMbl (49,4%) n
cucreMbl KpoBooGpamenust (38,4%),To y jeTeii JMKBY-
JIATOPOB TIPEOOIAIATN BPOKIEHHBIE AHOMAJIN OPraHOB
marmesapenusa (37,8%) u mouesoil cucremsr (31,2%).

FIGURE 2. DISTRIBUTION OF HEREDITARY ANOMALIES AMONG CHILDREN LIVING IN OBNINSK

PUCYHOK 2. CTPYKTYPA BPOXAEHHBIX AHOMAJIAA Y OETCKOTO HACENTEHAS r.OBHMHCKA

Three children from the study group suffering with
Mebius syndrome (Q87.0), amputation of the fore-
arm (Q71.2),and type I diabetes (E10) were classi-
fied as disabled persons since childhood.

In conclusion, it should be stressed that the
above-presented results are preliminary. They
should not be considered in favor of genetic
effects of low doses of ionizing radiation due to
a relatively small number of examined children.
However the results of our study indicate on
necessity to continue medical monitoring of chil-
dren born to Chernobyl liquidators with particu-

Craryc WHBAJIWJIOB JeTCTBA TOMYy4yrJu 3 peGEHKa U3
IPYIIbBI JeTell IMKBUAATOPOB 110 TAKUM HO30JIOTHSIM,KaK:
E10 - wncys/mH3aBucuMbI caxaphbiii aumaber, Q87.0 -
cunzipoM Mebuyca, Q71.2 - amryTaryst periedbs.

B 3aksiouenre HEOOXOAMMO OTMETUTD, UYTO IOJYYEH-
HbIe Pe3yJIbTaThl TTPE/IBAPUTEIHHBIX UCCJEIOBAHWI HE
MPETEHYIOT Ha pelleHre BasKHOW pagroO6HoIorHye-
CKOI1 1pOo06JIEMbl O BO3MOYKHOCTH Pa3BUTHS I'eHETHYe-
ckuX 3(hHEKTOB TTPHU BO3JECHCTBUN MAJBIX 03 paja-
IIUU, HO JUKTYIOT HEOOXOAUMOCTD TIPOJOJIKEHUS Pado-
TBbI TIO MEJUITMHCKOMY HAOJIIO/ICHUIO JIeTeil INKBUIATO-
POB, yaeasisi oco60e BHUMaHUE HaCJEJICTBEHHOW Ta-
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lar attention to hereditary disorders. It will be
important to combine efforts of relevant research
groups in Russia and other countries within the
framework of an international program in order
to establish a representative study cohort of chil-
dren of liquidators that will meet all epidemio-
logical and statistical requirements. This pro-
posal is supported by a fact that WHO's experts
have already developed methodology, including
basic principles and standardized protocols for
medical and epidemiological monitoring of lig-
uidators and their children (WHO, 1997).
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