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WBGT  ��&��  ��95 

  
����� ���1* ������ ���� �� ����2 ������ �����3 ��� �� � !�"2#����$%� �$&� �4  

1- ���� �	
��� ������ ����� �	����� �� ! �" �# $ ����� �% & '	��	() * � ��	�+ � , �*	() - ./��0. 

2-�* � ��	�+ � , �*	() - ./��0 ���� �	
��� ������ ����� �	����� �� ! �" �# $ ����� 3	4�'	 . 

3- * � ��	�+ � , �*	() - ./��0 ���� �	
��� ������ ����� �	����� �� ! �" �# $ ����� �% & .� ! . 

4- �� .7�� �	�8�9� �.� ! .* � ��	�+ � , �*	() - ./��0 ���� �	
� 
 

  

 �!�� / �� �#�$%& �!��
 / '4  /)���$� 97  ,$�$� /78  

  

 

 :����� �	�
�� 29/7/97             :����� ��
��12/9/97  

:���)�  .+�� ,�&� -.���/ ��01 �2��2 �� 3.45%5.6�1 7�8�� 3. -9���� ��:�� �;%�<� =.� �� >���6�� -���2�:�� # �

?@�� �� A�� :�� �2 ��2B C�@ -:�� � -:;�D ��� -.�5� �� -9����(WBGT) Wet-bulb globe temperature  .���2 -�  

E�� � ��5� :��- �D59 E�� �2 �;%�<� =.�- .+1�/ G�5D -;<)� -H�H&9 ��267  ��2B C�@ -.�5� 202 �D -.�5� � -:;65 

 ���;9 .+�� -:�� -.�5�88 � A�N:�� �� A�� :�� �2 .�.��/ O�P:� A��� -1��Q9 E�� �2 -.�5WBGT � ����:����R �30@ ���

?@�� �� A�� :�� �2 -9���� ��:�� ST� .��� ���/ A���� +25!� � #�� �5/ ��9WBGT ���8 G�"�� � A�� ����� �� )11:30-

13.�� ���/ A���� #��/��8 ���):�� V&� �� (  

�:1�. :�� �X! �Y.�:��9Z�2 -9���� ��:�� -:;�D �2 +X[ -:�� ��� -.�5�  �� �� #�0� ?@�� =�N��� .�WBGT  �2

 -:�� ��� -.�5� �� ��/��� G�5DºC 69/6 ± 49/44 -:;�D ��� -.�5� �� � 88/39 ± 38/43 � =�N��� .+�� A�52 �.��)

 ?@��WBGT X[ �� ��:0�2 >��&� -:�� ��� -.�5� ���� �2 Y.�: V�H&9 .������^� �� �� -:;�D ��� -.�5� �2 +�� : �� A

 #5��Bt ��� =�2 �8 ��� #�0 V):[�N� +25!� �#�� �5/ ���� �,�&� �9 ���� =�WBGT  -:�� � -:;�D ��� -.�5� ��9 G�� 

 .���� �5�� ��� -�;�)P<0.05(.  

�^�: � _&2���/ :���� ��:�� #�6�� �;%�<� =.� �� -9 A�52 �����:�� �� �� �9Z�2+�� .�;`� A���� #�0 �8 ��:�� +

 .+�� ��2B C�@ ��� ��� -.�5� �� A���8 #��N -.���/�^�: �� � � -9���� ��� ��:�� a�:�8 +�� �� �6.� ����2�5� � -.

.���2 -� ����` ��2B C�@ ��� ���  

A4�����H8 ���: WBGT-9���� ��:�� �+25!� �  

  

  
 
 

����� 
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���)� 

	! & '� <�	4; �� *�4� =� >/�! '	�?� "�@ A B! 

�) )1.( *	?� �� *�4� =� ��@�! *�, � & E�# '� 

E� � F�:! .�' $ '�	G �� �!� �	�$ % �	H� "	�(�-	:# 

.�	7(@ % .��� �) )2-4.(  I� � # '� �@'� �' $ 

=�, 21  	�24 �@'� .(�	) � & % ���J' .K?� 50-60 

�;'� 3	?$ .($' .! �44� )5.( ./� O >!�� ./���# 

*	�O '%+ E��! "	8 "'	� '� <�	4; P�(Q! 3 () .�	! & 

.! ��	� )6-10.( 3 () .�' $ =� R4�% =�S�-����# '� 

 � � '	�# .�	! & E��! �) )11�12.( "	��4� .�' $ 

.�	8'	�# �) �� O T J E��!  � *	?� �'% .! ��� 

)13.( F7H� F�UUQ(! .(-%� ����� .(:4; 	/� !+ 

)ACGIH (3 () .�	! & ' ���
4� P� :� �� � �) :

*��! .�' $'	� 	� "	! & .U-	, ��  &'	� F/7! �) '� 

W :! *+ ' G �(# & ��	� )14�15.( "	! & E��! .!'	� 

����  � >!�� .X�(Q! �� �'�; Y��(?! 	� Y��(?! �Z 

���	�'�& [ ��7@O :Y?�-��	(! "	!� �� # *�� ,*	� ]  �^�G

% �*�,'	�# _�	� "'	7�� % F(#'`	� "	B, "'	� % �[�	$ 

��� )16.( .� &'	� �� E��!'� .�	8 	� "	! & �	�O '	� .! 

.��! O �:� ��44� a+ *�� 	��+ R8	� .! ��	� % *��! 

b� :� 	��+ R��# .! ��	� ��  H4! �� R��# "	!� .�7� 

*�� 	��+ .! ��� )17�18.( .�	�O' 3 () .�' $ 

.� &'	�'� �� 	� "	! & R�� O �$ ��@�! ��'� ��78 

.�% #  �O ��'� F/7! �) �	�$ 	��+ ' ��  B, �O��	�� 

)19.( �	:-	B! *	�� ��� �) 3	7� R�� O �$ 	! & 	� 

.]'�� >�KG O .
(?, .�	� f! � �	! &O  �.�g9�

&.&�O	!  ,h�@ "	8 �`g(, �.�	! & .KU� .�%'% 

R8	�% ��O	� "'	� ' �� i	K�� �'� )16.( *�4�	� ��:� j ! 

"	8 .�	� O 3 () .�' $ E��! '	� '� �	�	� % 	/� !+ �� 

�'�;  ��	�-	)220 �'�! ���� �) % �'� ����� "�(�'�� 

�	�	� R�0 .4�� �� � �) �� F� *��! j ! �	 i	)2020 

��  �%�$300 �'�! R��#  ��	�)20�21.( �	:-	B! �	H� ��� 

*	�� 	8 .���	� '� ��� �) �� "� # �� '� >�	�! '�4� '	� 

�44� .! E� � "'	� 	��+ '� ��%��!  �Z O	H! ���� �) 

)22.( bKJ �	:-	B! �	H� ��� E)�� .�	4$ % *'	/78 

kQ�! ��� & �� 3 () .�' $ '�1/61 �;'� * J	� % 

�* �
�	� .���	� ��@% �'� )20.( '� �:-	B! " 
�� kQ�! 

��� & �� "'	� �	�	) * &'	� .���	�  � �	H� 3 () 

.�' $  [m! �) )11.( F�4n78 '� �:-	B! " 
�� kQ�! 

��� & �� '� '	� a%	4(! �� oO R��# =� �@'� .(�	) � & 

'� "	!� E��! ,*	� ] ^�G �= �� ] '� ���G� R��# .! 

��	� )11�23.( �@�� 	� �� p�	(� �� �)� ��!+ E)�� .�	4$ % 

*'	/78 * &'	� .���	� "	8  .(4)3/3 * &'	� � � .���	� 

"	8 .4��	! '� W :! 3 () .�	! &  �4(?8)20.( 

F�4n78 .�� E)�� �� " �:-	B! '� "�	�+ % *'	/78 

�'�; �# & ��� p�	(� -	B!�: .�KG b��U� ��� & )6.(  '�

 
�� .�8%q0 kQ�! ��� & �� i (4� 	! & '� E��! '	� 

^@�! R8	�40 "�;'� *��! "	B, F�$ '	� ��� % � �� 

"'% ��-�� '  	�1/7 �;'� R��# ���  �))24.( ^�Z 

R4�% "	8 "'% ] ./�S�-����# "� # ' .! *�� >KG O 

O% � ��	�� "	8 r�� ! ��  ()3 .�' $ �O�� " �&  � �

)25.( "	8 k,	� "�	�O .J *	�-	) "�	7(! �� '�s4! 

�O�� " �& 3 () .�' $ t�� ��� ��� 	! u�8 ��� �'�! 

h ��0 ' G �# 
� % 	�4� .U,	� �� 	K� �� �� '�J �� (?& 

�'�! h ��0 �# &' G WBGT (Wet-bulb globe 

temperature)    �))1�26.( WBGT  
�	�	7� �� "	!� 

 � "�& ��	� .! *	) .�	! &'	�# E��! ' '	� �'�! .�	�O' 

.!' G  �8�)27.( � # "'	�?� O ��7@ " (�g� % *'	/78 
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'� �(Q�' " & �`�# ��'	K!� '	@	G .�	(?8�� '� .���	� "	8 

��O��	� �"'	) '� *�:! i	ZO v4) "�7�7�& �w�H8 % 

*'	/78 '� .���	� "	8 .4��	! .�	4$ �*�78 % *'	/78 '� 

.���	� "	8 .� ) �*	�	� % *'	/78 '� .���	� "	8 F�%�G� 

'� .)' � 3 () .�' $ O k,	�WBGT ��	X() �� � 

�� ��� p�	(� r�� ! ��  ��	�! k,	� WBGT ����	G ��, 

' �� .��, *	�� ���  �))1�2�13�22�20�11.(   

	� ��	4� �� �	��]�� �#x 	� % �@�� �� ��@�!  &'	�* 

.���	� 	� "	! & �	�O % .� [ �� 	! &  � Y?@ % *%' 

* &'	� "	()''� ��'� yX$ �!g) * &'	� .���	�� '� F� 

b����  � *+ Y��� 	� �� .)' � 3 () .�' $ .���	� 	8" 

).@	) �=
4) �h�- ).��! ((� , �	�+ 	� ��	X() O ,	�k 

WBGT'� �*	(?�	 95 Y�O� z� .  

E�� � ��5���  

.X�;�� R8%q0 =�  ]	$ �:-	B!-.:B�! .�����  '�

 '�  .��	� .! �	�+ � ,  �� .(4)% .(:4; "	8 .���	� F�

�'��	() O �:-	B! 3 () .�' $ ISO7243 ��  � 3	) 

k,	�  WBGT ����  �	
()� O .��� & ��	X()WBGT 

� K�-	� �� � Casella  � �*	?��& "	!� " �& �O�� "  %

 �,	) p4) ���J' O % �.:�KJ  � "	!�Casella  " �

 .�) ��� ��	X() ���J' % =�, "	!� " �& �O�� " �

 " �& �O��  8 '�  ! F�30 - 10 �@ ���G� 	!� Y8 �

 	!� Y8 O 	� �� �(# &  s� '� E��! 	� 	8 p4)	!� *��

{7B! E��! 	� 	8 p4)	!� *�� O |0 % Y��� F3 �� '	� �O

) ��� & �K[ 	��+ F�
�	�! �" �&28-30 .(  

 �	}�+ � , "	8 .���	� ��:�267  F}� O �}� ���}� �}$%

	}� ��:�  �}� �}@��05/0 α=   % 5/0= d    %4/2 s=  O �}�

 O ��	X(}) 	}� �}��7� YH$ ��) ��!+ �)�� ��	�! �	:-	B!

 '�# � �PASS    � �88 � ���7� �}��7� h%' O .�!+ �)� �

 '� �}�KJ *�}4� �}� 	}8 .���	� t�� *+ '� �� " ��KJ " �&

 h%' �� 	8 .���	� ���KJ  8 YH$ 	� ^)	4(! % �� �(# &  s�

.���� a	Q(� ��	) .#�	U�  

	� �@�� �� F� �� .���	� 	8 �����0 ) �4(?8 O �'�B 

k,	� � �O "�& � *	)  � ^?$ �@'� .(�	) � & !�K)	� 

��� & :  

WBGT = 0.7 tnw + 0.3 tg + 0.6 

tnw = "	!�  � .:�KJ  � ^?$ �@'� .(�	) � &  

tg = "	!� "�& *	)  � ^?$ �@'� .(�	) � &  

'� F� �B�' 6/0 �@'� .(�	) � & ��  J	, 3	K-  #� 

>Z	� �#	] ��� �) )28�22 ('� F� R8%q0 	� �@�� �� 

�/4� E��! O  s� .�	!� 8F
7 .! *��! ���	� k,	� 

WBGT 	�4� '� ��$	� �4�) 	�  7� '� t	X�' 1/1 " (! 

�O�� " �& �� �@�� 	� .��� & >U# 	K� �� �	! & "	! & "�8 

��@�! '� ��$	� wO�G 	0 Y/�% % ��$	�  ) �,�4/� .! 

F� �	4� ���	� E�# '� ��$	�  7� 	� Y/� �O�� " �& �	H� 

�# & .�	
(?� ���O " �& '� �$ >;	#  J	� %   �& *	��' 

 s� �(# & �� .�;�� O	H!  ��	�! 	� ��!+ �)� �� p�	(� ��� �

E)�� ACGIH  �� * � '	� ����� F7H� h ��0 �'�!

) �# & ' G �?�	�! �'�! ���	� .! ���28�22�31 .(  

�:1�.��  

 ., � % .)' � �'�! Y�! �	�7� "�� ! "	8  (!'	0

&�!� .&q�% k,	� % =�# WBGT ���	� '� "	8 .

i%�@ '� .(4) % .(:4; 1  %2 %3  .�) ��!+  

 

 

 

 

 

a���1. ?@�� ��� b52�� �2 G��$8 A���� ���/ A�� � ?@�� 

WBGT �� -.�5� ��� -:��  

��X!�  �	�7� ��:� ���	�. .(4)  k,	� '	!+"  
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F�
�	�! T �� '	�:!  

"	!� =�,  Ta (ºC) 21 20/43  21/3  

"	!�  � .:�KJ  Tnw (ºC)  21 91/38  91/5  

"	!� *	?��&  Tg (ºC) 21 52/55  62/8  

���J' .K?�  RH 21 42/38  03/5  

k,	�  � 	?��&*  WBGT (ºC) 21 49/44  69/6  

 

a���2. ?@�� ��� b52�� �2 G��$8 A���� ���/ A�� � ?@�� 

WBGT �� -.�5� ��� -:;�D  

��X!�  �	�7� ��:� ���	�. 

(:4;.  

k,	� '	!+"  

F�
�	�! T �� '	�:!  

"	!� =�,  Ta (ºC)  67 87/41  49/2  

"	!�  � .:�KJ  Tnw (ºC) 67 29/32  10/2  

"	!� *	?��&  Tg (ºC) 67 77/50  11/5  

���J' .K?�  RH 67 45/34  17/3  

k,	�  � 	?��&*  WBGT (ºC) 67 43/38  52/1  

0

50

سن سابقه کاری

نانوايی های سنتی نانوايی های صنعتی

  
 ���5$1P0� .�;%�<� ��5� �;��� 3�1��/5�� G�Q  

 i%�@ '�1  %2  '� *	) "�& "	!� �� �� & .! ��8	�!

 O R�� .(4) "	8 .���	�4 � O  (��� � & .(�	) �@'� .���	

.(4) "	8 .���	� '� ��� .:�KJ  � "	!�% �) .(:4; "	8 

O R��5  .(:4; "	8 .���	� O  (��� � & .(�	) �@'� .�)  

*	78 %  i%�@ �� '�J1  F�
�	�! �8� .! *	��WBGT 

'�   � � .(4) "	8 .���	�49/44  ��� � & .(�	) �@'�� bKJ �

�'��	() ACGIH O	H! *��! WBGT  F�
4) "	8'	� " �

  � � �%�! %26 F� % �) ��� ��' � & .(�	) �@'�   
�	��

� .! .(4) "	8 .���	� '� .�' $ 3 () *��� `	� .��	  

 �  i%�@ 3	)2 F�
�	�!WBGT '�  "	8 .���	�

  � � .(:4;43/38  F� �� �4�  8 ��� � & .(�	) �@'�

 �'��	() bKJ 	! ��� .(4) "	8 .���	� O  (7� '��!

ACGIH  '� .�' $ 3 () *��� `	�  
�	�� Y8 *��! F�

 .��	� .! .(:4; "	8 .���	� '��7� '�1  & .! ��8	�! ��

) .(4) "	8 .���	� '� * &'	� F) F�
�	�! ��57/41  (i	)

2 ) .(:4; "	8 .���	� O  (��� i	)62/39  F� ��) (i	)

 .���	� '� * &'	� "'	� ���	) F�
�	�! �� �) .-	$ '�

) .(:4; "	853/15  �%�$ (i	)3  .���	� O  (��� i	)

) .(4) "	866/12  i%�@ '� .�) (i	)3  p�	(� �� r�� !

 *�!O+t  k,	� % ./���# "	8 (!'	0 �� r�� ! >�(?!

WBGT .���	� '� "	8 .(:4; %  .�) ��� ��'%+ .(4) 

a���3.  #5��B Y.�:t  ?@�� � -�.6�1 ����:����R ���2 V):[�

WBGT -.�5� �� ��� -:;�D � -:�� 

P-VALUE 	8 ��(! 

521/0  F) 

105/0  "'	� ���	) 

054/0  =�, "	!� 

000/0  .:�KJ  � "	!� 

003/0  *	?��& "	!� 

000/0  .K?� ���J' 

000/0  WBGT 

 i%�@ '� �� "'�B�	783 ��� & .! �s$g! *�!O+ t 

>�(?! �� �� *	�� F�� F�/�	�!  � "	!�  "	!� �E��!

 % ���J' �*	?��&WBGT '� .���	� "	8 .(:4; % .(4) 

�%	X� .4:! '� ��@%  �'�P<0.05 . F�� 	!�F) F�
�	�! 

"'	� ���	) =�, "	!�% (:4; % .(4) "	8 .���	� '� �8 .

'� .4:! �%	X���@% " �'�� P >0.05 .  

 a���4.  =�2 ����B #5��B �^�:� #5���R -N:[X$� �.�`

 ?@�� � c�� -�.6�1 G��$8WBGT -.�5� ��� -:��  

.�,� "�@ % 	8 k,	� r P-Value 

WBGT, Ta 539/0  012/0  

WBGT, Tnw 917/0  000/0  

WBGT, Tg 993/0  000/0  

WBGT, RH 390/0  081/0  

  

 a���5.  =�2 ����B #5��B �^�:� #5���R -N:[X$� �.�`

 ?@�� � c�� -�.6�1 G��$8WBGT -.�5� ��� -:;�D  

.�,� "�@ % 	8 k,	� r P-Value 

WBGT, Ta 221/0  087/0  
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WBGT, Tnw 478/0  000/0  

WBGT, Tg 534/0  000/0  

WBGT, RH 238/0 -  053/0  
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Abstract 

Background: Heat stress is a physiological reaction against environmental high temperatures. This 
study aimed to investigate the levels of heat stress in industrial and traditional bakeries of 
Khorramabad, Iran, using the WBGT index.  

Materials and Methods: This was a descriptive/analytical/cross-sectional study. Khorramabad 
has 267 bakeries, 202 of which are industrial bakeries and 65 are traditional bakeries. 88 bakeries 
were selected using the simple random sampling method. Using the WBGT device, dry, wet, and 
globe temperatures and humidity were measured. Next, heat stress was measured using the WBGT 
index from July 22 to August 21 and in the hours (11:30-13) in the workplace of the workers.  

Results: The results showed that traditional bakeries showed higher levels of heat stress than 
industrial bakeries. The mean WBGT index was 6.69 ± 44.49 ˚C in traditional bakeries and 1.52 ± 
43.38 ˚C in industrial bakeries. The mean WBGT index value shows greater deviation from the 
permitted levels in traditional bakeries than in industrial bakeries. The analysis of the results using 
independent t-tests indicated that there were significant differences in terms of environmental wet 
temperatures, globe temperatures, humidity, and WBGT between industrial and traditional bakeries 
(p < 0.05).  

Conclusion: In this study, heat stress levels were higher than standard which is indicative of the 
worrying condition of heat stress in the bakeries of Khorramabad. Therefore, it is essential to make 
plans to control heat stress in the bakeries of Khorramabad.  

Keywords: WBGT, heat stress, humidity.   
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