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INTRODUCTION
At the time of the Chernobyl accident there was a
release of fission products including 90Sr � 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
90Sr with one-two orders of magnitude higher va-
lues than ones prior to the accident. Taking into
account the osteotropism of 90Sr the authors were
interested in its accumulation rates in human teeth
and bone.

MATERIALS AND METHODS
To study the 90Sr 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
90Sr 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 90Sr content was
analyzed after samples dry and wet ashing using

ÂÂÅÄÅÍÈÅ
Ïðè àâàðèè íà ×åðíîáûëüñêîé ÀÝÑ (×ÀÝÑ) ïðîèçî-
øåë âûáðîñ ïðîäóêòîâ äåëåíèÿ, âêëþ÷àÿ 90Sr � ðàäèî-
íóêëèäà ñ äëèòåëüíûì ïåðèîäîì ïîëóðàñïàäà, òðîï-
íîñòüþ ê êîñòíîé òêàíè è âûñîêîé ðàäèîòîêñè÷íîñ-
òüþ. Èññëåäîâàíèÿ, ïðîâåäåííûå â Ðóìûíèè ïîñëå
àâàðèè íà ×ÀÝÑ, âûÿâèëè çàãðÿçíåíèå îêðóæàþùåé
ñðåäû è ïðîäóêòîâ ïèòàíèÿ 90Sr, óðîâíè êîòîðîãî íà
îäèí-äâà ïîðÿäêà ïðåâûøàëè òàêîâûå äî àâàðèè. Ó÷è-
òûâàÿ òðîïíîñòü 90Sr ê êîñòíîé òêàíè, àâòîðîâ èíòå-
ðåñîâàëà ñòåïåíü íàêîïëåíèÿ ðàäèîíóêëèäà â òêàíÿõ
çóáîâ è êîñòÿõ ÷åëîâåêà.

ÌÀÒÅÐÈÀËÛ È ÌÅÒÎÄÛ
Äëÿ èçó÷åíèÿ íàêîïëåíèÿ 90Sr â òêàíÿõ çóáîâ ÷åëîâå-
êà èç ñòîìàòîëîãè÷åñêèõ êëèíèê íà ïðîòÿæåíèè
1991�1993 ãã. áûëî îòîáðàíî 120 îáðàçöîâ ìîëî÷-
íûõ çóáîâ, â òîì ÷èñëå äåòåé ãðóäíîãî âîçðàñòà, è
ïîñòîÿííûõ çóáîâ ïîäðîñòêîâ è âçðîñëûõ. Äëÿ
îïðåäåëåíèÿ ñîäåðæàíèÿ 90Sr â êîñòÿõ ÷åëîâåêà, íà ïðî-
òÿæåíèè 1993�1996 ãã. ïðè àóòîïñèè áûëè âçÿòû 217
îáðàçöîâ ðåáåðíûõ è áåäðåííûõ êîñòåé. Êîñòíàÿ
òêàíü  áûëà ïðåäîñòàâëåíà îòäåëîì ñóäåáíîé ìåäè-
öèíû ïîñëå ïîëó÷åíèÿ èç ðàéîííûõ áîëüíèö (ßññû,
Ñó÷àâà, Ïüÿòðà-Íÿìö, Ãàëàö, Áàêýó). Ñîäåðæàíèå 90Sr
îïðåäåëÿëè ïîñëå ñóõîãî è âëàæíîãî îçîëåíèÿ ïðå-
ïàðàòîâ ñ èñïîëüçîâàíèåì äûìÿùåé àçîòíîé êèñëî-
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fuming nitric acid for separation. The 90Sr content
was measured by means of its fission product 90Y,
β-counted in the oxalate form.

RESULTS AND DISCUSSION
The study of 90Sr accumulation in human teeth re-
vealed concentration values of 10.8�330.0 mBq�g-1

of Ca in the deciduous teeth of young children born
during the 1986�1987 period following to the Cher-
nobyl accident. 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 90Sr human incorporation took place
as a consequence of the Chernobyl accident (figure 1).

òû äëÿ ñåïàðàöèè. Ñîäåðæàíèå 90Sr èçìåðÿëè ïî
β-èçëó÷åíèþ ïðîäóêòà åãî ðàñïàäà � 90Y â îêñàëàò-
íîé ôîðìå.

ÐÅÇÓËÜÒÀÒÛ È ÈÕ ÎÁÑÓÆÄÅÍÈÅ
Cîäåðæàíèå 90Sr  ñîñòàâèëî 10,8�330 ìÁê�ã-1 Ca â òêà-
íÿõ ìîëî÷íûõ çóáîâ ó äåòåé, ðîäèâøèõñÿ â 1986�1987 ãã.,
ò.å. íåïîñðåäñòâåííî ïîñëå àâàðèè íà ×ÀÝÑ. Ýòè âåëè-
÷èíû â 10�600 ðàç ïðåâûøàþò òàêîâûå, ïîëó÷åííûå
ïðè èññëåäîâàíèè ïîñòîÿííûõ èëè ìîëî÷íûõ çóáîâ
ïàöèåíòîâ âñåõ îñòàëüíûõ âîçðàñòíûõ êàòåãîðèé, à
òàêæå ó äåòåé òîãî æå âîçðàñòà, ðîæäåííûõ äî àâàðèè.
Ðåçóëüòàòû ñâèäåòåëüñòâóþò î òîì, ÷òî íàêîïëåíèå 90Sr
â îðãàíèçìå ÷åëîâåêà ÿâëÿåòñÿ  ñëåäñòâèåì àâàðèè íà
×ÀÝÑ (ðèñóíîê 1).

FIGURE 1. 90Sr LEVELS IN HUMAN TEETH (mBq�g�1 OF Ca)

ÐÈÑÓÍÎÊ 1. ÓÐÎÂÍÈ ÍÀÊÎÏËÅÍÈß 90Sr Â ÒÊÀÍßÕ ÇÓÁÎÂ Ó ÍÀÑÅËÅÍÈß (ìÁê�ã�1 Ca)
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The aim of the study was to measure incorporation
by analysis of the human bones. Table 1 shows 90Sr
content mean values of 6�57 mBq�g�1 of Ca, mea-
sured in ribs compared to levels of 3�43 mBq�g�1

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.

Äëÿ êîëè÷åñòâåííîé îöåíêè âûÿâëåííîãî èíêîðïîðè-
ðîâàíèÿ àíàëèçèðîâàëè ñîñòàâ êîñòíîé òêàíè. Â òàáëè-
öå 1 ïðèâåäåíû ñðåäíèå çíà÷åíèÿ ñîäåðæàíèÿ 90Sr â ðå-
áåðíûõ (6�57 ìÁê�ã�1 Ca) è áåäðåííûõ (3�43 ìÁê�ã�1 Ca)
êîñòÿõ. Áîëåå íèçêèå óðîâíè íàêîïëåíèÿ â áåäðåííûõ
êîñòÿõ (îñîáåííî ó âçðîñëûõ ëèö) îáóñëîâëåíû ðàç-
ëè÷èÿìè â ñîîòíîøåíèè êîðòèêàëüíîé è òðàáåêó-
ëÿðíîé çîí â ýòèõ ÷àñòÿõ ñêåëåòà.

TABLE 1
90Sr�g-1 OF Ca RATIO IN HUMAN BONE TISSUE (AVERAGE AND LIMITS)

ÒÀÁËÈÖÀ 1
ÑÎÎÒÍÎØÅÍÈÅ 90Sr�g-1 Ca Â ÊÎÑÒÍÎÉ ÒÊÀÍÈ ×ÅËÎÂÅÊÀ (ÑÐÅÄÍÅÅ È ÌÀÊÑÈÌÀËÜÍÛÅ ÇÍÀ×ÅÍÈß)

Year of birth Age at death (years) Age in April 1986 (years) mBq�g-1 of Ca
Ribs (136 samples) Femurs (81 samples)

1988 6 � 35.2±20 (21�49.5) 39±26 (20�57.6)
1983�1986 7�10 0�3 98.5±33 (75�122) 96±32 (74�119)
1979�1980 14�15 6�7 15.2±6.3 (9�21) �
1976�1977 18 9�10 15.9±4.6 (11.3�20.5) �
1974�1975 19 11�12 10.1±3.9 (6�14) 9.7±6.6 (5�13.8)
1973�1975 20 11�13 19.8±6.3 (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)
1938�1942 51�55 44�48 7.5±4.1 (3.4�11.6) 5.0±1.7 (3.5�7.1)
1933�1937 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�8.4) 3.9±2 (2�6)

Íàèáîëüøåå ñîäåðæàíèå 90Sr � 75�122 ìÁê�ã�1 Ca â
ðåáåðíûõ è 74�120 ìÁê�ã�1 Ca â áåäðåííûõ êîñòÿõ �
âûÿâëåíî ó äåòåé â âîçðàñòå 7�10 ëåò. Íàèáîëåå èíòåí-
ñèâíîå äåïîíèðîâàíèå ðàäèîíóêëèäîâ ó íèõ ïðîèñ-
õîäèò â âîçðàñòå îò 0 äî 3 ëåò. Ýòîò âîçðàñò �íàèáîëåå
êðèòè÷åñêèé ïåðèîä ââèäó íàèáîëåå àêòèâíîãî ïîãëî-
ùåíèÿ èçîòîïà. Ñðåäè âçðîñëûõ ñîäåðæàíèå 90Sr  áûëî
âûøå ó ëèö ìîëîäîãî âîçðàñòà � ñîîòâåòñòâåííî â ðå-
áåðíîé êîñòè � 24�83 ìÁê�ã�1 Ca, áåäðåííîé � 18�
58 ìÁê�ã�1 Ca. Íà ìîìåíò àâàðèè íà ×ÀÝÑ îíè áûëè
ïîäðîñòêàìè.

Â ïðåïàðàòàõ, ïîëó÷åííûõ èç Ñó÷àâà, ñîäåðæàíèå 90Sr, ïî
ñðàâíåíèþ ñ òàêîâûìè èç Ãàëàö, áûëî âûøå, ÷òî ñâÿçàíî
ñ áîëüøèì àëèìåíòàðíûì ïîñòóïëåíèåì ðàäèîíóêëèäà.
Çàðåãèñòðèðîâàííîå ñîäåðæàíèå 90Sr â êîñòÿõ ÷åëîâåêà
îáóñëîâëåíî ôîíîâûìè âåëè÷èíàìè íàêîïëåíèÿ è àëè-
ìåíòàðíûì ïîñòóïëåíèåì ïîñëå àâàðèè íà ×ÀÝÑ.

Ðàíåå (â 1969�1970 ãã.) ó íàñåëåíèÿ Ðóìûíèè àíàëî-
ãè÷íûì ìåòîäîì îïðåäåëÿëè óðîâåíü íàêîïëåíèÿ 90Sr
â îðãàíèçìå âñëåäñòâèå àòìîñôåðíûõ èñïûòàíèé ÿäåð-
íîãî îðóæèÿ. Íàèáîëüøåå ñîäåðæàíèå 90Sr â ïðåïàðà-
òàõ êîñòíîé òêàíè ðåãèñòðèðîâàëè, êàê ïðàâèëî, ó äå-
òåé ìëàäøåãî âîçðàñòà, à òàêæå ëèö, ðîäèâøèõñÿ â ïå-
ðèîäû íàèáîëüøèõ âûïàäåíèé. Ïðè ñðàâíåíèè ýòèõ
äàííûõ ñ ðåçóëüòàòàìè íàñòîÿùåãî èññëåäîâàíèÿ íå
îòìå÷åíî óâåëè÷åíèÿ íàêîïëåíèÿ 90Sr ó âçðîñëûõ âñëåä-
ñòâèå àâàðèè íà ×ÀÝÑ (òàáëèöà 2).

The highest values of 90Sr content were 75�122 in
ribs and 74�120 mBq�g�1 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 mBq�g�1 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 90Sr greater dietary intake. The registered levels
of 90Sr 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 90Sr body accumu-
lation in Romania caused by atmospheric nuclear
tests was measured. The highest concentrations of
90Sr 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 90Sr accumulation
increase in adults (table 2).
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Èñïîëüçóÿ ñðåäíåå ñîäåðæàíèå 90Sr â êîñòÿõ áûëè ðàñ-
ñ÷èòàíû ýôôåêòèâíûå äîçû, êîòîðûå ñðàâíèâàëè ñ äî-
çàìè, ïîëó÷åííûìè çà ñ÷åò àëèìåíòàðíîãî ïîñòóïëå-
íèÿ 90Sr â êàæäîé âîçðàñòíîé ãðóïïå (òàáëèöà 3).

TABLE 2
90Sr ACTIVITY TO STABLE Ca WEIGHT RATIO IN HUMAN BONE BY AGE (mBq�g-1 of Ca)

ÒÀÁËÈÖÀ 2
ÑÎÎÒÍÎØÅÍÈß ÀÊÒÈÂÍÎÑÒÈ 90Sr È ÌÀÑÑÛ ÑÒÀÁÈËÜÍÎÃÎ Ca Â ÊÎÑÒÍÎÉ ÒÊÀÍÈ Â ÇÀÂÈÑÈÌÎÑÒÈ ÎÒ ÂÎÇÐÀÑÒÀ (ìÁê�ã-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 42.6±2.2 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�1996 28.3±12 28.2±8.6 8.0±2.7 5.0±1.7

TABLE 3
EFFECTIVE DOSES CALCULATION VALUES WITHIN TWO METHODS

ÒÀÁËÈÖÀ 3
ÐÅÇÓËÜÒÀÒÛ ÐÀÑ×ÅÒÀ ÝÔÔÅÊÒÈÂÍÛÕ ÄÎÇ ÎÁËÓ×ÅÍÈß ÏÎ ÄÂÓÌ ÌÅÒÎÄÀÌ

Age in 1986 (years) Effective dose mSv) Age at death (years)
Due to ingestion

(during first 3 years after accident)*
Due to bone incorporation, integrated up

to death (average value and limits)
0�3 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).
Ïðèìå÷àíèå. * � Ðàñ÷åòû âûïîëíåíû ñ èñïîëüçîâàíèåì âîçðàñòçàâèñèìûõ äîçîâûõ êîýôôèöèåíòîâ (ICRP 69/1995).

TABLE 4
POTENTIAL NUMBER OF FATAL CANCERS ESTIMATION AMONG THE STUDIED POPULATION

ÒÀÁËÈÖÀ 4
ÐÅÇÓËÜÒÀÒÛ ÎÖÅÍÊÈ ÏÎÒÅÍÖÈÀËÜÍÎÃÎ ×ÈÑËÀ ÔÀÒÀËÜÍÛÕ ÑËÓ×ÀÅÂ ÇËÎÊÀ×ÅÑÒÂÅÍÛÕ ÍÎÂÎÎÁÐÀÇÎÂÀÍÈÉ

Ó ÈÑÑËÅÄÓÅÌÎÃÎ ÍÀÑÅËÅÍÈß

Age at death
(years)

Mean body content
(Bq 90Sr)

Equivalent dose (mSv) Effective dose
(mSv)

Potential risk

Bone lining cells Red bone marrow Bone sarcomas Myeloid leukemia
7�10 26±13 710±355 321±160 46±23

14�15 12±5 449±187 203±85 29±12
18 17±5 387±114 175±51 25±7 1 3

21�30 56±23 550±226 249�102 35±14
31�55 22±13 213±125 96±55 14±8

>56 8±4 80±40 36±18 5±3

Using the average 90Sr content values in bone, effec-
tive doses were calculated that were than compared
with those received from 90Sr dietary uptake for each
age group (table 3).

The values of average effective dose calculated using the
two methods � 90Sr content in food versus the average
90Sr 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).

Ñðåäíèå ýôôåêòèâíûå äîçû îáëó÷åíèÿ, ðàññ÷èòàííûå
ïî äâóì ìåòîäàì � ñîäåðæàíèþ 90Sr â ïèùåâûõ ïðî-
äóêòàõ è ñêåëåòå � áûëè ñîïîñòàâèìû.

Ïðè âåëè÷èíàõ êîëëåêòèâíûõ ýêâèâàëåíòíûõ äîç 1500
÷åëÇâ íà êîñòíóþ ïîâåðõíîñòü, à òàêæå 680 ÷åëÇâ íà
êîñòíûé ìîçã ñ èñïîëüçîâàíèåì ñîîòâåòñòâóþùèõ
ôàêòîðîâ ðèñêà (ICRP Publication 60) ñðåäè èññëåäóå-
ìîãî íàñåëåíèÿ (5,2 ìëí)  âîçìîæíî 4 ñëó÷àÿ ðàäèà-
öèîííî èíäóöèðîâàííûõ ôàòàëüíûõ îíêîëîãè÷åñêèõ
çàáîëåâàíèÿ (òàáëèöà 4).

ÇÀÊËÞ×ÅÍÈÅ
Ðåçóëüòàòû îïðåäåëåíèÿ ñîäåðæàíèÿ 90Sr â ðåáåðíûõ è
áåäðåííûõ êîñòÿõ ó ëèö ðàçëè÷íûõ âîçðàñòíûõ ãðóïï,
ïðîæèâàþùèõ â ðÿäå ðàéîíîâ Ðóìûíèè, íå îäíîçíà÷-
íû. Äàëüíåéøåå èçó÷åíèå ñîäåðæàíèÿ 90Sr, ïîñòóïàþ-
ùåãî â îðãàíèçì ÷åëîâåêà ñ ïðîäóêòàìè ïèòàíèÿ ïî-
çâîëèò ïîëó÷èòü íîâûå äàííûå î âîçìîæíûõ ïîñëåä-
ñòâèÿõ ×åðíîáûëüñêîé êàòàñòðîôû.

CONCLUDING REMARKS
The results of 90Sr 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 90Sr in diet and human organism will lead
to further improvements in consideration of the
Chernobyl consequences.


