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Abstract

Earlier studies conducted in Romania after the Chernobyl accident revealed environmental and dietary con-
tamination by ?°Sr with values of one-two orders of magnitude higher than those prior to the accident. Taking
into account the bone tropism of *°Sr, its accumulation rates in human teeth and bone were studied. 120 tooth
samples were collected among dental clinics during 1991-1993 and 217 ribs and femur samples were removed
at autopsy from the body of deceased individuals from some Romanian districts during 1993—1996. A lower
content of radionuclide was registered in femurs. The results of *°Sr measurements in human ribs and femur
from some Romanian districts did not allow univocal conclusions for different age groups. The continued
measurements of ?°Sr in diet and human organism will lead to further improvements in the Chernobyl conse-

quences’ evaluation.

Keywords: Chernobyl accident, bones and teeth contamination, °°Sr radionuclides, autopsy, infants, children.

INTRODUCTION

At the time of the Chernobyl accident there was a
release of fission products including *°Sr — a long-
living radionuclide with bone tropism and high
radiotoxity. The studies carried out in Romania af-
ter the Chernobyl accident pointed out environ-
mental and dietary contamination presence with
2Sr with one-two orders of magnitude higher va-
lues than ones prior to the accident. Taking into
account the osteotropism of ?°Sr the authors were
interested in its accumulation rates in human teeth
and bone.

MATERIALS AND METHODS

To study the *°Sr accumulation in human teeth, 120
tooth samples were collected from dental clinics
between 1991-1993 including deciduous teeth
from infants and children, and permanent teeth
from adolescents and adults. With the purpose of
2Sr content evaluation in human bone 217 ribs and
femur samples were removed at autopsy from the
body of deceased individuals from several Roma-
nian districts between 1993—1996. The human
bones were supplied by the Department of Foren-
sic Medicine from district hospitals of Iasi, Suceava,
Piatra Neamt, Galati, Bacau. The °°Sr content was
analyzed after samples dry and wet ashing using

BBEJEHUE

[Tpu aBapuun Ha YepHOOBUILCKON ADC (HADC) mpomnso-
1IEJI BBIOPOC IPOIYKTOB JICJICHUS, BKJIIOUAs *°St — pagro-
HYKJIW/IA C JUIMTEJIbHBIM IIEPHUOJIOM TTOIYPACIIAZA, TPOII-
HOCTBIO K KOCTHOM TKAHH U BBICOKOH PaJIMOTOKCUYHOC-
Tb1O. MccienoBanus, IpoBeAcHHbIE B PyMbIHUM 1TOCIIE
apapum Ha YADC, BBIABWIM 3aIPA3HEHNE OKPYXKAIOIIEH
CpeAbl ¥ IPOAYKTOB MUTAHUSA °St, yDOBHU KOTOPOI'O HA
OJTMH-/1BA IIOPSA/IKA PEBBIITAIN TAKOBBIE 0 ABAPUH. YUU-
TBIBASI TPOIMHOCTD St K KOCTHOM TKAaHH, aBTOPOB UHTE-
peCcoBaIa CTENEHDb HAKOIUIEHMS PAJUOHYKIN/A B TKAHAX
3yO0B U KOCTSIX YECJIOBCKA.

MATEPHUAJIBI 1 METOIbI

[151 U3ydeHMs HAKOIICHUS “°St B TKAHAX 3YOOB UeJIOBE-
K4 U3 CTOMATOJIOTUYECKUX KIUHHUK HA ITPOTSHKECHUN
1991-1993 rT. 66110 OTOOPAHO 120 06PA31LOB MOJIOYU-
HBIX 3y0OB, B TOM YHCJIE JETEH I'PYAHOI'O BO3PACTA, U
MOCTOAHHBIX 3Y60B IMOJAPOCTKOB U B3POCABIX. [l
OIIPEIETICHUS COJIEPKAHMS PSt B KOCTSIX Y€JIOBEKA, HA ITPO-
TspKeHUU 1993—1996 IT. PH ayTONICUH GBLTH B3SIThI 217
006pas31oB pEOEPHBIX U OCAPEHHBIX KOCTEH. KocTHAas
TKaHb OblLiIa IPEJOCTABIECHA OTAEIOM CYACOHON MEIU-
ITUHBI TTOCJIC TTIOYYCHUS U3 PAMOHHBIX 60JIbHUI] (SICCHI,
Cyuasa, [TpsTpa-Hami, I'anan, bakay). Copepxanue *°Sr
OTIPEEIISIIN IIOCJIE CYXOT'O M BIIAYKHOI'O O30JIEHUS IIPE-
1aPATOB C UCIIOJIb30BAHUEM JIBIMAIIEN A30THOMN KMCIIO-
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fuming nitric acid for separation. The “Sr content
was measured by means of its fission product Y,
B-counted in the oxalate form.

RESULTS AND DISCUSSION

The study of °°Sr accumulation in human teeth re-
vealed concentration values of 10.8—330.0 mBqeg™
of Ca in the deciduous teeth of young children born
during the 1986—1987 period following to the Cher-
nobylaccident. These values were 10—600 times higher
than those obtained for permanent or deciduous
teeth from all the other age groups or from the same
age group born before Chernobyl disaster. These re-
sults show that *Sr human incorporation took place
asaconsequence of the Chernobyl accident (figure 1).

THI A1 cenapanuu. Copep:kanue °Sr u3aMepsiiu 1o
B-H3JIy4EHUIO IIPOJYKTA €ro paciana — Y B okcanaT-
HOU popMeE.

PE3YJIBTATBI U UX OBCYKIEHUE

Copeprxanue *°Sr cocrasuino 10,8—330 mbxker! Ca B TKa-
HSIX MOJIOYHBIX 3yOOB Y IETEEH, POAUBIIIXCA B 1986—1987 1T,
T.€. HEIOCPEACTBEHHO NOCJIE aBapruu HA YADC. DTH BEJINU-
yuHbl B 10—600 pa3 IpeBbIIIAIOT TAKOBBIC, TOTYICHHBIC
IIPH UCCIIEIOBAHUH TTOCTOSTHHBIX UM MOJIOYHBIX 3YOOB
MMAITFECHTOB BCEX OCTAJIBHBIX BO3PACTHBIX KATCTOPHIL, A
TAKXKE y ICTEH TOT'O K€ BO3PACTA, POK/ICHHBIX /IO ABAPHH.
Pe3ysraTe! CBUICTEBLCTBYIOT O TOM, YTO HAKOIUIEHUE PSt
B OPraHU3ME YEJIOBCKA SIBJISICTCS CJICACTBHUEM aBAPHU HA
YADC (pUCYHOK 1).

FIGURE 1. ®Sr LEVELS IN HUMAN TEETH (mBgeg™ OF Ca)
PUCYHOK 1. YPOBHI HAKOMMEHWA ©Sr B TKAHAX 3YBOB Y HACENEHWA (mBker Ca)
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The aim of the study was to measure incorporation
by analysis of the human bones. Table 1 shows *°Sr
content mean values of 6-57 mBqeg~' of Ca, mea-
sured in ribs compared to levels of 3—43 mBqeg™!
of Ca registered in femurs. The reason for lower ra-
dionuclide content in femur (especially in adults)
is the difference in cortical and trabecular portions
of bone tissue among those parts of skeleton.

11 KOMMYIECTBEHHOM OIIEHKN BBIABIEHHOI'O MHKOPIIOPH-
POBAHMS AHAUIM3UPOBAIN COCTAB KOCTHOM TKAHU. B Ta6111-
11¢ 1 IpUBE/ICHBI CPETHUE 3HAUYCHMSI COJICPyKaHMs St B pe-
6epHbIX (6—57 MBKe T~ Ca) 11 6eApeHHbIX (3—43 MBKe1r~! Ca)
KOCTsX. bojiee HU3Kue ypoBHU HAKOIUIEHS B OCIPEHHBIX
KOCTSIX (OCOOEHHO Y B3POCJIBIX JIMIL) OOYCJIOBIEHBI Pa3-
JIMYHAMU B COOTHOUICHUUN KOPTUKAJIbHOU U TPAOEKY-
JIIPHOM 30H B 9TUX YACTAX CKEJICTA.

TABLE 1
%0reg™" OF Ca RATIO IN HUMAN BONE TISSUE (AVERAGE AND LIMITS)
TABJINLA 1
COOTHOLLEHVE ®Sreg™" Ca B KOGTHOI TKAHI HEMOBEKA (CPEQHEE 11 MAKCUMAIBHBIE 3HAYEHNS)
Year of birth Age at death (years) Age in April 1986 (years) mBqeg’ of Ca
Ribs (136 samples) Femurs (81 samples)

1988 6 — 35.2+20 (21-49.5) 39426 (20-57.6)
1983-1986 7-10 0-3 98.5+33 (75-122) 96+32 (74-119)
1979-1980 14-15 67 15.2+6.3 (9-21) —
1976-1977 18 9-10 15.9+4.6 (11.3-20.5) —
19741975 19 11-12 10.1+3.9 (6-14) 9.7+6.6 (5-13.8)
19731975 20 11-13 19.846.3 (13.3-26.1) 16.9+4.6 (13-22.5)

1972 21 14 40+23 (24-56.7) 15+4.6 (12-18.5)
1970-1971 23 15-16 24+11.5 (12.6-35.6) 21£11.8 (13-29.7)

1969 25 17 56.5+37 (30-83.1) 34.2+25.8 (16-52.5)
1963-1968 26-30 18-23 54.9+27.2 (34.7-73.4) 42.5 +16 (27-58)
1959-1964 31-35 22-27 48.9+14.8 (34.1-63.7) 29.5+12 (21-38)
1953-1958 36-40 28-33 36.5+19 (17.5-55.5) 27+8.5 (21-33)
1948-1952 41-45 34-48 13.7+10 (3.7-23.8) 6+5.2 (2.5-9.7)
1943-1947 46-50 40-43 6.7+3.1 (3.6-9.8) 4.7+2.2 (3-6.4)
19381942 51-55 44-48 7.5¢4.1 (34-11.6) 5.0¢1.7 (3.5-7.1)
19331937 56-60 47-52 6.4+3.2 (3.1-10) 3.8+1.6 (2.3-5.7)
1928-1932 61-65 53-58 11.9+8.1 (3.6-21) 7.4+2.3 (4.8-11)

—1928 >65 >58 5.9+2.2 (3.5-84) 3.9+2 (2-6)

The highest values of °Sr content were 75—122 in
ribs and 74-120 mBqeg™' of Ca in femur respec-
tively for the 7—10 year-old age group. These indi-
viduals were 0—3 years old during the period of the
nuclides’ heaviest deposit. This age is by far a more
critical period due to the isotope highest uptake.
The values measured in bone samples from young
adults were higher than in the other adult age
groups, respectively of 24—-83 mBqeg~!of Ca in ribs
and 18-58 in femur. Those individuals were ado-
lescents during the period of Chernobyl accident.

The higher concentration values in Suceava sam-
ples compared to those from Galati correspond to
the °°Sr greater dietary intake. The registered levels
of 9°Sr content in human bones are present due to
the residual body burden and dietary incorporation
during the post-Chernobyl period.

In a previous study (1969—1970) through the anal-
ysis of rib and femur samples the *°Sr body accumu-
lation in Romania caused by atmospheric nuclear
tests was measured. The highest concentrations of
20Sr in bone samples were generally registered in in-
fants and individuals born within the maximum fall-
out period. The comparison of those data with
those from the present work suggests that the Cher-
nobyl accident did not lead to °°Str accumulation
increase in adults (table 2).

Hawubonbimee copgepxanue °Sr — 75—122 mbker~! Ca B
pebepHbIX U 74—120 mBbrer~! Ca B 6€JpEHHBIX KOCTSIX —
BBIAIBJIEHO y IETEN B BO3pacTe 7—10 iet. Hanbosee MHTEH-
CUBHOE JIETIOHUPOBAHUE PAJTUOHYKINUJIOB Y HUX IIPOUC-
XOUT B BO3pacTe ot 0 /10 3 1eT. DTOT BO3PACT —HAUO0Iee
KPHUTUYECKUT TIEPUOJL BBUY HAMOOJIEE AKTUBHOTO IOIJTIO-
eHus n30Tona. Cpeii B3POCIIBIX CO/IepyKaHue *°St 6bU10
BBIIIIE Y JIUI] MOJIO/IOTO BO3PACTa — COOTBETCTBEHHO B pe-
6epHOM KOCTH — 24—-83 MbKer! Ca, 6eipeHHon — 18—
58 mBker-! Ca. Ha MomenT aBapuu Ha YADC OHU O6bUIN
HOAPOCTKAMH.

B penaparax, monydeHHbIX 13 Cy4dasa, coiepykaHue *Sr, 1o
CPAaBHEHUIO C TAKOBBIMU 13 ['a71a11, 6bUTO BBIIIE, YTO CBA3AHO
C 6OJBIINM ATUMEHTAPHBIM ITOCTYIUICHUEM PATUOHYKIIH/IA.
3aperucTpUPOBAHHOE COJIEPKAHUE ST B KOCTSIX YEJIOBEKA
00YyCJIOBIEHO (POHOBBIMH BEJIMUMHAMU HAKOIUICHMS U AJI1-
MEHTAPHBIM ITOCTYIUICHHEM ITOCJIE aBapun Ha YADC.

Panee (B 1969—-1970 IT.) y HaceIeHHUsT PYMBIHUH aHAJIO-
TUYHBIM METO/IOM OIIPE/IEIISIIN YPOBEHDb HAKOIICHUS 2°St
B OPraHHU3ME BCJIE/ICTBUE ATMOC(EPHBIX UCITBITAHUM SI7IEP-
HOro opyxust. Haubosbiee copep:xkanue °Sr B npenapa-
TaxX KOCTHOM TKaHU PETUCTPUPOBAIN, KAK IIPABUIIO, Y JIE-
TEM MJIAIIIETO BO3PACTA, 4 TAKXKE JIUL, POJUBIINXCA B TIE-
PHO/IBI HANOOJBITNX BBITAJICHUI. [IpH CpAaBHEHNH 9THUX
JIAHHBIX C PE3YJIBTATAMU HACTOSAMIETO UCCIENOBAHMSA HE
OTMEYEHO YBEJIMUECHUS HAKOIUICHUA ® STy BBPOCIIBIX BCJIEI-
crBue apapun Ha YADC (Tabimna 2).
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TABLE 2
%gr ACTIVITY TO STABLE Ca WEIGHT RATIO IN HUMAN BONE BY AGE (mBgeg " of Ca)
TABJINLIA 2
COOTHOLLEHVS AKTVBHOCTU *°Sr 11 MACCbI CTABWIIEHOIO Ca B KOCTHOM TKAHW B 3ABUCMOCTI OT BO3PACTA (MEK-r‘1 Ca)
Bone type Study period Age at death (years)
20-30 30-40 40-50 >50
Rib 1969-1970 73.3+30.4 48.0£8.5 42.622.2 40.0£9.6
1993-1996 44.0£15 42.7£9.7 10.7+4.9 8.5+3.1
Femur 1969-1979 41.5+0.4 37.7£0.7 14.8+0.7 24.0+5.6
1993-199% 28.3+12 28.2+8.6 8.0+2.7 5.0:17

Using the average *°Sr content values in bone, effec-
tive doses were calculated that were than compared
with those received from®Sr dietary uptake for each
age group (table 3).

Hcrionb3ys cpeHee cofiepskanue *°St B KOCTAX ObUIA pac-
CUnTaHbI A(PPEKTUBHBIE JO3bI, KOTOPbIE CDABHUBAJIH C JIO-
3aMH, TTOJIyYEHHBIMU 34 CYET AIMMEHTAPHOTO OCTYILIC-
HUA 7St B KAKA01 BO3PACTHOM I'PyIIIE (TA0INIA 3).

TABLE 3

EFFECTIVE DOSES CALCULATION VALUES WITHIN TWO METHODS

TABJINLA 3

PE3Y/TbTATbI PACHETA 3O ®EKTINBHbLIX 03 OBJIYHEHWA MO ABYM METOLAM

Age in 1986 (years)

Effective dose pSv)

Age at death (years)

Due to ingestion

(during first 3 years after accident)*

Due to bone incorporation, integrated up

fo death (average value and limits)

03 21+16+7=44 46+23 (37-60) 7-10
10 12+10+6=28 25+7 (18.5-32.1) 18-19
>17 10+9+4=23 23.3+8 (18-29) >25

Note. * — Calculated using age dependent dose factors (ICRP 69/1995).

Mpumeyarne. * — PacyeTbl BbINOMHEHbI G UCNONb30BAHUEM BO3PACT3ABMCUMBIX 4030BbIX KO3 thuumexTos (ICRP 69/1995).

The values of average effective dose calculated using the
two methods — PSr content in food versus the average
P8r skeletal content — were in a good correspondence.

From the collective equivalent doses of 1,500
manSv for bone surfaces and 680 manSv for bone
marrow, using the corresponding risk factors (ICRP
Publication 60), the potential number of 4 radia-
tion-induced fatal cancers among the studied
population (5.2 million residents) was estimated
(table 4).

Cpenane 3(PPEKTUBHBIE T03bI OOITyUYCHUS, PACCYUTAHHbBIC
1O JIBYM METO/IAM — COZICP>KAHUIO “°St B IIUIIEBBIX IIPO-
JIYKTAaX M CKEJIETE — OBUTH COTIOCTABHMBL

IIpy BenM4YrHAX KOJUIEKTUBHBIX 9KBUBAJIEHTHBIX /103 1500
4yesi3B Ha KOCTHYIO TIOBEPXHOCTD, 4 Taroke 680 4en3B Ha
KOCTHBIF MO3I' C HCIIOJIb30BAHUEM COOTBETCTBYIOMUX
daxropos pucka (ICRP Publication 60) cpeau uccienye-
MOTO HaceneHud (5,2 MJIIH) BO3MOKHO 4 CiIy4das pajua-
MOHHO MH/IYIIUPOBAHHBIX (DATAIBHBIX OHKOJIOTHYECKHX
3a60J1€BaHys (Ta0I11a 4).

TABLE 4

POTENTIAL NUMBER OF FATAL CANCERS ESTIMATION AMONG THE STUDIED POPULATION

TABJINLA 4

PE3Y/IbTATbI OLIEHKN MOTEHLWANBHOTO YNCNA ®ATASTbHBIX CITYYAEB 3MOKAYECTBEHBIX HOBOOBEPA3OBAHII
Y UCCNEOQYEMOIO HACEJIEHNA

Age at death Mean body content Equivalent dose (uSv) Effective dose Potential risk
(years) (Bg *°Sr) (uSv)
Bone lining cells | Red bone mamrow Bone sarcomas Myeloid leukemia
7-10 26£13 710+355 321+160 46+23
14-15 12+5 449+187 20385 29+12
18 17+5 387+114 175151 25+7 1 3
21-30 56£23 550+226 249-102 3514
31-55 22+13 2131125 96+55 14+8
>56 84 80+40 36+18 53
CONCLUDING REMARKS 3AK/TFOYEHUE

The results of 2°Sr measurements in human ribs and
femurs in some Romanian districts did not allow
univocal conclusions for different age groups to be
drawn. The authors expect that continued measure-
ments of °Sr in diet and human organism will lead
to further improvements in consideration of the
Chernobyl consequences.

PesynsraTel ONpeesIeHNs COACPKAHMUA ST B pEOEPHBIX U
OGEIPEHHBIX KOCTSAX Y JIUL] PA3IMYHBIX BO3PACTHBIX I'PYIII,
MPOKUBAIONINX B PAJIE PAIOHOB PyMBIHNY, HE OHO3HAY-
HBL JlaJIbHENIIIEE U3YIEHUE COAEPKAHNA *°ST, TOCTYITAIO-
IIETO B OPIAHU3M YEJIOBEKA C TPOAYKTAMM MUTAHHA I10-
3BOJIMT ITOJTYYUTb HOBBIE JAHHBIE O BO3MOKHBIX IOCIIE -
CTBHAX YEPHOOBUILCKOM KATACTPOMEL
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