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F1�� �" �3�G ���  ��)PCBs (����  �,(�� �H8 ��� �(�J8 /, �,)POPs ( ��O� �G (��!�150  /, �(�209 

 .�, �(  C�,I4 .!/ 012
 �� P�Q1G3# R, 3
�I,)-���� ��1����,1381 .( ��1�1  � �)I1� T,�;

PCBs �" -J�" ��
� ��,(�� ���O /, � J�" �)3�)H, .
��U
 -�3D� ��V� , �(� -��1�1  ���" 3W, ... �" 3	�


�8 ��I�,/�� ������, V�X �� �� .�, �(�34 .)-�,��)�� � ��1�1X,1389 .( � �/���*G-��V�X ��� .1H�V� ( �

.1H�V� 3�� .�, �(�34 .!/ 012
 �4��H8 �,I�, YO�
 �+�!+, ��� .�
 P,3O �"  �" ��X, �O�# .�4 �,�#

 �3�G�+�4�, ��� �(�J8 )OCs(  31Z+ �� F1�� �" �3�G ���)PCBs  ( ( �" �
 [�\V
 �3�G ���� �) .( 

Sudaryanto et al.,2007  �"3^ �� J�" �72+, � E8 �� �8 R1�� �72+, .1�"�_ P�Q1G3# R, T,�; 39� /,

.�,. ��34 �
 E8 ���� �� �(  `�V
 I1+ � E��� � �H8 �,�
 �� �5+8 EDO .H�5� YO�
 3
, R, �G

)Broman et al.,1992(. PCB ����4�I" � J�" ��!/ . �Q+, .1�"�_ -�I	# 3",3" �� ���" ���U
 R�a ��

 � ��� P,3W, �,�,� -�,Db �31	+/ �� ��!/c�H�1" 3d
�)  (� �" �
 �(+/ P,��O�
 3�� � ��!+, 3")Haynes 

and Johnson,2000 ( �)Dahmardeh Behrooz et al., 2009 ( .1�� 3" ��7� �GPCBH�# 3\; -�� (1

 ��,� ��O� I1+ �5+8 e_�+ ��1�,(1!G, 3W, �� �,��� �� �I�" �� � R1!G�� �I�" �� P�Q1G3#) ��1����,

-����1381 .( 012
 �� �5+8 ��3�!4 ��*�+, -��;�� ���3a ,� �(�J8 R, ���3" � �VH�\
 �G ��
,�� 39� /,

� ��6 � �(�J8 f"��
 /, 3#��� ��1!" FX,�� �� �)��\" -.�, �!1+�4�, ���# �� (+, ���3+ ��)" I43� �G �, �U\�
 �

�(  �����  �(+/ ���  (+,)PAN Germany,2003  .( 

�HI+, EJ�#)F) 1(.�, ��5O � �,3, ��� ��!1��G, R3# �5
 /, �) -  �� � �I; ���� �"��O �1 �6 �� �G

��1�,3gO .1V_�
37  � �O��20  �# �U1_�37  � �O��30 h3� �U1_�  � �H�� 49  � �O��15  �# �U1_�49  �O��

 �40 .�, �(  f_,� �_3  ��i �U1_� . ��(6 ��V�� ��,3i, ��� j7#�" �" �HI+, EJ�# �� D4 ��450-400 

. ,� f"3
 3�
��1G . ��� �� EJ�# R,1354  /, .=��6 �+�5O ��1!+,��G �� ����H, R1" .1��, �" EJ�# �,��� �"

 �� EJ�#) 3!
,�-1971 ( .�, �(1�� .QW �")-���)+,� �+�6�� � ��3G ��,/3_�"1386.( 

 /, k���5+ EJ�# �" ����� ��� E8 ���# � ���" [,3i, ��� �+�;��� `3i /, EJ�# �����5  �, �+�;��� l�I" �)Q 

 ��4�� ���" )��4�� m�5+ � ��4�� 3��� ���O /,(��  �
 �I; ���� ��,�. # n�+ /, �HI+, EJ�# ��6�� ��� EJ�

��  �
 Fo�
 �I; ���� �" �+,31�*G F"�_ ��+�G p ��1��" � .�, . n,�+, ��O� � ��!/ n��# .�� �" EJ�# R,

 ���� R1�q�� � 31Z+ �G ��� �+�4 �;3" � ��4(+3� � �r)��3)1
 -���+�O -���14 P,��O�
 �+�4 ��(X -���


 ���VH, j�� .1��, /, �8 �" �+�;���  R(�^.�, �,���;3" �, . ���G � �� EJ�# ���"�+  F
,�� R3# �(�� /, �)

( �" �
 �4��H8 -�� �8 �)c�H�G, ��� �3G��G . �;3^ ��
/ �,�,� RG�� ��� EJ�# ���O /, �� EJ�# �G �	+8 /,

�� EJ�# �� f��X /, � �+ ��� �(�J8 �G ��34 �
 s��" �� �8 �" f��X P���	
 -(��!� �+J�i (��+ f�	# .

 3�!" �� ��1*+ �# F"�_ ��� �(�J8 P��X �" � ����+ ,(1� ,� ��1�1  PJ�V�+, � FV� .X3� �� �(�J8 Y�b,

(���+ �
 E��� EJ�# . �" �/���*G � ��V�X -�35  ��� E7a�� `3i /, t��L
 ��� �(�J8 ���/ 3��U


� �(  ��,� (+I� �
 EJ�# �" �G ��� �+�;���  ��  �
 EJ�# �4��H8 YO�
) -�,� �/�35"1386.( 

 ��� �# �,(�� �H8 ��� �(�J8 �	�(# [D6 � ������, .1����
 C3D� �" �O�# �"2028  �d� �����*G ��� /,

 -�)c�H�G, .1��, R1�^ �� � �,3, �
7�, ���5�O ���O /, �d� ��� ��*G 0��# ��5)��, ��1!+,��G

�!/ n��# � ���o�_, �4��H8 .1Va� ���3" ��IH �HI+, EJ�# �PCB (�34 u�!6, . ��� �(�J8 `1U2# R, ��

 �314 �/,(+, �" F1�� �" �3�G ���∑PCB ) F
� 8 3
�I, PCB ��� ����  �"IUPAC 28-44-52-101-118-

138-153-180 ( �2\� P�"��� ��2  -��4��9(�34 �	�� �HI+, EJ�# ��; � EJ�# �" ����� �+�;���. 



٦�٦�٦�٦�        ����� ��	
 ������� ���� � ���� ���/���� ���/ ���� ���/���!"�# 91                                    

 

�� M�� � ���� 

 `1U2# R, ��15 .5O ��9�!, (  ���34 3Z+ �� �2\� E��� /, ��,�3" �+��+ . I1�� Fo� �� ��,�3" �+��+

���1388 .�34 ��	+, �,3)# �� �� .
 �� n��	45 (  . ,�3" �+��+ ./, ��,�3" �+��+200  � ���� F2
 �3�


� EJ�# �" �� �+�;��� CI� ��(O �� v�(�
 P�o�L
 �")1 (��� F)  �)1�2( (
8 F�� �".  0��# ��,�3" �+��+

 �2\� E��� �,�3" �+��+Van  Veen Grab   �,I9� � R��, ��� �76 �" �G �I�� [�3= �� �� �+��+ � ��	+,

 (�34 ���8 f�O -��" �(  p*; ��8 �� � ��! . ��
� �� �� �+��+ wr�4-  (   FU��
 ��9*�
/8 �" �O�� 

ROPME,2005)(. 

 

G�"91- G�� *����� ���� ���	�  ����� �� ����� ���� !�� ;�QI51� �1��
��c9 J�8,�� �  �FLO�1388 

 

�1��
��c9 G�d �1��
��c9 e�' ���	� :�� 
;�QI51� 

 ���-�!����� 

37◦23′53/″3 49◦27′15/″2 �H�; �(�� 1 

37◦24′29/″4 49◦23′5/1″ �H���
 2 

37◦24′41/″5 49◦23′58/5″ ��� �V�_ 3 

37◦24′11/″3 49◦30′7/6″ �,/�"31� 4 

37◦24′14/″8 49◦30′1/9″ �H�;�+ 5 

37◦25′23/″6 49◦29′58/1″ ��G�^ 6 

37◦24′55/″3 49◦24′32/3″ 3" �5" 7 

37◦25′10/″5 49◦24′55/1″ �H�; ���,� 8 

37◦26′6/″7 49◦24′48/4″ E3b EJ�# 9 

37◦27′6/″9 49◦25′38/2″ �(�)" �/�# 10 

37◦28′14/″1 49◦27′33/3″ F� 3/ �HI+, 11 

37◦28′12/″9 49◦27′56″ R)  v�
 12 

37◦27′54/″1 49◦28′4/2″ ��/�b F� 3/ 13 

37◦27′51/″6 49◦28′19/7″  �� 3�����4 14 

37◦27′49/″5 49◦27′54/4″ ��4 �� m�5+ 15 
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 �" ,(�", �� �+��+ 3,��I3� ��9���)���	+, 3W, �� ��3G p*; ( P(
 �"24 E�1�8 �" wr� � (  p*; .���

 �
 �" pH, /, ��Q� �" � ����250 (�34 R9��.  � ��;,� ��,(+���, ���2
Mix PCB  �+�r�G /,Supelco -

 ���
�3�G �� -����, -�,I9� ��� �76 �
��#(GC grade) 
 �" F1!���� � p�(3�G (1�, - �200- 100  /,

  �+�r�GMerck (  ������, . /, w+3�� x�; R1�^ ��IAEA (�34 �15#. 


	�س    ��:�٥��� 
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 ��,(+���, F�VH,����� `"�\
 �/��,(O � v,3L��, F6,3
),2005 MOOPAM  ((  ��	+, 3/ P��X �" � .

 ,(�", ��(620-10  /, �34�+��+ �(  p*; E��� #/�R � F;,�  FQ�1#(Thimble) .�34 �,3_ . wr� p

3�1H ��1
  ���2
 /,PCB 29   �PCB198  ��(6 .Z�b �"20  3�1H ��1
 �" �34 �+�+�" �" ��;,� ��,(+���, �,��� 

FQ�1#  ���a,(�34 . P(
 �" v,3L��, F��8  �" .���250 �76 y��L
3�1H ��1
 �,I9�- ���
�3�G ��)50:50 (

 � .�34 ��	+, ��!G�� C�� �"  C�O m�� ��,(V# � �(  v,3L��, �+��+ 3�1H ��1
 �� ��(6 �	6 �" �(1�� �#

 z1�g#( .  wr�w
 ���� /, ) p�(3�G (1�, /, ������, �" �G37 P��o" � �(  ��V� (X��Cu
++ ��" �(
8��( 

[D6 �,3" .�6,I
 �����G3
 � �,/8 �34�4  ��O�
 ������9��� I1H�+8 ��9�� �" (  ������, . /, �/��,(O �,3"

� ���� � F1���� R, ��3G v��; �,3"/, P�Q1G3# 70  �,I9� 3�1H ��1
 (  ������, ROPME,2005)(. �/,(+,

 P�Q1G3# �314 PCB ��9��� ��1��"GC  �(
6890 Agilent ���)#� �" I5	
 ECD ��71��G ���� �" �   �"

 P�oL*
: 

 (HP-5 crosslinked 5%phenyl methyl siloxane, 30 m× 320 µm i.d.× 0.25 µm film 

thickness) 

.�3D� P��X .(�
 `Qi 3" ���9��� I1H�+8 .5O ������, ���
 ��
� �
�+3" 8082 EPA   .�34 ��	+, 

  (EPA Method,1996) . Y1#3# �" ���)#� � ���)	�, ��
�225  �300 (�34 �1Z�# . F
�6 /�4 �,��V" �1��

)5/1�U1_� �� 3�1H ��1
 (  /�4 �,��V" �c�3�1+ �Make-up )60 �U1_� �� 3�1H ��1
 ((  E�L�+,.  �" ��8 ,(�",

 P(
2 ��
� ��  �U1_�70  .�3� �" wr� .�34 �,3_ �,34 ��+�� �O��3,34 ��+�� �O�� ��
� �" �U1_� �� �

260  P(
 � (1�� �,34 ��+�� �O��20 (  �� ,(59+ �
� ���� �� �U1_� .3��U
 Σ PCB) F
� 8 3
�I, 

PCB ��� ����  �"IUPAC 28-44-52-101-118-138-153-180 ((O �� �(  �314 �/,(+,,�� )2�3  ( �|,�,

.�, �(�34 . 

 

f1�I� 

 ��(O }��+ �" �O�# �")2(
 R3��G - �,(UΣPCBs  ��9�!, �" y�"3
 �(
8 .�("2  �U\�
 /, �(  . ,�3" �

 �,I1
 �" �H���
 �+�;��� � ���)"838/0±23/2  ��9�!, �� �,(U
 R3�*1" � �34 �" �34 �+�+11 �" �HI+, F� 3/ -

 �,I1
64/3±79/68 .�, �(�34 .QW �34 �" �34 �+�+ . �4��H8 �,I1
 �!�U
PCBs  �VH�\
 ���
 ��� ��9�!, ��

 �� F) )3 ( .�, �(
8. 
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 G�"92- �1����ΣPCBs G�� *����� ���� ���	�  ����� ��1388  �>1��� J51< U�.� ���"��I���1���� �) ����

NOP 0<� �� :�� �� :��( 

 

 ���-� ;�QI51�

!����� 
ΣPCBs±sd range 

ΣPCBs 
*
ERL-

EPAUSA 

ΣPCBs 
**

ERM-

EPAUSA 

1 65/1±53/8 12/3 70/22 180 

2 38/0±23/2 75/0 70/22 180 

3 53/0±9/11 06/1 70/22 180 

4 83/0±02/31 58/1 70/22 180 

5 89/0±68/22 66/1 70/22 180 

6 96/0±11/11 68/1 70/22 180 

7 52/0±72/6 74/0 70/22 180 

8 88/0±43/27 24/1 70/22 180 

9 72/2±01/39 84/3 70/22 180 

10 55/0±79/6 01/1 70/22 180 

11 64/3±79/68 28/7 70/22 180 

12 93/1±17/39 73/2 70/22 180 

13 84/0±27/54 61/1 70/22 180 

14 50/0±37/36 99/0 70/22 180 

15 82/1±44/49 34/3 70/22 180 
 

      *
ERL effect range low )3W�
 �,(U
 F_,(6( **

ERM effect range median )3W�
 �,(U
 3~G,(6 ( 
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G�"93-  f1�I�8 ����1�PCB  G��*����� ���� ���	�  ����� ��1388 )NOP 0<� �� :�� �� :�� ����( 

 

 ;�QI51�

 ���-�

!����� 

PCB 

180 
PCB 

153 
PCB 

138 
PCB 

118 
PCB 

101 
PCB 52 PCB 44 

PCB 

28 

1 17/0 99/0 12/0 19/0 25/0 96/1 68/4 17/0 

2 29/0 31/0 21/0 14/0 06/0 37/0 53/0 31/0 

3 12/0 68/0 2/0 08/0 09/0 73/1 25/8 75/0 

4 33/0 01/3 72/2 91/1 32/3 44/6 64/3 30/1 

5 56/0 30/0 76/1 83/1 18/4 06/4 33/18 01/0 

6 08/0 69/0 52/4 69/3 28/0 69/1 12/0 04/0 

7 83/0 38/0 26/0 29/0 45/0 90/1 32/1 31/1 

8 39/1 40/8 43/13 64/6 93/1 05/6 07/0 13/1 

9 21/0 65/0 52/2 69/0 22/0 34/1 98/20 47/0 

10 39/0 20/0 12/0 04/0 05/0 74/0 94/4 32/0 

11 45/1 49/2 30/17 39/8 80/6 26/7 91/22 20/2 

12 02/1 24/6 88/3 18/7 13/3 31/16 01/0 43/1 

13 09/0 28/1 39/0 82/3 12/4 20/6 69/36 76/1 

14 78/1 60/11 53/1 37/0 43/0 57/7 50/11 60/1 

15 63/1 12/0 55/4 68/0 56/6 72/0 06/20 
18/

15 

 

��(O }��+ �" �O�# �" )3 ( 3
�I, .Z�b28 PCB  ���(2
 ��18/15-01/0  3
�I, .Z�b -�34 �" �34 �+�+44 

PCB  ���(2
 ��69/36-01 / 3
�I, .Z�b -�34 �" �34 �+�+52 PCB  ���(2
 ��31/16-37/0  �34 �" �34 �+�+

 3
�I, .Z�b �101PCB  ���(2
 ��80/6-05/0 ��" �34 �" �34 �+�+ . 3�G �,(V# �" ���3
�I, .Z�b R1�^ ��

 3
�I, (�+�
 3�*1"118 PCB  ���(2
 ��39/8-04/0  -�34 �" �34 �+�+ 3
�I,138 PCB  ���(2
 ��30/17-

12/0  3
�I, .Z�b -�34 �" �34 �+�+153 PCB  ���(2
 ��60/11-12/0  3
�I, .Z�b � �34 �" �34 �+�+180 

PCB  ���(2
 ��78/1-08/0 (
8 .�(" �34 �" �34 �+�+ . /, ���3
�I, .Z�b PCB  �3��G 3�G �,(V#  �G

��" 3�*1" (+�,�. 
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