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8?	 � �68>�	� �8�0)
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#�	
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��	 .�&�� =)	!�	       � �$8E �8��E � 	$8E (�8)�:� =)�8�

��� =E�� �� �	�0E ��F)�6�.� 
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���� (	����� (3/27 3µg/m   �	 �83 F.)�8" (
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�C ��
� ����

20     �$8� W.X8�3 U8��? �8��	 �	 �3 .  (	!8.�HDI,TDI  �MDI 

      ���88� �8� F88)	 F.8� �	 � �$8� �	$88� �)�8� �	 �68�.�HDI  �

^� ��E  �$8� �68�.� F)�)�� �	 (�3�	 �%" ��`� .  F.8�x0E

� �� ��>� (	�� �.073 F.� � ���� F)	 	
2� � U`�� (	���

�$� �6�.� �7�K =X�13. 

�887 �I� � �	 ��$88Q 1	�88.073 (	�$�C�88� �� �88� �88�

  1���.8��!)	 1��.��3 �P%` �
�C U0& �� ��$Q (	���.073�

 �� (	!.� F)	 � ��$� _�� ���C �>D�3 �.��� �(
� ��  �.��� �	

=E�� 1
� �� �>D�3  �8� �8��) .    ��8E��$�$� F)�83 (	�	�8�

1�88�.��3 : �	 
88��$� 
88�3��& 1���.88��!)	MDI,HDI,TDI  �

     T�8K � ���8��� U`�8�� � 1���.8� �!)	 1��.��3 �P%`

     �80E �	 �860� ��8� �����8� U`��� � � �0E �	 �6�.� ���

�$� .      �68�...� ��803 �8� ��	���8� F.8� � �>D�3 B�C s$.�

 (	���� �)�� �	 �3_�� 
�6�	��$�14. 

  

+�� 3��4�  

 �7 �I� F)	�7 �I� � �	     f�8� � �8� ��$8� �87I2�92-91 

��$0� .��	 �6��� #�b�	 �E    � U8.��$3	 �8��2� ��8�E���� �	

     v�8J �	�8:	 ��:.
�
8� ��C ]80: *�� (�6���� zI�

10   *�8� (�68���� � U`�8� U.��$3	 (���2� U��	 
K�15 � 

 �	
73380 �� U.��$3	 ���2� �����549  ���� �8.7� � ����

 �� {�� ��A) �	 =.� �2��� �		� � (�$� A  (��.0J	 � f��

(�)�" �3 U[� F)	 � (��)	$9� �	   d�8X6�	 v�J F)	 �	�:	


�
� .  

 �	
73 s$0b� �18 �� �����32   �8� �u	 F.0E (	����

   ����8S3 $8I� � �������" �	 ���D6�	.
�
)��� �� �� ���0E

   (	���8� �	 ��8.� �$8� 1�&MJ	    �8� .
8� ��C ]80: (	��

   �83 �8� ��03 � �?� #�03 1$K �� l.2/3 � �
��� ����

�%��� F)	 �	 L" .
��$� ^� 1��.�58    �!8)	 (	!8.� �	 ��$0�

 ��$0� �	
��6�	 ����� �	 ���D6�	 �� �� -./� �	$E 1���.�

 .
88� �	��88�V� �	��88� �88�$0� �	
��688�	 V�5522 

NIOSH ��$0� �	��    �8�$0� �8)!b3 � �	��8�  �8E   F)
8� |�$8�

��$0� �%.�� 	
6�	 a.3�3     �8�� ��8�h0" �8� 	��� F.)�8"  f
8� 

(SKC) ��� � ($��K d��� �6� $%� �� 	 1/2    �82.?� �8� �86.  

���. �� �   �	�80E �8�   B:�8�� ���E�'68��(impinger )  A8Y$�

 ����d}�: f$%/� DMSO     8�.7� 	
82� ���8u	 �8��   ���8�

�.�\3  �
��� �	��=��	�  F.��6h)�3�� � �� �	�  ���E�'68>)	

 ��������." ���	 ��.
�
� ����C NIOSH �	 100  �	$E �6. 

��$0� �� -./�  �	���
� ��$0� � �E�6>� ��    a8���� �
8��

����C �    
8� U826�� ��'8�)���C �� �)!b3 �	�� a.��3.
�MDI 

  ��3���.8��!)	 � �$:$�    -8�$3 !. �8�C �	 U8�?HPLC   �68>)��

l6�� V� .�$� ���� l6��      �8��$� 1$8K F)
8� ���8�

 	
6�	41/0   �_�8� R$8%Q �:� ��) F.��6h)�3 #��99   (
8K�

 �300 ml     �83 �
8�E� (�8�3 �� � �
� U� FG$ $360   �8:�

  .�$8� U� M��� �3 
� ��	� 1	�� �	�'.6���001/0   �	 f$8�

 � 1���.��!)	20 ml �� f$%/� Lh� �
� U� FG$ $3  ���

 �
�C ��   F.��86h)�3 l68�� .
� ���u	 F.��6h)�3 f$%/�  �8�  �8�

   � �M�
86)�� j8.? �� ��$0� d$� �'� 
.D� f; 1$K

V� ]0: ���� ($.�	�6%.� C    ��$8� ��8'�C � �
8� �� 1

  �
8�	 �8�
� �450 ml  ���8� MDI (	 �-    U8� f$ $��8"��"


)���.    ��	� ���8:	 � 
8� �
�	<� ���K �	 f$%/� �(C �	 
7�

�� �3 
�   (	$8�& �8� �
8�C ��� �� ��� �6>)�� ��'�C .�$� � 

MDI l6��     ]80: !. �8�C �	�8� �
8� ����  ��C(NIOSH 

manual of analytical methods 5522)   � @�8/6� ��� 
�
�

!. ��C HPLC ) U)�6.�$6�	40  �350     1�68�	 B)
8� � (
8K�

)60  �350       V� �.8K$3 l8�J � ��$8� ���8� (	$8�& �� (
K�

�	
��6�	 4   ��8�6I%` �� ��'6�� ($.�	��. �� �	�� ��$0�05/0 

 �3 ml/µg 10   ��'68�� �8�!. ��C �	��HPLC  �Q�8�  �8��Q�� 

KNAUER   $86�3� �8� UV  ($68� � C18     �8� � 
8� l8)!3
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  �8�.�/���)� zI� ����/� � �J$��� ����	��$3����� *	�X6�	

�
�)_C �P%` (	!.� �6)��� � MDI  �8�$0� �  �8E  ��8��/�  .
8�

���)!b3 �	 � U.%/3 ���C ��	�  ��8E ����8���" �	    	!8�	 #�8�

SPSS        � 1���.8� �!8)	 	
82� �$8' 	 �8�6�	 � .
8� ���D6�	

��$0� �E���� 	�? V	!� � ���� �$�  .  

   

!5����6  

      � ^8� �8� ��803 �2��8� �8��)	 �� �:$3 �� l.2/3 F)	�

�� �2��� ��     F.'��8.� 
8��� �k$8� B8�C B)M& ���� � 
�	$3

   a8.3 �83 �� �� 
�C ��
� ^� �� �� �2��� � �� �2��� �F�

8/36 �25/18 �65/16 ��.
���� 

5/35 %�'.88� (	���88� �88� � 
�
.88��8/63 % �88�E����

 �\�	
� (��C ��
� �	�� .
��$� �67�K �)$�3 B6>.� �		�

 �88P%`MDI, TDI V� l��88I� 5522 NIOSH �88�/��

��$0� .
)��� �.�3 	
��6�	 �E ��'6�� ��HPLC    � 
8� l8)!3

#	��$3����� �	 ���D6�	 �� ��E *�	 �8I2� �)� zI� �K�S6Q	 

(peak)/��� �
� ����/� � � �	�� ����	
: �P%` 1$K ��

MDI � TDI�88�$0� ���8803 � ��88E ��88��/�88)��� �88P%` .


MDI�TDI  ����  f�
:)2��	
�	 ( �.�� 
� .  

 ��b� B�	�3 ��
� �� �
�)_C �P%` �>)�2� �	 UK�� w)�6�

(��� ��  �
8�)_C �P%` F.'��.� �� 
E�MDI, TDI   #�803 �

a.3�3 �� ��E����mg/m3 9/7 � mg/m3  05/1    F)�68�.� �8�

 ��0� ���2� ����� �� {$��� �P%`9   �	�8� ��X� �	� �$�

���D6�	 ^� (��� A�Q ����� .�b� 	
2�
�)_C �	�� � ��E

MDI  �TDI  �	
��6�	 l��I�NIOSH  �mg/m35  �)µ g/m³ 

50 ��   � �8>D�3 1M�8������ F.� {��3	 ���� �	�� .
���

($��C�	 (�$� ��'.� squre-chi     �	� (�8�� �8� 
8� ���D68�	

  �	� �8�7� {��3	)002/0 <P (    �8>D�3 1M�8������ F.8�

 �$� (	���� F.� � �'.� (
.����	� �$:� =E��". 

  

7�08 1: &$'��(� �
)
*� +$������� ,
�-	�  

  ��#.(  &/�#0  �12�#0  3$��
$�  ���#�
��� 4�����  

F�  32  22  60  4/36  07/9  

 �� �2���  32  3  47  25/18  66/9  

  ^��� �� �2���  31  3  37  6/16  37/9  
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 �	����1:  a>� �� j%6X� ���E���� � �P%` 	�$0�mg/m3  

 7�082: ��$0� � 	
73 ��E���� � �I./� 1$K �� �
� �.� ��	
�	  

���#�
��� 4����� mg/m3 3$��
$�/ ��#.(  ����� 6��  

54/0  1/1  28 ���� ��$0�  MDI 

1/2  7/7 35 ���� ��$0�  

  

  

��$0� ���)	 �� �:$3 �� �E  -)	�8� �� j%6X� ���E���� �

        �8)!b3 $8P�� �8� ��8�	 �
8� ��C ]80: ($��8�$� �$:

6>�0E (	!.� ���� � U.%/3�   �
8�)_C (	!8.� �8� ���C �'  ��8E

F.'��.� F..73 �	�� .
�6��� 	�? ���C ($��C �$� �� -./� 

 �P%`HDI  ���$: � �E�6�	�" �	 �97� �� �%Q	
�   -.8/�

($88��C �	 �88� �'688>�0E ($88��." (Pearson correlation 

coefficients   
8� ���D68�	 �  F8)	  �8���   a)�8u ��8�C 

-�$6� �'6>�0E )0,5F.� (  �P%` (	!.� =)	!�	� ��� $6���

HDI ��	� �$:� .      �8�E��� F.8� � �
8�)_C �8P%` 1��8D3

�� � ��	 	� ��7��>.� ��$'�)	 ���� UQ	� 1��D3 �� �   .  

  

 94�  

 �.E��MDI  �TDI       � �&�8� �8� �8� �8>)	 �8�$� ��

��9� � �
� =X" �� -./� �� �&�8� 
��	$3  �8E  -.8/��

��0� �?���
  F.� �7 �I� F)	 � .
�)�0� ����6�	 	��C (	���� �

  �8�7� F)
� �	� �$:� �'6>�0E 
�)_C (	!.� � ����� ����

    !8.� �8� -.8/� � 1���.��!)	 (	!.� �� �3_�� ��� �Y�E ��

 a�8� ��� =)	!�	 �� �)�b�	 �	 .���) 
E	$Q =)	!�	  =)	!8�	 

���� ��)<" =��	� �� �$8��     ��8�� �8� �8:$3 	<8    � ��8���

  ���8u ^� (��� A�Q $P�� �� (C =)	!�	 �	 ��.�$%:

���P� ��.
�  

�	 ���J �� ���
��� U. � �_�� F)	 ���� � -./�  �8� � 

U)
�3 ])�� (
� (C  �8� 1	} (Particles) %` �8P  ��8E�X� 

F)	 ���� �)�.0.� � ���6�	 ��$� ��� �� =)	!�	 
��))3( �\�	 

��E ��$0� �)!b3 �
�  �		� j8%6X� ���E���� �  �8P%` 

   ��b���
8� 	�8)� ��$� �	
��6�	�	�3_��5      �86� �8� #�8� �8%.�

a7�� ��       ��08� 	�$80� � �
8�C �8�
� w)�86� �8 � 
���

1 ��8b� 
� �	 �3_�� �P%` �	 ����  �8�   �897� � � 
�8���

 ��b� 
� ��	�� F)
�Y ��E����NIOSH ��
��� .   (�$8� _�8�

 �� -./� � �
�)_C (	!.��  �8)$�3 B6>.� ��$��E �$:� #
&

�	 =.� �36%  ���)�	 �$� ���E�����  �y�D� U)��� �$��

a���� ���� �  � 1�8.��Q� f�076�	5/35%  (	���8� F.8� � 

��      �!8)	 1�8�.��3 �8� -�3�8� ��8�)�0.� s$.� �
�)C � 
�	$3

   
8E� =)	!8�	 	 1���.8� . ��.8��!)	1�  �8E   �88� �8� -.8/� �

1$K    �
8)� U8���GC � �8X� f���	 �� 	�� � f�7� � �	$� 

��.
�$��6� 1��.��3�)�� �$� g�� ��	  -./� � �)�.0.�

  �)�8��3 �8� ��3���.��!)	 $9�.
�	
� �$:� �) � B� �.>� �� 

��        F68�	� 	<8  .��	
8�.� �8IQ �8� 	 (	���8� ��M8� 
�	$3

������ �		�0E (�
� � a8���� �0%& 1�7 �I� ��  �8�  � 
8�	$3

��.'�."   �8� 1��.��3 F)	 �� ���C {��3	 �� �)��)�0.� ���� �	

1��k	   �8�	 �
.8� .      � �.8��>� ���8� � �%[8� B8�C U8\�

(�J�� f�06�	 � �6�$" ����	
��� 	<� �.k�3 (�$� 	� . w)	

=)�" (
� ��E=)�" ��: �� ��);$ $.� ��E BE	�� � �I./�

(�$0�     #�_ 1	!8.�b3 � U)�8�� �8� !�b� �E�'�)���C !�	��

=)�" F)	 �	�� �E����7� �� !�	�� F)	 ���7� � ��E��6�	
�� 

��88J$��� T$�88K �88)��/3	  �88�	
�� � �88� a88J ���6��88�
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���� �	�P� �� ������ �	 ��
�  

  

!:�5�;�<  

     1���.8��!)	 �8� -�3�8� ��8�)�0.� ���� �	 ��.'�." �	��

(�
� #�b�	     � a8���� �8)$�3 B68>.� aS�� �	��	 1��)�7�

�� (������� 1�P� �� �k$��    �8�	
�� (�8���� ��� �6�� �


��� �k$� 
�	$6.� .V�2� (	���� V�$�C     �8��C (��8� ��8�C �

1���.��!)	 T�S� �	 ���� 1	�IQ �� ��>��� �E  �	 
8�	$3

��� �	$� F)	 �	 ��� ���D6�	 ���� ^�E�� � �
.D� ��
 .

�� ��� =)	��	 ���)	 �� �:$3  �8�     �8P%` (��8� _�8� � 
8�	$3

 ���� sMJ	 ��E���� �.%� �� 
��� �k$� �� -./� � �
�)_C

   �	 ��8X� �	 ���D68�	 ��: �� ^� (��� A�Q �	�� �3 �$�

�$� ��E  �8�	
�� F.3	�� .
�)�0� ���D6�	 F� A�Q�  �8� �

�&�8806:	 $88�	  �	#�88b�	  �88�$'�)	�88. �7� �88E F.88�� �88)� �


�)�0� ��.� �$%: ��E����  .  

  

��	��0= � 1>�  

   �8���7� � 	 �8��� ��	
�� 
�	� ���0E �� �7 �I� F)	

       �8� �8�	 �
8� #�8b�	 ��8� 	 ��8�!" #$%& ��'��	� �6�	
��

��0E�	 �%.�$�)
� ��  F. $�>� 1
&�>� (��� �� �  #�86/�

C��	�
? � ���3 ����7� ( ��.�$�  

  

References 
1. Gajalakshmi P, Balasundaram A, Venkatesan P, Santhiya 

S, Ramesh A. Cytogenetic studies on spray painters in 

south India. Mutat Res Genet Toxicol Environ Mutagen. 

2002;514(1):1-6. 

2. Lee KH, Ichiba M, Zhang J, Tomokuni K, Hong YC, Ha 

M, et al. Multiple biomarkers study in painters in a 

shipyard in Korea. Mutat Res Genet Toxicol Environ 

Mutagen. 2003;540(1):89-98. 

3. Mir Mohammadi S.T. He, Omar K.,Mohamadian 

M.,Kamel K. Evaluation of concentration methylene 

diphenyl diisocyanate (mdi) in the polyurethane 

industries of Iran. J Mazandaran Univ Med Sci. 

2008;18(63):83-90. 

4. Bilban M. Mutagenic Testing of Workers Exposed to 

Toluene-Diisocyanates During Plastics Production 

Process. Am J Ind Med. 2004;45(5):468-74. 

5. Sumit A, Yogesh T, Varun M, Kavita S, Shivani G. 

Evaluation of renal and liver functions tests in car paint 

sprayers. Int J Life Sci Sci Res. 2016;2(6):682-91. 

6. Tanaji Methre S, Karandikar MS. A Study of pulmonary 

functions of spray painters working in automobile garage. 

J Dent Med Sci.2016;15(3):1-7. 

7. Dibakar D, Sanjeev K, Supriyo C. Effects on lung 

function among workers exposed to automobile spray 

painting- a cross-sectional study at nagatilla, silchar, 

assam. J Evid Based Med Healthc.2017;4(92):5600-4. 

8. Pinto D, Ceballos J, Garcia G, Guzman P, Del Razo L, 

Vera E, et al. Increased cytogenetic damage in outdoor 

painters. Mutat Res.2000;467(2):105-11. 

9. Schaal NC, Brazile WJ, Finnie KL, Tiger JP. Effects of 

known determinants on methylene bisphenyl isocyanate 

(mdi) concentration during spray-on truck bed-lining 

processes. Ann Work Expo Health. 2017;61(7):872–82. 

10. Mortasavi S, Jabbari Gharabagh M, Asilian H, Khavanin 

A, Solimanian A. Evaluation of 4,4-methylene diphenyl 

diisocyanate effects on foam producing workers of car 

manufacture. J Qazvin Univ Med Sci. 2005;9(1):43-50. 

11. Lefkowitz D, Pechter E, Fitzsimmons K, Lumia M, 

Stephens AC, Davis L, et al. Isocyanates and work-

related asthma: findings from California, Massachusetts, 

Michigan, and New Jersey, 1993–2008. Am J Ind Med. 

2015;58:1138-49. 

12. Kakooei H, Shahtaheri SJ, Karbasi H. Evaluation of 

workers' exposure to methylene diphenyl diisocyanate 

(MDI) in an automobile manufacturing company, Iran. Int 

J Occup Safety Eng. 2006;12(4):443. 

13. Pronk A ,Tielemans E, Skarping G, Bobeldijk I, Van 

Hemmen J, Heederik D, et al. Inhalation exposure to 

isocyanates of car body repair shop workers and 

industrial spray painters. Ann Occup Hyg. 2006;50(1):1-

14. 

14. Boutin M, Dufresne A, Ostiguy C ,Lesage J. 

Determination of airborne isocyanates generated during 

the thermal degradation of car paint in body repair shops. 

Ann Occup Hyg. 2006;50(4):385-93. 

15. Robert P.S CMR, Schwartz, RK SP, Cassinelli ME. 

Determination of Airborne Isocyanate Exposure". NIOSH 

Manual of Analytical Methods. 1984:1998. 

 [
 D

O
I:

 1
0.

29
25

2/
je

he
.6

.2
.1

25
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 je
he

.a
bz

um
s.

ac
.ir

 o
n 

20
25

-0
5-

13
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               8 / 8

http://dx.doi.org/10.29252/jehe.6.2.125
https://jehe.abzums.ac.ir/article-1-608-en.html
http://www.tcpdf.org

