
373

ÓÕÃÊÑÉÔÉÊÇ ÌÅËÅÔÇ ÑÁÄÉÅÍÅÑÃÅÉÁÓ ÉÁÌÁÔÉÊÙÍ ÐÇÃÙÍ ÓÅ ÄÕÏ

ÐÁÑÁÈÁËÁÓÓÉÅÓ ÐÅÑÉÏ×ÅÓ ÔÇÓ ÅËËÁÄÏÓ

Ã. Ôñáìðßäïõ*, Å. Öëþñïõ*, É. Êáôóßêçò**.
*ÉÐÔÁ/ÅÊÅÖÅ “Äçìüêñéôïò”, Áãßá ÐáñáóêåõÞ 15310, ÁèÞíá

**Éíóôéôïýôï Ãåùëïãéêþí êáé Ìåôáëëåõôéêþí Åñåõíþí (ÉÃÌÅ), Ìåóïãåßùí 70, ÁèÞíá

ABSTRACT

G. Trabidou, H. Florou, I. Katsikis: Comparative study on the radioactivity of spas in two littoral zones in Greece.

The major contribution to the various radiation exposures received by organisms comes from natural sources. In most places in the
world the natural radioactivity varies within relatively narrow limits, but in certain localities there are wide deviations from normal
levels. Elevated concentrations of natural radionuclides in the abiotic and biotic environmental materials, in some cases, are re-
flected in the elevated doses received by humans and other organisms. Among the major sources of high natural radioactivity are
some mineral springs. In Greece there are several radioactive springs, such as those in Ikaria and Loutraki. These springs are found
in the littoral zone of the areas of interest, where as in the sub-littoral zone some springs bubble up from the bottom as well. The
purpose of this study is to measure the activity concentrations of the 238U - 226Ra and 232Th decay series, as well as 40K, in sea water,
sediment and coastal soil samples in the areas of the above mentioned spas. The results obtained are used for the evaluation of
external dose rates received by marine biota.

ÅÉÓÁÃÙÃÇ

Ïé ïñãáíéóìïß åêôßèåíôáé óå áêôéíïâïëßåò öõóéêÞò êáé ôå÷íéêÞò ðñïÝëåõóçò áðü ôá áâéïôéêÜ óôïé÷åßá ôïõ
ðåñéâÜëëïíôïò êáé áðü ôéò êïóìéêÝò áêôéíïâïëßåò, ðïõ áðïôåëïýí áêôéíïâïëßåò öõóéêÞò ðñïÝëåõóçò. Ìåôáîý ôùí
ðåñéï÷þí ðïõ áíáöÝñïíôáé óõ÷íüôåñá óôç âéâëéïãñáößá ãéá ôéò õøçëÝò óõãêåíôñþóåéò ñáäéåíÝñãåéáò ðïõ
ðáñïõóéÜæïõí åßíáé êáé ïé éáìáôéêÝò ðçãÝò. Óôçí ÅëëÜäá ïé ðçãÝò ìå ôéò õøçëüôåñåò óõãêåíôñþóåéò ñáäéåíÝñãåéáò
åßíáé ôçò Éêáñßáò, ÊáìÝíùí Âïýñëùí, Ëïõôñáêßïõ êáé Áéäçøïý (Kritidis, 1991 êáé G. Trabidou et al, 1996). Ïé ðçãÝò
ôçò Éêáñßáò êáé Ëïõôñáêßïõ áíáâëýæïõí óôçí ðáñÜêôéá æþíç êáé åêâÜëëïõí óôç èÜëáóóá, åíþ åðßóçò õðÜñ÷ïõí
ðçãÝò ðïõ áíáâëýæïõí óôï âõèü ôçò èÜëáóóáò.

Óôçí ðáñïýóá åñãáóßá ìåëåôÜôáé ç äéáóðïñÜ êáé êáôáíïìÞ öõóéêþí ñáäéïíïõêëéäßùí óå èáëëáóéíü íåñü êáé
éæÞìáôá óôéò ðåñéï÷Ýò ôùí ðçãþí Éêáñßáò êáé Ëïõôñáêßïõ. Óôç óõíÝ÷åéá åîåôÜæïíôáé ïé åðéðôþóåéò óôïõò ïñãáíéóìïýò
áðü ôéò áêôéíïâïëßåò öõóéêÞò ðñïÝëåõóçò, ðïõ ðñïÝñ÷ïíôáé áðü ôéò óõãêåíôñþóåéò ôùí ñáäéïíïõêëéäßùí ã-åêðïìðÞò
ôïõ èáëáóóéíïý íåñïý êáé ôùí éæçìÜôùí ðïõ åîåôÜóèçêáí.

ÌÅÈÏÄÏËÏÃÉÁ

Äåßãìáôá èáëáóóéíïý íåñïý êáé éæçìÜôùí óõëëÝãïíôáé áðü ðåñéï÷Ýò , üðïõ åêâÜëëïõí ðçãÝò óôçí Éêáñßá êáé óôï
ËïõôñÜêé. Ôá äåßãìáôá åðåîåñãÜæïíôáé ìå öõóéêÝò ìåèüäïõò ãéá ôïí ðñïóäéïñéóìü ôùí öõóéêþí ñáäéïíïõêëéäßùí. Ç
ìÝôñçóç ôùí äåéãìÜôùí ãßíåôáé óå óýóôçìá ã-öáóìáôïìåôñßáò ìå áíé÷íåõôÞ HpGe, ó÷åôéêÞò áðüäïóçò 20% ùò ðñïò
áíé÷íåõôÞ 3²x3² NaI .

Ïé óõãêåíôñþóåéò ôùí ñáäéïíïõêëéäßùí óôá äåßãìáôá íåñïý êáé éæçìÜôùí ÷ñçóéìïðïéïýíôáé ãéá ôïí õðïëïãéóìü
ôïõ ñõèìïý ôùí äüóåùí áêôéíïâïëéþí, ðïõ äÝ÷ïíôáé ïé èáëÜóóéïé ïñãáíéóìïß. Ìå âÜóç ôïõ ôüðïõò äéáâßùóçò ôùí
ïñãáíéóìþí, ï ñõèìüò äüóçò áêôéíïâïëßáò

áðü ôá öõóéêÜ ñáäéïíïõêëßäéá ã-åêðïìðÞò óôï èáëáóóéíü íåñü êáé ôá éæÞìáôá õðïëïãßæåôáé áðü ôïõò ðáñáêÜôù
ôýðïõò:
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â) äéá÷ùñéóôéêÞ åðéöÜíåéá èáëáóóéíïý íåñïý-áÝñá.

D= 8´10-17A
s
 Ó

i 
Å

ãi
 I

ãi
, üðïõ:

D : ï ñõèìüò äüóçò óôç äéá÷ùñéóôéêÞ åðéöÜíåéá íåñïý áÝñá óå Gy. s-1

A
s
: óõãêÝíôñùóç åíåñãüôçôáò ôïõ íåñïý óå Bq. kg-1

E
ãi
: åíÝñãåéåò ã-áêôéíïâïëéþí óå kev

I
i
   : ìÝóïò áñéèìüò ã-êâÜíôùí åíÝñãåéáò Å

ãi
 áíÜ äéÜóðáóç

ã) äéá÷ùñéóôéêÞ åðéöÜíåéá èáëáóóéíïý íåñïý-éæÞìáôïò

D(Á,Â)= 8´10-17[ A
s
(A)Ó

i
E

ãi
(A)I

i
(A) + A

s
(B)Ó

i
E

ãi
(B)I

i
(B)], üðïõ

D(A,B): ï ñõèìüò äüóçò óôç äéá÷ùñéóôéêÞ åðéöÜíåéá íåñïý-éæÞìáôïò óå Gy.s-1

A
s
(A), A

s
(B) : óõãêÝíôñùóç åíåñãüôçôáò ôïõ íåñïý êáé ôïõ éæÞìáôïò áíôßóôïé÷á óå Bq.kg-1

E
ãi
(A), E

ãi
(B): åíÝñãåéåò ã-áêôéíïâïëéþí óå kev

I
i
(A), I

i
(B) : ìÝóïò áñéèìüò ã-êâÜíôùí åíÝñãåéáò Å

ãi
 áíÜ äéÜóðáóç

ÁÐÏÔÅËÅÓÌÁÔÁ - ÓÕÆÇÔÇÓÇ

Ôá áðïôåëÝóìáôá ôùí ìåôñÞóåùí óå èáëáóóéíü íåñü êáé éæÞìáôá áðü ôéò ðåñéï÷Ýò ìåëÝôçò ðïõ ðñïáíáöÝñèçêáí,
ìáæß ìå óõãêåíôñùôéêÜ áðïôåëÝóìáôá ìåôñÞóåùí áðü Üëëåò ðåñéï÷Ýò ôïõ Åëëáäéêïý ÷þñïõ, óõíïøßæïíôáé óôïõò
Ðßíáêåò 1 êáé 2, áíôßóôïé÷á.

Ôá áðïôåëÝóìáôá áõôÜ äåß÷íïõí üôé óôï èáëáóóéíü íåñü ôùí ðåñéï÷þí ôùí éáìáôéêþí ðçãþí Éêáñßáò êáé
Ëïõôñáêßïõ áíé÷íåýåôáé êáé 222Rn, åíþ ïé óõãêåíôñþóåéò ôùí 226Ra êáé 228Ra åßíáé õøçëüôåñåò áðü áõôÝò Üëëùí
Åëëçíéêþí ðåñéï÷þí êáé ðåñéï÷þí áíáöåñüìåíùí óôç ÄéåèíÞ âéâëéïãñáößá (Dolvette and Bologa, 1986). Åðßóçò,  ïé
óõãêåíôñþóåéò ôùí öõóéêþí ñáäéïíïõêëéäßùí óå íåñü óôçí Éêáñßá  óõãêñéíüìåíåò ìå ôéò áíôßóôïé÷åò óõãêåíôñþóåéò
ðåñéï÷þí Ëïõôñáêßïõ åßíáé õøçëüôåñåò (Ðßíáêáò 1).

Ôá ìåôñïýìåíá éæÞìáôá ðåñéï÷þí éáìáôéêþí ðçãþí ôçò Éêáñßáò ÷áñáêôçñßæïíôáé áðü õøçëüôåñåò ôéìÝò óõãêåíôñþóåùí
226Ra, 232Th, êáé 40K óå óýãêñéóç ìå ôá áíôßóôïé÷á åðßðåäá ðåñéï÷þí õðïâÜèñïõ óôçí ÅëëÜäá, áíáöåñüìåíá óå åõñý
äßêôõï äåéãìáôïëçøéþí óôïí Åëëáäéêü ÷þñï. Ïé óõãêåíôñþóåéò, üìùò,  ôùí êýñéùí öõóéêþí ã-ñáäéïíïõêëéäßùí óå éæÞìáôá
ðåñéï÷þí ôïõ Ëïõôñáêßïõ êõìáßíïíôáé ìÝóá óôï öÜóìá ôùí ôéìþí õðïâÜèñïõ (Ðßíáêáò 2).

Ìå âÜóç ôá áðïôåëÝóìáôá ôùí ìåôñÞóåùí óå èáëáóóéíü íåñü êáé éæÞìáôá  õðïëïãßæïíôáé ïé ñõèìïß äüóåùí
áêôéíïâïëéþí ðïõ äÝ÷ïíôáé ïé èáëÜóóéïé ïñãáíéóìïß. Ôá áðïôåëÝóìáôá ôùí ñõèìþí äüóåùí áðü ôï èáëáóóéíü íåñü
êáé ôï ßæçìá ãéá ôá äéÜöïñá ñáäéïíïõêëßäéá öáßíïíôáé óôïõò Ðßíáêåò 3,4.

Óõãêñßíïíôáò ôïõò ðáñáôçñïýìåíïõò ñõèìïýò äüóåùí áêôéíïâïëéþí ôïõ èáëáóóéíïý íåñïý ôùí ðåñéï÷þí ìåëÝôçò
ìå Üëëåò ðåñéï÷Ýò ôïõ Åëëáäéêïý ÷þñïõ (Öëþñïõ, 1992) ðáñáôçñïýìå üôé ïé ñõèìïß äüóåùí óôéò ðåñéï÷Ýò Éêáñßáò êáé
Ëïõôñáêßïõ ðáñïõóéÜæïõí ìÝãéóôá õøçëüôåñá. Áíôßóôïé÷á ïé ñõèìïß äüóåùí áêôéíïâïëéþí ôùí éæçìÜôùí óå ðåñéï÷Ýò
ôçò Éêáñßáò åßíáé õøçëüôåñïé áðü ôéò ôéìÝò õðïâÜèñïõ ôïõ Åëëáäéêïý ÷þñïõ, åíþ ïé áíôßóôïé÷ïé ñõèìïß óå ðåñéï÷Ýò
ôïõ Ëïõôñáêßïõ êõìáßíïíôáé ìÝóá óôï åýñïò ôéìþí õðïâÜèñïõ.

Ôá áðïôåëÝóìáôá ôïõ ñõèìïý äüóåùí ôùí áêôéíïâïëéþí ðïõ äÝ÷ïíôáé ïé ïñãáíéóìïß åîáñôþíôáé áðü ôç
ñáäéïåõáéóèçóßá ôïõ êÜèå ïñãáíéóìïý, ðïõ åêôßèåôáé óôçí áêôéíïâïëßá.  Ãéá ëüãïõò óýãêñéóçò áíáöÝñåôáé üôé ÷ñüíéá
Ýêèåóç óå äüóç áêôéíïâïëßáò 10mGy d-1, Ý÷åé óáí áðïôÝëåóìá ìåôáâïëéêÝò áíùìáëßåò óôïõò ïñãáíéóìïýò.

ÓÕÌÐÅÑÁÓÌÁÔÁ

ÉæÞìáôá êáé èáëáóóéíü íåñü áðü  ðåñéï÷Ýò ôùí éáìáôéêþí ðçãþí óôçí Éêáñßá ðáñïõóéÜæïõí õøçëüôåñá åðßðåäá
öõóéêÞò ñáäéåíÝñãåéáò óå ó÷Ýóç ìå ôçí ðåñéï÷Þ ôùí ñáäéåíåñãþí éáìáôéêþí ðçãþí Ëïõôñáêßïõ, áëëÜ êáé óå ó÷Ýóç
ìå ôéò åí ãÝíåé ôéìÝò õðïâÜèñïõ ôïõ Åëëáäéêïý ÷þñïõ. ÁõôÞ ç ñáäéïëïãéêÞ êáôÜóôáóç ôïõ áâéïôéêïý ðåñéâÜëëïíôïò
áíôáíáêëÜôáé óôç ñáäéïëïãéêÞ åðéâÜñõíóç èáëáóóßùí ïñãáíéóìþí.
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Ðßíáêáò 1. Óõãêåíôñþóåéò åíåñãüôçôáò öõóéêþí ñáäéïíïõêëéäßùí óôï èáëáóóéíü íåñü óôçí Éêáñßá, ËïõôñÜêé êáé Üëëåò
ðåñéï÷Ýò  ôïõ Åëëáäéêïý ÷þñïõ (Bq l-1).

 Ðßíáêáò 2. Óõãêåíôñþóåéò åíåñãüôçôáò öõóéêþí ñáäéïíïõêëéäßùí óå éæÞìáôá óôçí Éêáñßá, ËïõôñÜêé êáé Üëëåò ðåñéï÷Ýò
ôïõ Åëëáäéêïý ÷þñïõ (Bq kg-1).

Ðßíáêáò 3. Ñõèìïß äüóåùí öõóéêþí áêôéíïâïëéþí ã-åêðïìðÞò óôï èáëáóóéíü íåñü êáé óôç äéá÷ùñéóôéêÞ åðéöÜíåéá
íåñïý-áÝñá óå mGy d-1.

226Ra 228Ra 222Rn 40K

Éêáñßá

MV±SD 1.2±1.0 0.6±0.6 18±17 19±0.6

Min <0.1 <0.1 1.3±2.9 19±7.4

Max 1.9±0.3 1.1±0.9 35±6.7 20±1.9

ËïõôñÜêé

MV±SD 0.3±0.18 0.15±0.23 66±26.2 8.87±3.2

Min 0.1±0.3 <0.1 41.7±1.8 5.5±2.2

Max 0.5±0.4 0.5±0.8 96.1±2.6 12.7±2.5

Áëëåò ðåñéï÷Ýò (Öëþñïõ, 1992)

Min 0.00145±0.00025 0.00208±0.00030 9.8±1.18

Max 0.00167±0.00037 0.00432±0.00065 11.9±1.30

238
U

226
Ra

232
Th

40
K

Éêáñßá

MV±SD 214±410 212±311 43±18 1130±823

Min 15±9 24±14 18±48 258±14

Max 1049±30 764±10 66±3 2464±70

ËïõôñÜêé

MV±SD 16.3 12.7±2.3 6.1±3.0 277±107

Min 8.9±8.5 10.8±2.5 2.8±4.1 159±14

Max 25.1±36.1 16.1±3.8 10.8±3.9 449±26

Áëëåò ðåñéï÷Ýò (E.R.L., 1989)

MV±SD 15±14 13±13 173±187

Min 4 4 47

Max 50 47 627

Èáëáóóéíü íåñü Äéá÷ùñéóôéêÞ åðéöÜíåéá

Min Max Min Max

Éêáñßá
226Ra <2428´10-6 46129´10-6 <1214´10-6 23065´10-6

228Ra <1331´10-6 14636´10-6 <666´10-6 7318´10-6

40K 41040´10-6 43200´10-6 20520´10-6 21600´10-6

ËïõôñÜêé
226Ra 2428´10-6 12139´10-6 1214´10-6 6070´10-6

228Ra <1331´10-6 6653´10-6 <666´10-6 3327´10-6

40K 11880´10-6 27432´10-6 5940´10-6 13716´10-6
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Ðßíáêáò 4. Ñõèìïß äüóåùí öõóéêþí áêôéíïâïëéþí ã-åêðïìðÞò óôï ßæçìá êáé óôç äéá÷ùñéóôéêÞ åðéöÜíåéá éæÞìáôïò-
íåñïý óå mGy d-1.
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Éæçìá Äéá÷ùñéóôéêÞ åðéöÜíåéá

Min Max Min Max

Éêáñßá
238U 3.0´10-3 21´10-2

226Ra 5.8´10-1 18.5 3´10-1 9.6
232Ôh 6.1´10-1 2.26 3.1´10-1 1.14

40K 5.6´10-1 5.3 3´10-1 2.8

ËïõôñÜêé

238U 1.8´10-3 0.5´10-2

226Ra 0.55´10-1 0.34 1.3´10-1 0.2
232Th 0.9´10-1 0.37 0.5´10-1 0.2

40K 3.4´10-1 0.99 1.8´10-1 0.5


