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� �Q�@ � �E:������ �	 
���
�	 ���� ������ ���� �� ��� �� �� ��  !"���  � #�� $%��&� $�'	  �(�)	 ��*���� �!*����� �� 

#�� .��,� -���. �/�� 0�1�2 � 3�4� %/ 0�
5�	 6�7� 8�9( 6'	"��� ! � :"�� ��; ���	 0��. <�=/ �� �/�>��� �. //�? $

%�/��  *�@*$���@�	  ��,. 8�)A. � 8�!A�$'��� 6%��B C��)� .!�'������%� 8 4��. #!" #�� ��!	�%  &��D� �$ *�@* E
��� 

%�/��$���@�	  ��,. 8��; ��)A. �$�%�� 0�)F@; � C��)� �?/�G� -���. 0��4. %/ �H�� ����� ��	�/ %���(� %/ 8
���  � ��; '�G�. 0

�'))� �@� %��&� #&�� �'))�#�� .

�	9 K��:I�J�=� ��%�A�� ��� �� ��$�� -K�� #@&=  � #�� 
��� CrO34J)� #�� �L��� #&�� '�G�. �� �'	  �(�� �. �

%�/��  *�@* M���	 C��)� %�K)�$�  K>N� $&A
2 O)" �� ��� %/ IP? Q$'�/�? :R* #&�� �'))� '�G�. .�% ��$%/  K>N� �%���/ 

S�@,�TU�@* #!" 0�4�  
V�� �� E�/%  � %/ W>)� %�/��  *$�� ��2 ����@; )�'	.�� �/�>��� ��XY��$%�/��  *�@* $M��. ����@; 

�% %�/��  *�@* %�!Z  �&�)Closed face filter cassette (]�% �� <J9)�^TUUNIOSH  �; ��_��" %/$�(��)A� 8E
��� �-���. 

%�/��  *�@*  K>N� ��%/$`9� �� �;%�/��  *�@* S�>.%� �H� 8�%/ C�
N�';  
V�� � 8��� ��%�� /%�� -; �� �;�#��? %��= .

	��=R:O*��%�� ��G�*� a���*)ANOVA (�%$�; �/�/ $%�/��  *�@* $����@; 8���? $)4� bP�(� 
'� �%�/ %���$#&�� -���. 0�� 

�; ��_��" %/ 
���$/�� E
��� )YUc/UP =.(-���. 6�����. :��B  J��N�)CV(�; ��_��" %/$
��� � E��!�%�/��  *�@*$����@; 

�>.%� %/�; S$6��>�� ��L�6�����.  )��/ �/�� ��@� �� 0�� :��B S�>.%� %/eU��@��*�� '	�J�� )UX/f±Yh/f��  &��D� %/ fc/c±c/c

�TU/f±Yh/f.(���  &��D� 0�� $�;%�/��  *�@* ���� ��@�  
V�� �� e/^�feie/^���? ��@��*�� $�/�� �. 0���2 6�����.  )��/ :��B

 %��W� �� ��@�  
V�� %/e/^/�� ��@��*�� )hc/U±Te/f����� %/ ^^/f±U^/c(.

���; ���.?:��*  �  "�. �� ��7��'L a��(��)A�G�. %/ �� '��*�� ��,)2 S�>.%� %/ #&��; %�/��  *�@* � C�
N� `9� �� ��@�� 
V�� �� 

* � #>; �� ��@���*�� -�-; �� ��@8���= ����#�� S�.

S���	;���9 ?:����� �	 
��� 8#&�� 'G���8%�/��  *�@* $����@; %�/��  *�@* S�>.%� 8$
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����� �	 
��� �A��
�	 ���� ������ ����� �� �

��� ��P�  � #�B%��� �)��  ��. �'	 j�%�� ')*�� �

)Kuo  H.W. and Lai T.I. 1997; Gibb H.J. 

et al. 2000(8/��@. #�.��%�)Lui C.S. etal. 

1998  (8O>). ��_��/ ���N.)Pope A.M. and 

Rall D.P. 2000 (
�	 -�� 8�)Brite P. et al. 

1997(��  !"��� 8��/�D� ��� ���� �� ��,� 'L ��$

%��&�$�; ������ �� $

@G� 0�� �J�4� �')*��WHO  

)ATSDR 2001(8IARC)Sorhan T. and 

Harrington J.M. 2000(8HSE)HSE 

2001(8OSHA )Proctor D.M. et al. 2003(8

�EPA)EPA 2003 (��&*� %/  �(�)	 �� �����

#�� �'	.

A� ������ �	 
��� %�k�*� l��)� 0���@!� �� �%/

�;�$�; M�N� � /��� $�� ')���� 8%�� %�A$
��� 

#��)Kuo YM. And Wang CS. 2002 .( ��

)� %��� I����/�'L �A���� %/ �!). �B�L C�L %/ 8��k

eUUU%�A�� 'L�� $� � 
��� C��k� m)����'*

'*%�A�)EPA 1995 .(� 0����� %��$8���!. �!	 

����/ 
'� -5��
��6��P��  � �� ��� 8<�=/ XUU 

%�A�� 'L��$#�� )��&(%�2$fnYU.( *�>���� 

/�'4. ��,���5 #�G�4��  KLP� ���= $; ��?%�� �� �$

%�A�� �Z��$����/ �� l*�� �D�=/ %���  � �o���� 

4=�� 0�
5�	  ��#�� �'	  ��L 0�� .

'" 6������  �  "�. �� $�	 
��� %�k�*� 

��������� $���* $��@� #�P� � %�� ��!*����� 8$

')*�� pPR�qEPA 8NIOSH 8HSElB� �� 

.�%�D���'N� �% �/�� 0�� %�k�*� �_� '*�  �(�� /�  *$

%�A�� �� �/�� 0�� %�k�*� ��,� %�'D�  �$�;$�� 
��� 

��$EPA ���$�; ��?%�� $� r%�� %�A�� �Z�� $

:�.�.  � #�� 
���Ufe/U�Un/U
�� ���� �� 
�? 

��; :4A�$/%�'*����  !"��� ��,� -���. �7��'L �


�	���� $6�J���. #!" ��% %/ %�� #��� #k; 

����� �	 
��� C�
N���� �� $ACGIH  

�HSE  Ue/U
���4A� ��� �� 
�? �'	 0��4. ��; :

#��)ACGIH 2003; HSE 1998.(���(� "

OSHA#�� �/�@*  �V�.  ��/�� 0�� ��,� %�'D� 

. ��'" 6������  �  "�$�'D�  � �� %��@�$/�'L 


4� %�'D� 
'RA��'��� �;�� )Boiano J.M. et 

al. 2000(. "�. �� 0�� ���)� '" 6������  �$
��� 

����� �	�%�/��  *�@* $�� �� <�=/ %�'D� 0��4. �

%��&� #�@;�$#�� %�/%�(�� .

�% �B�L C�L %/ �; ]$>
������ �� $������ 

�;$

�� 0�� �J�4� �')*��NIOSH 7600 

)NIOSH 1994(8MDHS 52/3)HSE 

1998(8NIOSH 7703)NIOSH 2003(#!" 8

%�/��  *�@*$� %�'D� 0��4. �
��� �'	  1�%�  � #�

%�/%�(�� -5��
�$%��4� �� �;$�%�/ /%�'*���� $

��; 6��>.�')�&; �_�'A� �� .� ������%� #!" ��)���

�;%���� � �; ]�%  4��.$*�@* E
��� %�/��  $8

�%����  &��D� $�!	�% @; �����%� 0�)F�

�; ��)A.$%�/%�(�� C��)� $G�� �� �� '#&�� 

����� �	 
����%��B $� �K)� �'�% .

�� �V�L a���* �B�L  G�D� %/ #(�� ��'*� ��% �$

'G�� lJ)������ �	 
��� #&�� �����%� ��<DN. 

���	�%�� #&�� '�G�. %/ #(��)A� M��'	 ���P� 

G�@�L� �H� �� ���(�� �%��=  4G�9� /%�� ����� �� 

��?#��  �.

K�� �	9 :
EG�(#&�� '�G�. :%�A��$')���� 
���$��%�� �� �


�(�0���2 ��?'�/ ��A���AG� ����"��� %/  � #�� 

/�'LYU�.hU��R� ����" �� 'V %/ � ��,. b�V 
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��� /��� � u�$�;��? $� �v�%'�; � �w�&�� �/�	 

)Kuo Y.M. and Wang C.S. 2002 .(�!��JL$

/�4V �� ��? � �'���. l��� `9�  � .�. 0�'�q :� 6�%

%����� �	 
��� ���� �A	 �'*��? . �  "�. ��

%�A�� ��� :���. -K�� #@&=  A)��$8
��� CrO3

��Z�* %�'D� �!). � #��$% �� �� �_�/ /��� �)Q�@4� "

/�'L %/ ����%�>G��'��� 'V (�� ��Ak. ';/ 

)Kuo Y.W. and Wang C.S. 1999(0�� ���)� 8

�J��D. "RG�( �/�.������ �	 
��� ����� 0�� �� <�

� /�,���/�	 .�� 
�!G� ��')���� x�� �  *�@* 8$��� �� 

%�A��$� '�G�. #!" 
��� L��� #&����'*� ��% �$

'	 .�A	f���@* �% x�� -�&�� ��.�@	 %�9� 

�� ';/.

�  *����� 6%�R� �K* /%�� ��� $O)" �� 

P2����S�>.%� � �9= �� :�.�.  � Tf�hU� ��@��*��

 -,LcUU'	  �(�� ���G .��?�
" %�K)�  �$��

]/�? %�'� �� � '��� 'B y@2 �� �� ��/ ������

 C�
N�#�� �'	 �/�>���)�A	f.(%�K)�  � 

%�/%�(��$� �� �; ��_�&�$ *�@* z�k� � #��H 

/��%�$%/$Q�� ���8�  K>N� $" �� &A
2 O)�

S�>.%� � �9=  � IP?X^�ee'	  �(�� ��@��*�� 

){�"H�A	 �� f.(�% �� �$��/ ��!(�%�� �� �%��

 G�G %�J� #!"�;$%�/��  *�@*$��2 E�/%  � %/ 

)���'�/�? .�� �;  
V�� -; �� �; E�/% �� fe

��@��*��)%�/��  *�@* ��A�� %�K)�  �$�; S�>.%� %/ $

E
��� (�E�/% �; %/cU�%��  
V�� �� je/^

*�� ��@����-;)�K)�  �  )�!�  
V�� 0���� %

%�/��  *�@*-; �� �; ('	 /�,��.��* j�%�� ')Z  �JG�

  �J4.  K>N� �%���/ %/ #���% � ��/ �,)� #!"

'	.

G�@�L� �H�  �  "�. �� ����/ ���/��? �/�A
@� �� 

;%�/��  *�@*�)Kuo Y.M. and Wang C.S. 

20028� �0���� %�K)����/ ���/��? ������ `9� �� 

%�/��  *�@* S�>.%� �.$"%�( `9� 8��  �Q ��  K>N� $

.%��L <��� ���'	 �'�	�2 .#�J7.  
��� 0�)F@;

� �'))�$�9=  �n^��@��*�� ��;  ��2 ��S�>.%�  � fe

��@��*����?%��= #�4=�� �  ���� |>L #!"$ *�@* 

�/��  *�@* C�� %/ �;%�/��%$(�� 8�  � ��%/ %/

'�/�? :R*  K>N�.

��� /���  �  "�. �� $�; u�JL �'���. �$�w�&�� 

{��"� 0�� 8'.�� � '*� b���� �� :�.�.  � �v�%'�; �

�����/ #!"��(��)A� �7��'L  � �8#&�� '�G�. %/ 

��/ 6%�R���; ���L��� ���@G�'N�� ��/�/ �A	 �

'*'	.

�(�� %�K)�  � %�/%$���	 �� ��; ����" M$
�%� 

/��  *�@* %/ u�
9� M���	 ���)4�%�$M��.  *�@* 

8 �&� �% %�/�� )Buchan R.M. et al. 1986 (�

��?�
"$�; ����" �� $B�� �)��)4�  
(�'� ����� �

��;%�/��  *�@* ���'*�% %/ �'))(��%/ �K* /%�� ��� 

=�.��P��� "#��? %��= %�RN�.

���. �H�  �  "�. �� ��%/ C�
N� -�% �� ���$l���. 

6�%q ���'*�� C�
N� -���. 8� 4G�9� 0��  ����2 %/

'Lfce ���G �� 
�? �N� %/ C��'�� -���. ���)4��!9$

�4)V�'	  �	�'!_* #��H)Kuo Y.M. and 

Wang C.S. 2002(.

u(%�� l@"$�;  *�@* :�;  *�@*$%/ �K* /%�� 

�%�� 0���%�� l@" <��� �� $
��� #&�� ����@;

  �&��% S�* �� ��&A� %�/��  *�@* %�!Z M��.

)Closed Face(�� �
!2  � �
!2 6%�V  �  K>N� 

%�/��  *�@*$Q�� %/ l=��$/��� `9� %�A�� ��� $

'�/�?  �!. #�� 
��� )�A	f.(

w.�����$%�/��  *�@* $�  *�_� $�� �; %/  �/�� 

� ������ /%�� M���	 ���K* �`9�  � #J&* S�>.%� 

� C�
N�%�/��  *�@*  
V��-; �� �; �=�'L �;  *�@* 8
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/���	��@ � .;.�
 8��< 8;

%��A. %��  � �� )Kuo Y.M. and Wang C.S. 

2002('*'	  �!. .

%�� l@" �@�$��� ����� �	 
��� �/�>��� �� 

��
���;$PVC W��)� �9= �� e#(�� ���A�� 

 *�(%��MSA��A��� #���W2 
�,*� . �
� *�@* �; 

�; y@2 M��.$%�/��  *�@* $/�� $#(�� 

 *�(%��SKC  )C'� 224-30 (%/ ��J�G���/�

f/U±c�G'�/�? #	�/��  D�=/ %/ ��)NHOSH 

1994(.?/�G� %�� -�K).��% �� $��
�� <��� �� �;

%�/��  *�@* 6'� -�K).$'	 
�,*� .6'� C�� 

%�/��  *�@*$�%�� 0�� %/ �0�� fU�.fhU %/  D�=/ 

����!$
��� 8E#�� �/�� ����� .

%�� l@" %�� �; �� O2 �;  *�@* $ �  
V��P� 

�� #!" 
�Q 6���'=� � �D�)� ��_k����� � }����

� ��5� 
��� %�'D� 0��4.�'�/�? .��/$� C�
N� 

��/$%�/��  *�@* S�>.%� %/ ��; $�!�*� � �'��� %/ $�;

��$%�/��  *�@* $��'*� ��? �$� #JH ��'	.

}(�;  *�@*  ��,.:0��4. � �;  *�@*  ��,. #!"

����� �	 
��� %�'D��]�% �� NIOSH 7600 

'	 �/�>��� )NIOSH 1994 .( �;  *�@* ]�% 0�� %/

��� ��%�>G�� '��� �� �/�>��� �� �'e/UC���* }������

 b�4� �!*�  � O~� � �'	f�e/$'����%�� ��)� 

 ��B�'�/�?.�!�?w�� ��$�)��� b�4� 0�� 

V�R�(������� �	 
��� �� �� �'�G�.  � #�� 

_*% OA
~@�����= i*��5%� ���'��@* )Kuo 

Y.M. and Wang C.S. 2002.(%/ uW" %�'D�

 ���������A~�� ��_��/ �� �/�>��� �� �;  *�@* �� �� �;

)UV- VIS Spectrophotometer, Beckman 

DU640, U.S.A. (}�� C�� %/eXU 0��4. ����*�* 

�)N)� I��� �� ���/�D� 8/%�'*����  J��N� 
���

'�/�?.

���� ����� ����� �	 
��� #����% �� $��
�� ��* �;

��,. 6%�R��R�k� ��/�D� �/���� �� �C�
N� �� 

/$�% �� -����2 6����� $��
�� �;$PVC /%�� 

��? ���'*�$#��? %��= .���� %�'D���� #��$�!@���. $

f8n8e� 8^�� O2 
�?��A�� ���� #	W? /�'L fU

M���� %��  �  D�=/ �������T/f^±e/hT'V%/ 

'�� #�'�.

R=	��:
�; ��_��" %/ 
��� -���. #(��)A� M���	 $

�� �/�>��� �� ��WG� x�� ��_��/ #(�� �� O2 E
���

XY��$%�/��  *�@* $!Z M��. ����@; %� *�@* 

�; ��_��" %/ %�/��$#��? %��= <�DN. /%�� 6��>�� .

�%�� 0��  � o���� a���*��_��" %/ �; �$ *�?%�!Z 

�%�@	 C�'" %/f#�� �'	 �/%��.

� �';�k�  �  *�_*�@; �� �/��&?  )��/ /�	 $��

�; -���.$�� 
��� n/X�.eUUU��A�� ?��� �� 
�

%�/��  *�@* ��  � :4A�$%�'D� #&k* �$C/�4� 

h/U�.XYU�?��A�� �� 
�%$��
�� �/�� ���@; �; %/ 

�%�� 0��� 4G�9� /%�� #��  ���? %��= .'V %/ 'V

�; -���.$�%�� /%�� ��� �.Q�� PEL /�!)k�2 $

OSHA)f:4A� ��� �� 
�?��A�� (�ne/hc'V %/


4� /%�'*���� �� �.Q�� �; -���. �������� �	 
��� �

M��. �'	ACGIH)eU:4A� ��� �� 
�?��A�� (

��'	�� .

 �?/��&? ��G/��; -���.  )��/ $�%�� /%�� �

)n/XieUUU:4A������ 
�?��A�� (8�; �/�/ -��%�_G �� 

��� �$'�G�. #�4B�  &��D� %�k�*� ���%/ #&��

����%� �  K>N���(��)A� �*�&A� ���; -���. $/%�� 

�; ��_��" %/ �,)�$%�/��  *�@* E
��� $��G�*� �� 

O*��%��)ANOVA ('�/�? �/�>��� .��G�*� a���*

 [
 D

ow
nl

oa
de

d 
fr

om
 s

js
ph

.tu
m

s.
ac

.ir
 o

n 
20

26
-0

3-
12

 ]
 

                             4 / 10

https://sjsph.tums.ac.ir/article-1-189-en.html


T-�./ ,�.���4 T3�.� � 1�.2�/... 8<

)4� bP�(�  *�_F�; O*��%���%�/ $-���. 0�� �% 

%/ 
��� %�!Z�; ��_��"$%�/��  *�@* E
���$��%/ 

#�� �/�'* ��k*  K>N�) .�'	 
�>&*��. #G�L %/

@��%�_G�Yee/U=p�%/
V� #G�L��; �/�/ 

YUc/U=p.( � 
�QO*��%�� ��G�*�  � #�� ��q 

x����WG� 
��� ')Z 6%�R� �6'� 8S�>.%� ����� �� 

%�/��  *�@* ����$� �_�'A� �� �;%�/��  *�@*  
V�� � 8

��4.#�� �'	 
�,*� �!*� 0�� �.�A	c�; -���.$

��? ���'*�$%/ E
��� ��_��" %�!Z %/ �'	 

�;  *�@*$�  &��D� %�9� �% ����@; $';'�� ��k* .%/

�'��� %�/�@* 0���; -���.$%�@	 ��_��" %/ 
��� �f

/�4V 6%�R�$#1��= -���. O~� �  �k? :.�� 

�; ��_��" ���� %/ �'	�� ��@; %/$%/ ���R.  � 

#�� �'��.

�%�� %/ �%��� �_�/ $:��B � �����?% o�9( 

_�&J@;�)R2(�; ��_��" $�� �/  � �/ %�9� E
��� 

. ����� �K*�%�� -�����;%�/�@* %/ �$�A	 n�/%�� 

#�� �'	 .* 0�� �� b';%�/�@ ���@* �;*���@;�

�; ��_��" %/ -���. ��/�D�$E
��� #�� .0�� %/ 

%�'D� ')����R2�*����?% M(  G/�4� ��'	  J��N� 

*����?% M( :�	 ��:�	 M( �� f����� 3

*����?% M( {�'J��'*� �'	  &��D� �>V �� .

�;%�/�@*  �  "�. �� $%��&� ��/�D� � ��WG� x�� 

Q��$R2/�"� *���@; �
��� ��; ��_��" 0�� $

�; -���. %/ E
���$��? ���'*� $��?  ,��* �'	 $

��//�? .

����%� �� O2 
�/ S�B�� ��(��)A� �%/ -���. 

�; ��_��"$E
��� ����%� 8� )�!� S�>.%� ��&A� �K* �� 

�; -���. �/��$��_��" %�!Z �; S�>.%� ���� %/ $/%�� 

�%���C�
N� `9� �� )ne8eU�Te��@��*�� (�/�� 

#��.���$%�K)� 0�� 6�����. :��B )CV(-���.

�;  *�@*  � o����$�; S�>.%� %/ ����@; $E
��� 

'	  J��N� .* 6%�V  � �V�L a���*�@/�  J4" %�$

���$�A	 %/ S�>.%� �; X#�� �'	 �/�/ ��k* .

*�_*�@; #�� 
�
4� %�/�@* %/  �  6�����.  )��/ 

CV S�>.%� %/ �; eU@� �_�/ S�>.%� �/ �� ��@��*�� ��

�/�� ��@��� #GQ/ /�( 0��  � #��?')���2 �

/%�/ �_�/ S�>.%� �/  � #J&* S�>.%� 0�� %/ 6�����..

��!* ��"8:��)� �;%�/��  *�@* 0��  
V�� 0��. �

 )�!� M���	 u���*���&A� �K* �� -���. ����� �/�� 

%�/��  *�@* %/ �'	 #JH�%�� �;�'	.��* %�� 0�� 

�@*  � o���� 
��� -���. 6�����. :��B�;  *$

EG� #G�L �/ %/ ����@; :%�/��  *�@*�;$ 
V�� �� 

�� ��@�e/^��u � ��@��* :@*%�/��  *��;$�� 
V�� 

e/^�.fe#��? %��=  J��N� /%�� ��@��*��.�*a��

���?$ *���  � #�� �/�� �� �6�����.  )��/ :��B 

����.�;  *�@* %/ -���. 6�$EG� #G�L ))4���;'; $

� �� �� ��@�  
V�e/^��@��*�� (��@� ��/�D� �� $#J&* 

�;';  �$�� ���  
V�� �� e/^����@��*�%�/%�(� 

'*� �/��)�A	e.(

V��:
a���* O*��%�� ��G�*� )ANOVA (�%$�; �/�/ $

%�/��  *�@*$�;$���? ����@; $bP�(� 
'� 

)4��%��� %�/ $����� �	 
��� #&�� -���. 0�� �

�; ��_��" %/$#�� �/�� E
��� )Yee/U=P.( �

*����/�� �� �_*��� ����� 0�� �_�/ -���.  � #�� �

�� �; %/ �; ��_��" �� �� �; %/ /�"�� #&��$

��%/ #&�� l���. � '�G�. � �/�� �_�'A� C/�4�

�%�/  K>N�$#�� �/�� #(��)A� M���	 .0�)Z /�"�

9���	�%�'D� �% R2�; :�	 � Q�� $*����?% M( �

�A	 %/n')��@)�� '���. . ��k.  �  "�. �� 0�� ���)�

�; -���.$�; ��_��" %/ /�"��$�� E
��� ���.

 M���	  �
� 0�	�'!_* #��H 0@B����%� �  &��D�  ��

 [
 D

ow
nl

oa
de

d 
fr

om
 s

js
ph

.tu
m

s.
ac

.ir
 o

n 
20

26
-0

3-
12

 ]
 

                             5 / 10

https://sjsph.tums.ac.ir/article-1-189-en.html


/���	��@ � .;.�
 8��< 8=

� E
��� ����� �H���
�� 8�;%�/��  *�@* S��*� ')*� 8�;

�; ���	$%�/��  *�@* $���@�	  ��,. �� ��; ��)A. 8$

�	 
��� �,)� �� �H�� ����� �_�/ �� C��)�

������#(�/�2 ��; %/ .

��N� ��� 6�����. :��B  J$��$�;$ *�@* 

%�/��$�'	 �; S�>.%� %/ $����? 6��>�$�/�� �� 

 � #��0���@� 6�����.  )��/ 6�����. :��B %/ 

��;  *�@*  � o�����%/  � �/�� S�>.%� eU��@��*�� 

%�� l@"$'*�  �k? )�A	X.(S�>.%� ��  ���� 0��

/�!)k�2$�� �� $HSE)MDHS 52/3()HSE 

1998( 4G�9� %/ �/�>��� /%�� S�>.%� �KUO )Kuo 

Y.M. and Wang C.S. 2002(�Boiano 

)Boiano J.M. et al. 2000(:�.�.  �  �nU8ne8

�^U8�/�� ��@��*�� %'= $#�� 6��>�� .��(�  ����

���?$������  F*�)Z  � #�� �� �;�� ��  � S�>.%� 

����� /�'Lfe�;�� :"�� ��@��*�� ��9( ���%/

Q�@�L� 8/�k* 
��� -���. 0��4. "��D�=/ a���*$�%

�%�� /%�� �����  &��D� #!"�';��( %���(� %/ 

#	�W?.)4� bP�(� /�"�  �JG��
��� -���. %/ %�/ 

���$; S�>.%� �$ne�eU�Te��B�� ��@��*���

�%�� /%�� '���  � #�����k��$/��? %��=.

a���*  &��D� ��;  *�@*  � o����� 
V�� �� ';�;$

��@� ��e/^�feie/^�? ��* -; �� ��@��*����$��

 )��/ �  *���  � #�� �/�� 6�����. 6�����. :��B %/

$�� �;��';  
V�� �� �;$�� ��@� e/^��@��*�� 

)�A	e(#�� �/�� 
�/ #G�L �� ��@� .a���* 0�����)�

_)��? C�@�L� /% 0@B�)Starvation( *�@* 

-;  � ��/�* #G�L %/ �;%�/��)Licia PSC. et al. 

2005(���? 8$�* :&� ��  ,$��? ���'*� %/ ��D�=/ $


��� /�� ';��( ��(� M���	 %/.
'�  �  "�. ��  �JG� 

)4� bP�(��%��� %�/ $%/ 
��� -���. ���� 

�; ��_��"$%/ �; ��_��" �/�� ��&A� o�	 8E
��� 

�;';���� ���  
V�� �� e/^#�� %��=�� -; ��@��*�� 

Q�@�L�  ,��* %/ �"*��  
V�� u���$�.fe��@��*�� ��

M��.  � �_�'A� #*�)��8�'	 /�!)k�2 ��* %�� 

��? ���'*�$�%��9( ���#(�� ';���* ����% 

)Vinzents P. 1988.(

���; ���.?:
%��� bP�(�  Z �?�$)4� �%�/ $��-���. ��

����� �	 
�����; ��_��"  �
� %/ $%�k�*� �,)�

���? a���*  4G�9� ��� #��  �	�'* /�"� #&��$

�. #(��)A� M���	$?')���2 �K* �� ���%/ #&

 S�>.%�eU�;'; � ��@��*�� ���� ��@�  
V�� �� e/^

#�� �/�� -; �� ��@��*��.

.��
 T�����W �:
<�DN. 0�����/  ��* ����2 :G�= %/$#��@L �� �

G���A	�2 
�
� ��_k*�/ 8#	�'!� �'Ak*�/ � � ���!. 

 �
� 6�@L� ��  
��� 0�'�  � #�� �'��% 
�,*�

k;�w2 ���L ����)	%�� � 0�G��&��� �Ak. �//�? .

�)@B "�=� u�)" ��$
� I')!� ���>� ���% %/  � 

��'*�$%�A�� ��� $�=� �$"��( ��@�
� �%/  � 

��"�$%�A@; �; ������ $�Ak. � ��'D. '*�  �	�/ 

��/�	 .

 [
 D

ow
nl

oa
de

d 
fr

om
 s

js
ph

.tu
m

s.
ac

.ir
 o

n 
20

26
-0

3-
12

 ]
 

                             6 / 10

https://sjsph.tums.ac.ir/article-1-189-en.html


T-�./ ,�.���4 T3�.� � 1�.2�/... 8>

�������	
�� 
� ���� ����� ���		�� ����� � ��	�� ������  !	"��	�#���$% &� '�� �	(� ��)*� 

+,	� '���� �	-)� ��,	. 

%�/��  *�@* ��_��"$*������-���. 0�_*��� 

(µg/m3)
%��4� b��N*� 

(µg/m3)
�=�'L

(µg/m3)
�7��'L

(µg/m3)
�%�@	 ��_��"f

�%�@	 ��_��"c

�%�@	 ��_��"n

�%�@	 ��_��"X

XY 

X^ 

XY 

XU 

Y/fXnU 

U/fn^U 

f/fnYT 

h/fecn 

X/fcef 

c/fcce 

f/fcnh 

c/ff^f 

^/e

c/e

n/X

c/e

eUUU 

XhYU 

XTYU 

XnnU 

A �W�. lJ)� )��%����� (8B'.�� 8C*�8'D%�A��� ��� $8Ey@28'��� 'B 

F�G8����" l9= ��	 H&A
2  K>N� �IP? 

/0����1)2� �3��#�0	��*�#+,	� �	-)� ��,	. &� 

 [
 D

ow
nl

oa
de

d 
fr

om
 s

js
ph

.tu
m

s.
ac

.ir
 o

n 
20

26
-0

3-
12

 ]
 

                             7 / 10

https://sjsph.tums.ac.ir/article-1-189-en.html


/���	��@ � .;.�
 8��< ?@

0

1000

2000

3000

4000

5000

6000

1 6 11 16 21 26 31 36 41 46

������ �	
�	 ��� 
����

(�
��
��
��
��
��
���

��
�)
��
��
��
���

١ 
��
��
٢ 
��
��
٣ 
��
��
� 
��
��

/0� 4��	
�� 
� ���� ����� ���)*�#5 �� �� 67�8� '�"1�� ��(9$�.:����; ��)*� :<��=*> 

y = 1.013x - 0.047
R2 = 0.99

0

1

2

3

4

0 1 2 3 4

Location 1 

Lo
ca

tio
n

2
lo

g
[C

r(
VI

)] y = 1.003x - 0.028
R2 = 0.981

0

1

2

3

4

0 1 2 3 4

Location 1

Lo
ca

tio
n

3

y = 1.011x - 0.042
R2 = 0.979

0

1

2

3

4

0 1 2 3 4
Location 1

Lo
ca

tio
n

4

y = 0.984x + 0.034
R2 = 0.984

0

1

2

3

4

0 1 2 3 4

Location 2 Log [Cr(VI)]

Lo
ca

tio
n

3
Lo

g
[C

r(
VI

)] y = 0.994x + 0.02
R2 = 0.977

0

1

2

3

4

0 1 2 3 4
Location 2 log [Cr(VI)]

Lo
ca

tio
n

4

y = 1.002x + 0.001
R2 = 0.978

0

1

2

3

4

0 1 2 3 4
Location 3 log [Cr(VI)]

Lo
ca

tio
n

4

/0�%�"�,?*> �,1�@� #�	
�� 
� ���� �����#A 67�8� '�"1�� ��(5 �� #9$�.:����; ��)*� :<��=*> 

*'	�� �� -���. ��/�D� -��%�_G 0���� %�/�@*  � � �
V� ��/�D� �*�=�� %�/�@*  �.

 [
 D

ow
nl

oa
de

d 
fr

om
 s

js
ph

.tu
m

s.
ac

.ir
 o

n 
20

26
-0

3-
12

 ]
 

                             8 / 10

https://sjsph.tums.ac.ir/article-1-189-en.html


T-�./ ,�.���4 T3�.� � 1�.2�/... ?A

0
2

4
6

8

35 cm 50 cm 65 cm

Hight

C
oe

ffi
ci

en
to

fV
ar

ia
tio

n

/0�9�� �?�� ���)*�:(Box plot) �	
�� 
� ���� ����� � ��		�� B1�C#��9$�.:�; ��)*� ���:�> D�E��� �� <��=*> :67�8� 

*'	�� �� 6�2 ��/�D� �');/ ��k* �A	 �Q�� o�9( %�/�@* 0�� %/.

0
2

4
6

8

< 7.5 cm 7.5-15 cm

Sampling Head Distance

C
oe

ffi
ci
en

to
fV

ar
ia

tio
n

/0�F�� �?�� ���)*�:�	
�� 
� ���� ����� � ��		�� B1�C#��9$�.:����; ��)*� :�7G�
 �; <��=*> 67�8� ����; ��)*�:

*�A	 �Q�� o�9( %�/�@* 0�� %/'	�� �� 6�2 ��/�D� �');/ ��k*.

������ �	
�	 ������

� !"�! #� �$����� �	
�	 �%&�'

 [
 D

ow
nl

oa
de

d 
fr

om
 s

js
ph

.tu
m

s.
ac

.ir
 o

n 
20

26
-0

3-
12

 ]
 

                             9 / 10

https://sjsph.tums.ac.ir/article-1-189-en.html


/���	��@ � .;.�
 8��< ?8

X�	E�:
8$��&( %�2'�4�)fnYU (
��� -���. 0��4. � ����	�%�

 � #�� 
��� $%�A�� #4)V �� %/ ������ �	
��4)V  ��!. -�&�� �L��� .���)	%�� l9D�  ��* ����2

 � #	�'!� �'Ak*�/ 8$�  ��L #	�'!�  �	% '	%�
 ��_k*�/ 8��	�'!� 6�D�DN. ����&*����!. �A	�2 
�
�.

Agency for Toxic Substances and Disease 
Registry (ATSDR). (2001) Chromium. 
www.atsdr.cdc.gov/tfacts7.html 

American Conference of Governmental 
Industrial Hygiene (ACGIH) (2003) TLVs 
and BELs. Threshold limit values for 
chemical substances and physical agents 
and biological exposure indices 

Boiano J.M., Wallace M.E., Sieber W.K., 
Groff J.H., Wang J. and Ashley K. (2000) 
Comparison of the three sampling and 
analytical method for determination of 
airborne hexavalent chromium. J. Environ, 
Moni.  2:329-333. 

Bright P., Burge P.S., O’Hickey S., Gannon 
P.F.G., Robert-. Son A.S., Boran A. (1997) 
Occupational asthma due to chrome and 
nickel electroplating. THORAX. 52(1):28-
32. 

Buchan R.M., Soderholm S.C. and Tillery 
M.I. (1986) Aerosol sampling efficiency of 
37 mm filter cassettes. Am. Ind. Hyg. 
Assoc J. 47(12): 825-831. 

Environmental Protection Agency (EPA). 
Chromium compounds. Technology 
Transfer Network Air Toxics Websites. 
Last updated February 12th 2003. www. 
epa.gov/ttn/atw/hlthef/chromium.html. 

Environmental Protection Agency (EPA). 
(1995) New regulation controlling air 
emission from chromium electroplating 
and anodizing tanks. March 1995, 
ww.epa.gov/ air/oaqps/f9500. 

Gibb H.J., Lees P.S.J., Pinsky P.F. and 
Rooney B.C. (2000) Clinical findings of 
irritation among chromium chemical 
production workers. Am. J. Ind. Med. 
38:127-131. 

Health and Safety Executive (HSE) 
Chromium and you. (2001). 

Health and Safety Executive (HSE). (1998) 
Hexavalent chromium in chromium plating 
mists. Methods for the determination of 
hazardous substances(HDMS) 

Kuo  H.W. and Lai T.I. (1997)Nasal septum 
lesions and lung function in worker exposed 

to chromic acid in electroplating factories. 
Int.Arch.Occup.Environ.Health.70: 272-276. 
Kuo Y.W. and Wang C.S. (1999) 

Concentration effect of chromic acid 
solution on the enrichment of Cr (VI) in 
droplets from bursting bubbles. Aerosol 
Science and Technology. 31:275-285. 

Kuo Y.W. and Wang C.S. (2002) Droplets 
fractionation of hexavalent chromium from 
bubble bursting at liquid surface of 
chromic acid solutions. J. Aearosol. 
Science. 33: 297-306. 

Kuo Y.W. and Wang C.S. (2002) Effect of 
rise distance on droplets generated from 
bubble bursting on the surface of chromic 
acid solutions. AIHA Journ. 63: 5-10. 

Licia P.S.C., Vania P.C., Jussival A.P.N. and 
Tania M.T. (2005) Laboratory validation 
of passive sampler for SO2 atmospheric 
monitoring. J.Braz.Chem.Soc.16(1): 50-57. 

Liu C.S., Kuo H.W., Lai J.S. and Lin T.I. 
(1998) Urinary N-acetyl-B-glucosaminidse 
as an indicator of renal dysfunction in 
electroplating workers.  Arch. Occup. 
Environ. Health. 71: 348-352. 

National Institute of Occupational safety and 
Health (NIOSH). (2003) Chromium, 
hexavalent by field-portable 
spectrophotometry (method 7703, Issue 1). 
NIOSH manual of analytical methods, 
Forth Edition. 

National Institute of Occupational safety and 
Health (NIOSH). (1994) Chromium, 
Hexavalent (method 7600,Issue 2), NIOSH 
manual of analytical methods,Forth 
Edition. 

Pope A.M. and Rall D.P. (2000) 
Environmental medicine: Integrating a 
missing into medical education. National 
Academic Sciences. U.S.A. 291-311. 

Proctor D.M., Panko J.P. and Liebig E.W. 
(2003) Workplace airborne haxavalent 
chromium concentrations for the 
Painesville, Ohio, Chromate production 
plant (1943-1971). Appl. 
Occup.Environ.Hyg. 18(6): 430-449. 

Soraham T. and Harrington J.M. (2000) 
Lung cancer in Yorkshire Chrome platers 
1972-97.Occp. Environ. Med. 57: 385-389. 

Vinzents p. (1988) Personal sampling of 
total and inspirable dust. J.Aerosol.Sci. 
19(7):1437-1439. 

 

 [
 D

ow
nl

oa
de

d 
fr

om
 s

js
ph

.tu
m

s.
ac

.ir
 o

n 
20

26
-0

3-
12

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            10 / 10

https://sjsph.tums.ac.ir/article-1-189-en.html
http://www.tcpdf.org

