
����

� � �
�
� � �

� �
� � �
� � �

�



�

����

� � � � � �
� � � � � � �

� � � � �

1999

�
�� �

� � �



3

,� ��������������������������������������������������������������������������������������������������������������������������

,,� � � � � � �

��������������������������������������������������������������������������������������������������������������������������������

,,,� � � � � � � � �������������������������������������

�, � �� � � � � � ��
� ���������������������������������������������������������������������

�,, � ���������������������������������������������������������������������������������

�,,, � � � � �
���������������������������������������������������������������������������������������������������

� � � � ��� � ������ ��

���������������������������������������������������������������������������������������������������������������������������



4

� � � � � � � �
� � � � � � � � � �

� � � � � � � � �
� �

� � � � � � � � � � �
� � � � � � � � � � �

�

� � � �84/466/ � � � � � � � �
� � � � � � � � � � �

�� � � © � � ª� (PAD84) � � �
� � � � � .

� � ����, � � � � � � � �
�� � � � � � � � � �
�� �� � � � � � � �� � �

� � � � � 84/466/ �� � � �
� � � � (MED97) 97/43/ � � � � �

��� �1997.

� � � � � � � � � � �
� � � �� � � � � � � � �

� � �� � � � �� � �
� � � � � � � �� � �

� � � � � � � � � �
� � � � � � � � � � (ICR91). � � �
� � � � � � � � �

� � � � � � �� � � � � � ��
� � � � � � � � � � � �
�� � � � � � � � � � � �
�

� � � � � � � � � � � � �
� � � � � � � � � � � �� �

� � � � � �

� � � � � � � � � � � � � �
� � � � � � � ��� � � �� � �
� � � � � � � � � � �

� � � � � � �MED.

� � � � � � � � � � ��� �
� � �� � �� � ������� � � � � �

� � � � � � � � � � � �MED 
� � � ���� �1998.

� � � � � � �� � � �
� � � � � � �� � �� � �
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� � � � � � � � � � � �� � �� �
� � �� �� � � � � � � � �
�

�� � � � � � � � � � � � �
� � � � � � � � � � � �
� � � � � � �

� � � � � � :

� � � � © � � � � �
� ª� � � � � � � � �

� � � � � � � � � � � �� �
� � �© � � � � � � � ª� �

� � � � � � � � � � � � �
� � � � � � �� � � � �

� � � � � � � � � � �
� � � � � � � � � � ��

� � � � � � � � � � � �
� � � �� � � � � � �
� � � � � � � � � �
�� � � � �

� � � � � � � � � � � �

Suzanne FRIGREN
� �

� � �
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,��

(1) � � � MED � � � � �
� � � � � � ��� � � � � � � �

� � � � �

• � � � � � � � �MED � �
� � � �

• � � � � � � � � �
� � � � � �� � � �

� � � � � � � � � �� � �
� � � � � � � � �

� � � � � � �

(2) � � �� �MED � � � � � � � �
� :

� � � � � � � � � � �

� � � � � � � � � �

� � � � � � � � � �

� � � � � � � � � �
� � � � �� � � � � �

� � � � � � �

� � � � � � � � � � �
� � � � � �� � � � �

� � � � � � � �

(3) � ��� �MED � � � � � � � � �
� � � � � � � �� � �� �

� � � � � � �
� � � �� � � � � �

� � � � � � � � � � � �
� .

(4) � � � �� � ��� ��� �MED �
� � � � � � � � � �
� � � � � � � � � �

� � � � � � �
� � �� � � � � ��

� � � � � � � � � �� � � �
� � � � � � � � � �

� � � � � � .

(5) � � � � � � � �� � ���� ���
MED � � � � � � � � � � �� �
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� � � � �� � � � � ��
� � � � � � �� � �

� � � � � � � � �

(6) � � ��� � �� � � � � �� � �
� �� � � � � � � � �� �

� � � � �� � � � � ��
� � � � � � �� � �

� � � � � � � �

(7) � � � � � � � � � � �
� � � � � �� � � � � � �

� � � �� � � � � � � � �
� � � � � �� � � � � �

� � � � � � � � � � �
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,,�� � � � � �

�

���

(8) � � � � � � � �� �
� � � � �� � � � �

� � � � � � � � � � � �
� � � � � �� � � � � �
�� � � � � � � � � � �

� � � � �� � � � � � � �
� � � � �

(9) � � � � � � � � � � �
� � � � � � � � � �� �

� � � � � � � �
� � �� � � � � � � �

� � � � � �� � � � � �
� � � � � � � � � � � � � �� �

� � �� � � �� � �� � � � �
� ��� �� � � � � � �

� � � .

(10) � � � � � � � � � � �
� � � � � � � � � ��

� � � � � � � � � � ��
� � � � � � � � � � � �
� � � .

(11) � � � � � � � � � �(ICR91)
� � � � ���� �sievert � 1 � �
� � � � �� � � � � �

� � ��� � � � � � � � � �
� � � � � � � � � �� �

� � � ���� �� � � � � ������ �
�� � � � � � � � � �

� � � � � �� � � � � �
� � � �� � � � � ���� �� � �

� � � � � ����� � �� � � ��
� � � � � � � � � � �� �

� � � � � � � � � � � � �
� �� � ����� �sievert (ICR91).

(12) � � � � � � � � � � �
� � � �� � � � � � � �

� � � � � � � � � �� � �
� � � � � � © � � ������� �

                                                
1 � � � � � � �� � �������� � � � �� mSv,

� ��� � � � � � �� � � � ��������� � �
5 mSv, � ���� � � � � �
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� � � � ª� ¶� � � � � � �
� 10-4. � � � � � � � � � �

� � � � � � � � � �
� � � � � � � � � �� � 1). �
� � � � � � � � � � �

� � � � � � �� � � �
� � � � � ���� � � �(UNS86), 

� � � � � � � � � �������� �
� � � � � � � � � � � .

��. � � : � � �� � �Coh91)

��� � � �

(13) ¶� � � � � � � � � � �
� � � �� � � ����� � �

¶� � � � � � � .

(14) � � � � � � � � � �
� � �

• � � � � �� � � � � � �
�

• � � � � �� � � � �
�� � � � � �

• � � � � � �� � � � � � �
� � � �� � � � � � �

� � � � � � � �� � � ��� ���� �
�(UNS93).
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� � � � � � � � � � � � �
� � � �� � � � � � �
� � � � �

(15) � � � � �� � � � � � � ��
� � � � � � � � � � � �

� �� � � � � � �
� � � � � � � � � �� �
� � �� � �� � � � � � ��
� � � � � � � � �

� � � � � � � � � � �
� � � � � � � � � �

� � � � � �

� � � � � � � � � � �
� � � � � � � � �� � � � �

� � � � � � � � � �
�

(16) � � � � � � � � � � � � � �
�� � � � � � � � � � � �

� � � � � � � � � �
� � � � � � � � � �
� � �� � � � � � � �

�� � � � � � �� � � � �
� � � �� � � � � � � � �

� � � � �100 mSv. � �� � � � �
� � � � � � � �� �� �

� � � � � � � � � �
� �� � � �� � � � �
� � � � � � � � � � �

� �(ICR92).

(17) � � � � � LQ� XWHUR� � � � �
� � � � � � � (IQ)� � � �
�� � � � � � � � � �
� � � � IQ � � � �� � � �

� � � � �� � � �30 �IQ 
sievert� � � � � � � � � � � � � �� �

� � �� � � �� � � � IQ � � � �
� � � 100 mSv � � � � � �� � IQ��

�  IQ � � � � �� � �  IQ
� � � � � � � � � � � ��� � �

�� � � � � �� � � � � � � �
� �� � � � � �IQ � � � �

� � � . (ICR96).

(18) � � � � � � � � �
� � � � � © � � � ª��
� � � �� � � � � � � �
� � � � 0,4  1 sievert. � �
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� � � � � � � � �� � � ��� �
� � �� � � � � � � � � �
� ��� � � ��� � �� � � � � � �

�

(19) � � �� � � � � � �
� � � � � � � � � � � ��� ����

(ICR92).

(20) � � � � � �� � � � � � LQ
XWHUR� � � � � � � � � � �

� � � � � � � � �� �� � � � ��
� � � � �� � � � � � �

(21) � � � � � � � � � � � �
� � �LQ�XWHUR � � � � � �

� � � � � � � � � � � � � � ��� �
� � � � ����� � � ¶� � � � � � �

� �� �� � ��

��� � � �

(22) � � � � � � � � �� � �
� � � � � � �� � � �

� � � � � � � � � � �
� � � �� � � � � � � �
� � � �� � � � �

� �� � � � � � � �
� � � � � � � ¶� �� � � � � � ��
� � � � � � � � � � � �� � � �
� �� �

(23) � � � � � � � � � �
� � � � � � � �� � � �

� � � � � � �� � � � � � �
�� � � � � � �� � � � � �

� � � � � � � � � �
�

(24) � � � � � � � � �
� � � � � � � �� � ��

� � � � �� � � � � � � � �
� � � �� � � � � � � �

� � � � � � � � � � �

(25) � � � � � � � � � �
� � � � � �� � � � � � �

� � � � � � � �� � ����� �
¶� � � � � �� �� � ��
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,,,�� � � � � � � �

(26) � � � ��� ���  MED � � � � � �
� � � � � � � �� � � � �

�� � � � � � �� � � �
� � � � ���� � � � � � � � �

(27) � � � � � �� � � � � � �
� � � � � � � � � � �� � � � �
� � � � � � � � � � � � �

�� � � � � � � � � � � �
� �� � � �� � ��� ��� �MED.

$� � � �

(28) � � � �28-48 � � � � � �
� � � � � � � � � � �

�� � �10 mSv).

�� � � � � � � � � � � ��
� �1 mSv � � � � �� � �

� � � � � � � � � � � � �

�� � � � � � � � � � �� �
� � � �� � � � � ���� � � ���

�� � � � � � �� �� � � �
� � � � � � � �� �
� � � � �� � � � � ��

� � � � � � � � � � �
� �� � � � � � � �

(29) � � � � � � � ���� � �
� � � � � � � � � � � �

� �� � � � � � �� � � �
� � � � � � � � � � � �� �MED 
� � ��� � �� � �� � © � � � �

�� � � � � � � � �� � � �
� �� � � � � � � ª. � � � �
� � � � � � � � � � �

� � � � � � � � �� � � �
�� �� � � � � � � �

� � � � � � � � � � �
� �� � � � ��

(30) � � � � � � � �� � � � � � �
� � � � � � � � � � � � � � �
� � � � � � �� � � � � �

� � � �
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� � � � � � � � � � � �
� � � ¶� � � � � � � �

(31) � � �� � � � � � � � � � � � �
� � � � � � � �� �

� �� � � � � � � � � � ��
� � � � � �� � � �

� � � � � � � � � � � �

� � � � � � � � �� �
� � � �� � � � � � � �

� � � � ���� �� � � � � � � � ��
� � �� � � � � � � �� � �
� � � �

(32) � � � � � � � � � � � � � � �
� � � � � � � � � � � �

�� � � �� � � � � � � �
� � � � � � � � � � � � � �
� � �� � � � � �� � � �

� � � � � �

(33) � � � � � � �� � � � � � � �
� � � � � � �� � � �

�� �� � � � � � � � �
� � � � � � �� � � � �

� � � � � �

(34) � � � � �� � � � � �
� � �� � � � � � � �

� �� � � � � � � �
� � �� � � � � � � �

L�� � � � �� � � �
� �� � � � � � � �
� � � � � � ��

� � � � �

LL�� � � � � � � � � � � � ��
� � � � � �� � � �

� � � � � � � � �

LLL�� � � � � � � � � � � �
� � � � � �� � � � � �

� � � � � � � � �
�� � � � � � � � � �
�� � �� � � � � � � �

� � � � � � � � � � � �
� � � � � �� � �� � � � �

(35) � � � �� � � � � � � �
� � � � �� � � � � �
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� � � � �� � � � � �
� � � � � � � � � �IQ, 

� � � � � �� � ��� � � � �

(36) � � �� � � � � � � � � �
�� � � � � � � � � � �

� � � � � �� � � � � �
� � � � � � � � � � � � �

�� � � � � � � � �
� � � � � � � �� �

� � � �

(37) � � � � � � � � � � �
� � � � � � � � � �

� � �

��� �

(38) � � � � � � � � � � � �
� � � � �� � � � �

� � � � � � � � �
�� � � �� � � �

� �� � � � � � � � �
� � � � � � � � � � � �

� � � � � �

� � � � � �;�

(39) � � � � � � � � � � �
� � � � �� � � � � � � � � �

�� � � � � � � � � �

(40) � � � � � � � � � � � � �
� �� � � � � � ��

� �� � � � � � � �
� � � � � � �� � �
� � � � � � � � � � �� �

� � � � � � � � � �
� � � �� � � � � �
� � � � � �� � � � � �
� � � � � � � ��

� � � � � � � � � � � �

� � �

(41) � � � � � � �� �� �
� � � � � � � � � �

� � � �� �� � � � �
� � � � �� � �� � � �� � �

� �� � � � � � � �
� � � � � � � � � �

� � � � � � �� � � � �
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� � � � � �� � � � � �
�� � � � � � � � � � �

� � � � � � �

(42) � � � � � � � � �� � � � � �
� � � � � � � � � � �

� � � �

(43) � � �� � � � � � �� � � � �
� � � � � � � � � � �

�� �� � � �� � � � � �
� � � � � � � � � �

�

(44) � � � � (BSS96) � � � �
� � � � � � � � � � �

� � � � � � � � � � � �
� � � � � � � � � � � �1 mSv. �

� � � � � � � � � � � �
� � � � � � � � � � � ��

� � � � � � � � � �
� � � � � � � � � � �

� � �� � � � � � � � � �
� � � � � �� �� � � �
� � � � � � � � � � � 1 mSv. 

� � � ��� � � � � � �
� � � � � � � ��Tho98).
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��� � � � � � � � �
� � � � � � � � �
� � � � � �� � � �

�� � � � �1 mSv (Tho98)

�� � �
�

�

� �

59-Fe (iv):    � � �0,4 MBq 6

75-Se – �nor� : �
 8 MBq

12

131-I – MIBG:  �  20 MBq 2

131-I – :   �  > 30 MBq 4

 1: � � � � � � � �
� � � � �� � � �

� 59-Fe � � 131-I � � � � �
� � �

 2: � � � � � �
� � � �� � � � � �

� � � �

���

(45) � � � � � � � � �
� � � �� �� � � � � �

� � � � � � � � � � �
�

(46) � � � � � � � � �
� �� � � � � � � � � � �

� �� � � � � � �� � � � �
� � � � � � � � � ��

� � � � � � � � � � �
� �

(47) � � � � � � � � � � � � �
� � � � � � � � � � � �

�� � � � � � � � � � � �� � � � �
� � � � � � � � �

� � � � � � � �� �
� � � � � �

(48) � � � � �� � � � � � � �
� � � � � � � � � �� �

� � � � � � � � � � � � � � �
� � � 1 mSv. � � � (Tho98) � �
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� � �� � � � � � � �
� �� � � � � � � � � � � � �

� � � � �131-I.

��� � � � � � � � � � �
� � � � � � � �
� � � � � � � � � �
� � � � �1 mSv (Tho98).

�
� � �

� ��0%T�

�

� �

198-Au � 10.000 1

131-I  * 800 4

131-I  * � 5.000 4

131-I –MIBG * 5.000 3

32-P �� . 200 3

89-Sr � 150 24

90-Y � 400 0

90-Y � 4.000 1

169-Er � 400 0

* � � � � � � � � � �
� �� � � � � � 131-I �

� � � � � � � .

: � � � � � � � � � �
� � � � � � � � � �

�� � � � � � � �
� � � � � � � � �

� � � � � � � �
� � ��.

��� � � � � � � � � � � � �

(49) � � � � � � � � � � � ±�
� � � � � � � � � � � �

� � � � � � � � ±� � � � � �
� � � � � � � � � � � �
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� � � � � � � � � � � � �
� � � � � � � � � �1 mSv.

(50) � � � � � � � � � � � � � �
� � � � � � � � � � �� � �

� � � � � � � � � � � �
� � � �� �� � �������.

� � � � � � � � � � � � � �
� � � � � � �� � � � � 100 mSv

(BIR73), � � � � � � � � � � � ��
� � �100 mSv � � � � � � �� �
� � � � � � � � � � � � milligray
� � � � � � � �

� � � � � � � � � �
� � � � � �� � � � �
� � � � � � �

%� � � � �

(51) � � � � � � � � � � �
� � � � � � �� � � � �

� � �� � � � �� � � � � � �
� � � � � � � � � � �

� � � �� � � � �� � � � �
� � � � � � �� � � � �
� �� � � � � � � � � �
�� � ��� � � � � �� � � �

� � � � � � � � � � � �1 mSv, �
� � � � � � � �� � � � �

� �� � � � � � � �

(52) � � � � � � � � �� � �
� � � � � � � � � � � � � �
� � �� � � � �� � � �

� � � � � �� � � � � � �
� � � � � � ���� � � � �
� �� � � � � � � � � .
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��� � � � � � � � �
� � �  (Mou97)

51
Cr-EDTA

99
Tc

m
 -DISIDA

99
Tc

m
 -DMSA

99
Tc

m
 -DTPA

99
Tc

m
 -

99
Tc

m
 -

99
Tc

m
 -

99
Tc

m
 -HMPAO

99
Tc

m
 -MAG3 (100 MBq)

99
Tc

m
-MIBI

99
Tc

m
- �

111
In- �  (20 MBq)

201
Tl-  (80 MBq)

� � �� �
� � Â� �

� � � �� �
� � � � �

� � � �

I

99
Tc

m
-MAA (13 : 100 MBq)

99
Tc

m
-  (47 � 800 MBq,

25 � 80 MBq)

� � �
�� � � �

� � �
�

II

99
Tc

m
- �

99
Tc

m
-technegas

99
Tc

m
-MAG3 (>100 MBq)

99
Tc

m
-

99
Tc

m
-

123
I-

123
I-MIBG

123
I-hippuran

� � III

32
P- �

67
*D�

123
I-HAS

131
I-

� IV

: �123-I � � � �124-I �125-I
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� � � � � � � �

(53) � � � � � � � � � �
� � � � � � � � � � �� �

� � � � � � � � � � � � �
� � � � � � � � � � � �

� � � � �� � � � � �
� � � � � � � � � � � � �

� � � � � � � � � �

(54) � � � � � � � � � �
� � � � � � � � � � � � �

� � � � �� � �� � � � �
� � �� � � � � � � �

� � � � � �� � � � � �
� I-131 � � � � � � � �

� � � �131 (Iod98).

�,� � �� � � � � � � ��

�,,� � � �

�,,,� � � � � � � � �
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�, � �� � � � � � �
�

� � � � � � � � � � � �
Α. � � � � � � � � � � � � � �� �

� �� � � � � � � � � � �

� � � � � �
Α. � � � � � � � � � � � � � �

� �� � � �� � � � � �
� � � � � � � � � � �� �

� � � � � ¶� � � � � �
� � � � � � � � � �

��

4� � � � � � � � � � � � � � �
� �� � � � � � � � � �

�

Α. � � � � �3-6%. � � � �
�� � � � � � � � � � �

� � �x% (x = � � � � � � �mSv 
� � � �� � � III � � 0,042), 
� � � � � � � � �

� � � � �

4� � � � � � �
Α. � � � � � � � � � � � �

� � � � � � � � � � � �
� � � � � � � � � �

� �

4� � � � � � � � � � � � � �
Α. � � � � � � � � � � � � �

� � �� � � � � � � � � �
� � � �

4� � ¶� � � � � � � � � �
� � �

Α. �� � � � � � � � �
� � � � � � �

                                                
2 � � � � � � � � � � � � � � �

� � � �
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4� � ¶� � � � � � � � � �
Α. � � � � � � � � � � ��

� � � � � � � � � �
� � � � �� � � ��� �� � � � �

� � � �� � � � �
�� � � � � � � .

� � � � � � � � � �
� � �
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24



25

�,, �

� � � � � � � � �
� , 'T, � � � � � � � � � � � , T,

�'T � � � � � � � � � � � � �
�� � � � � � � � �gray (Gy).

� � � � � � � � �
� �� � � � � �� � � � �

�� � � � � , +T�� � � � � � � �
� � � � � � � � � �

,� ZR. � � � � � � � �
�� � � � � � � � � �� �

� � � � � � � � �� �
� �� � � � � � ����� � � �� �

� � � � ��� ����� � � � � �� �
� � � � � � �� � � �

� � �sievert (Sv).

� � � � � � � � � �

� � � � � � � � � � �
� � � �� � � � � �
� � � � �© ª�� � � � � � � �� �
� � � � � � � � � � � �

� � � � � �� � � � � � � �
� � � � � , :T, � �

� � � � � � � � � � , (� � � �

� � � � � � �sievert (Sv).

� � � � � � � � �1.

� � � � � � � � � � � � �
�� � � � � � � � � �� � �

� � � � � � � � � � � � � �
� � � � � � �

 
� �

⇒

�
� ,

'T, (Gy)
:R

⇒

, +T
(Sv)

 :T 

⇒

, E (Sv)

��� � � � ��'T, � , +T, � � , E.
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�,,, � � � �
�

� � � � � � � � �
� � � � � �� � � � � �

� � � NRPB � � � � � � �
�(NRP98). � � � � � � � � � �

� � � �� � � � � �� ��
� � � � � � � � �

�
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� � LQ�XWHUR � � � � �� � �
�  �NRPB � � � � � �

�  (NRP98)

� � �

� �;

� �( � ) 1,4 4,2

� 6,8 24

� 1,1 5,8

< 0,01 < 0,01

� 1,7 10

� 1,7 10

1,1 4

< 0,01 < 0,01

� � � � < 0,01 < 0,01

�

� 8 49

0,06 0,96

< 0,005 < 0,005

25 79

0,2 0,4

�

99m Tc � �� � 3,3 4,6

99m Tc (MAA) � 0,2 0,4

99m Tc � �� � 0,3 1,2

99m Tc (DTPA)� � 1,5 4,0

99m Tc ( �� � 0,7 1,6

99m Tc (RBC)� � � 3,4 3,7

51 Cr (EDTA) � < 0,01 0,01

201 Tl ( �� � 3,7 4,0

99m Tc ( �� � 4,3 6,5

75 Se ( � � - 14,0

67 Ga � � - 12,0

131 I � - 22,0
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� � � � � � � � �;

� � � � � � � � � � � � � �
� � � � � � � �� �� �

� � � � � � � � � � �
� � � � �(kV)� � � � � � � � �(mAs).

� �;

� � � � � � � � � �
� � � 1 m � � �  � �
�� � �� � � �� �� � � � �
� � � �

�
�N9�

� �
�

�P$V�

� � � �
�

�P6Y�

70 1 0,04

90 1 0,1

110 1 0,2

� � � � � � � � � � �
�

� � � � � � � � �  � � � �
� � � � �� � � � � � � �

� � � � � � �film� .

� � � � � � � � �� � �
� � � � �
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�� ��

� � � � � � � � � �
� �� � � � � � �� � �

� � � � �� � � � � � � � ��
� � � �� � � � � � �

� � � � � � �

�
�N9�

� �
�

�P$V�

� � �
� � �
�������

�P6Y�

120-130 1 0,1

� � � � � � � � � � � �
� � � �� �  mAs� � � � �

100 �300�� � � � � � � � � � � � �
�mSv.
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� � �

� � � ��!���P6Y�
� ��� �� �

�

� � � ������P6Y�
� ��� �

� � �
� � �
� �

� ���� �
� � �

� � � � ��
� �� �����P6Y

�

� � �
�

� �
� ��

�
�
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BIR73 BIR Diagnostic Radiology in early pregnancy and grounds for recommending
abortion. Statement of Radiation Protection committee, BIR London, 1973.

BSS96 ������� � � � ��� � ������ � �
� � � � � � � � � �
� � � � � � � � �

�� � � � � � /� ����� �����
1996.

Coh91 Cohen B L; &DWDORJ�RI�ULVNV�H[WHQGHG�DQG�XSGDWHG. Health Phys. 61: 317-335,
1991.

ICR91 International Commission on Radiological Protection.
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