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������� �������1, ������ ��!"��2, ���	#�� 
$�%&''���!�3
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�����+� )�"������!�	�"�	��
2�-���	�)����	%	��$�$�#��.����/".���+$� �	�����!�	� �	��	�"��*�	��!0
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�������!
 �'A3D�/�&��*9���>���>/&<;���H���>���>�(�B9�����(��'&D!�&������>C�����!��9!�%�� 

�!��<��!D!�
�&	!���;/�	
$'���������=>�����/��&�!�%9��	!/�'�%��&��B9�����(��'&D!��!� 

%9�3!�	!/�
/�
�"���3	(!��!����!�?��D!��!�!��C���
�B9�����(��'&D!��!�&�������!��9=�

?��
�3	
��/'������!/ ��J�&C�/�9��3	(!���=���/�!��$<����3!�/ 2552 *�����!�	
��'A3D�/��D!�

%	�9C�/�C	��
#�������!���@��%9�*�9� (WBGT) �'(� RSS-214DL %���!��=;���>���	� 18 
	��(!� 

�
/D!�A�&C�/�9�(	��'��9 ���	
��!����!� 9
��A��!����!� %9��!�!���>����&<;��!��!����!�?�

�D!��!�!��C�� 	
��!���9�>��%�9��!�����	���!*��	
��'A3D�/��(!��!��C	����/�/������!�#(��3�

	
��	!/�
�*93� #�����C	����=>��	
��	!/�
�*93�%������9�9 %9��	����
��	!/$(	�����!� 

&���g��!	��C	����=>�� Refractometer ���	� 171 �� B9�!��<��!��	(!�(!�:9�>��'A3D�/�

�D!�%	�9C�/�!����!���(!�
� 33.83±0.95 ���!��9����� ��3�
�B9�����(��'&D!��!�

&���9'(/
	��(!� 171 ����	(! �9'(/
	��(!��C��9� 35.67 /��!�!���>�����!��!����!�?�

�D!��!�!��C�� ?����	���;�!�!���>��/!���>�'��=� �C��9� 67.18 /��!�!���9���C�� �C��9� 

26.56 ��H��/J�B� %9��C��9� 6.25 ��H�����	��=>���!��	!/�C��!/9��
� �/=>� 	����!�3��	!/ 

�
/�
�"���3	(!��D!��	!/�C��?��!����!��
�B9�����(��'&D!���	(! �(!�:9�>����
� 

�	!/$(	�����!�&���g��!	�*���	��'/���/!A�;��=>/?�&A����!� ��	(!%��B
���%9�/��	!/�
/�
�"�

�
�/!��
��D!��	!/�C��?��!����!� (r = 0.89, p-value <0.001) �(	��
�!�!������!�!�%��B
���

%9�/��	!/�
/�
�"��
��!��9!��
��D!��	!/�C��?��!����!� (r = 0.76, p-value <0.001) !/9��
� B9

�!��<��!��;���3J���C	(!�	!/�C��?��D!�%	�9C�/�!����!��(�B9�����(��'&D!��!�?��9'(/��

���!��9=� �
��
;�B�C ?3C����!��C!��!#�	��!/
��	���3�
�$<��gu3!��;%9���3��/!��!�

�f���
���>�3/!��/(���

*'�'*��: �9
��!��	!/�C��, �����!��9=�, �g��
��C!��!�D!�
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Abstract
 As the severity of global warming increases, the occupational exposure to natural heat 

seems to adversely affect to health of outdoor workers. The objective of this cross-sectional study 

was to determine both the magnitude and association of occupational heat exposure and health 

effects among salt production workers in Samutsongkhram province. Data was collected from April 

to August 2009. The working environment was measured by Wet Bulb Globe Temperature (WBGT) 

model RSS-214DL in 18 areas of salt production farms. Altogether 171 workers were interviewed for 

demographic data, occupation history, job description and health effect. The individual physiologi-

cal changes from natural heat were measured as follows: body temperature by ear thermometer, 

vital signs by digital blood pressure monitor and urine speci� c gravity by refractometer. Results 

revealed that the average temperature of working environment was 33.83±0.95 oC. Of 171 salt 

production workers, 35.67% had heat-related symptoms including heat exhaustion (67.18%), prickly 

heat (26.56%) and heat cramp (6.25%), respectively. The correlation between natural heat and 

physical effect show that the means of urine speci� c gravity among workers in each area was 

positively and highly correlated with temperature of working area   (r = 0.89, p = <0.001). The rate 

of symptom was also positively and moderately correlated with temperature of working area (r = 

0.76, p-value <0.001).     In conclusion, this study demonstrated that occupational exposure to 

natural heat could potentially be hazardous to health of salt production workers.  The occupational 

health personals should be aware and provide appropriate protective measures in this problem.

Keywords: Natural heat, Salt production worker, Physical factor

��
"
 �'A3D�/�&��*9���>���>/&<;���H���>���>�'��!/

(��!�����#�	�&��/�'��� ���!���H��!�3'?�

�!����>/�	!/�'�%��&��*���!��D!�%	�9C�/ 

�	!/B�������>����&<;��!��!���C�
��	!/�C���!�

�D!�%	�9C�/�&C!��?��(!��!�/!������� ��?3C

�����!���J��s	���=>���!��9
��!��	!/�C�� ��C%�( 

*��9/�3'�C�� (heat stroke), *��9/�C�� (heat 

syncope), ����	�C�� (heat cramps), �!�!�

��9���C�� (heat exhaustion) %9��!�!��!�

B�	3�
� [1] &C�/�9&�������	��!"!�A�'&%9�

�
��/&��������u�>�'s���	(!�
�!�!�����#�	�

�!��	!/�C��/�%�	*�C/���>/&<;�?�	
���>�'A3D�/�

�D!�%	�9C�/����	(! 38 ���!��9����� [2] %9�

�!��!��	��	/&C�/�9&��������	��'/%9��f���
�

*�� (Centers for Disease Control and Preven-

tion; CDC) &���������3�
G��/���!��	(! 
;�%(�@ 

�.�. 1979-1997 ��B�C����#�	���=>���!��9
��!�

�	!/�C��$<� 7,000 �!� [3] ��3�
������������C

���!��<��!��=>��&���D!��!�!��C����>/�B9�����

(��'&D!���
;�%��?��@ �.�. 2530 *��$��/��� 

���#
��'9%9��A���B�C�s	�����#�	��C	�*��9/

�3'�C�� (heat stroke) 10 �!� [4] &C�/�9&��

��/%�����3!������3!��s	��!�*��9/�3'

�C�� (heat stroke) ?��@ �.�. 2530-2541 �/(>��	(! 

15 �!�(��@ [5] %9��!��!��!�&�����
�*��

�!��!��������!#��%9���>�%	�9C�/ �@ �.�. 

2550 �J�
����!��!��!��!���J��s	��!��!�3'

�g��
��C!��!�D!���>���>�	�
��	!/�C������&<;� [6]

 �
�3	
��/'������!/��H��
�3	
���>/��=;���>

�����9 �!����!��9=���H��!��������!#��

�������/�!&!3�<>� *�����;����9�&C!/!&
��	C

?��!%9C	?#C%��%����?3C�;����9���3����B9<�

��H��/J���9=� �!��!����	�&C�/�9?��=;���> [7] %9�

�!�����/���9
��!���>?#C?��!��B!B9!u�!��!3!�

?��(!��!� [8-10] ��	(!�!����!�&�������!
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��9=�/��
;��!����!���! �!��!��9!� %9��!�3�
� 

�(	�?3u(C�����!�?�#(	���>/�%��%���
� �����!

��9=��
��/(/��	!/��C?���=>���!��f���
�����%9�B9

(��'&D!��!��!����!�?��D!��!�!��C�� �<>��
�

	(!��H��!#����>���>��(��!���J��s	��!��!����!�

�!�&C�/�9&��������	��'/%9��f���
�*��(CDC) 

��	(! ?��@ �.�. 1992-2006 /�����������#�	� 

423 �� ?����	���;/� 68 �� (�C��9� 16.00) ����

#�	�?�&A���>��9
���J����>�	B9B9� [11] %9�?�

�
�3	
��/'������!/�
��/(/��!�����/��B9�����

(��'&D!�3�=��!�	����:
�*����>�����!��9
��!�

�	!/�C�� �
��
;��!��<��!��
;���;�<�/�	
$'�������

��=>�����/��&�!� �	!/�'�%��%9�3!�	!/�
/�
�"�

��3	(!��!����!�?��D!��!�!��C���
�B9

�����(��'&D!��!�&A����!�?������!��9=�

��=>���B9�!��<��!��;��?#C?��!�	!�%B��!�

�������!��!��C!��!#�	��!/
�?��9'(/�����!

��9=��
�3	
��/'������!/ %9���������'��?#C?�

%���!��C!��=>�I ��>C�����!��
/B
��	!/�C��(���

!.���,������%�"$
�
�	������
 �!��<��!%��D!�
�&	!� (cross sec-

tional study) ��
;���;��CB(!��!����!�A! %9��3J�#��

�!��A����/�!����!�A!����"��/�!��<��!	��
�

?�/�'���&���A�%����!���/3!	���!9
�

����������	�*�� ���!��<��!?��=;���>��>/��!���

�!��9=�?��
�3	
��/'������!/ ��C%�( ��9

9!�?3u(%9���9�!�%�C	 ���#!����>�<��!�=� 

B�C��>/��!#�����>�	�
��!����!��9=�?��
�3	
�

�/'������!/ ?��@ �.�. 2552 ��AE��!��
��9=���&C! 

��C%�( B�C��>/��!#�����>�	�
��!����!��9=�?���9

9!�?3u(%9���9�!�%�C	 �
�3	
��/'������!/ 

��>��9
�/��!����!����>�	�
���9=�?�#(	��	9!��>

�������!���J�&C�/�9%9�������&C!�(	/?��!��<��! 

��AE��!��
���� ��C%�( B�C��>/�*��� *��B�	3�
���>/�

B9(��!�&
� �3�=> �  *����> /��!���9!�&��

�9C!/��=;� [1]

 �*�+��)�+����3��3���������

 1.  �!�����/���D!��	!/�C��?��!�

���!� *���9=���=;���>��>�
�/��!����!��9=�%9�

�9'(/
	��(!�?3C�	!/�(	//=�?��!���J�&C�/�9

��C
	��(!��!��9=����	��
;���;� 18 %3(� ?#C

�!��	�	
��C	��
#�������!���@��%9�*�9�

(WBGT) outdoor ?#C3�(	�	
���H����!��9�����

�C	����=>���'(� RSS – 214 DL �<>���H����=>��	
����
�

�	!/�C����> ?#C ?�D!���!/ ���!��	�	
�

%���!��=;���> (area sampling) ?�#(	��	9!

10.00-15.30 �. *��
;���;��	C�!� 15 �!��

%9C	�(!��(!*���� (direct reading) [9,12-14] 

���=> � �/= ���> ?#C �	�	
���C �
 ��!���
� �����

�	!/$��C���(��?#C�!��'���
;���>	
� 

 2. �!�����/��B9�����(��'&D!��!�

?�&A���>/��!��	�	
��D!�%	�9C�/

   2.1 ���!��'(/
	��(!�%�����	� 

(convenience sampling) ��=>���!������!��(	�

?3u(��H�%���!�������� �
��C!���H��!�I /�

�!���9�>��%�9��$!���>���!����(��H������

�<��'(/�9=���!�B�C��>�
����!����(?��=;���>�!��9=�

?�	
���>��J�&C�/�9�!���>�%	�9C�/��C�9'(/
	��(!�

���	��
;���;� 171 ��

      2.2 	
�B9�!���9�>��%�9��!�����	���!

39
��!���>�9'(/
	��(!����!�?��D!��!�!��C��

/!%9C	�/(�C���	(! 2 #
>	*/� �������!�!/9��
�

&
;���(���=>���
��
���; 	
��'A3D�/��(!��!��C	������

/�/������!�#(��3� [15-16] �
�����>�9'(/
	��(!�3�'� 

�
��!����!� 	
��	!/�
�*93�%9�#���� �C	�

���=>��	
��
�*93�%������9�9 ��J��g��!	��(��	�

3!���
��	!/$(	�����!��C	����=>�� refractometer 

   2.3 %���
/D!�A���>B�C	��
���C!�&<;�

��� �������C	�&C�/�9�(	��'��9 ���	
��!�

���!�9
��A��!����!� &C�/�9�!��C!��'&D!� 

%9��!�!���>�����!��!����!�?��D!��!�!�

�C��?�	
���>����/���D!�%	�9C�/�!����!� 

*��%���
/D!�A���>��C!�&<;���;��CB(!��!��	�

���*��B�C �#�>�	#!u�!��C!��!#�	�	#�!���

���	� 3 �(!� %9�������	!/�(!�#=>�$=�&��

�!��!��!��!������!�!�?������!��9=� 20 

���C	�	�"� test-retest /��(! Kappa ��(!�
� 1.00
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 ������*��&0�,���
"  

 -  &C�/�9�C !��D!�%	�9C�/ &C�/�9

�(	��'��9 ���	
��!����!� 9
��A��!����!�

&C�/�9�!��C!��'&D!� %9��!�!���>�����!��!�

���!�?��D!��!�!��C��?�	
���>����/��

�D!�%	�9C�/�!����!� ��/!	����!�3�3!

�(!�	!/$�> �C��9� �(!�:9�>� %9��(	����>�����

/!�G!�!/9
��A�&��&C�/�9

   -  3!�(!�
/������"�t�3�
/�
�"���3	(!�

�D!��	!/�C��?��!����!��
�B9�����(�

�'&D!���>����&<;��C	� Pearson’s correlation

���	������
 B9�!��	�	
��D!��	!/�C��?��!���

�!��
;�3/� 18 
	��(!� ��	(!/��(!�:9�>�%9��(	� 

���>�����/!�G!�&���'A3D�/���>�%	�9C�/?� 

�!����!���(!�
� 33.83 ± 0.95 ���!��9����� 

�(!����'���(!�
� 31.50 ���!��9����� �(!>��'���(!�
� 

35.60 ���!��9����� 

 �!��!��
/D!�A��9'(/
	��(!���>�<��! 171 

����H����#!� 129 �� (�C��9� 75.44) ���3u�� 

42 �� (�C��9� 24.56) �(!�:9�>��!�'&���9'(/
	��(!�

�=� 36.61 ± 11.18 �@ #(	��!�'��>��/!���>�'��=� 30-

39 �@ (�C��9� 35.67) �(!�:9�>�&�������	9!�!�/�

�!#�����!��9=��=� 13.26 ± 10.85 �@  ?� 7 	
���>B(!�

/!/��!����!����>�	�
���9=��
;� 7 	
��C��9� 60.23  

�����	9!�!����!��:9�>�?� 1 #
>	*/� ��(!�
� 45.61 

± 14.09 �!�� �C��9� 70.76 ��H��!����!�3�
� 

(3!���9=� �&J���9=�) �/=>����!�A!�!����!�

?��D!�%	�9C�/!//!�G!�&���q3/!�?�

��������� [10,17] ��	(!�C��9� 83.04 /��!�

���!�?��D!��!�!��C����>����/!�G!� �C��9� 

88.88 /��!��=>/�;�
;�%(=>�����#C!��$<��	9!��>��J�

&C�/�9 1-10 %�C	 %9��C��9� 41.52 /��!�$(!��g��!	�


;�%(=>�����#C!��$<��	9!��>��J�&C�/�9 2 ��
;� 

�!�����/��B9�����(��'&D!��!���	(! ����

�!��9=� 61 �� (�C��9� 35.67) /��!�!���>�����!�

�!����!�?��D!��!�!��C��?�	
���>��J�&C�/�9 ?�

���	���;���!�!���9���C����C%�( �<��
� �/(��!� 

����
�����(!� �(����9�� �/(/��/!"�?��!����!� 

�C��9� 67.18 /��/J�B�����&<;��C��9� 26.56 

%9�����	��=>���!��	!/�C���C��9� 6.25 

&��B�C��>�����!�!��
;�3/� %(�/(�������!��9=�

��>��H�*��9/�C�� �!��!�	
�B9�!���9�>��%�9�

�!�����	���!&���9'(/
	��(!� 171 �� �
�!�!���> 1

����)��� 1 &C�/�9�!���9�>��%�9��!�����	���!&���9'(/
	��(!����	� 171 ��

�����"������")

��)���������

*���"��� ± 

����#���)

�#�����h��

*�

��'�!.

*�

�
)�!.

*����� ������

���)��)

�'A3D�/��(!��!�

(���!��9�����) 

36.96 ± 0.61 35.1 38.0 �/(���� 38 

���!��9�����

[16]

#���� (��
;�/�!��) 94.09 ± 13.24 64 140 60-100 ��
;�/�!�� [18]

�	!/�
�*93�����'� 

&A�3
	?����
	 

(/�99��/�����)

123.33 ± 16.80 90 180 �/(���� 120 

/�99��/�����

[19]
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�����"������")

��)���������

*���"��� ± 

����#���)

�#�����h��

*�

��'�!.

*�

�
)�!.

*����� ������

���)��)

�	!/�
�*93�����'�

&A�3
	?��9!�
	 

(/�99��/�����)

74.74  8.83 60 100 �/(���� 80 

/�99��/�����

[19]

�	!/$(	�����!�&��

�g��!	�

1.027  0.005 1.000 1.046 1.010-1.025 [20]

����)��� 1 &C�/�9�!���9�>��%�9��!�����	���!&���9'(/
	��(!����	� 171 �� ((�)

 ��=>���!��!�	
��D!��	!/�C��?��!�

���!� ���!�	
�%���!��=;���> (area sampling) 

�
;�3/� 18 
	��(!� %(�!�	
�B9�����(��'&D!�

�!�	
�%���!��'��9 (personal sampling) 

�
;�3/� 171 �� �<>�%�(������H� 18 �9'(/ 

(!/�!�	
��D!�%	�9C�/) �<���&C�/�9�C!��'&D!� 

?�%(9��9'(//!3!�(!�:9�>� ��=>�?#C��H�
	%��&�� 

&C�/�9�C!��'&D!�?�%(9��9'(/ 39
��!��
;���/!

	����!�3���=>�3!�	!/�
/�
�"���3	(!��D!��	!/

�C��?��!����!��
�B9�����(��'&D!� ��	(!

�(!�:9�>����
��	!/$(	�����!�&���g��!	� *��

�	��'/���/!A�;��=>/?�&A����!� ��	(!%��B
�

��%9�/��	!/�
/�
�"��
�/!��
��D!��	!/�C��

?��!����!� (r = 0.89, p-value <0.001) �(	��(!

�:9�>�&���
�!�!������!�!���=>���!��9
��!�

�	!/�C��%��B
���%9�/��	!/�
/�
�"��
��!�

�9!��
��D!��	!/�C��?��!����!� (r = 0.76,

p-value < 0.001) !/9��
� �
�!�!���> 2

%9�D!���> 1

����)��� 2 �(!�
/������"�t�3�
/�
�"���3	(!��D!��	!/�C��?��!����!��
�B9�����(��'&D!��!� 

*��%�(������H��9'(/ 18 �9'(/ !/�=;���>��>���!�	
��D!��	!/�C��?��!����!� 18 
	��(!�

	"��&�#���!,;��������������	���"�))��*�������

,$&�')��

*������&���%�F

�0������%� (r*)

p-value

- �(!�:9�>��'A3D�/��(!��!�

- �(!�:9�>�#����

- �(!�:9�>��	!/�
�*93�����'�&A�3
	?����
	 

- �(!�:9�>��	!/�
�*93�����'�&A�3
	?��9!�
	

- �(!�:9�>����
��	!/$(	�����!�&���g��!	�

- �(!�:9�>��
�!�!������!�!��!��!����!�?��D!��!�!�

�C��

0.45

0.37

0.14

-0.30

0.89

0.76

0.07

0.14

0.60

0.24

<0.001

<0.001

* �(!�
/������"�t�3�
/�
�"���>/��!���
��!��=>/�;�&A����!�
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;����� 1 %����	!/�
/�
�"���3	(!��D!��	!/�C��?��!����!��
��(!�:9�>����
��	!/$(	�����!�&��

�g��!	�%9��(!�:9�>��
�!�!������!�!���=>���!��9
��!��	!/�C��&���9'(/�����!��9=�?�%(9��=;���>

��.����!0���	���
 �!����!��9=���H��!#����>C�����!�?�

�D!��!�!��C�� &
;����!����!�/��
;��!���! 

�!��!��9!� %9��!�3�
� *���9'(/
	��(!���>?#C

?��!��<��!��
;���;�(	�?3u(��H��!�3�
��/=>������� 

������
��	!/�C��?��D!�%	�9C�/�!����!���>

?#C�
#�������!���@��%9�*�9� �<>���H��
#���	!/

�C����>/��	!/�	%9�%/(���?��!����!��	!/���>��

(��!���J��s	���=>���!��9
��!��	!/�C�� [21] 

B9�!��<��!��;��	(!���
��D!��	!/�C��?��!�

���!�$<�%/C	(!�����(?����
���>�������/!�G!� 

�/=>�������������
��(!/!�G!�&���q3/!��D!�

%	�9C�/�!����!����>�	�
��	!/�C��&��������

��� [10,17] %(�
��/(���(?����
���>���/!�����H�

�
��!�(��'&D!� *���!��<��!��;�/(��B9�����

(��'&D!���>�����!��9
��!��	!/�C��?����
���>

�'�%�� �#(� *��9/�C�� �!���=>��/!�!�39!��!�3' 

��C%�( 1) �9'(/
	��(!�/��	!/��C�/?��!����!�

3�
��9!�%��%9�/��!����!���>/��!���
�
	?3C

���#���
��	!/�C��/!%9C	 �<>��/!�/�'&�!���

�'�!3���/&���������3�
G��/���! (The Ameri-

can Conference of Industrial Hygienists; ACGIH) 

��C��3���(! Threshold Limit Values (TLVS) 

&���!���
�
	?3C���#���
��	!/�C�� ?�B�C��>���!�

?��D!��!�!��	!/�C����(!��C��	
�9� 2 #
>	*/� 

��H��	9! 5 	
���(��
� C��?#C�	9! 7 	
� �<���

�����!���
�
	?3C���#���
��	!/�C�� [16] *��

�!���C!��	!/���#���
��	!/�C����; $��/ �'D!��

%9��A���C���!��<��!��	(!�3!���>��C�
��!����

?3C#���
��	!/�C��/��!�!��s	��!��!����?��	!/

�C���C���	(!�3!���>���!/%B��!�������/��(!�

#
���� [5]  2) �!����!��9=���H��!#������� ��

���!��9=��!/!�$��>��3�'��
��3�=>��%9��=>/�;�

��C!/�	9!%9����/!A��>����C���!� ������

�
��$!���>���!���H���>*9(�%�C� /�9/"��/#!�#(	�

?��!����3�&���3�=>��<�#(	�?��!�9��'A3D�/�&��

�(!��!� ��?3C�'A3D�/��(!��!�&�������!��9=�

���>/&<;� (�(!����'���>���=� 38 ���!��9�����) ?�

���
���>�/(���/!�����>����?3C�����!�!���=>���!�

�!����!�?��D!��!�!��C��?����
���>�'�%�� 

%(�!����!�!���9���C�� �/J�B� 3�=�����	��=>��

�!��	!/�C����C�C!� �<>������!��!����!�?��D!�

%	�9C�/��>/��	!/�C������!��9!���H��	9!�!� 

 �/=>��(!��!�/��'A3D�/����&<;�%/C�����(?�

���
��/(���� 37 ± 1 ���!��9����� �(!��!�

����!�!/�	��'/�'A3D�/��C	��9��(!�I ��=>��!

�	!/�C������!��(!��!� �#(� ���>/�!�&
��3�=>� 

�<>�����?3C�(!��!�/��!���u�����;�%9���9=�%�(��

��C�/�
��3�=>� �(�B9?3C�g��!	�/����
��	!/$(	�

����!�&���g��!	��<����&<;��C	��<���?3CB9�!�

�<��!��	(!/��	!/�
/�
�"��#���	�?����
�/!�

�
��D!��	!/�C��?��!����!� ����!���;

�C!��D!��	!/�C��?��!����!��
�/��	!/

�
/�
�"��#���	�?����
��!��9!��
��
�!�!�

�����!�!���=>���!��9
��!��	!/�C�� �#(��
� 

��=>���!��!����!�?���>��>/��'A3D�/���� ��/��!�
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$(!����	!/�C���!��D!�%	�9C�/�&C!��(�(!��!�

/!��	(!��>�(!��!����!/!�$���!��	!/�C�����

/!��C �<��(�?3C����B9�����(��'&D!� *�����
�

�	!/�'�%��&���!�!���>������&<;����(�
����
�

�	!/�C����>��C�
� *�����
��	!/�C��>�����?3C

��C�<�3�'�3��� �/(��!� &!��/!"� %9��D!�

��?��/(��C�/��>�����!� �!����!�?��D!�

%	�9C�/��>�C��%9�/��	!/#=;����%9�/��3�=>����

��H��	9!�!�����?3C�����!�!��	/ �'�
� �
����

&��(�/�3�=>� �(�B9?3C�����/J�B���=>���!�

�	!/�C�� %9��!����!�?����
��	!/�C�����/

��� ����?3C�����!���J��s	���C �#(� ����D!	�&!��;�

����	��=> ���!��	!/�C�� ��H�B9�!��!�

&!��;�%9�*�����/ �
��
;��!��<��!��;��	(!��!

�!/!�$?#C�(!�	!/$(	�����!�&���g��!	�%9�

�
�!�!������!�!�%9��!�!�%�����=>���!�

�9
��!��	!/�C����H��
#��#�;	
�%9�?#C������

�!�����/���
��!�B9�����(��'&D!���>

�����!��9
��!��	!/�C��&A����!���C

 �!��<��!��;��H��!��<��!���>/C���>/��!���

���=>��/=�	
��
#�������!���@��%9�*�9� (WBGT)

/!?#C?��!���f!��	
��D!��	!/�C��?��!����!� 

��=>���!���H����=>��/=���>/��!�!%�� %9�/��!�?#C

��(!����
��:�!�?��!�3�(	��!���(!�
;� ��?3C�!�

��f!��	
��D!��	!/�C��/��������!��(��&C!��C��

�!��!��<��!��;��?3C��!�&C�/�9���>�	�
��	!/#'�

&��B�C/��!�!���=>���!��9
��!��	!/�C��?��9'(/

�����!��9=� %(�!��<��!��
;���;/�&C����
��!�

����!� ��C%�( ��H��!��<��!D!�
�&	!��/(

�!/!�$����	!/��H��3'%9�B9 �!��	�	
����
�

&���	!/�C����>/�B9�����(��'&D!�/��g��
����>�	

&C��39!���(!� �#(� �
�!�/!��9��</?��(!��!� 

���
��	!/�C��?��!�!� �	!/#=;��
/�
�"� �	!/

��J	9/ ��=>���!��!��<��!��;/��!����
��C	�

���=>��/=���>?#C?��!��	�	
� �<�?#C�(!�C	��
#��

�����!���@��%9�*�9� (WBGT) ��H�
	%��&��

���
��	!/�C��?��D!�%	�9C�/�!����!� 

%9��!���J�&C�/�9�!�/��	!/�9!���9=>��?�

��=>��&�� healthy worker effect �=�����%(

����>/��'&D!�%&J�%���!/!�$���!���C��(!�
;�

��>�&C!�(	/?��!��<��! �(	�����>/��!�!���J��s	� 

���/(��C/!���!�%9��/(��C�&C!�(	/?��!��<��! 

 �!��!��<��!��;���3J���C	(!�D!��	!/

�C��?��!����!��(�B9�����(��'&D!��!�?�

�9'(/�����!��9=� �<��	���B9�!��<��!���B�

%��(?3C3�(	��!��C��$�>���>/��!����!��9=���!�

%9�/��!��
�3!���=>��/=���=>���f!��	
����
��	!/

�C�� ��C�/�
;�/��!�%�C��=��$<����
��'A3D�/�

?��D!�%	�9C�/��> ��H��
��!�%�(B�C������

�!#�� /��!�?3C�	!/��C �	!/�&C!?�%�(�9'(/���>�� 

�
��
;�B�C?3C����!��C!��!#�	��!/
��	���3�
�

$<��gu3!��; %9����!�����/����=>��f���
�B9

�����(��'&D!��!��!����!�?��D!��!�!�

�C�� *���!�?#C�(!�	!/$(	�����!�&���g��!	�

��H��
#��#�;	
�%9�?#C�������!�����/���
��!�

�!��!���J��s	���=>���!��9
��!��	!/�C�� �<>���

��C�(!� ���	� ���3�
� %9��(!�B9��C�
��� ��?3C

�!/!�$�f���
��!���J��s	��!��9
��!��	!/�C��

����C�(����>�������!�!���>�'�%��&<;���C 

��11���������	(
 &�&���'A�
AE�	���!9
� /3!	���!9
�

����������	�*����>?3C�'���
���'������/!A�!�

	��
�?���
;���; %9�&�&���'A�����!��9=�?�

�
�3	
��/'������!/�'��(!���>?3C�	!/�(	//=�

%9�?3C&C�/�9?��!���	��
���H���(!���
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