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Abstract  
To investigate the effect of gamma irradiation on the disinfection of water and wastewater, water samples were 
collected from raw and filtered water and wastewater samples were taken from the effluent of the secondary 
sedimentation, polished effluent (1-day retention time), and also from filtered (rapid sand filter) effluent. The 
samples were irradiated with gamma collimated beam in a batch system using a Co-60 therapeutic gamma 
radiation machine with a radioactive source emission rate of 405.38CGy/min at different doses of 20-160 Gy and 
80-240 Gy, respectively. The samples were analyzed before and after irradiation for total and fecal 
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coliforms. It was observed that nearly 100% reduction was achieved in total and fecal coliforms in water samples 
treated with a dose of 160 Gy. Depending on effluent quality, disinfection efficiencies achieved using 240 Gy 
gamma irradiation for inactivation of total coliforms in wastewater samples were 83, 64, and 56 percent for 
filtered, clarified, and secondary effluents, respectively. The same values were nearly 81, 58, and 46 percent, 
respectively, for inactivation of fecal coliforms. At lower doses of 120-240Gy, the coliform bacteria were 
successfully inactivated. It was concluded that a linear correlation holds between the dose delivered and the 
inactivation of microorganisms, so that inactivation increases with increasing irradiation time. 

Keywords: Disinfection, Water, Treated Wastewater, Gamma Irradiation. 
 

P
;���� 
?����( ��� ����'��I ����� �� ���./�0� ��  "2�+�3 � "� �����1C�

 �� ,�f�� �r�-�3 ��I .�� ��  e�� 
��� �� ���./�0� ����� !����	P
 �.#� B4�	/r#� �r���  B���� B�r�� ��	P ?��I 4�-���� !����	P �/0�

 � �/  �!����	P 4�-����	�})~.C ����� �EI� (�� :��
� 1��I ]7[.
./0� ��0� �����1C� 
��� !�;I�� �X'� �� B����	P �� ���.1�CU 	�� 

�� 1��I��& ���� �����1�C� ���G�& o5�F �  ����	P �� ���./0� �F
 ��I�� B4�-���� !����	P �� ���./0� �#� �0� ���  ���� ���� :�1�

  �F �0��B	/5�  ��.� ��1� 	>�& 	3 �� R�  �����F������1�C� 1C�
 �� ���� 1�#�� ,1( ��@�B�0� �/3	� ��	� ���� ���� Q�	�&� .
�CO'�
 �F �I�� ���� 1�� T�'0 	�/'F ����� ��	P �  �1I �����1C� "��P �

�0�]8�L[.~ �� �� ���./0� 4�� !�� � "� -�#������ ��(�  ���0
 4�	/r#� ��f�� D�r���� B����1�� !������ 4q��1��� � ?������1�� 

�� ��I�~C��� �  ?�� ��'��I !��� D��E3	�} ]@�0 ��;�� !��� ��
:��������	r�� 4��'� ����#� ��-f� � �� �� �� ��I ]M�N[.

���C�-� ������ �E��I� ���  �����1��C� B"� ��.%��� !�	��  ]��#�� !�
 �  
f# � "2+�3 	3 	���0 ��  ]��F	� �� � :�
/��� ���G���1�C�

�  �� ��'I ���]b[.��� ��0� ����>�C���	/r#� ������ �� ���� �EI�
D���> !���� ������ ����.� ��1��� � ������F ����� ���0� .e�� 
����
 �  �����1C� ����-�� �� �	5/C� ���� �EI� ~ �� ���G |>��0 !�� 

4� �1CC� ):�-0k7Lc �#�@� �� kbn(�0� "��P � "� �  .��1��
 ���� |@C�B
��E� ����� �E�I� ��  H��'� 4��� �1CCF ��0� .!�����	P

4�� 4�� :����r� �� ��	> �� ��0 �	�� � !��0 !���� S���� �  Bx
 ��� !q	��� D��@� 1�CC� .4��� B�1��� ��3�  �� ���f�� ]���� !���0

D�r���� |�@� ��  � �#�X0 4��� �#�rX� !����/&�0 	���� B���� !��
 ��� D�X0 �	� Q�/��;� � �#�X0-�� ��-�� ��/&�0 	���� 4� ���I]c[.

!�	  �� ���� �EI� 1�#�� �/��� !��;����	�� ��1�K�� �� 4��� -��� !�
 ��'� ���./0�.����� �3����  �;� �� 	a�� ���� ��1K�� 
�� � ����  

�  ����/F�� ��/F������ 1K�� �� ��'I 1�� ]l[.
��F ��0� �-����� �Cr3����	P �X�G� j�1��� x��X��� !��1�0�

"	��r�� ���r�/�q ������ ]���	A� ���(�  ���� ���� ����I .!q	���� ����0
 "���P 1��#�� ]���� �J�# � ����  
���P Q�/@�� �����	P ���/������� 

�'� ��I .� �-���� �C<3���	P 1��#���  B:�
/��� 	�} �� � :�
/�� ��>

D�<���� :��������	<�� B���� !�� �� D�E3 	�} �� �� ���0.���� ��	P 
"	<�� ]�	A� �  ���� �#� ��/&�0 	���� � ���0� .��  �����1C� ��

 ��<�-�3 o�X/A� !�����/F�3 ���� �EI� 1�C��� � ��1�� � ���� B|�@C
 ����'�I 1C��� H��= ?���( ��V�.= � �1CCF !�����/F�3 � �1�CCF

 �<�q�#��-�3 �� �<�q�#��  1C��� ��1
� � 1I� ��3DNA 1����� 	a� .
:���������	r�� ��0��= *��� ��  �/��  B�Cr3����	P ��  �@��� ���

 �0� 	��/� 4q���P .� "� �����1C� �� ����	P �� ���./0� !q�#�Cr�
 �� 
f# � "2+�3 ��0� �1�I ��0�	  ����� o�X/A� ^��
� .��U	��

 �  ]�	�NnS�
3 ��#� 1�I ��	  �P ���� �EI� �� ���./0� �  ?@� D�0 
�� ���	P 
��� ��
#��  ~�
� ����� �� e��-� 
�1CU 	�&� !�;#�0 ��

 ���� ���� "2+�3 ��.%� .o�X/A� !����5�F �� 	��&� ���E#���
 � ����`"2�+�3 � "� ��.%�� 	�  4�-���� ~ �� 	�a ����'� �� �a ��
�0� .D�0 ��7mm8 y����C3 ��C��� �� ��F 1�C� ��'�� !q	�� ~A 

 z����	P� ��WC� ���#�E3 S���� ��V�.= � ���'( �I�1;  �
��� 
��.%� "��P �����1C� B���� �./�0� ��  �� "2�+�3 ����& �E�I� �� ��

 4q���P ��  jJ= �� ���� ��� ��	�� �0�	  ���� �� .~ ��� ��-��;f�
 � ��.%� !�	  ��0� �1�I ]%� !���� !����5� �� "2+�3 � ".

D��0 �� 
�f# �����1�C� !�	�  ����� ~ ��� :/��0 
�#��7mcL �� 
�  �� 1I ]%� 4�'#� "� !��;��U �� �r�q�#��  ,	� ~��� ��WC�

�3	� ��	� ���./0� ���� :� .
� B�E#��� 
�� ,�f�� �� j1�`� "� �����1�C� 	�  ����� �EI� 	�a

 ��  "��P .4��� �� �1�I ,��f�� ���E#��� ��	� �  ��
�� 
�� ,�f�� 
B��5F ?&�� ���5���P ���	P ��  "���P � "� �����1C� �C��� �� 

4�	�� �� ����15� �1��5�.

Q
�->E# E ���� 
4����	� ���  ����/��� x��� �� � �����  �.���G�� *���� �� ���E#��� 
����

�/0��P��d1�I ,�f�� ���_5����� H��
� �� .���
�� 
��� �� !�	�  
 ,	�.�XF jJ�= �� ���� �EI� ������ �0�	 ����'� B��� �� 	<�� !���

�  �W�# ���G ��.%� �  !���� ,�& "� �� !� ����& 4�;.�G� "� �
4��0�	/X�3 �� 1E )�����1�C� 1=�� �� ?@� (����;� "���P �� -��� �

1 Batch 



30����� � ������� ���	 
��


��.%��� �� �����	& �����;� "����P B4�;.��G� D�'��I "2��+�3 �����&
DR� X���P 1�=�� Y�� �� �1I !��0 � ��� Y�� 1���� 4���� ��  ��

 ���� �C�I 	�/X�3 ��X��P 1=�� Y� S0�� �1I 	/X�3 ���;� "��P
 ���� �  ��53 !�� M��b��X�� |�'� B	�/� 1�I !���.���0 ~������

 � 	r��!�	  ,	.�X� ��  
��E� ��  �(�31�� � ?�� !�� 	��'A� e��
 �#�# 1CU ���'� !�� 	  !� 1I ,�f�� "��P � "� !��]N[.����'� ��� 

��	P ~A  �  � 1I ���� D�
/�� 4�;.G� �1;5#�1�0 4�/0��'�  ������
 ��_/0� S0��60Co ��  1���	� ������	P B����� �E�I� |�@C� 4���C( .
�#�@� ��_/0� �<C��3 D1� bnd���./�0� !�	�  ?���� ��_/0� x� 

���X� �'5��U ?����I ���� ���0� ���P�	�60CoBB~&	��U ?�� �� !	��/C� 
� B~&	U ? �� 4���� 	0 �(�'f� ��A� B:��WC� ���X �� �  ����'�X

 �0� 4��	3 -�� � �/0� D	/C� B4����)?<I7.(

Ub>R
��_/0� 	��%�60CO ���'� �����	P �;� ���./0� ���� ��
�E#��� 
�� ��

���'� �����	P 4�-�� !	�� ]��= 	�  ���)� J�� �� 1�=�� (�� 
 �  �� �#�@� ��_/0� ���	& ��%A5� �� ���./0� ������� ���G �� 

��� 
���E� �����	P ~A  �/���0 ]��= 	�  B��	�� ��
��� �� !	��
1I �@0���.

=��_/0� �� �1I |>�0 ���� �EI� ��60Co 
CGy/minLl/MnN =N/ml%×nlc/7×b7/Lcl 

���'� � "� !�� �1�N��Mn���'� � �
��� � "��P !�� �1�
8n �� bn1C/3	� ��	� �����	P ���� �
��� .��  ���� �  �1�I ���	P 

���'� �����	P 4��� �1� � ���	& ���'� 	� �/3���� �� 4�-�� B��
1I 
��E� 	�� �� �� �@> 

D=I×t )7(
�� �� 
�� �� �F 

DB�/3������ �� 4�-���� t� �������	P 4����� I�����	& ����	P �1��I 
��0.

1 Phoenix 60 

B�����	P ?'( �� �P!�	  ,	�.�XF jJ�= 1�G�� 
��E� �� ���
���'� 	3 ������F 
��E� � �1I �����	P !���?�'( �� ������	P 1�C�

�����1C�B����'� !�� 	�  �� 	<�� ~������ Q��1�f� 1�I ,��f�� ��� .
~����� !�� ���'� !�� 	  � 	r�� "� !���B��  1�CU 	��'A� e��

�#�# !�)7n�#�# S��� �� !� ¤�	  ��/�R8�/WX} ("��P !�	  �
��� �� !��Lk7nBMk7nBNk7n1I ,�f�� ]N[.

k
\���) E[(	 
4q���P 
�  �� �  �Cr3���	P 	a� �� ����	/��  !��8nn �� Lnn �X�� 

�  ��� !	a�� ��>)lkb:/����_# (��� ~���� 1�C �� .��7��� ��_� 
(Mrad) 4q���P jJ= !�	  B�U��� B����	/��  !�� -��� � ��0�	��

?_�� �3�� ���0� .D��0 �� ��F ���
�
�� �@>8nnb 	�  ��1��  �� 
,��f�� !	;�I "2�+�3 �����1C� 	  4�-���� !����	P �����F !��

 B1��I��Nnn k7nn :����������	<�� ~����F �� ��� 1��= �� ����
 ��  	a�� ���1��/0�]8[.��N4�	�/r#� �� !	� �X�� !q	��� 	�P !���

 ~��� �(� mn��1I "��P � 	r�� ��  1G]m[.
� ����� B���E#��� 
,	��.�XF ��1��E� �� ���P �(�31��� � ?��F !����

�� �  �����	PGy  7bnB��MPN/100mL 8L	.�G �  1��0� �� �
�1I 	/X�3 "� ���'� -�� ��MPN/100mL 7b��3�� ~��F 	.G �  

)?<I8(.��.%�� �� ���	& �����a "��P ���'� �� "2�+�3 ����&
 B4�;.G� D�'I�� �  �����	P �� �PGy 8Mn B,	�.�XF ��1�E� �� ���
MPN/100mL 7nN×c/7� MPN/100mL 7nM×N/c��1�E� �

,	.�XF �� �(�31� !��MPN/100mL 7nM×N��  MPN/100mL 
7nM×7/8����3�� ~�����F )?<���ILko���#� .(��1���E� 
����CO'�

,	.�XF Y�� �� �1I DR� "��P ���'� �� B�5 �� �� 
�� �� ?F !��
�� �� ��� Y������� 1��������� 4��������� �������  ��X��������P 1������= 

MPN/100mL 7nM×N/c� MPN/100mL 7nM×c/8��1�E� �
,	����.�XF �� �(�31����� !������MPN/100mL 7nM×L/L�����  

MPN/100mL 7nM×8/7�3�� ~��F )?<ILk".(
��_/0� �  �F 1C� �� �1I ,�f�� ��
�
�� �@> 	  60Co ��1� �  

�����	Pln,��f�� !���� �X�� 1�I � B�8����� �E�I� �� !	���X�� 
,	�.�XF ���  	a��� ~���F �(�  �� 	�/'F ��  ,��& "2�+�3 �� ��� 

CFU/ml7nn1��I ."����P ����'���I�<�-�3 !����	/����P 
���CO'�
 ���1�� -�� ���� �EI� �  �1I �����1C� �� ���./�0� !�	�  ��F 1�I !	��

 ��  ]0�C� !����5F]7n[.
�X���P 1=�� �� �1I 	/X�3 "��P ���'� �� ��1�E� B�C�I 	�/X�3 �

,	��.�XF �� ����MPN/100mL7nM×L/8���  MPN/100mL Mnnn 
,	��.�XF ��1��E�� �� �(�31��� !����MPN/100mL 7nM×7/8���  
MPN/100mL Mnnn���3�� ~����F )?<��ILk�(.���  ,�R 	��F�

 !���� �� �F �0� Gy8Mnk78n B����'� ��	.�XF ��  ��  ��� ���>



31 ��������	 
��
����� � �� 

!	a����)Nn���� ln1��G�� (1��C/3�� ~����F .�� ���F ������ 4���'�
 �� !������'�k�� �1�� ¥0�P ���'� �����	P �  B��I ,��& "� !��

 	/X�3 ��5 �� �� �� �1IGy 7bn,	.�XF B ���D��E3 	�} ?��F ��>
1�1I)?<IMko#� (.����'� �����	P �� �E�I� �� �� "���P !���

Gy8Mn D�E3 	�} B����'� �� ?F ,	.�XF !��0 B������a "���P !���
DR� ���  �1��I 	��/X�3 � �1��I ]����	�NbBbM�lL����  1��G�� 

)?<IMk".(
./0���� ?��� H��
� �� "2+�3 �����1C� �� ���� �EI� �� ��� 

1���I ,����f�� 4����'#� .�����
�� 
����� �� !�	���  ������� �E���I� �� 
D�E3	�} !��0LogM��X� �� ,	�.�X� � ���q�3 ���BGyNnnn 
���E� 

1�I .~����� !�	�  !	��_�� ���E#��� ��Log7,	��.�X� �� �� B����Gy 
8nn �D��E3	�} !�	  !���0Log MkL,	�.�X� �� "2�+�3 �� ���

 �� B,�& Gy8nnnk7nnn ��  ���� ���� .!	/��  !�	  1�#�� !���
 ���0�GyNnnn D��E3 	�} !�	  �!���0Log 7���X����I	I� ��  

�� ������ �E��I�Gy ln!�	��  � �1��I e��-��� Log MB��Gy 8Nn 
;C5�P����0� �1I ]77�78[.����F 
�CO'���
��� �� ����� �EI� �

D�E3 	�} !�	  �� ��  �(�31�� ,	�.�XF !���0 ]���	�MbBNl�l7
���'� �� 1G�� 4�5�� �� �1�I	/X�3 � �1�I DR� B������a "��P !��

�� 1��.

0
2

4
6

8
10

12

0 40 80 120 160 200
Dose, Gy

M
PN

/1
00

m
L K6�

 

0

2

4

6

8

10

0 40 80 120 160 200
Dose,Gy

M
PN

/1
00

m
L ^

Ub>q
�� �� ���� �EI� �  �����1C� �� �P �(�31� � ?F ,	.�XF 4�-�� ����'� Gy7bn :o#� (" � ,�& "� �� (�1I 	/X�3 "� ��
��.%� 4�;.G� "� ���& 

0

50

100

150

200

40 80 120 160 200 240
Dose,Gy

M
PN

/1
00

m
L×

10
00 TC FC

K6�TC FC

0

25

50

75

100

40 80 120 160 200 240
Dose,Gy

M
PN

/1
00

m
l×

10
00

TC FC

0

5

10

15

20

40 80 120 160 200 240
Dose,Gy

M
PN

/1
0

0
m

l×
1

0
0

0

Ub>S
�� �� ���� �EI� �  �����1C� �� �P �(�31� � ?� ,	.�X� 4�-�� ����'�Gy8Mn :o#� (��.%� �� ���	& �����a "��P �����&
" B4�;.G� D�'I "2+�3 (DR� �����a "��P ��� �� �1I !��0� � ��� Y� 1��� 4��� �  ��X��P 1=� (�1I 	/X�3 �����a "��P ��

*

+,%
-



32����� � ������� ���	 
��


��: ^� F�> 
�*�$ ̂ �

0

20

40

60

80

100

160 120 80 40 20
Gy¤;�>� 9�

(%
)`

9�
�
L�

�$

�

"_
��#
�¦

;��)�5 ^�0. F�> Li9 ^�0. F�> 
�*�$ ^�0.

0

20

40

60

80

100

240 200 160 120 80

Gy,;�>� 9�
(%

)`
9�
�
L�

�$

�

"_
��#

�¦

^

Ub>T
!�� ,	.�X� !��0 D�E3	�} �� ���� �EI� �����F ����'� 
�(�31� :o#� (�� �� "� !�� ���'� ��Gy 7bn�
"(���'� ���� �� "��P !��Gy 8Mn 

j
;3��) �
�D 
���'� �� Y� 	� �� !���� 4���� "� !�� ����.� B�1I 	/X�3 � ,�&

���CE� ,	��.�XF ��1��E� 
���  !��� �����'� !���� �� 1��E  � ?��@� "� !����
 ��� 4�5� �����	P .�� �  ���� �EI�Gy 7bn D�E3 	�} �  ���� !��0

 !	/F�  ��XF ��.%�� �� �(�31� � ?F ,	.�XF !�� 4�;.�G� "� ����&
�0� ���� �E�I� ��  �����1�C� ���	> �� "	I "� !�����1��/0� ��

�0� D�%= ? ��)P-Value<0.001 .( ,	�.�XF ��1�E� 
�  
�CO'�
���'� "��P !��)DR� B�����a �1�I 	/X�3 � �1I !��0 (1�E  � ?�@�

 ��CE� ����.� B�����	P �� ���  ���)P-Value<0.05 .( �� ��U 	���
���'� �C�I 4���0�	/X�3 ��X���P 1=�� S0�� �1I 	/X�3 "��P !��B

,	.�XF jJ= 4��1���  �� �� ��  ����� �E�I� �� ���./0� �Gy8Mn Bln
1G����  ��� B�� 
�� ��  ?�F ,	�.�XF 41���0� ��  ����� ��C� 4�-���

7nnn �� ?��F ,	��.�XF 7nn���X�� � 	��/�#Mnn �� �(�31��� ,	��.�XF 
7nn "��P 	/�# �X�� )4�	��� ���� S��� 4����0 !�����1��/0� (

���� .!���� 4���� �@>t� B?
/�� `���� �E�I� 	�a �����1�C� 	�  �
���'� �� �� 	/5�  �1I 	/X�3 "� !��`����'� 	�  4� 	�a ,��& "� !���

��  .�� B�3	�r� ������� -�#��� !���� 4���� H�0� 	  
�CO'�`	�a
 ���'� �����1C� 	  ���� �EI� ��  �����
� �� �1�I 	�/X�3 "���P !���

DR� � �����a "��P 	/5�  �1I !��0 �� .

X
g7�
� 
1- Tchobanglous, G., and Burton, F. (2003). Wastewater Engineering Treatment, disposal and reuse, 4th Ed., 

McGraw-Hill, Metcalf and Eddy Inc., New York. 
2- Al-Ani, M. Y., and Al-Khalidy, F. R. (2006). “Use of ionizing radiation technology for treating municipal 

wastewater.” Int. J. Environ. Res. Public Health, 3(4), 360-368. 
3- Thompson, E. J., and Blatchley, R. E. (1999). “Toxicity effects of gamma irradiated wastewater 

effluents.”Wat. Res., 33 (9) 2053-2058, 
4- William, R. H., Geoffrey S. L., and Hendee, E. G. (2005). Radiation therapy physics, John Wiley and Sons 

Inc. Publication, New York. 
5- Clesceri, L. S., Greenberg, A. E., and Eaton, A. D. (2005). Standard methods for the examination of water 

and wastewater, 20th Ed., American Public Health Association, WEF., AWWA, Washington DC. 
6- Knecht, A. M. (2001). Hazardous and radioactive waste treatment technologies handbook, 1st Ed., Idaho 

National Engineering and Environmental Laboratory, USA. 
7- Taghipour, F. (2004). “Ultraviolet and ionizing radiation for microorganism inactivation.” Water Research, 38 

(18), 3940-3948. 
8- Swinwood, J. F., Waite, T. D., kruge, P. R., and Raso, S. M. (1994). “Radiation : Technologies for water 

treatment, A global prespective.” J. of the International Atomic Energy Agency, 36 (1), 5-11. 
9- Behjat, A., Mozahheb, S. A., Khalili, M. B., Vakhshoor, B., Zareshaei, H., and Fallahzadeh, M. (2007). 

“Advanced oxidation treatment of drinking water and wastewater using light-energy electron beam 
irradiation.” J. of Water and Wastewater, 61, 60-68. (In Persian) 

10- Gautam, S., Shah, M. R., Sabharwal, S., and Sharma, A. (2005). “Gamma irradiation of municipal sludge for 
safe disposal and agricultural use.” Wat. Res., 77 (5), 427-429. 

11- Thompson, E. (1997). Gamma irradiation for disinfection of water and wastewater, Francis Pub., Purdue 
University, Indiana. 

12- Rawat, K. P., Sharma, A., and Rao, S. M. (1998). “Microbiological and physiochemical analysis of radiation 
disinfection municipal sewage.” Wat. Res., 32 (3) 737-740. 


