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!*��9 .�36�* !*�i�O �>�)�< !*�'4 "
* F�@(�* V4�_9

@@$��<�!* ���Z3@@$* T@@  2@@��U ��\��h@@� ��@@$* ���R3?�@@$ 
^?�& 5�4 ��
! ��M#H �< �3�<*� \��h� ���R3?�@$ �!�� 

<K;��-?*� 5*�< T 2��U �6$�H� ���,&.
�< ���Z3$* !*��:	#�238U, 232Th�40K�4 ���,R� ��F*,@7 
\M$ �
*!,7�9 FO��,R� *�*�<5^?�@& �<�@
!�* 5�@4 1�@
� 
5�
K9 �6$�H� ��> .W*�S��� �&�� !*V<�7 �@��  �~�)@%3$* 

!�  F��*� �3)#< �<$�#�-5"^?�@& n��@:� +,@
�*�)Raeq"( �
"�%4O !�� kK; �'@& ��*,@4 "�"^?�@& �@M? V<�@7 �@45

�;��?)Hex"( �"�-?*�)Hin "(��,� �<�@
!�* �*�@U �@� '@��# 
]�[.

!"�����J,�D� ���,�� 
!* �@@i�O �@@>}/�| '@@Y�� !*�@@4�I*5�(
�,@@�,#< V<�@@7 5�@@4 

5�@$ 5�@@4238U����@I* ��)@@<�75226Ra �@3?�V�**� ��@@i
* 
�@� ��,@@& "
*�<�@%< �@� F*,@@7�@@I* 238U�����*�@	�@@45�@@/
� 

WN,hH� �3?� 9#V!*226Ra *���"
* 5�$ �&�9*� �'@
��� 
�	� ]��[.n��:� +,
�*� W��6. �$* !*o,Ri� ��:	 @#��@45

�$ '#B->,�,
�*�238U, 232Th �40K�@< �@
�9 "@
* l�@	 �@> 
�%4O !�� 5���  +,
�*� �<,#3>*�3
 370Bq.Kg-1 �<��@� !�� 
5�@@��  c
�,@@7 �@@< �@@3
,#3>* 259Bq.Kg-1 ���@@� !�� 5�@@��  
c#$�39 �@< ��:	 @# �4810Bq.Kg1-1 �@<*�< �@$* ]��[.n��@:� 
+,
�*� ����:� �<5�
! �6$�H� ���,&]��[:

)���()
///

(/Re
KgBq

AK
JgBq

ATh
KgBq

ARaKgBqaq
4810259370

370 ++×=

�� "@@@
* �@@@M<*� ARa, ATh, AK�@@@< @@@#7�7=!* '@@@%7��6. 
�
*!,7�9226Ra, 232Th, 40K�< =�A Bq.Kg-1 .  �
����Raeq 

5*�< �4��,R� �6$�H� �'& ���n�'; ���R& )�(F�)@� ��*� 
�'&'�* .'AT<�U n,6U 5*�< n��@:� +,@
�*� �@3R> �@
 5���@�

370Bq/Kg �$* ]�x[.

!"�����K9B� 	�, LM� -36 �,��B 
�*'�� 5���* ��#?a �'& �<��-#$5V<�7 �'#�,
 �'@%%> '@A*� 
+�; ����5*F��! 'A*� �� �> V<�7 !*FO�,6. ���@> ��@$* *�

�%4O !�� kK; �'& ��'%
,  .�%4O !�� kK; �'& �&�� !*
V<�7 ���  ��*,4 �-Y�	 �� �1
5�3� 5N�@< \M@$ �"#@�! !*
,$5UNSCEAR1�< W�,Y �
! p
�:7 �'& �$*]|[:

1- United Nations Scientific Committee on the Effect of 
Atomic Radiation 
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'-;x����R& �wF�3��! ����x M#H� ��
! �$��<�!* TY�A 2��U T  � �#�>,< �
*!,7�9 . . .{|�

)��x(
�@< �@> 5�,@SAX��:	 @#�232Th, 238U�40K5�@%6� �@< 

Bq.Kg1�CX�,3>�	 T
'67 ���%3� !�� F*2#� 5*�< �4
1!*
5�4'#B�,>,�,
�*� 
�'& �� �$* �
�9 �< �,3>�	 "
* 5W�6$�H� 

��*� !* ���Z3$* �< ,���> ��,� �q�
� 5�4ICRP TY�A �
�3� �
*� F*,@@; � n��@@ �2< F*��@@R#< �	*� ,@@�,7 !*UNSCEAR �� 

n�$�tt8 �$* ���> �6$�H� ]|[.�<W��6. �/
� "
* �,3>�	 
�%4O !��kK; �'& ��*,4 �<'A*� +�; c�; �$* �>'A*�

 FO�@$* ��*'@�� FO5*�@@<232Th, 238U�40K�@@<

=#7�7�w�w/��{x�/��w{�/��6$�H� �'& �@$* ."
*�<�@%< 
�M<*� N�< �<W�,Y �
! '4*,? �,<:

Da (nGy.h-1) = 0.461 A238U + 0.623 A232Th + 0.0414 
A40K )x�x(

�%4O !�� kK; �� *,@4 !* �'& �@�,R� 5�@4 ��,@� @$��<���
n�'; )�(F�)� ��*� �'& �$*.

NB 	�� 	�, !'O�� 
c4 !�* !�� �3#R> �$* �@> �@4�M? �W���@? 5�@4 �@&�� !*

V<�7 *�5�� �	�< F'< 5�4 �� p#Y,7 '%>.T@Y�A k�@q !�� 
kK; �'& ��1
�,3>�	 �=$�%� 5�4�I* �(
�,�,#< o,� �_@
�-

5* !*V<�7 *��E*�* ��*� ��3#R> �<c@4 +�@� !�* !��*�=@;,� 
�� �,& .c4 �#R> !�* !���I�� �N�$��>=#$O 5�@4 �@&�� !*
,7�9 ���  �<+,R. *�1
 �S n�$ ��*2  ��'%> �<W�,Y �
! 

�� p
�:7 �,& ]|[:

faE OQ)h.nGy(D)nSv(D ××= −1 )���(
�M<*� "
* ��Da�%4O !�� �M<*� �< �> �$*,4 �� �'& kK; -

5)x�x(�@@<�@@� �@@$� '@@
O .T��@@�! �FO �*'@@�� �@@> �@@$* 
�< �$* �<*�<|{�� n�@$ 1
 �� �.�$ .QT
'@67 =
�@q !�� 

�< *,4 �� �'& kK;!�� �I�� �$* ,@$ !* =
�@q "@
* �@> 5
UNSCEAR n�$ �� ��|x ���< ��	 1
 5*�< 0.7 (Sν.Gy-

1)�@$* �'& ��*2  .Of@� �'@�*,? n��3@&* �,3>�@	 �� �,@&
 *� �,@? �@U� !* 'Y�� '%m PN,R:� ��	 �> ��*� "
* �< �/3�<

 �$ !* F��#< �� �� F�R3? '�*�K  .5��@> �.�$ �(%
* �< �;,7 �<
 F':� 5*�< F'@:� �� F*��>��n��3@&* �,3>�@	 �@$* �.�@$ 
�< �$* �<*�<w/��< �> 2��U T 5*�< ����R3?�$ \��h� F*,%.

 �� �*�U ���Z3$* ��,� ��*2@  �<�@%< ��@# |/��@3	�  �@]� �� 
�� �,& ]��[.�3#R> ���� "#
O �< �%<5"#< �--R�* �� �@��ZA 

�,@7�9 �@<*�<!�� !* �3)@#< '@
�6� ��N�@$ 1mSν/y '@@&�< ]�w[.

!�* c4 � +,
�*� n��:� �
����!�� !* 1@
 �@4 5*�@< 2#� ���#��$ 
��,R� $��< ��,� 5�4����R@& n�'@; �� � �'@& �6$�H� )�(

�'& ��*� F�)�'�*.

I&�6 �& <����B�
���& (Hex) 
"
* ^?�& F�#< �'%%>5�4�I*5,7�9 ��� 5!* �@&�� �;��@?

 �< F,�*�#9 G#H� !* ���  V<�7 �	�
��F*,%. \��h� ���R3?�$
�$* ��<W�,Y ����:�5�
! ^�)� ���,&:

Hex = ARa/370 +ATh/259 + AK/4810    )��w(
!��,7�9 5���  �;��? T<�U n,@6U �6@$�H� �'@&}/�'@4*,? 
�,<]�}[.

I&�6 �& <����B�
C&�, (Hin)  
F*2#� �4�,7�9 !�  ~�)%3$* !* �&�� �-?*� � F��*� �
*!,@7�9 
�Y�%. �3?� F'< �� FO �<^?�& �M? �-?*� (Hin)^�)� 

��<g�$* ����:�5�
! �6$�H� ���,&:

Hin = ARa/185 + ATh/259 + AK/4810   )��}(
5*�< ��<��> "R
* 5�*,� �>��T?*� F�R3?�@$ �@4 �@< F*,@%. 

\��h� �$���R3? ���Z3$* ��'�,& "
* ^?�& '
�< �@3R> !*�
'&�< ]�x[.^?�& 5�4 �M? �-?*�)Hin(��;��?)Hex(2#� 
5*�< �4�6$�H� ��,R� �'& ����*�,@R� ���R@& �F�)@� ��*�
�'& '�*.

�< �
�3� �< �;,7 �< < !* �'�O �$�#�'4�)� ���  �i%$ k�%
�� @4 �@�,R� �� �
*!,7�9 F*2#� �> �,& !* �7N�@< 2@��U T@  5�

 �$* �'& 5��O�	 FO !* �> �$* �3#�>,< .�@]-� V
*2	* "
*
 +,@
�,7 � +,@#�*��* �
�@< '%
O�	 �> �$* "
* �/��#< 2��U T ��

 �� 2>�R3� �-S�< �� *� �#�>,< �� �,;,� '@
�R� ."@
* �*'@?�
 �� *� �'
'9 !* +,#��@3#7 � "@4O 5�4'#�@>* V
*'@; �@< F*,@7

 2>�R3� � �#�>,< ��
�@< '@%
O�	 �@S 2@��U T@  �� FO F'@& 
�*� �6�� .+�;�@; 5�@%#�,�O �@.,Ri� !* �'& '#�,7 2��U T 

5��A�x� "@4O 5�4'#�>* 'Y�� |+,#��@3#7 '#�@>* '@Y�� 
�$*]�{�{[.�@< �3)@#< "@4O 5�4'#�@>* ���@> W�,@Y �
�@4

 � �@#�,R#� 5�@3R> �
��@�� � ��$* �#7,  � �#7�R4 F,�R4
�� 2#� �#3%/� �*,7 '&�< �3&*� �,;� 2��U T �� ']�[.

��6�@� 5��
! �HM$ kK; W�'U +,#��3#7 � "4O 5�4'#�>*
 F,
 �< ��*� +,@
�,7 � +,#�*��* 5�4]����|[.�� �#@Y�? "@
*
���> "4O 5�4 �3&*� �,;� 2#� �#7,  � �#7�R4 F,�R4 5�*�

]���x�[�< ���> "
* !* �> 5�,S �< �4 5*�@< 5��h@3U* W�,Y
�
,)<O�� ���Z3$* +,#�*��* �,&]x�[.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
5-

24
 ]

 

                               5 / 8

https://ijcm.ir/article-1-273-fa.html


5�,RH� �5�Y�� ��E*�U ��	�&* �%
�H< ��$,S �RE�U �V�6���; F*�
* �$�%& ���> � �$�%&�,-< �-i� {|x

J�3� 0��:	#��4��,R�5$��< ��'& �<�*�R4 �
���� n��:� +,
�*� �c4!�* ��!��N�$.
Sample No Sample Type 226Ra Activity 

1

232Th Activit 
1

40K Activity 
1

Raeq (Bq.Kg-

1
Da

1
DE

Bh1 Hard red bauxite ��0 88 Nd �rt �{/|{ x�/�
Bh2 red bauxite x�/�{� 0�Gt� Nd �tu ��/|| xx/�
Bsh shaleBauxite ��0 �r �08 0bb �x/�{ ��/�
Bko Kaolinitic 

B i
�bt 0z Nd ��z w�/{{ ��/�

Bch Chamositic 
B i

}/��� x�/x� Nd �ut |�/�x �|/�
RM1 Red Mud 08b 08r 0ub utb �}/x}w x�/�
RM2 Red Mud 0tr 080 Nd z8b �{/x|� ��/�
RM3 Red Mud 0�t 00s Nd us� x}/x}{ xw/�
RM4 Red Mud 0�8 0�� Nd urr x�/x{x x�/�
RM5 Red Mud 08� 0�z 00� uzb w|/xwx �|/�
C-1 Clay �b x� �|� {| �� �.�|

��,�('5,7�9 1�
� �<�
!�* ^?�& 5�#  �;��? (Hex)�-?*� �(Hin)��,R� 5*�< 2��U T  5�4.

!* V#< 2��U T �'& �<�
!�* �
*!,7�9 �*'�� �> "
* �< �;,7 �<
 !�< !* V#9 2��U T �7 �$* +!N �$* ��*'��3$* 'A � V?�@m

 5�*,� �/
� �< "#:� �6�� 1
 �< ���R3?�$ \��h� �� ���Z3$*
 d,-�� '��*� �%#
�9 �
*! ,7�9 �> �,@& .�@$* +!N �"@
* �<�@%<

 �,& �6$�H� 2��U T de3?* �6�� .�@�*�H< �> �i�O !* "
�@7
 ,7�9 ���A �@< ����R3?�$ \��h� !* 5�#  5�@#  ,@7�9 �@-?*� 

(Hin)�
�9 ��$* �3�<*� 55�%6� �< de3?* �6�� W�6$�H� 
Hin �@@$* .��@@�� �de3@@?* �6�@@� F���O �@@$'< 5*�@@< *K@@�

^?�& �M? �-?*� (Hin)�*�@U �@> �>�@? � 2��U T 5*�< *�
 �� �6$�H� ��,& d,-�� �#�>,< �< �$* n�'@; �� �@> c#%>

)x(�$* �'& ��*� V
�R� .�> �7�,Y ��X�2@��U T@  �*'�� 
Y�� �> �$� �*'�� � c#@%> d,@-�� 2@��U T@  �< c#4*,?Z

j'@&�< g� � 2@��U T de3?* !* �&�� �'& ��i
* f�? �*'�� 
�]� ��,� ����:��<�,< '4*,? �
! W�,Y:

X + Y = Z )��{(
�V4�_9 "
* �� �> �i�O !*(Hin)�#�@>,< 5*�@< x{/x5*�@< �

�]� ��,� g� f�?x�/���>*'@A �@> "@
* �< �;,7 �< � �$* 
(Hin)�@<*�< '@
�< ���R3?�$ \��h� 5*�< �'@&�< ]��[�@���:� 
,<���< �S�� �3&,� �
! W�,Y �,&:

2.26X + 0.21Y = 1Z )x�{(
�*'�� F�*� �*�U �<Z����:� �� 5)x�{(����:� !* ���Z3$* �<5

)��{(���6�� F*,7x/y���O �$'< *� :
2.26X + 0.21Y = X + Y
1.26X = 0.79Y X/Y = 3/5

*�< 2��U T !* c#4*,�< � * �TY�A �
�3� �< �;,7 �<5�?�$ 
�4 5*!* �< '
�< c#%> ���Z3$* ���R3?�$ \��h��T !* 'A*� 

�2��U}�< �4�,7�9 F*2#� �7 �,& ���Z3$* g� f�? !* 'A*� 
'$�< ��*'��3$* 'A �
!.
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'-;x����R& �wF�3��! ����x M#H� ��
! �$��<�!* TY�A 2��U T  � �#�>,< �
*!,7�9 . . .{|�

J�3�7^?�&�45-?*� �M? �;��? ���< �'& �6$�H� *5��,R� �45g� � 2��U T  .

Sample Hex Hin 
RM1 }/� x/x
RM2 �/� }/x
RM3 }/� x/x
RM4 }/� x/x
RM5 }/� �/x
clay �/� x/�

�6�,� 
+,@@
�*� n��@@:� �*'@@��)Raeq(�6@@$�H� ���@@R7 5*�@@< �'@@&

��,R� !�i� 'A �
! �3#�>,< 5�4370Bq/Kg ��3�@  �� �5
146Bq/Kg-200Bq/Kg ��@@$* �#�@@>,< �e?�@@< �@@�� �@@4

 �@@�,R� ���@@R7 2@@��U T@@  5�@@4Raeq !�@@i� '@@A !* �3)@@#< 
370Bq/Kg ��3�@@  �� �5560Bq/Kg-630Bq/Kg �*�@@U 

'@@��*� .!�* c@@4 �+,@@
�*� n��@@:� '@@%��R4!�� 5*�@@< 2@@#� ��N�@@$
�@@�,R� ��*'��3@@$* '@@A �@@
! �3#�@@>,< 5�@@41mSν/y �@@3#R> 

"#< �3�@  �� � ,@7�9 �<*�< �� ���ZA �--R�*�50.17mSν/y-
0.22mSν/y ���@@R7 �#�@@>,< �e?�@@< �@@�� �'@@��*� �*�@@U 

��,R� !�* c4 2��U T 5�4!�� ��*'��3@$* '@A !* �3)@#< ��N�$ 
��3�  �� � �3&*�51.18 mSν/y-1.37 mSν/y '@��*� �*�U .

*�@@< 2@@��U T@@  �
*!,@@7�9 �<�@@
!�* 5*�@@<5\��h@@� �� ���Z3@@$* 
�^?�& ���R3?�$ �<�
!�* 1�
� ,7�9 5�@#  �;��@?)Hex (�

�-?*�)Hin (5*�< ��,R� 5�4 T �
�@3� � '�'@& �6@$�H� 2��U
�< �@�,R� ���R7 �> �$* "
* �/��#< �'�O �$� 2@��U T@  5�@4

 ��'Ax��*� �4�,7�9 !�i� 'A �<*�< .�@��?��> 2@��U T !* *K�
 �< +�;�; 5�%#�,�O �R� ^��? W�,Y \��h@� F*,@%. �@< F*,@7

 > ���Z3$* ���R3?�$ �/
� �*,� �< '
�< � ��5�
*!,7�9 \M$ �> 
��#  �*�U ���Z3$* ��,� ��$ � �'& d,-�� �3&*� �%#
�9 .��

�6�@� ���R3?�@$ \��h@� �� 2@��U T !* ���Z3$* 5*�< �
���
 �@&*� �%#
�@9 �
*!,@7�9 �@> �@$� f�@? �< 2��U T de3?*

 g� �< 2��U T de3?* �6�� � '& �6$�H���<}�<�@$�
'�O.
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]w[c#A� �,9 k�%< .L.��-#.�R$* �.�"�	*� ��39 �2�� �����> 
�#�>,< +�;�;"��-i� +,-. ��/)�*� �F*��7 '-; �@$ ��+,@$ 
���R& ��)��|{ (������x�.

]}[c$* ���?.�.�5��6U .k.����?�#�* .p�*.�"#@�* ���@?.o.�
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