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��� �Silent spring� ������  Rachel Carson '(��()*+),-�./ 0.2. 1962 7�8
�9��:;<��'=>��	�
�?����2��
@)
A�� �B)�C	�
�(�('( D<��'?�-�8�9�>��0:�+	+�E9-�
CFF
�*�:2�, ��
��������
-A8	�
�0+(����9��:'(���*�>�F�>�'?�-�8+�E= ,�9C	��:,F��9� 7�8
�F
G9�
C'F'�H�'���
��9C'���8�+�����'?�9� 	*��+(A(:*�F��9���	@I	*H� ����	
��9�+�(H'?�
-�8.
C�'2���� J 7�8�
C����;<�0:�+�'=>����
-A8	�
�0+('(���*�0:�+�?��.K��9C�?�7.	@�
��
 ��9*���
-A8	�
�(�('(-�'(�	E� (Jjemba, 2004) 
 ;<��+8�(�('(�C�.K�	�
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*+�V'(���08���)( ��9X��8�  D<�����-�8��*�0:�+�.K�)*=�
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(Vallack  et  al., 1998) -�.
C�'27' +(��
�?��>8��9C-A8	�
�?����2��
@)
A�9E�+��
,����09�
(�
�.K�
C C�:9��������'(��C+(��
�9*�-A8	�
-��9E�+�(HF��A�*� �A�� F(��AD( �(9�
*� (Dieldrin) �9C 
�(�('( ����X ��+(��
�
:�)F	�
-��9� )
H�'(�>��.
C�'2 �A�� )
H�'(�F
*�:V'C�9	�F	�>9� (FEI
�	
*+ �D��9�� , 2540;  �*0+ 9C���2*
*:�2, �9C ��*���',  �+���+��, 2542) �9C-�)
H�'(��)�C.9@�
�9� ���� 
:+'�H�7�8+(
� ���;<���
7�8
�F)*=���	�
�?����2��
@)
A�9E�+��
,����09�
(�
F�� 0
�H� (�2
 � )��UE,:*
* C)�2, �9C)@9	E> �`'� U��	���*a, 2542) �� �B)�C���	�
�(�('(
�9C��AD(��A D<��+(.
C	*'U*W�)	@�-���
�?����2��
@)
A   

���.bI������9��: �<�+(0:�+) � �+-���
�?����	�
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marcescens DT-1P (Bidlan and Manonmani, 2002) Lactobacillus plantarum �9C Micrococcus 
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:+;<���0�*��+� D(	 �9C�A
H�
�F��A�*� �.K��8� ��
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1. �������
���������� ���	
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	,!	
	′′′′-$�$���  

 �(�('( �

� )�
�,)�
�′-�(�('( (p,p′-DDT) (W�)'(� 1) +(	@�
'���0+( 0
� C14H9Cl5 A
��'��
�0+( 0
� 1,1,1-Trichloro-2,2-bis(4-chlorophenyl)ethane (Smith, 1991) �.K� �q���+9��?�):�09�
*
���7r��
0�
,F�� (chlorinated hydrocarbon) ;@�	���0
�C�,><H�+�0
�H��
�-�./ 0.2. 1874 ��  
Othmar Zeidler D<���.K�A�:� �
+�� -�>VC��H� ��7+�+(��
08�)F0EV	+F��*��
�.K�	�
q���+9� 
���+�-�./ 0.2. 1939 Paul Müller A�:	:*��D�
,�9��,�.K�G@8)F:��	�
.
C��FA�*��(H+(0EV	+F��*
�.K� �q���+9�7�8 (�./w +2���*a +��C�2:�, 2540) �<�7�8��	*'U*F��
7:8-�./ 0.2. 1940 �9C�?�
���:���?����� -�./ 0.2. 1942 (Fuchs and Schröder, 1983)  

�(�('( +(9��=VC�.K�G9<�	(>�:9C��( � +(�E��9�+��9:'(� 108.5 - 109 ��2��D9�D( 	 +(�E�
��
��'(� 185 ��2��D9�D( 	 �9C+(0:�+���7� 1.5 x 10-7 +*99*�+�
.
�' '(� 20 ��2��D9�D( 	 �(�('(+(
0EV	+F��*9C9� 7�8�(-�7>+�� '?�-�8	C	+7�8�(-���
��� 
��7>+�� �(�('(7+�	9� ��� �� �	��E9�
�
7:���9� �9C	�+�
;0�� @�-�	*���:�98�+7�8��� (�./w +2���*a +��C�2:�, 2543) 

�(�('('(�-A8'��:7.�.K�A�*��'0�*0�9��
�'(�� @�-�
@.>��)�
�,)�
�′-�(�('(
8� 9C 77.1 
���U,)�
�-7�09��
7�{/�*97�09��
�(�'� �

� ���U, )�
�-�(�(�( (o,p-DDD) 
8� 9C 0.3 
���U,)�
�-7�09��
7�{/�*97�09��
�('(� �

� ���U,)�
�-�(�(�( (o,p-DDE) 
8� 9C 0.1 )�

�,)�
�′-7�09��
7�{/�*97�09��
�('(� �

� )�
�,)�
�′-�(�(�( (p,p′-DDE) 
8� 9C 4 �9C
��0,.
C��F�
�� J �(�
8� 9C 3.5  

�(�('(9C9� 7�8�(-���:'?�9C9� '(�7+�+(>�H: +(0:�+	�+�
;-���
9C9�  (�����:'?�9C9�  
100 +*99*9*�
) 58 �
�+-��CD*��� 2 �
�+-���'���9 106 �
�+-��F�D(� 45 �
�+-�0�
,F��      
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���
C09�7
�, 116 �
�+-�7D�09�r�DC��� �9C 28 �
�+-���'*9�(�'�
,  �(�('(��'C�F( �W� -�8
A
��'����
08�+��+� �A�� Anofex, Casarex, Didimac, Digma, Dinocide, Genitox, 
Guesarol, Gyron, Ixodex, Neocid, �9C Zerdane (Smith, 1991) 

 

 
W�)'(�  1  �0
�	
8��'���0+(>���(�('( 
Figure 1.  Chemical structure of DDT. 
'(�+� : Fuchs �9C Schröder (1983) 
 

2. &��
��� ���	
!	
	,!	
	′-$�$���
'�������(���
 
	�
�?����2��
@)
A�9E�+09�
*���7r��
0�
,F���C���`'U*aq���+9��� ��
�.9(� �
CFF

	
(
:*' �>���*�9X0�
��-��D99, (electro-physiological) �9C0EV	+F��*>��
CFF���7D+,>��
��
H�� 
���D99,.
C	�' �.K�	����E-�8�.9(� ��.9���
�09
���'(�>���D��( + �9C�)�'	�D( +
7���� (Na+, K+) G�����
H�� 
������9��: ��������H� ��
F�:���
>�;�� �09�D( + �

� �*��

+
>�����7D+, Ca2+-ATPase �9C �*��

+>�����7D+,{�	�{70��	 (phosphokinase) (Smith, 
1991) 

	�
)�
�,)�
�′-�(�('(�.K�	�
�9E�+09�
*���7r��
0�
,F��D<��+(0EV	+F��*��08��� @-�
	*���:�98�+7�8��� �9C �� 	9� 7�8 �� '?�-�8	*��+(A(:*��
��J '(���2� � @�F
*�:V)
H�'(�.��.mn���9C
F
*�:V-�98�0( ��+
��7�8
�F	�
A�*��(H�>8�	@�
����� �C��*���
	C	+'?�-�8��*�G9�
C'F���	E>W�)-�

C C �: �� �B)�C-�+�E= ,D<��	�:�-�I�7�8
�F	�
�9E�+�(H��
��������
.��.mn��-�����
 	�
�C
�>8�	@�
����� >��	*��+(A(:*�'��9+�� -� ��

�F.
C'�� �9C��
�@�D<+G���G*:���� D<����
�@�D<+
'��G*:����+(����	��*�><H�7�8�8� -��
V('(�	�
)*=� @�-�
@.G� ���;8�� @�-�
@.>��	�
9C9� �+
��
9C9� -�7>+���

���:'?�9C9� �C�@�D<+� ���
:��
X:G���G*:����'?�-�8��*�0:�+�.K�)*=7�8  
(�./w +2���*a +��C�2:�, 2543) 
C��F0:�+�.K�)*=>���(�('(���	*��+(A(:*��C�����������+
��� @�-�
	W�)'(�������� (��
��'(� 1) 

.�*�*
* ��9��-���
 �� 	9� 	�
�(�('(-�
����� +�E= ,�����*�G���.�*�*
* ��(7r��
�(��A��� 
(dehydrogenation) 7�8�.K��(�(�( �

�.�*�
* ��(r��9�(��A��� (dehalogenation) 7�8�.K��(�(�( �����H�
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G����
CF:���

(���'({�(09�
*��A��� (reductive dechlorination) �9C���D*��A��� (oxidation) 
��+9?���F ��7�8	�
7�09��
7�{/�*97�09��
�CD*��� �

� �(�(�� (W�)'(� 2) D<��	�
)*=��9���(H�C
D<+G���� 
���E8+�D99,�>8�7.� @�-�A�H�7>+����+	�:����� J >��
�����  �A�� F
*�:V
CFF.
C	�'
	�:��9�� ��F �9C7� �.K��8� 	�
)*=��9���(H�C�>8�7.'?�9� 
CFF���7D+,'(�	?�0�I-����9C	�:� 
�9C�.9(� ��.9��*��

+'��A(:�0+(>���D99, (Smith, 1991)  
 
��
��'(� 1  
C��F0:�+�.K�)*=�B( F)9��>���(�('( (LD50) '��.���9CG*:�������	��:, 
Table 1.  Acute oral and dermal LD50 levels of DDT to animals. 

Species Formulation Oral (mg/kg) Dermal (mg/kg) 

Rat Water suspension or powder 
Oil solution 

500 - 2500 
113 - 450 

1000 
250 - 3000 

Mouse Water suspension or powder 
Oil solution 

300 - 1600 
100 - 800 

375 
250 - 500 

Guinea pig Water suspension or powder 
Oil solution 

2000 
250 - 560 

1500 
1000 

Rabbit Water suspension or powder 
Oil solution 

275 
300 - 1770 

375 
300 - 2820 

Dog Water suspension or powder 
Oil solution 

>300 
 

Cat Water suspension or powder 100 - 410  

'(�+� : Smith (1991) 
 

+(
� �����
��08��>��	�
�(�('(-�
����� >��+�E= ,-�G9���:*�� �9� BF�F �A��

� ���>�� Stuetz �9C0VC (2001) 7�8'?���
	?�
:�	�
�?����2��
@)
A�9E�+��
,����09�
(�-�
�H?��+>��G@8�I*�'(�+(FE�
 25 0� '��������
�>��.
C�'27'  )F	�
-��9E�+�(�('('�H�-�
C��F
.���9���9C
C��F	@� 0
� 209 �9C 2012 �����
�+���+*99*9*�
 ��������H� ��)F	�
	�
�?����
2��
@)
A�9E�+��
,����09�
(�A�*��
�� J �A�� �r.��09� (Heptachlor) �9C��AD(��A -��H?��+�8: 
�A����( :���  
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�2
 � )��UE,:*
* C)�=, �9C )@9	E> �`'� U��	���*a (2542) 7�8'?���
	?�
:��9
����=�
�

�?��:� 104 ��:� ������)
H�'(���=�
�

+-�����:��	
C��8:�9C�E'� U��( .
C�'27'  )F.
*+�V
	�
)*=�9E�+��
,����09�
(�-��9
����� 100 ��:� ��� 0*��.K�
8� 9C 96 �� �.K�	�
A�*�
)�
�,)�
�′-�(�('(;<�
8� 9C 31 >���?��:���:� ���'(�)F 

 
W�)'(�  2  :*;(��
 �� 	9� 	�
�(�('(-�+�E= , 
Figure 2.  Degradation pathway of DDT in human body. 
'(�+� : Baloch �9C Haseeb (1996) 
 

	�
�?����2��
@)
A�9E�+��
,����09�
(�+�����-�8��*�0:�+�.K�)*=�

H�
�� �A�� +(G9�
C'F
���
CFFW@+*0E8+���-�	*��+(A(:*� �� 
CFFW@+*0E8+����C+(0:�+7:���0:�+�.9(� ��.9�	@��+
��7�8
�F
	�
�(H (Han and Stone, 1998 �8����  Vallack et al., 1998) �A�� -���
2<�=�G9>����AD(��A���
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CFFW@+*0E8+���-�9@���@ )F:�� +(G9�����
9�9�>���+X��9
��>�: (lymphocyte) -�>VC'(����
��
2<�=�>�� Broughton �9C0VC (1990 �8����  Vallack et  al., 1998) )F:�� ��
7�8
�F	�
�9E�+
09���� (chlordane) +(G9'?�-�8
CFFW@+*0E8+���>��G@8.�: 7+�'?���� (autoimmune disorder)  

+(
� ���:��	�
�?����2��
@)
A�9E�+��
,����09�
(�A�*��(�('(	�+�
;9C9� 7�8�(-�7>+��
�9C+(G9�����
��*�+C�
X���8��+ �� ��*�	�
.
C��F�A*�D8��
C�:����(�('(�9C��:
�F��	��
��� 
(estrogen receptors) -���
H�� 
��F
*�:V��8��+'?�-�8��*�0:�+G*�.��* D<������.K�	����E-���
��*�
+C�
X���8��+7�8 (Jaga, 2000) ��������H�+(
� ���:��.9��'
�:,�C+(����
��F	�������EV�W@+*'(�
	@I�	( 7.�+
��7�8
�F)*=	C	+>���(�('(�.K�
C C�:9���� (Anderson, 1968 �8����  �./w +2���*a 
+��C�2:�, 2543) 

)*=>���(�('(><H�� @���F9��=VC'(�;@��?�7.-A8 �A�� -�
@.�E��G��C+()*=+��-�	��:,):��+9� 
���;8��(�('('(�9C9� -��H?�+���98: �+
��;@�G*:�����C�@�D<+'��'(�9C�.K�)*=���	��:,�9� A�*� �(�('('(�
�>8�7.	C	+-�
����� +�E= ,��+�:� :C����J �C'?�-�8
����� ��*�0:�+�����)9(  
CFF.
C	�'
������ '?�-�8�D99,�E8+.
C	�'�9C� 
��	+������	F�.K��G97�8 	�:�����
>��)*=�B( F)9�� 
7�8��� 9*H��+�0:�+
@8	<� 
*+�/.���9C��8��+�0:�+
@8	<� :*��:( � ��*��D ����( � ��:	��� �9C.:�
2(
=C (�./w +2���*a +��C�2:�, 2543) 
 
3. �	
�!��� *+�
	���	$��,'��-.'�	,	
 ���	
!	
	,!	
	′-$�$��� 

	�
)�
�,)�
�′-�(�('(����.K�	�
'(�0�� @�-�	*���:�98�+7�8��� (persistent) �97���

�)*�+><H���+��:��D�����
��*�><H���
������	�
'(�.��.mn����H�+(0:�+	�+�
;-���
9C9� �H?���?� 
�9C'������
 �� 	9� �� �
CF:���
�+�'F�9*D<+ �����H�	�
.��.mn��'(�0�� @�-�	*���:�98�+
7�8���	�:�-�I��C;@� �� 	9� �� �E9*�'
( ,7�8A8�+�� �<�'?�-�8	�
��9����H�	C	+-�.
*+�V	@�
-�	*��+(A(:*��+8:���C+(.
*+�V��08��-�U

+A��*�)( ��9X��8� �X��+  (Vallack et  al., 1998) 

�
CF:���
 �� 	9� �9C�
CF:���
�)
��
C�� '��A(:W�)>��	�
�9E�+�(H-�
CFF
�*�:2:*' �-��*� ��+(��
2<�=�����8�  ���� ���7
�X��+�.K�'(�'
�F����(:��)
A	�+�
;�@�D�F	�

-��9E�+�(H7�8F
*�:VG*:	�+G�	 �����H�-�-F>��)
AF��A�*��C	�+�
;-A8.
C� A�,-���
�.K���A�( 
(indicator) �)
��F��;<���
.��.mn��>��	�
�?����2��
@)
A�9E�+��
,����09�
(�-�)
H�'(�F
*�:V��H� 
(Eriksson et  al., 1998 �8����  Vallack et  al., 1998) ��
'�����
CF:���
 �� 	9� �9C	�
�0+(
>��	�
.��.mn��'(�0�� @�-�	*���:�98�+7�8���'?�-�8+(0:�+�>8+>8�	@�><H�7.��+9?���F-���:��D�
����
 '?�-�8G@8F
*�W09?���F	E�'8� -���:��D�����
7�8
�F	�
.��.mn��'(�+(0:�+�>8+>8�	@��:��
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G@8F
*�W09?���F��?��:���� �B)�C-�
CFF�*�:2�,'���H?�D<��+(9?���F��:��D�����
'(�D�FD8�� (Vallack 
et  al., 1998) 

Woodwell �9C0VC (1967) �9C Menasveta �9C0VC (1979) (�8����  �./w +2���*a +��C
�2:�, 2540) 7�8
� ���:�� �*��C���-�'C�9	�F+*A*���+(	�
�(�('(� @� 0.0085 7+�0
�
�+����
�+ 
-�	��:,'(�+(�
C�@�	���9��D<���.K�G@8F
*�W0>�H��
�+(	�
�(�('(� @�-�
�����  0.41 7+�0
�
�+����
�+ 
.9��*���
H�+(0:�+�>8+>8� 3 - 8 7+�0
�
�+����
�+ �9C��
H�� 
��7>+��>�����*�.9�+(.
*+�V
	C	+	@�;<� 3,177 7+�0
�
�+����
�+   
 Tanabe �9C0VC (1984) 2<�=�.
*+�V��08��>��	�
�?����2��
@)
A�9E�+��
,����09�
(�
��+9?���F��:��D�����
-�
CFF�*�:2�,'��'C�9 )F:�� 0:�+�>8+>8�>��	�
�(�('(�9C��AD(��A�C
�)*�+><H���+9?���F��:��D�����
 �� )F.
*+�V	�
�(�('(
:+'(���08��-��H?� �)9��,���	��:, 
(Zooplankton) 7+��{�� (Myctophids, Diaphus suborbitalis) .9��+<� (Todarodes pacificus) �9C
.9��9+� (Stenella coeruleoalba) �'����F  0.0014, 1.7, 43, 22, �9C 5200 �����
�+����
�+
�A����( :��F�9E�+)(D(F()F:�� +(0���B9(�  0.0028, 1.8, 48, 68, �9C 3700  �����
�+����
�+ ��+9?���F 
 Galassi �9C0VC (1996) 7�8	?�
:���
	C	+>��	�
�?����2��
@)
A�9E�+��
,����09�
(�
-�.9��
��F:,�'
�:, (Rainbow trout) -��+��H?��. (Po River) .
C�'2�*��9( �.K��:9� 0, 7, 15, 
�9C 30 :�� )F:�� .
*+�V��
	C	+>��	�
��AD(��A�9C�(�('(-�A�H�7>+��>��.9��
��F:,�'
�:,
�)*�+><H���+
C C�:9�'(�G���7. 

-�.
C�'27'  Kumblad �9C0VC (1999) 7�8	?�
:�.
*+�V	�
)�
�,)�
�′-�(�('(�9C
��E)��U, -�.9�'C�9F
*�:VA� �bw�'C�9	�F	�>9� �?��:� 113 A�*� )F.
*+�V	�
�(�('(
:+� @�
-�A�:� 0.086 - 7.7 �����
�+����
�+�H?�����	� D<��.
*+�V����9��:��?��:��.
*+�V��08��-�	��:,
'C�9'(�	�+�
;F
*�W07�8 ��+'(�+(��
�?����7:8'(� 5000 �����
�+����
�+�H?�����	� 
       
4. �	
0��012�� ���	
!	
	,!	
	′′′′-$�$���3�������$���� 
 .bI����
.��.mn��>��	�
�?����2��
@)
A�9E�+��
,����09�
(���*�><H�'��:�9���F��H����+(
��
-A8	�
�9E�+�(H'����
��=�
 �� �C���-�8��*�.bI��'���8��	*���:�98�+���0EV	+F��*'(�0�� @�
-�
CFF�*�:2�,�9C	*���:�98�+7�8��� �9C+(2�� W�)-���
	C	+-�	*��+(A(:*� (FEI�	
*+ �D��9�� , 
2540) 	�
�9E�+�(H+��)F-�.
C�'2'(�+(W@+*����2�FF
8��A
H� ��
������+(��
-A8�)
����87>.bI����


F�:�>���+9����G9*�G9'����
��=�
 �����
	?�
:���
.��.mn��>��	�
)�
�,)�
�′-�(�('( 
�9C	�
�
��J -��9E�+��( :��� )F��
��08��>��	�
-��9� )
H�'(�'��:�9� �����:� ������7.�(H 
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 Nhan �9C0VC (1999) 7�8	?�
:��C����*�F
*�:VA� �bw�'C�9'��������
�>��.
C�'2
�:( ���+ )F��
��08��>��	�
��AD(��A�9C�(�('(-�A�:� 1.2 - 33.7 �����
�+����
�+ �9C 6.2 - 
10.4 �����
�+����
�+ ��+9?���F ��������H� ��)F	�
�(�('(��08��-���
H�� 
��>���� ��F-�
.
*+�V 12.0 - 23.3 �����
�+����
�+  
 -�.
C�'2����9(-�8+(��
	?�
:�.
*+�V	�
�?����2��
@)
A�9E�+��
,����09�
(�-��*�'(�
�)�C.9@�>8�: )F:�� +(.bI����
.��.mn��>��	�
��++��9CD*�+���AD(��A (γ-, δ-HCH) �r.��
09� �()��7D�, (Heptachlor epoxide) �9C�(9�
*�-�A�:�.
*+�V 0.17 - 0.94, 0.77 - 2.97, 1.38 - 
4.8 �9C 0.32 - 0.49 �����
�+����
�+ ��+9?���F (Kim and Smith, 2001) 
 Zi-Wei �9C0VC (2002) 	?�
:�	�
�?����2��
@)
A�9E�+��
,����09�
(�-�'C�9�F
*�� 
(Bering Sea) �9C'C�9AE�D( (Chukchi Sea) )F.
*+�V>��	�
��AD(��A 412.7 )*��0�
�+���9*�
 
�9C 445.8 )*��0�
�+���9*�
 ��+9?���F  
 	?��
�F-�.
C�'27' 7�8+(��
	?�
:�.
*+�V	�
�?����2��
@)
A�9E�+��
,����09�
(�-�
�9� ��9��'��:.
C�'2 �����:� ���
� ���>��	?����:*�� �9C)���� +��:*' �9� 	�>9��0
*�'
, 
(2533 �8����  FEI�	
*+ �D��9�� , 2540) 7�8	?�
:���
��08��>��	�
�9E�+�(�('(-��>�'(�+(��
-A8	�

.�������9C�?����2��
@)
A�9C	��:,+�� �A�� -�)
H�'(��?��W�
C��� �?��W��+
�� �9C�?��W����-�I� 
����:��	�>9� �?��W��+
���9C�?��W��>�A� 	� ����:��)�'9E� )F	�
)�
�-�(�('(�9C)�
�,)�
�′-
�(�('(��08��-���:� ����*�'(�	?�
:�
8� 9C 38 �9C 73 ��+9?���F �� 	�
)�
�,)�
�′-�(�('('(��
:�
)F-���:� ����*��9C)
A +(0���B9(�  0.71 �9C 2.82 )()(F( (ppb) ��+9?���F 	?��
�F-�)
H�'(�'(�+(��

-A8	�
.�������9C�?����2��
@)
A�8�  )F	�
���U,)�
�-�(�('( �9C)�
�,)�
�′-�(�('( +(0���B9(�  
0.06 �9C 0.82 )()(F( ��+9?���F �+
��	?�
:�.
*+�V	�
�9E�+��
,����09�
(�'(���08��-��H?��9C�*�
�C��� )F��
��08��>��	�
�9E�+��AD(��A�9C�(�('(-�.
*+�V'(�	@��:��	�
.�������9C�?����
2��
@)
A�9C	��:,-��9E�+�
�� �� )F	�
��++�-��AD(��A�9C)�
�,)�
�′-�(�('(-�.
*+�V'(�+��
'(�	E� (FEI�	
*+ �D��9�� , 2540) 

��������H� ��+(��
��08��>��	�
��
,����09�
(�A�*��
��J �(�-��9� )
H�'(�D<��+(0:�+
�.K�)*=�9C+(����
�  ��
	?�
:�	�
�9E�+��
,����09�
(�'(���08��-�'C�9	�F	�>9� 3 F
*�:V 
0
�'C�9	�F���-� 'C�9	�F����9�� �9C'C�9	�F������ 
C�:�����
���
���0+�9C
��� � � ).2. 2540 )F.
*+�V	�
�(�('(+(0:�+�>8+>8�	@�	E� 23, 143 �9C 68 �����
�+���9*�
 
��+9?���F (�*0+ 9C���2*
*:�2, �9C ��*���', �+���+��, 2542) 
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5. �	
5'�5��	5�	�(��6	! ���	
!	
	,!	
	′-$�$��� 
5.1 07���
�5	3��	
5'�5��	5�	�(��6	! ���	
���'���
8�	-����
�� 

+(��
2<�=���
 �� 	9� '��A(:W�)>��	�
)*=.��.mn��'(�G9*��� +�E= , (Xenobiotics) 
���� ����:8��>:��+���� '�H�-��8��:*;(��
 �� 	9� �9C���7D+,'(���(� :>8����F��
 �� 	9�  ��

�.9(� �
@.>��	�
�9E�+��
,����09�
(��� �E9*�'
( ,�F��7�8�.K� 3 '�� (Wackett, 1995) 0
� 

1. G����
CF:���
�+�'F�9*D<+ 
2. -A8r��90�
,F���.K���:
�F�*�9X0�
���)
��-�8 ATP ����
CF:���
>�	���*�9X0�
�� 
3. -A8
�:+-��
CF:���
�+�'F�9*D<+ (Co-metabolism) ���7+�-�8)9����� 
��
�F���9E�+:*;(��
 �� 	9� 	�
�9E�+��
,����09�
(��C><H�� @���FA�*�>��.�*�*
* �-�

��
 �� 	9� 	�
��H��8� D<��.�*�*
* ���
 �� 	9� 	�
�9E�+��
,����09�
(� ����F���.K��9E�+�:8�� 
J 7�8 4 �9E�+ (Neilson, 1995) 0
� 

5.1.1 Hydrolytic displacement  
�.K���
 �� 	9� 	�
09�
*���7r��
0�
,F���FF�D��
� (Aliphatic chlorinated 

hydrocarbon) �9C�
�0�
,F��D*9*� (Carboxylic acid) (W�)'(� 3) .�*�*
* ��(H�C)F7�8�8� -��9E�+
09�
*���7r��
0�
,F��'(��.K�:� (Aromatic chlorinated hydrocarbon) �.K�.�*�*
* �'(�0���>8��
D�FD8���9C��(� :>8����F�9E�+���7D+,r��97r��
�9	 (Halohydrolase) 

 
Cl.CH2CH2Cl      Cl.CH2CH2OH Cl.CH2CHO           ClCH2CO2H             HOCH2CO2H 

1,1-Dichloroethane 2-Chloroethanol  Chloroacetaldehyde   Chloroacetic acid  Hydroxyacetic acid 

 
W�)'(�  3 ��
 �� 	9� 09�
*���7r��
0�
,F���� .�*�*
* � Hydrolytic displacement 
Figure 3.  Hydrolytic displacement of chlorinated hydrocarbon. 
'(�+� : Neilson (1995) 
 

5.1.2 Elimination of HCl ,
�� Dehydrochlorination  
�A��-���
 �� 	9� 	�
�(�('(-�8� @�-�
@.>��	�
�(�(�( -�	��:,A�H�	@�.�*�*
* ��(H�C��*��� 

���7D+, Glutathione transferase (GSH) � ���7
�X��+7+�)F:�����7D+,�(H+(F'F�'	?�0�I-���

��*�.�*�*
* ��� �E9*�'
( , .�*�*
* ��(H��*�><H�
C�:���0�
,F��'(�+(09�
(����C� @�'�H� 3 �>� 
(Saturated chlorinated carbon) �9C0�
,F��-�98�0( �'(�+(7r��
������C� @� '?�-�8��*�	�
.
C��F
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'(�+()��UC0@� (Olefin compound) (Matsumura, 1982) �.K�G9-�8��*���
�.9(� �
@.	�
��H��8�
�.K���90(� (alkene) �9C7D�09��90(� (cycloalkene) (W�)'(� 4) 

 
W�)'(�  4 ��
 �� 	9� 	�
�(�('(�� .�*�*
* � Elimination of HCl 
Figure 4.  Elimination of HCl in DDT. 
'(�+� : Matsumura (1982) 

 
5.1.3 Reductive displacement  
�.K�.�*�*
* ��9��-���
�'�'(�09�
(�-�	�
.
C��F��
,����09�
(��FF:���:� 

(Aromatic organochlorine) -�	W�:C7
8����2 D<����*�'�H�-�	�
.
C��F�FF�D��
� �9C�FF:�
��:� (Neilson, 1995) �97�'(�)F7�8F��  0
� Reductive dehalogenation D<����(� :>8����F��

�09
��� 8� �*�9X0�
��7. ��	�
.
C��Fr��9��� (Halogenated compound) '?�-�8��*���
�'�'(�
�+@�r��9����8: 7r��
��� (Adriaens and Vogel, 1995) D<��.�*�*
* ��(H�.K���
�.9(� �	�
�(�('(�.K�
7�
09��
7�{/�*9�(�'� �

� �(�(�( (W�)'(� 5) 

  

 
W�)'(�  5   .�*�*
* � Reductive displacement W� -�8	W�:C7
8����2 
Figure 5.  Reductive displacement under anaerobic condition. 
'(�+� : Matsumura (1982) 
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5.1.4 Oxidative displacement  
�.K�.�*�*
* ���
�'�'(�09�
(�-�	�
.
C��F��
,����09�
(��FF:���:�-�	W�:C'(�

+(����2�� ���7D+,7����D*�*��	 (Dioxygenase) >�H����'(�	?�0�I-�.�*�*
* ��(H 0
� ��
�.��:�
��:�>��	�
.
C��F �� .�*�*
* ��C��*���+9?���F0
� ���D*��A��� (Oxidation) '(�:���:� 
��+�8: .�*�*
* �7r�
��D*�9A� �� (Hydroxylation) '?�-�87�8�
��*�'
( ,'( �+(09�
(��.K�
��0,.
C��F D<��.�*�*
* �'( ���*��C9�9���+�?��:��+�9�E9>��09�
(�'(�� @ �F�:���:� 
�����H��C�
+��*�7r��
0�
,F��'(�+(09�
(��'�'(�� @�+���C �� 	9� �� �E9*�'
( ,7�8 ���:��
�+
��+(09�
(��'�'(��8�  (Matsumura, 1982) �A�� ��
 �� 	9� 	�
�(�('(�FF-A8���D*����� 
�A
H� Alcaligenes eutrophus A5 (W�)'(� 6) �
*�+�
��C��*�.�*�*
* ����D*��A���F��+@�{/�*9
�.K�7r�
��D(-�(�('( (hydroxy-DDT) '(��?�������+�� �����H��C���D*7�	,�������*���
�.��
>��:����:�-�8	�
	(��9
�� (Nadeau et  al., 1995) 

 
W�)'(� 6   :*;(��
 �� 	9� 	�
�(�('(�� �A
H� Alcaligenes eutrophus A5 W� -�8	W�:C+(����2 
Figure 6. Proposed pathway for DDT degradation by Alcaligenes eutrophus A5 under aerobic  
 condition. 
'(�+� : Nadeau �9C0VC (1995) 

 
��������H� ��)F��
 �� 	9� 	�
�(�('(�� �A
H��E9*�'
( ,�
��J �A�� �A
H�
� Phanerochaete 

chrysosporium (W�)'(� 7) )F:�� 	�
�(�('(�C;@����D*7�	,0
�H��
�7.�.K� 2,2,2-Trichloro-1,1-
bis(4-chlorophenyl)ethanol (Dicofol) �

��C7�8	�
�(�(�( ��+�8: ��
��*�.�*�*
* ��(09�
(��A��� 
(Dechlorination)  ��� @�-�
@.>�� 2,2-Dichloro-1,1-bis(4-chlorophenyl)ethanol (FW 152) �����H�
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�C��*���
���D*��D���'(�)��UC0�
,F����7�8 4,4-Dichlorobenzophenone (DBP) �����>8�	@�:*;(��

���>��:���:��F�D*� (ring cleavage) �

�.�*�*
* �
(���'({ �(09�
*��A����9C �� 	9� ���7.
��7�80�
,F��7����7D�, (Bumpus and Aust, 1987) 

 
 

W�)'(�  7  ��
 �� 	9� 	�
�(�('(�� �A
H�
� Phanerochaete chrysosporium 
Figure 7.  Proposed pathway for DDT degradation by Phanerochaete chrysosporium. 
'(�+� : Bumpus �9C Aust (1987) 
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5.2 ������
�58���3(��	
5'�5��	5�	
���'���
8�	-����
�� 
�
CF:���
 �� 	9� '��A(:W�)>��	�
.�������9C�?����2��
@)
A�9E�+��
,����09�
(�

�.K��(��
CF:���
'(���*�><H�-�	*���:�98�+ �E9*�'
( ,-�)
H�'(��C+(F'F�'	?�0�I-��
CF:���

����9��: �� �C'?���
�?����	�
��9���(H �� �97�����J ���'(��9��:+��98:-�>8� 5.1 .b��EF��7�8+(
��
2<�=���
0��� ��A
H������9��'(�.��.mn��	�
�9E�+��
,����09�
(�����J �)
��'?���
'�9��
�9C��	W�:C'(���+�C	+-���
 �� 	9� 	�
�9E�+�(H �����:� ������7.�(H 

Nawab �9C0VC (2003) '?���
0��� ��A
H������9���*�'(�+(��
.��.mn��>��	�
.������
�?����2��
@)
A�9C	��:,�9E�+��AD(��A )F�A
H� Pseudomonas sp. 2 	� )��UE, 0
� PSI-1 �9C PSI-2 '(�+(
.
C	*'U*W�)-���
 �� 	9� 	�
��++�-��AD(��A'(� �.K�	�:�G	+-�����
�9(H ��A
H�7�8 
��������H� Gupta �9C0VC (2000)  ��	�+�
;� ��A
H� Bacillus  circulan �9C Bacillus brevis 
�����9���*�'(�.��.mn��	�
�9E�+��AD(��A )F:���A
H� Bacillus brevis +(.
C	*'U*W�)-���
 �� 
	9� ��++�- �9C��9{�-��AD(��A0:�+�>8+>8� 5 7+�0
�
�+���+*99*9*�
 �9CD*�+�-��AD(��A 
0:�+�>8+>8� 1 7+�0
�
�+���+*99*9*�
 7�8	@�;<�
8� 9C 98.4, 94.9 �9C 88.6 ��+9?���F -�>VC'(�
�A
H� Bacillus  circulan 	�+�
; �� 	9� ��9{�-��AD(��A�9CD*�+�-��AD(��A0:�+�>8+>8� 1 �9C 5  
7+�0
�
�+���+*99*9*�
 7�8;<�
8� 9C 96.5 �9C 85.1 ��+9?���F 

Olaniran �9C0VC (2001) 2<�=�.
C	*'U*W�)��
 �� 	9� 	�
�9E�+��
,����09�
(�>��
�A
H� Bacillus �9C Corynebacterium spp. '(�� �7�8����*��9C�C����H?��	(  )F:�� -���
 �� 
	9� �
�7�
09��
�CD*�*��� -A8�A
H���(� :>�� Bacillus sp. �

� Corynebacterium sp. �*��

+
>�����7D+,�(r��9�(��	�'����F 0.43 �9C 0.74 7+�0
�
�+���+*99*9*�
���A��:�+� ��+9?���F 
-�>VC'(��+
��-A8�A
H�'�H� 2 A�*�
�:+����C+(�*��

+>�����7D+,�(r��9�(��		@�;<� 0.81 7+�0
�
�+
���+*99*9*�
���A��:�+� 

Kantachote �9C0VC (2001) 7�8	?�
:��A
H��E9*�'
( ,'(�'����	�
�(�('( �� �.
( F�'( F
.
*+�V�A
H�
C�:�����9���*�'(�.��.mn���(�('( 1 ��9�� �9C��9���*�'(�7+�.��.mn���(�('( 2 ��9��
)F:��.
*+�V�A
H�'(�7�87+����������� �9C�A
H�
� ��0�*��+� D(	�9C�F0'(�
( -���9���*�'(�
.��.mn��	�+�
;'����	�
�(�('(0:�+�>8+>8� 150 7+�0
�
�+���+*99*9*�
7�8;<�
8� 9C 58, 52 �9C 
27 ��+9?���F -�>VC'(��F0'(�
( �����9���*�'(�7+�.��.mn��	�
�(�('(7+�	�+�
;'����	�
�(�('(7�8 

Bidlan �9C Manonmani (2002) 7�80���9
���A
H��E9*�'
( ,'(�	�+�
; �� 	9� 	�
�(�('(���
��9���*�'(�.��.mn�� )F:���+
��'?���
;�� �A
H�DH?�9�-�����
 Minimal salt medium '(�G	+�(�('( 25 
)()(��X+ )F:��+(�E9*�'
( ,�)( � 4 A�*�'(�	�+�
; �� 	9� 	�
�(�('(7�8 �� �A
H� Serratia marcescens 
DT-1P 	�+�
; �� 	9� 	�
�(�('(0:�+�>8+>8� 15 )()(��X+7�8� ���	+F@
V, �9C)F:��.
*+�V�A
H�
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�
*�+�8� )(��A �9C��9��0�
,F���	
*+�A�� (	�,	��� �..��� �9C�9(�D�
�9 	�+�
;�)*�+���
���

 �� 	9� 	�
�(�('(7�8;<�
8� 9C 100  

Abou-Arab (2002) '?���
'�	�F��
-A8�A
H� Lactobacillus plantarum �9C Micrococcus 
varians -���
 �� 	9� )�
�,)�
�′-�(�('( �9C9*���� (Lindane)-�����
�9(H ��A
H� Tryptic soy 
broth (TSB) �9C����
 Minimal salt medium (MSM) '�H��FF��*+�9C7+���*+7�7�
', (nitrite) 
)F:���(�('(	�+�
; �� 	9� 7�8-�����
 TSB �9C MSM '(�7+���*+7�7�
', .
*+�V
8� 9C 24.1 
�9C 32.5 ��+9?���F 	�:�-�����
'(���*+7�7�
',	�+�
; �� 	9� 7�8
8� 9C 37.5 �9C 46.4 
��+9?���F -�>VC'(�9*����	�+�
; �� 	9� 7�8
8� 9C 27.9 �9C 40 ��+9?���F -�����
'�H�	��
A�*�'(�7+���*+7�7�
', �9C �� 	9� 7�8
8� 9C 38.4 �9C 48.4 ��+9?���F 	?��
�F����
'(���*+7�7�
',  

Benimelli �9C0VC (2003) '?���
0��� ��9C�?�����A
H���0�*��+� D(	'(�'����	�
�9E�+
��
,����09�
(� 10 A�*� 7�8��� ��9�
*� 09���� �(�('( �(�(�( �(�(�( ��9�
*� �r.��09� �r.��09�
�()��7D�, 9*���� �9C7+'��D� )F����*��+� D*	 93 A�*� �� +( 4 A�*�'(�� @�-��9E�+>�� 
Streptomyces sp. 0
� M4, M7, M9, �9C M15 	�+�
;��
*IF�����
�9(H ��A
H�'(�+(	�:�G	+>��
	�
�9E�+��
,����09�
(�	@�;<� 50 �
�+���9*�
7�8  

Nadeau �9C0VC (1994) 2<�=���
�.9(� ��.9�'��A(:W�)>��	�
�(�('(�� �A
H� 
Alcaligenes eutrophus A5 �+
���9(H �-�����
 mineral salt '(��EV�W@+* 30 ��2��D9�D( 	 )F:�� -�
��
 �� 	9� 7�8	�
7r�
��D(-�(�('(�.K�	�
��:�9�������H���*���
���:���:��F�D*��FF�+'� 
(meta-cleavage) ��7�8 4-Chlorobenzoic acid '?�-�8'
�F:����
 �� 	9� �(�('(-��A
H�A�*��(H�CG���
�
CF:���
���D*��A����� ���7D+,7����D*�*��	 

 
5.3 0R���5�����&�
'��	
5'�5��	5 ���	
���'���
8�	-����
��-$5������
�58 

��
 �� 	9� 	�
�9E�+09�
*���7r��
0�
,F��������><H�� @���F	
(
:*' �>���E9*�'
( ,
�9C�0
�	
8��>��	�
�98: .b��� '��	*���:�98�+ �A�� 0:�+A
H� �EV�W@+* )(��A .
*+�V	�
�
*�+�8� 
�.K��8� �X ��+(�*'U*)9�����
 �� 	9� �� �E9*�'
( ,�8: �A����( :��� .b��� '(�+(G9�����
 �� 	9� 
>���E9*�'
( , 7�8��� 

5.3.1 ���,6S�� �.K�.b��� '(�	?�0�I�����
 �� 	9� 	�
�9E�+��
,����09�
(� +(
� ���
:��-��>�
8�����
���
 �� 	9� >��	�
�9E�+�(H-��*��C	@��:��-��>����: ��
�������EV�W@+*�C+(
G9����*��

+>���E9*�'
( , (Sethunathan et  al., 1982) ���
� �����
'�9��>�� Bidlan �9C 
Manonmani (2002) D<��2<�=���
 �� 	9� 	�
�(�('(�� �A
H� Serratia marcescens DT-1P '(��EV�W@+*
��H���� 4 - 50 ��2��D9�D( 	 )F:�� �EV�W@+*'(���+�C	+�����
 �� 	9� 	�
�(�('(�� �A
H� Serratia 
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marcescens DT-1P 0
�'(��EV�W@+* 30 ��2��D9�D( 	 �A����( :��F
� ���>�� Olaniran �9C0VC 
(2001) '(�)F:���EV�W@+* 30 ��2��D9�D( 	 '?�-�8�*��

+>�����7D+,�(r��9�(��	-� Bacillus �9C 
Corynebacterium sp. '(�� �7�8����*��9C�C���>���	( +(0��	@�'(�	E� �
CF:���
�(r��9�(��A���
�C	�+�
;��*�><H�7�8-�A�:��EV�W@+*��H���� 5 - 50 ��2��D9�D( 	 ���A�:��EV�W@+*'(���+�C	+0
� 30 
�9C 43 ��2��D9�D( 	 D<��)F:���EV�W@+*����9��:��+�C	+-���
 �� 	9� 	�
�)9(09�
*���7F{/�*9 
(Polychlorinated biphenyl, PCB) (Wu et al., 1992 �8����  Suflita and Townsend, 1995)
-�>VC'(�-��A
H�F��A�*��EV�W@+*7+�+(G9�����
 �� 	9� +����� �A�� Bumpus �9C Aust (1987) 
)F:���A
H�
� P. chrysosporium ME-446 �9C BKM1767 +(0:�+	�+�
; �� 	9� 	�
�(�('('(�
�EV�W@+*�8�� (22 - 27 ��2��D9�D( 	) (��
 �� 	9� 
8� 9C 10.3 �9C 13.1 ��+9?���F) �9C'(�
�EV�W@+* 39 ��2��D9�D( 	7+�����������+����� (��
 �� 	9� 
8� 9C 13.5 �9C 10.5 ��+9?���F) 
�����H�����9��:7�8:���EV�W@+*'(���+�C	+-���
 �� 	9� �C><H�� @���FA�*�>���E9*�'
( ,'(�'?���

 �� 	9�  

5.3.2 !���( �+
��)(��A	@�><H�-�
C��F��<�����
���
 �� 	9� �C	@�><H� ���;8��)*�++���:��

C��F��H����
���
 �� 	9� �X�C9�9� +(��
2<�=�)F:��	�
��
,����09�
(��9E�+�(�('(�9C��AD(
��A 	�+�
; �� 	9� 7�8�(-��*�'(�+(	W�:C�.K����� ()(��A 9.5) +���:��-�	W�:C'(��.K��
� 
(Chawla and Chopra, 1967 �8����  Sethunathan, 1982) ���-���
 �� 	9� 	�
�(�('(�� �A
H� 
Serratia marcescens DT-1P )F:�� )(��A'(���+�C	+�����
��
*I>���A
H�'(�-A8-���
 �� 	9� 0
�'(�
)(��A 7 �9C 7.5 ��������H� ��+(
� ���:���A
H� Serratia paucimobilis 	�+�
; �� 	9� 	�
           
��AD(��A-�	W�:C'(��.K��
�7�8�( (Bidlan and Manonmani, 2002) -���
 �� 	9� 	�

��
,����09�
(��� �A
H� Bacillus �9C Corynebacterium sp. )F:�� �*��

+>�����7D+,               
�(r��9�(��	+(0��	@�-�A�:�)(��A 7.6 - 8.0 �9C'(�)(��A 7.6 �*��

+>�����7D+,�(r��9�(��		@�'(�	E� 
(Olaniran et  al., 2001) ����9��:7�8:��)(��A'(���+�C	+-���
 �� 	9� 	�
-��9E�+�(H><H�� @���F
A�*�>���E9*�'
( ,�9C	�
'(��C'?���
 �� 	9� �A����( :��F.b��� � ����EV�W@+* 

5.3.3 ��	�� �� �� ���	
0��012�� +(
� ���:��0:�+�>8+>8�>��	�
'(�.��.mn��+(G9-�
��
 �F �H���
��
*I>���E9*�'
( , Kale �9C0VC (1989) 2<�=���
��
*I>�� Azotobacter chrooccum 
-�����
'(�+(7���
��� )F:�� 0:�+�>8+>8�>��	�
�?����2��
@)
A.
*+�V 0.5 - 5 )()(��X+ 7+�+(G9
�����
��
*I>���A
H� ���'(�0:�+�>8+>8�	@��:����H��C+(G9-���
 �F �H���
��
*I>���A
H� Nawab �9C
0VC (2003) )F:����
��
*I>���A
H� Pseudomonas PSI-1 �9C PSI-2 �C9�9��+
��0:�+�>8+>8�>��
	�
��++�-��AD(��A	@�><H� ��������H� ��)F:��'(�0:�+�>8+>8�>��	�
.��.mn��	@��C-A8�:9�-�
��
 �� 	9� ����(��8:  -���
 �� 	9� 	�
�(�('(�� �A
H� Serratia marcescens DT-1P )F:�� 
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��
 �� 	9� �� 	+F@
V,>��	�
�(�('('(�0:�+�>8+>8� 5, 10, �9C 15 )()(��X+ -A8�:9� 96, 100, �9C 
120 A��:�+� ��+9?���F (Bidlan and Manonmani, 2002) 

5.3.4 �	
�	,	
����
'T	
� �����
2<�=�)F:����9��0�
,F��'(���*+9�7.�C+(G9���
���
���
 �� 	9� >���E9*�'
( , +(
� ���:����
��*+	�
�D��( +�CD*����9C�D��( +D�0D*��� +(
G9 �F �H���
 �� 	9� 	�
�����D�9�{� (endosulfan) � ���7
�X��+G9>���CD*��������
 �� 
	9� ��++�-�9C�F��-��AD(��A�� �A
H� Pseudomonas sp. -�8G9'(����������� 0
��CD*����C �F �H�
��
 �� 	9� ��++�-��AD(��A -�>VC'(��C�
�����
���
 �� 	9� >���F��-��AD(��A -��
V(>��
��++�-��AD(��A �����
���+�����E9*�'
( ,-A8�CD*����.K�	�
����
-���
��
*I�.K�G9-�8��*���

AC9���
 �� 	9� 	�
 	�:�-��
V(>���F��-��AD(��A �E9*�'
( , �� 	9� �� �
CF:���
       
co-metabolism �CD*���7+��)( ����A�: �
��	
8��	�
�+�'F�79', ��� ��+(	�:�A�: -��
CF:���

�+�'F�9*D<+�8:  (Sahu, 1993)  

Bidlan �9C Manonmani (2002) 2<�=���9��0�
,F��'(�+(G9�����
 �� 	9� 	�
�(�('(�� 
�A
H� Serratia marcescens DT-1P )F:����
-�8�9(�D�
�9 �..���  (	�,	��� �9C����
 TSB �.K�
��9��0�
,F������A
H�'?�-�8���
���
 �� 	9� 	�
�(�('(	@�	E�0
� �� 	9� 7�8
8� 9C 100 -�>VC'(�
��9
��D��( +D*��
'-�8���
���
 �� 	9� ��?�	E��)( �
8� 9C 6.67 

������.b��� '(��9��:+��98: ��+(.b��� '(���(� :>8����F	W�)�:�98�+�
��J'(�+(0:�+	?�0�I
�����
 �� 	9� >��	�
��
,����09�
(�-�)
H�'(�'(�.��.mn�� �A�� 0:�+A
H� D<��+(G9�� �
����
�*��

+>���E9*�'
( ,-���
�>8���F	�
��08���9C'?���
 �� 	9�  	W�))
H�'(��.K�'(���8��

��H?�
'�:+>���X�C+(G9����97��9CA�*�>���E9*�'
( ,-� �� 	9�  �� -�)
H�'(���8���
 �� 	9� ��*��� 
�E9*�'
( ,'(��8����
����2-�>VC'(�)
H�'(�'�:+>����
 �� 	9� ��*��� �E9*�'
( ,'(�7+�-A8����2 
�������(H)F:��)
H�'(�'(�+(.
*+�V	�
�*�'
( ,+�����+(G9�
����
 �� 	9� >��	�
�9E�+
��
,����09�
(��� �E9*�'
( , �.K��8� (Sethunathan et al., 1982) 
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1. �)
��0���9
���9C�?�����E9*�'
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;-���
 �� 	9� 	�
)�
�,)�
�′-�(�('( 
2. �)
����	W�:C'(���+�C	+>���E9*�'
( ,'(�0���9
��7�8-���
 �� 	9� 	�
)�
�,)�
�′-�(�('( 
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��������� 

0���9
���E9*�'
( ,'(�	�+�
;��
*I-��*�F
*�:V'(�.��.mn��	�
)�
�,)�
�′-�(�('( 2<�=���

��
*I>���A
H�'(�0���9
��-�����
�9(H ��A
H�'(�+(	�:�G	+>��	�
)�
�,)�
�′-�(�('( 0���9
���A
H�'(� �� 
	9� 	�
)�
�,)�
�′-�(�('(7�8�('(�	E� �9C2<�=���	W�:C'(���+�C	+-���
 �� 	9� >��	�

)�
�,)�
�′-�(�('( �� 2<�=�G9>��)(��A, �EV�W@+*, 0:�+�>8+>8��
*�+�8�>��	�
)�
�,)�
�′-�(�('(, 
�9C 	�
����
'(��	
*+-�����
�9(H ��A
H� �9C�?�����A
H�'(�0���9
��7�8 
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