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Abstract 

 

 Benzene is known as carcinogen which can be evaporated from gasoline into an 

ambient air. Workers at gasoline station mainly expose to benzene through inhalation. The 

aim of this survey study was to assess risk on benzene exposure via inhalation among 

gasoline station workers in Muang Khon Kaen district, Khon Kaen province. There were 3 

categorized zones as urban, suburban and rural (n = 48). The data collection was conducted 

by an interview of general information. The sampling was collected by personal active 

sampling and samples were analyzed by Gas Chromatography (GC-FID). The results showed 

that benzene concentration was ranged between 0.010-0.050 ppm. Air benzene 

concentrations were lower than the standard (TLV-TWA) recommended by ACGIH (0.05 

ppm). The calculated intake of benzene though inhalation of workers was ranged from 0.015 

to 0.076 mg/kg/d. The highest value was in rural zone. The health risk on benzene exposure 

was found as HQ ranged from 1.25 to 6.33 and the highest value was in rural zone. The risk 

estimation revealed that the cancer risk level of exposure to benzene among these workers 

were higher than an acceptable risk level (1 × 10-6) which ranged from 4.09 × 10-4 to 2.08 × 

10-3. The suggestion is there should be promoting occupational and safety training for 

workers to be aware of hazard and prevention of exposure to benzene. Health surveillance 

program by annual monitoring should be provided for these workers.�� 
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�»��¨�Ã�¥°»��¦�r�̧É�Îµ¤µÄ�oÄ��µ¦Á�È��ª́°¥nµ� �º° 
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���Îµ�

� �́��» �´��¦³ Á�«Å�¥ ¤̧�µ¦¡´��µ�oµ�

Á«¦¬��·� °»�­µ®�¦¦¤ Â¨³�µ¦�¤�µ�¤°¥nµ�

¦ª�Á¦È ª �Ã�¥¡¨´��µ��̧É ¤̧�µ¦Ä�o¤µ��̧É­» ���º°�

¡¨�́�µ��ÎÊ µ¤�́Á�ºÊ°Á¡ ·̈� �¹É �¡�ªnµ¤̧�¦·¤µ��µ¦Ä�o

Á¡·É¤­¼��¹Ê�°¥nµ��n°Á�ºÉ°�
1�Ã�¥��́®ª�́�°�Â�n�Á�È �

Á¤º°�Á«¦¬��·�Â¨³�n°�Á�̧É¥ª�̧É­Îµ��́Â®n�®�¹É �Ä�

£µ��³ª�́°°�Á�̧¥�Á®�º°�̧É¤̧Â�ªÃ�o¤�µ¦Ä�o�ÎÊ µ¤�́

Á�ºÊ°Á¡ ·̈�Á¡·É¤­¼��¹Ê��°�́Á�ºÉ°�¤µ�µ��µ¦Á¡·É¤�¹Ê��°�

�Îµ�ª�¥µ�¡µ®�³°¥nµ�¦ª�Á¦È ª2�Ã�¥�́��»�´��

�´�®ª´��°�Â�n�¤̧�Îµ�ª�­�µ�̧�¦· �µ¦�ÎÊ µ¤´�

Á�ºÊ°Á¡ ·̈��¹��49��Â®n��Ã�¥°ÎµÁ£°Á¤º°��Á�È �°ÎµÁ£°�̧É¤̧

­�µ�̧�¦·�µ¦�ÎÊ µ¤�́Á�ºÊ°Á¡ ·̈�­¼��̧É­»���º°����Â®n�3�

�µ��µ¦«¹�¬µ�̧É�nµ�¤µ¡�­µ¦Á���̧�Ä��ÎÊ µ¤´�

Á���·��¦o°¥¨³�1.634�Â¨³¥�́¡�­µ¦Á���̧���

Á�ºÊ °�Ä��ÎÊ µ¤�́�·�Ä��¦·¤µ�����¦́¤�n° ·̈�¦5�Ã�¥

�µ��µ¦«¹�¬µ¦³�´�Á���̧�Ä�°µ�µ«�¦· Áª�¦· ¤

����̧É�µ¦�¦µ�¦®�µÂ�n�Ä�Á���¦»�Á�¡¤®µ��¦�

¤̧�µ¦�¦ª�¡�­µ¦Á���̧�Ä��¦·¤µ��33.71 ppb �¹É �

�µ¦Å�o¦́�­µ¦Á���̧��³­¼��¹Ê�Ä�� »̈n¤�̧É¤̧Ã°�µ­

Å�o¦́�­µ¦Á���̧�Ã�¥�¦�Ä���³��·��́·�µ��Á�n��

¡��́�µ�Á�·¤�ÎÊ µ¤�́Ä�­�µ�̧�¦·�µ¦�ÎÊ µ¤�́Á�ºÊ°Á¡ ·̈��

(121.67 ppb��Â¨³¡��́�µ�Ä�Ã¦��µ��· Ã�¦Á¨̧¥¤�

(72.55 ppb)6�Â¨³�µ��µ¦�¦³Á¤·��µ¦¦́�­´¤�­́

­µ¦°·��¦̧¥r¦³Á®¥�(­µ¦ª¸Ã°�̧���°�¡��́�µ�­�µ�̧

�¦·�µ¦�ÎÊ µ¤�́Á�ºÊ°Á¡ ·̈�Ä�Á���¦»�Á�¡¤®µ��¦�¡�

�¦·¤µ�­µ¦Á���̧�Á�¨̧É¥�8 �´ÉªÃ¤��°��µ¦�Îµ�µ�

�°�¡��́�µ�°¥¼nÄ��nª��´Ê�Â�n�308-852 Å¤Ã�¦�¦́¤

�n° ¼̈��µ«�rÁ¤�¦7�®¦º°�92.4�255.��ppb 

� ­µ¦Á���̧�­µ¤µ¦�Á�oµ­¼n¦n µ��µ¥Å�o�´Ê��µ¦

®µ¥Ä���µ¦�¼��¹¤�nµ��·ª®�´�Â¨³�nµ�¦³��

�µ�Á�·�°µ®µ¦��¨�µ�¡·¬ª·�¥µ�°�Á���̧��¤̧�´Ê�

¡·¬Â��Á�̧¥�¡¨�́Â¨³Á¦ºÊ °¦́���µ��µ¦Á o µ¦³ª�́Ä�

¡��́�µ�� »̈n¤Á­̧É¥��̧É¦́�­´¤�­́­µ¦°·��¦̧¥r¦³Á®¥�nµ¥

Ä�­�µ�̧�¦·�µ¦�ÎÊ µ¤�́Á�ºÊ°Á¡ ·̈��¡�ªnµ�¡��́�µ�Ä�

­�µ�̧�¦·�µ¦�ÎÊµ¤�́Á�ºÊ°Á¡ ·̈�¤̧°µ�µ¦�nµ�Ç�Á�n���ª�

«̧¦¬³�Áª¸¥�«̧¦¬³�Â¨³°n°�Á¡¨̧¥8 Ã�¥¤̧¦µ¥�µ�ªnµ�

�µ��µ¦­´¤�­́�̧É�ªµ¤Á�o¤�o��ÎÉµ�¡��́�µ�¤̧Ã°�µ­

Á­̧É¥��n°�µ¦Á�·�Ã¦�¤³Á¦È��µ��µ¦­´¤�­́­µ¦Á��

�̧�Å�o7�°��µ��´Ê��µ¦­´¤�­́�´�­µ¦¦³��́�ªµ¤

Á�o¤�o��ÎÉµ�­µ¤µ¦��ÎµÄ®oÁ�·�¤³Á¦È �Á¤È�Á º̈°��µª

��·�Á�̧¥�¡¨´��(Acute leukemia) Â¨³�ªµ¤

�· � � � �· � ° � Å � � ¦ ³ �¼ � � ( Myelodysplastic 

syndromes)9 

� ¡��́�µ�Ä�­�µ�̧�¦·�µ¦�ÎÊ µ¤�́Á�ºÊ°Á¡ ·̈�Á�È �

� »̈n¤�̧É¤̧Ã°�µ­Å�o¦́�­´¤�­́­µ¦Á���̧�Ã�¥�¦�

�n µ � ¦ ³ � �� µ � Á �· � ® µ ¥ Ä � � �¹É � � ¦ ³ � ¦ ª �

°»�­µ®�¦¦¤Å�o�Îµ®��Ä®o¤̧�µ¦�¦³Á¤·��ªµ¤Á­̧É¥�

�oµ�­»�£µ¡�µ¤¤µ�¦�µ�°»�­µ®�¦¦¤� (¤°���

2555���oµ��µ¦­´¤�­́­µ¦Á�¤̧°�́�¦µ¥Ä��¦¦¥µ�µ«

�µ¦�Îµ�µ��Á�ºÉ°��µ�¤̧�µ¦�¦ª�¡�­µ¦Á�¤̧°�́�¦µ¥�

Á�n��Á���̧�Ã� ¼̈°̧��Á�È ��o�10�Â�n�µ��µ¦«¹�¬µ�̧É

�nµ�¤µ�¡�ªnµ�¡�´��µ�Ä�� »̈n¤�̧Ê ��°��µ��³¤̧

Ã°�µ­Å�o¦́�­´¤�­́­µ¦Á���̧�Â¨oª�¥�́�µ�Ã°�µ­

Ä��µ¦Á�oµ�¹��ªµ¤¦¼ oÂ¨³�µ¦�o °��´�°�́�¦µ¥�µ�

­µ¦Á���̧�°̧��oª¥11��¹É ��´Ê ��̧Ê °µ�Á�·��µ��ªµ¤Å¤n

��́Á���°��µ¦��́��́�µ���®¤µ¥Â¨³¥�́�µ��µ¦

�¦ª�­°���ÎµÄ®o­�µ�̧�¦·�µ¦�ÎÊ µ¤�́Á�ºÊ°Á¡ ·̈�­nª�

Ä®�nÄ���́®ª�́�°�Â�n��Å¤n¤̧�µ¦�ÎµÁ�·��µ¦°ºÉ�Ä�

Ä��µ¦Á o µ¦³ª�́�oµ�­·É�Âª�¨o°¤�®¦º°�­»�£µ¡�°�

¡�´��µ��Ä�­nª��°��µ¦«¹�¬µª·�¥́�̧É�nµ�¤µ�¡�

Á¡¸ ¥��µ¦�¦ª�ª´�Â¨³�¦³Á¤·��ªµ¤ Á�o¤�o���������

� ° � ­ µ ¦ °´� � ¦ µ ¥ �´ � � n̈ µ ª � �¹É � ¥ ´ � � µ � Ä �����������������

�o µ � � µ ¦� ¦ ³ Á ¤· � � ª µ ¤ Á ­̧É ¥ � � �¹É � ­ µ ¤ µ ¦ �

 
 

�n��̧Ê�¨�¦³���n°­»�£µ¡Ä�¦³¥³¥µªÅ�o ��́�´Ê��µ¦

�¦³Á¤·��ªµ¤Á­̧É¥��µ�­»�£µ¡�°�¡��́�µ��¹�Á�È �

�o°¤¼¨�̧É­Îµ��́ Á¡ºÉ°�n��̧Ê �¨�¦³���n°­»�£µ¡�̧É°µ�

Á�·��¹Ê� �µ��µ¦­´¤�­́­µ¦Á���̧�Ä�¦³¥³¥µªÃ�¥ 

�µ¦«¹�¬µ�̧Ê �¹�¤̧ª�́�»�¦³­��rÁ¡ºÉ°�¦³Á¤·��ªµ¤

Á­̧É¥��n°�µ¦­´¤�­́­µ¦Á���̧�Ã�¥�µ¦�¦ª�ª�́­µ¦

Á���̧��̧É¦³�´��µ�Á�·�®µ¥Ä��°�¡�´��µ��Ä�

­�µ�̧�¦· �µ¦�ÎÊ µ¤´�Á�ºÊ °Á¡ ·̈�Ä�Á��°ÎµÁ£°Á¤º°� 

��́®ª�́�°�Â�n� Á¡ºÉ°�¦³Ã¥��r�n°�µ¦��́�µ¦�oµ�

�ªµ¤Á­̧É ¥��n°­» �£µ¡�°�¡�´��µ� Â¨³�µ¦Á o µ

¦³ª�́�µ�¦³�µ�ª·�¥µÁ¡ºÉ°�o °���́®¦º°�ª��»¤�µ¦

Á�·�°�́�¦µ¥�µ�­µ¦Á���̧��n°¡��́�µ��°�­�µ�̧

�¦·�µ¦�ÎÊµ¤�́Á�ºÊ°Á¡ ·̈��n°Å� 

�

ª­́�»Â¨³ª·�̧�µ¦��¨°� 

� �µ¦«¹�¬µÄ��¦́Ê ��̧Ê Á�È ��µ¦«¹�¬µÁ�·�­Îµ¦ª�

Â��£µ���́�ªµ��(Cross-sectional survey study) �Îµ

�µ¦�¦ª�ª�́­µ¦Á���̧��̧É¦³�´��µ�Á�·�®µ¥Ä� 

Â���·��µ¤�´ª�°�¡�´��µ�­�µ�̧�¦· �µ¦�ÎÊ µ¤´�

Á�ºÊ°Á¡ ·̈� Ä�Á��°ÎµÁ£°Á¤º°� ��́®ª�́�°�Â�n�Â¨³

�Îµ�µ¦�¦³Á¤·��ªµ¤Á­̧É ¥��n°­» �£µ¡�Ã�¥�µ¦

�ÎµÁ�·��µ¦ª·�¥́�¦́Ê ��̧Ê �nµ��µ¦�°¦́��µ¦¡·�µ¦�µ

�¦· ¥�¦¦¤�µ¦ª·�´¥Ä�¤�»¬¥r�µ���³�¦¦¤�µ¦

�¦·¥�¦¦¤�µ¦ª·�¥́Ä�¤�»¬¥r¤®µª·�¥µ¨¥́�°�Â�n� 

Ä�°�»�µ�Á¨��̧É�HE 552239 �

�

�¦³�µ�¦Â¨³�¨»n¤�́ª°¥nµ��

� �o°¤¼¨�Îµ�ª�­�µ�̧�¦·�µ¦�ÎÊ µ¤�́Á�ºÊ°Á¡ ·̈�Ä�

Á��°Îµ Á£° Á¤º °�  �´�®ª´��°�Â�n�  ¤̧ �Îµ�ª��            

94 Â®n�12 ¤̧¡��́�µ��´Ê�®¤�¦ª¤ 658 �� �¹�Ä�o­¼�¦

�µ¦�Îµ�ª���µ��ª́°¥nµ�Á¡ºÉ°�¦³¤µ��nµÁ�¨̧É¥�°�

�¦³�µ�¦��¦�̧�¦³�µ�¦¤̧��µ�Á¨È�13 Ã�¥Ä�o�nµ

­nª�Á�̧É¥�Á��¤µ�¦�µ��°�­µ¦Á���̧�Ä�°µ�µ«

�°�¡�´��µ�­�µ�̧�¦·�µ¦�ÎÊ µ¤�́Á�ºÊ°Á¡ ·̈�Ä�Á��

�¦»�Á�¡¤®µ��¦ �µ��µ¦«¹�¬µ�̧É�nµ�¤µ¤̧�nµÁ�nµ��́ 

0.257 Â¨³�Îµ®���nµ�ªµ¤�¨µ�Á� º̈É°�Á�nµ��́ 0.05 

�´��´Ê ��¹��Îµ�µ¦Á�È��´ª°¥nµ�°µ�µ«Á¡ºÉ°ª�́�ªµ¤

Á�o¤�o�­µ¦Á���̧�Ä��¦¦¥µ�µ« Â��­nª��»��¨ 

(Personal sampling) �Îµ�ª��48 ���¦³�µ¥�µ¤

­´�­nª�Ä�Á��Á¤º°���µ�Á¤º°��Â¨³�°�Á¤º°�Ã�¥�

Á��Á¤º°� ®¤µ¥�¹� ¡ºÊ��̧É� Îµ�¨Ä�Á¤º°� °ÎµÁ£°Á¤º°� 

��́®ª�́�°�Â�n� Â¨³ �¼ o¡�́°µ«¥́­nª�Ä®�nÅ¤nÅ�o

�¦³�°�°µ�̧¡Á�¬�¦�¦¦¤ Á���µ�Á¤º°��®¤µ¥�¹��

¡ºÊ��̧É¦°�Ç Á�� �Îµ�¨Ä�Á¤º°� ­nª�Ä®�n°¥¼n�·����

¤·�¦£µ¡ ­nª�Á���°�Á¤º°� ®¤µ¥�¹� ¡ºÊ��̧É�̧ÉÅ¤nÅ�o

°¥¼nÄ�Á�� �Îµ�¨Ä�Á¤º°��Â¨³�¼ o¡�́°µ«¥́­nª�Ä®�n

�¦³�°�°µ�̧¡Á�¬�¦�¦¦¤�Á¡ºÉ°�¦³Á¤·��ªµ¤Á­̧É¥�

�°�¡�´��µ��µ¤Á��¡ºÊ��̧É�¹��o°�¤̧�µ¦­´¤£µ¬�r

¡��́�µ��»����̧ÉÁ�È��ª́°¥nµ�°µ�µ« Ã�¥¤̧�Îµ�ª�

¦ª¤�´Ê�­·Ê� 48 ���Ã�¥¤̧Á���r�µ¦��́Á�oµ�°�� »̈n¤

�ª́°¥nµ� (Inclusion criteria) �º°�1) °µ¥»�18�60 �̧�

Â¨³Á�È �¡��́�µ��¦³�Îµ�(Full time) 2) �Îµ®�oµ�̧É

Á�·¤�ÎÊ µ¤�́Á�È �®¨�́ 3) ¤̧°µ¥»�µ¦�Îµ�µ�Ä�­�µ�̧

�¦·�µ¦�ÎÊ µ¤�́Á�ºÊ°Á¡ ·̈��´Ê�Â�n 6 Á�º°��¹Ê�Å� Â¨³�

�Îµ�µ��n°Á�ºÉ°� 8 �´ÉªÃ¤� 4) Å¤n­¼��»®¦̧É  Â¨³�        

5) ­¤�́¦Ä�Á�oµ¦nª¤Ã�¦��µ¦�

�

Á�¦ºÉ°�¤º°Ä��µ¦�¦³Á¤·��ªµ¤Á­̧É¥��

1. Â��­´¤£µ¬�r�Á¡ºÉ°�¦µ��o°¤¼¨�´ÉªÅ� �ÎÊ µ®�´� 

Â¨³�¦³ª�́·°µ�µ¦�n ª¥Ä�¦°��6 Á�º°��̧É�nµ�¤µ�°�

¡��́�µ�� »̈n¤�ª́°¥nµ�  

2. �µ¦�¦ª�ª�́¦³��́�ªµ¤Á�o¤�o�­µ¦Á���̧�Ä�
�¦¦¥µ�µ«�µ¦�Îµ�µ��̧É¦³��́�µ�Á�·�®µ¥Ä�­nª�

�»��¨�Ã�¥°»��¦�r�̧É�Îµ¤µÄ�oÄ��µ¦Á�È��ª́°¥nµ� �º° 
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Active sampler Á�È �®¨°���·��Sorbent coconut 

charcoal tube�Ä�¡�´��µ�­�µ�̧�¦· �µ¦�ÎÊ µ¤´�

Á�ºÊ°Á¡ ·̈�Ä�°ÎµÁ£°Á¤º°����́®ª�́�°�Â�n��Â¨³�Îµ

�µ¦�¦ª�ª·Á�¦µ³®r�oª¥ª·�̧�Â�p­Ã�¦¤µÃ�¦�¦µ¢

Â¨³Ä�o�Detector ��·��FID (Gas chromatography 

flam ionization: GC-FID) Ã�¥¤µ�¦�µ��µ¦

�¦ª�ª´�Â¨³�µ¦�¦ª�ª· Á�¦µ³®r Á�È �Å��µ¤

¤µ�¦�µ� National Institute for Occupational 

Safety and Health manual number 1501 (NIOSH 

1501)14 Ã�¥�n µ�ÎÉ µ­» ��̧É­µ¤µ¦�ª´�Å�oÄ�

®o°���·��́·�µ¦�(Detection limit) �º°�0.���ppb  

3. �ªµ¤Á­̧É¥��n°­»�£µ¡�µ��µ¦­´¤�­́­µ¦Á���̧� 

� 

x �µ¦�Îµ�ª��¦·¤µ�­·É��»��µ¤�̧ÉÅ�o ¦́��µ��µ¦

®µ¥Ä�Å°¦³ Á®¥�µ¤®¨´��°�  US. EPA 

(2009); US. Environmental Protection 

Agency ­Îµ®¦́����Îµ�µ�� 

Intake = (CA × IR × ET  × EF × ED)� (­¤�µ¦�1) 

                              (BW × AT)� 

Ã�¥�´ªÂ�¦�̧É Â�³�ÎµÃ�¥°��r�¦�µ¦¡·�´�¬r

­·É�Âª�¨o°¤� 

Intake��º°��¦·¤µ�­µ¦�̧ÉÅ�o¦́��µ�¦³���µ�Á�·�

®µ¥Ä��®�nª¥; ¤·¨ ·̈�¦́¤�n°�·Ã¨�¦́¤�n°ª�́�

(mg/kg/d) 

CA  �º°��nµ�ªµ¤Á�o¤�o��°�­µ¦Ä�°µ�µ«�®�nª¥;�

¤·¨ ·̈�¦́¤�n° ¼̈��µ«�rÁ¤�¦�(mg/m3)��Îµ®��

Ä�o�nµÁ�°¦rÁ�È�Å�¨r�̧É�95�

IR �º°��nµ°�́¦µ�µ¦®µ¥Ä��n°�´ÉªÃ¤��°�Â�n¨³

���®�nª¥;� ¼̈��µ«�rÁ¤�¦�n°�´ÉªÃ¤��(m
3/h��

�Îµ®��Ä®oÁ�nµ��́�2.5 m3/h (­Îµ®¦́��·��¦¦¤

�̧É�o°�Ä�oÂ¦�¤µ�) 

ET �º°��nµÁª¨µÄ��µ¦­´¤�­́Ä�Â�n¨³�·��¦¦¤�

®�nª¥; �´ÉªÃ¤��n°ª�́�(h/d) 

EF� �º°�ªµ¤�̧É�°��µ¦­´¤�­́�®�nª¥; ª�́�n°�̧�

(d/y); ­Îµ®¦́��µ�°»�­µ®�¦¦¤�Îµ®��Ä®o

Á�nµ��́�250 ª�́�n°�̧�

ED� �º°�¦³¥³Áª¨µ�µ¦­´¤�´­�®�nª¥ ;� �̧ � (y); 

­Îµ®¦́��µ�°»�­µ®�¦¦¤�Îµ®��Ä®oÁ�nµ�´��

25 �̧�

BW � �º°�ÎÊ µ®�´��°�¦nµ��µ¥Â�n¨³�»��¨�®�nª¥;�

�·Ã¨�¦́¤�(kg����

AT  �º°�¦³¥³Áª¨µÁ�¨̧É¥Ä��µ¦Å�o¦́�­µ¦�®�nª¥; 

ª�́�(d);��Îµ®��Ä®o�AT = 250 d/y × 25 y�

�

x �µ¦ª·Á�¦µ³®r�nµ�ªµ¤Á­̧É¥��µ��µ¦Å�o¦́�­́¤�´­

­µ¦�̧É�ÎµÄ®o Á�·�¤³Á¦È���

Lifetime cancer risk�= CSF × CDI�(­¤�µ¦�2) 

CSF � �º°�Cancer potential (slope) factor ®�nª¥; 

¤·¨ ·̈�¦́¤�n°�·Ã¨�¦́¤�n°ª�́�(mg/kg/d) �nµ

Á�nµ��́ 2.73×10-2 mg/kg/d15 

CDI� �º ° �� µ¦­´¤� ´­�¨°��n ª � �̧ ª· � �®�n ª¥ ; 

¤·¨ ·̈�¦́¤�n°�·Ã¨�¦́¤�n°ª�́�mg/kg/d (Å�o�µ��

�nµ�Intake Ä�­¤�µ¦�̧É�1) 

x �µ¦�¦³Á¤·��n µ�ªµ¤Á­̧É ¥��µ��µ¦­́¤�´­

�µ��µ¦®µ¥Ä� 

Hazard quotient (HQ) =�Intake/RfD�(­¤�µ¦�3) 

Intake �º°��¦·¤µ�­µ¦�̧ÉÅ�o¦́��µ�¦³���µ�Á�·�

®µ¥Ä��(Å�o�µ�­¤�µ¦�̧É�1)�

RfD��� �º° Inhalation reference dose �nµÁ�nµ��́�

0.012 mg/kg/d16 

�

�

�

 
 

�µ¦ª·Á�¦µ³®r�o°¤¼¨�µ�­�·�·�

 �µ¦ª·�´¥� ¦́Ê � �̧Ê ª· Á�¦µ³®r�o°¤¼¨Ã�¥Ä�o

Ã�¦Â�¦¤�STATA10 Ã�¥�o°¤¼¨�´ÉªÅ���nµ�ÎÊ µ®��́

�´ª�Â¨³��¦³ª´�·°µ�µ¦�n ª¥�°�¡�´��µ�­�µ�̧

�¦·�µ¦�ÎÊ µ¤�́Á�ºÊ°Á¡ ·̈��ª·Á�¦µ³®r�oª¥­�·�·¡¦¦��µ�

�ÎµÁ­�°�oª¥�nµ�ªµ¤�̧É �¦o°¥¨³�nµÁ�¨̧É¥�Â¨³­nª�

Á�̧É¥�Á��¤µ�¦�µ���ªµ¤Á�o¤�o�­µ¦Á���̧��̧É¦³��́

�µ�Á�·�®µ¥Ä�­n ª��»��¨ª· Á�¦µ³®r�oª¥­�· �·

¡¦¦��µ��ÎµÁ­�°�oª¥��nµÁ�¨̧É¥�­n ª�Á�̧É¥�Á��

¤µ�¦�µ���nµ­¼�­»���ÎÉµ­»��Â¨³�nµÁ�°¦r Á��Å�¨r�̧É�

95 Â¨³ª·Á�¦µ³®r�oª¥­�·�·Á�·�°�»¤µ���ÎµÁ­�°�oª¥

�nµ�95%CI �¦·¤µ��µ¦­´¤�­́­µ¦Á���̧��µ��µ¦

®µ¥Ä�Å°¦³Á®¥ (Intake) �nµ�ªµ¤Á­̧É¥��n°�µ¦Á�·�

¤³Á¦È �Â¨³�nµ�ªµ¤Á­̧É ¥��µ��µ¦­´¤� ´­�µ��µ¦

®µ¥Ä��ª·Á�¦µ³®r�oª¥­�·�·¡¦¦��µ��ÎµÁ­�°�oª¥

�nµ­¼�­»���ÎÉµ­»�Â¨³�nµÁ�°¦rÁ��Å�¨r�̧É�95 

 

�¨�µ¦«¹�¬µ 

�o°¤¼¨�´ÉªÅ��

� �µ��µ¦­´¤£µ¬�r¡�´��µ�­�µ�̧�¦· �µ¦

�ÎÊ µ¤�́Á�ºÊ°Á¡ ·̈��Îµ�ª��48 ���¡�ªnµ�Á�È �¡��́�µ�

Ä�Á��Á¤º°��¦o°¥¨³�39.���¡��́�µ�Ä�Á���µ�Á¤º°��

¦o°¥¨³�20.84�Â¨³�¡��́�µ�Ä�Á���°�Á¤º°��¦o°¥

¨³�39.58�Á�È �Á¡«�µ¥�¦o°¥¨³�56.25 Á¡«®�·��¦o°¥

¨³�43.75 ­nª�Ä®�n°µ¥»¦³®ªnµ��31-40 �̧�¦°�¨�¤µ

�º°�°µ¥»Ä��nª��18-20 �̧�Â¨³�21-30 �̧�¦o°¥¨³�22.���

¨Îµ��́­µ¤�º°��nª�°µ¥»�41-50 �̧�¦o°¥¨³�16.66�Â¨³�

­»��oµ¥�º°�°µ¥»Ä��nª��51-60 �̧�¦o°¥¨³�4.17��oµ�

¦³��́�µ¦«¹�¬µ�¡�ªnµ�­nª�Ä®�n���µ¦«¹�¬µ¦³��́

¤�́¥¤«¹�¬µ�°��o��¦o°¥¨³�50.����¹É �¤̧­´�­nª�

Ä�¨oÁ�̧¥���́�µ¦«¹�¬µ¦³��́�¦³�¤«¹�¬µ�¦o°¥¨³�

43.���¡�¦³�´��µ¦«¹�¬µ¦³�´�¤�́¥¤«¹�¬µ�°�

�¨µ¥/�ª�.��o°¥�̧É­»���º°¦o°¥¨³�6.25 

 

�o°¤¼¨�nµ�ÎÊµ®�́�Â¨³�nµÁª¨µÄ��µ¦­́¤�́­­µ¦�

�ÎÊ µ®�´��°�¦n µ��µ¥Â¨³�nµÁª¨µÄ��µ¦

­´¤�­́��ÎµÂ���µ¤¡ºÊ��̧É�°�­�µ�̧�¦· �µ¦�ÎÊ µ¤´�

Á�ºÊ °Á¡ ·̈ � �¡�ªnµ �¡�´��µ�Ä�Á���°�Á¤º°�� ¤̧

�ÎÊµ®��́�ª́Á�¨̧É¥­¼�­»���º°�63.40��·Ã¨�¦́¤�¦°�¨�¤µ�

�º°�Á��Á¤º°��62.30��·Ã¨�¦́¤�Â¨³Á���µ�Á¤º°��

57.80��·Ã¨�¦́¤�­Îµ®¦́��nµÁª¨µÄ��µ¦­´¤�­́¡�ªnµ�

�´ÉªÃ¤��µ¦�Îµ�µ��n°ª�́�°�¡��́�µ��Ä�Á���°�

Á¤º°��¤̧�´ÉªÃ¤��µ¦�Îµ�µ�­¼�­»���º° 12.16��´ÉªÃ¤��

¦°�¨�¤µ��º°�Á��Á¤º°��9.79��´ÉªÃ¤��Â¨³Á���µ�

Á¤º°� 8.60 �´ÉªÃ¤����́�µ¦µ��̧É�1��oµ��¦³ª�́·°µ�µ¦

Á�È��n ª¥Ä�¦°� 6 Á�º°��̧É�nµ�¤µ�°�¡�´��µ�

­�µ�̧�¦· �µ¦�ÎÊ µ¤´�Á�ºÊ °Á¡ ·̈��¡�ªnµ�¡�´��µ�¤̧

°µ�µ¦�ª�«̧¦¬³�¤¹����°n°�Á¡¨̧¥��¹�¦o°¥¨³ 68.75 

¤̧°µ�µ¦�µ�¦³���µ�Á�·�®µ¥Ä�¦o°¥¨³�41.67 Â¨³�

¤̧°µ�µ¦�ºÉ���́�µ��·ª®��́�¦o°¥¨³ 37.50 

 

¦³�´��ªµ¤Á�o¤�o��°�­µ¦Á���̧�Ä��¦¦¥µ�µ«

�µ¦�Îµ�µ��¸É¦³�´��µ�Á�·�®µ¥Ä� 

� �µ��µ¦�¦ª�ª�́¦³��́�ªµ¤Á�o¤�o��°�­µ¦

Á���̧�Ä��¦¦¥µ�µ«�µ¦�Îµ�µ��̧É¦³�´��µ�Á�·�

®µ¥Ä��¡�ªnµ�¡��́�µ��´Ê�®¤�¤̧¦³��́�ªµ¤Á�o¤�o�

�°�­µ¦Á���̧�Ä��¦¦¥µ�µ«�µ¦�Îµ�µ��̧É¦³�´�

�µ�Á�·�®µ¥Ä��°�¡�´��µ��¨°��nª�Áª¨µ�µ¦

�Îµ�µ�Å¤nÁ�·�Á���r¤µ�¦�µ��nµÂ�³�Îµ�ªµ¤

�¨°�£¥́Ä��¦¦¥µ�µ«��°��ACGIH�(2012)17 �̧É

� Îµ®��Åªo��º°�0.50 ppm �nµÁ�¨̧É¥�̧Éª�́Å�o��º°�0.046 

ppm��nµ�ªµ¤Â�¦�¦ª��0.010��nµ�ÎÉµ­»��0.01 ppm  
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Active sampler Á�È �®¨°���·��Sorbent coconut 

charcoal tube�Ä�¡�´��µ�­�µ�̧�¦· �µ¦�ÎÊ µ¤´�

Á�ºÊ°Á¡ ·̈�Ä�°ÎµÁ£°Á¤º°����́®ª�́�°�Â�n��Â¨³�Îµ

�µ¦�¦ª�ª·Á�¦µ³®r�oª¥ª·�̧�Â�p­Ã�¦¤µÃ�¦�¦µ¢

Â¨³Ä�o�Detector ��·��FID (Gas chromatography 

flam ionization: GC-FID) Ã�¥¤µ�¦�µ��µ¦

�¦ª�ª´�Â¨³�µ¦�¦ª�ª· Á�¦µ³®r Á�È �Å��µ¤

¤µ�¦�µ� National Institute for Occupational 

Safety and Health manual number 1501 (NIOSH 

1501)14 Ã�¥�n µ�ÎÉ µ­» ��̧É­µ¤µ¦�ª´�Å�oÄ�

®o°���·��́·�µ¦�(Detection limit) �º°�0.���ppb  

3. �ªµ¤Á­̧É¥��n°­»�£µ¡�µ��µ¦­´¤�­́­µ¦Á���̧� 

� 

x �µ¦�Îµ�ª��¦·¤µ�­·É��»��µ¤�̧ÉÅ�o ¦́��µ��µ¦

®µ¥Ä�Å°¦³ Á®¥�µ¤®¨´��°�  US. EPA 

(2009); US. Environmental Protection 

Agency ­Îµ®¦́����Îµ�µ�� 

Intake = (CA × IR × ET  × EF × ED)� (­¤�µ¦�1) 

                              (BW × AT)� 

Ã�¥�´ªÂ�¦�̧É Â�³�ÎµÃ�¥°��r�¦�µ¦¡·�´�¬r

­·É�Âª�¨o°¤� 

Intake��º°��¦·¤µ�­µ¦�̧ÉÅ�o¦́��µ�¦³���µ�Á�·�

®µ¥Ä��®�nª¥; ¤·¨ ·̈�¦́¤�n°�·Ã¨�¦́¤�n°ª�́�

(mg/kg/d) 

CA  �º°��nµ�ªµ¤Á�o¤�o��°�­µ¦Ä�°µ�µ«�®�nª¥;�

¤·¨ ·̈�¦́¤�n° ¼̈��µ«�rÁ¤�¦�(mg/m3)��Îµ®��

Ä�o�nµÁ�°¦rÁ�È�Å�¨r�̧É�95�

IR �º°��nµ°�́¦µ�µ¦®µ¥Ä��n°�´ÉªÃ¤��°�Â�n¨³

���®�nª¥;� ¼̈��µ«�rÁ¤�¦�n°�´ÉªÃ¤��(m
3/h��

�Îµ®��Ä®oÁ�nµ��́�2.5 m3/h (­Îµ®¦́��·��¦¦¤

�̧É�o°�Ä�oÂ¦�¤µ�) 

ET �º°��nµÁª¨µÄ��µ¦­´¤�­́Ä�Â�n¨³�·��¦¦¤�

®�nª¥; �´ÉªÃ¤��n°ª�́�(h/d) 

EF� �º°�ªµ¤�̧É�°��µ¦­´¤�­́�®�nª¥; ª�́�n°�̧�

(d/y); ­Îµ®¦́��µ�°»�­µ®�¦¦¤�Îµ®��Ä®o

Á�nµ��́�250 ª�́�n°�̧�

ED� �º°�¦³¥³Áª¨µ�µ¦­´¤�´­�®�nª¥ ;� �̧ � (y); 

­Îµ®¦́��µ�°»�­µ®�¦¦¤�Îµ®��Ä®oÁ�nµ�´��

25 �̧�

BW � �º°�ÎÊ µ®�´��°�¦nµ��µ¥Â�n¨³�»��¨�®�nª¥;�

�·Ã¨�¦́¤�(kg����

AT  �º°�¦³¥³Áª¨µÁ�¨̧É¥Ä��µ¦Å�o¦́�­µ¦�®�nª¥; 

ª�́�(d);��Îµ®��Ä®o�AT = 250 d/y × 25 y�

�

x �µ¦ª·Á�¦µ³®r�nµ�ªµ¤Á­̧É¥��µ��µ¦Å�o¦́�­́¤�´­

­µ¦�̧É�ÎµÄ®o Á�·�¤³Á¦È���

Lifetime cancer risk�= CSF × CDI�(­¤�µ¦�2) 

CSF � �º°�Cancer potential (slope) factor ®�nª¥; 

¤·¨ ·̈�¦́¤�n°�·Ã¨�¦́¤�n°ª�́�(mg/kg/d) �nµ

Á�nµ��́ 2.73×10-2 mg/kg/d15 

CDI� �º ° �� µ¦­´¤� ´­�¨°��n ª � �̧ ª· � �®�n ª¥ ; 

¤·¨ ·̈�¦́¤�n°�·Ã¨�¦́¤�n°ª�́�mg/kg/d (Å�o�µ��

�nµ�Intake Ä�­¤�µ¦�̧É�1) 

x �µ¦�¦³Á¤·��n µ�ªµ¤Á­̧É ¥��µ��µ¦­́¤�´­

�µ��µ¦®µ¥Ä� 

Hazard quotient (HQ) =�Intake/RfD�(­¤�µ¦�3) 

Intake �º°��¦·¤µ�­µ¦�̧ÉÅ�o¦́��µ�¦³���µ�Á�·�

®µ¥Ä��(Å�o�µ�­¤�µ¦�̧É�1)�

RfD��� �º° Inhalation reference dose �nµÁ�nµ��́�

0.012 mg/kg/d16 

�

�

�

 
 

�µ¦ª·Á�¦µ³®r�o°¤¼¨�µ�­�·�·�

 �µ¦ª·�´¥� ¦́Ê � �̧Ê ª· Á�¦µ³®r�o°¤¼¨Ã�¥Ä�o

Ã�¦Â�¦¤�STATA10 Ã�¥�o°¤¼¨�´ÉªÅ���nµ�ÎÊ µ®��́

�´ª�Â¨³��¦³ª´�·°µ�µ¦�n ª¥�°�¡�´��µ�­�µ�̧

�¦·�µ¦�ÎÊ µ¤�́Á�ºÊ°Á¡ ·̈��ª·Á�¦µ³®r�oª¥­�·�·¡¦¦��µ�

�ÎµÁ­�°�oª¥�nµ�ªµ¤�̧É �¦o°¥¨³�nµÁ�¨̧É¥�Â¨³­nª�

Á�̧É¥�Á��¤µ�¦�µ���ªµ¤Á�o¤�o�­µ¦Á���̧��̧É¦³��́

�µ�Á�·�®µ¥Ä�­n ª��»��¨ª· Á�¦µ³®r�oª¥­�· �·

¡¦¦��µ��ÎµÁ­�°�oª¥��nµÁ�¨̧É¥�­n ª�Á�̧É¥�Á��

¤µ�¦�µ���nµ­¼�­»���ÎÉµ­»��Â¨³�nµÁ�°¦r Á��Å�¨r�̧É�

95 Â¨³ª·Á�¦µ³®r�oª¥­�·�·Á�·�°�»¤µ���ÎµÁ­�°�oª¥

�nµ�95%CI �¦·¤µ��µ¦­´¤�­́­µ¦Á���̧��µ��µ¦

®µ¥Ä�Å°¦³Á®¥ (Intake) �nµ�ªµ¤Á­̧É¥��n°�µ¦Á�·�

¤³Á¦È �Â¨³�nµ�ªµ¤Á­̧É ¥��µ��µ¦­´¤� ´­�µ��µ¦

®µ¥Ä��ª·Á�¦µ³®r�oª¥­�·�·¡¦¦��µ��ÎµÁ­�°�oª¥

�nµ­¼�­»���ÎÉµ­»�Â¨³�nµÁ�°¦rÁ��Å�¨r�̧É�95 

 

�¨�µ¦«¹�¬µ 

�o°¤¼¨�´ÉªÅ��

� �µ��µ¦­´¤£µ¬�r¡�´��µ�­�µ�̧�¦· �µ¦

�ÎÊ µ¤�́Á�ºÊ°Á¡ ·̈��Îµ�ª��48 ���¡�ªnµ�Á�È �¡��́�µ�

Ä�Á��Á¤º°��¦o°¥¨³�39.���¡��́�µ�Ä�Á���µ�Á¤º°��

¦o°¥¨³�20.84�Â¨³�¡��́�µ�Ä�Á���°�Á¤º°��¦o°¥

¨³�39.58�Á�È �Á¡«�µ¥�¦o°¥¨³�56.25 Á¡«®�·��¦o°¥

¨³�43.75 ­nª�Ä®�n°µ¥»¦³®ªnµ��31-40 �̧�¦°�¨�¤µ

�º°�°µ¥»Ä��nª��18-20 �̧�Â¨³�21-30 �̧�¦o°¥¨³�22.���

¨Îµ��́­µ¤�º°��nª�°µ¥»�41-50 �̧�¦o°¥¨³�16.66�Â¨³�

­»��oµ¥�º°�°µ¥»Ä��nª��51-60 �̧�¦o°¥¨³�4.17��oµ�

¦³��́�µ¦«¹�¬µ�¡�ªnµ�­nª�Ä®�n���µ¦«¹�¬µ¦³��́

¤�́¥¤«¹�¬µ�°��o��¦o°¥¨³�50.����¹É �¤̧­´�­nª�

Ä�¨oÁ�̧¥���́�µ¦«¹�¬µ¦³��́�¦³�¤«¹�¬µ�¦o°¥¨³�

43.���¡�¦³�´��µ¦«¹�¬µ¦³�´�¤�́¥¤«¹�¬µ�°�

�¨µ¥/�ª�.��o°¥�̧É­»���º°¦o°¥¨³�6.25 

 

�o°¤¼¨�nµ�ÎÊµ®�́�Â¨³�nµÁª¨µÄ��µ¦­́¤�́­­µ¦�

�ÎÊ µ®�´��°�¦n µ��µ¥Â¨³�nµÁª¨µÄ��µ¦

­´¤�­́��ÎµÂ���µ¤¡ºÊ��̧É�°�­�µ�̧�¦· �µ¦�ÎÊ µ¤´�

Á�ºÊ °Á¡ ·̈ � �¡�ªnµ �¡�´��µ�Ä�Á���°�Á¤º°�� ¤̧

�ÎÊµ®��́�ª́Á�¨̧É¥­¼�­»���º°�63.40��·Ã¨�¦́¤�¦°�¨�¤µ�

�º°�Á��Á¤º°��62.30��·Ã¨�¦́¤�Â¨³Á���µ�Á¤º°��

57.80��·Ã¨�¦́¤�­Îµ®¦́��nµÁª¨µÄ��µ¦­´¤�­́¡�ªnµ�

�´ÉªÃ¤��µ¦�Îµ�µ��n°ª�́�°�¡��́�µ��Ä�Á���°�

Á¤º°��¤̧�´ÉªÃ¤��µ¦�Îµ�µ�­¼�­»���º° 12.16��´ÉªÃ¤��

¦°�¨�¤µ��º°�Á��Á¤º°��9.79��´ÉªÃ¤��Â¨³Á���µ�

Á¤º°� 8.60 �´ÉªÃ¤����́�µ¦µ��̧É�1��oµ��¦³ª�́·°µ�µ¦

Á�È��n ª¥Ä�¦°� 6 Á�º°��̧É�nµ�¤µ�°�¡�´��µ�

­�µ�̧�¦· �µ¦�ÎÊ µ¤´�Á�ºÊ °Á¡ ·̈��¡�ªnµ�¡�´��µ�¤̧

°µ�µ¦�ª�«̧¦¬³�¤¹����°n°�Á¡¨̧¥��¹�¦o°¥¨³ 68.75 

¤̧°µ�µ¦�µ�¦³���µ�Á�·�®µ¥Ä�¦o°¥¨³�41.67 Â¨³�

¤̧°µ�µ¦�ºÉ���́�µ��·ª®��́�¦o°¥¨³ 37.50 

 

¦³�´��ªµ¤Á�o¤�o��°�­µ¦Á���̧�Ä��¦¦¥µ�µ«

�µ¦�Îµ�µ��¸É¦³�´��µ�Á�·�®µ¥Ä� 

� �µ��µ¦�¦ª�ª�́¦³��́�ªµ¤Á�o¤�o��°�­µ¦

Á���̧�Ä��¦¦¥µ�µ«�µ¦�Îµ�µ��̧É¦³�´��µ�Á�·�

®µ¥Ä��¡�ªnµ�¡��́�µ��´Ê�®¤�¤̧¦³��́�ªµ¤Á�o¤�o�

�°�­µ¦Á���̧�Ä��¦¦¥µ�µ«�µ¦�Îµ�µ��̧É¦³�´�

�µ�Á�·�®µ¥Ä��°�¡�´��µ��¨°��nª�Áª¨µ�µ¦

�Îµ�µ�Å¤nÁ�·�Á���r¤µ�¦�µ��nµÂ�³�Îµ�ªµ¤

�¨°�£¥́Ä��¦¦¥µ�µ«��°��ACGIH�(2012)17 �̧É

� Îµ®��Åªo��º°�0.50 ppm �nµÁ�¨̧É¥�̧Éª�́Å�o��º°�0.046 

ppm��nµ�ªµ¤Â�¦�¦ª��0.010��nµ�ÎÉµ­»��0.01 ppm  
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�µ¦µ��¸É����ÎÊµ®��́�°�¦nµ��µ¥Â¨³�nµÁª¨µÄ��µ¦­´¤�­́ �ÎµÂ���µ¤¡ºÊ��̧É­�µ�̧�¦·�µ¦�ÎÊ µ¤�́Á�ºÊ°Á¡ ·̈�  �

�´ªÂ�¦�
¡ºÊ��¸É­�µ�̧�¦·�µ¦�ÎÊµ¤´�Á�ºÊ°Á¡¨·��>�Îµ�ª��(¦o°¥¨³)@�

Á¤º°�� �µ�Á¤º°�� �°�Á¤º°��

�ÎÊµ®��́�ª́ (�·Ã¨�¦́¤)    

40-59 8 (42.11) 5 (50.00) 6 (31.58) 

60-79 10 (52.63) 5 (50.00) 13 (68.42) 

80 �¹Ê�Å� 1 (5.26) 0 (0.00) 0 (0.00) 

Mean ± SD 62.30 ± 11.80 57.80 ± 12.50 63.40 ± 9.80 

Áª¨µÄ��µ¦­´¤�­́ (�¤.)�    

1-8 3 (15.79) 4 (40.00) 2 (10.53) 

9-16 15 (78.95) 6 (60.00) 13 (68.42) 

17 �¹Ê�Å� 1 (5.26) 0 (0.00) 4 (21.05) 

Mean ± SD 9.79 ± 3.54 8.60 ± 0.52 12.16 ± 4.89 

�nµ­¼�­»� �º° 0.050 ppm Â¨³�nµÁ�°¦rÁ��Å�¨r�̧É 95 

Á�nµ��́ 0.05 Ã�¥­�µ�̧�¦·�µ¦�ÎÊ µ¤�́Á�ºÊ°Á¡ ·̈�Á��

Á¤º°�¡��ªµ¤Á�o¤�o��°�­µ¦Á���̧�­¼�­»� �nµÁ�¨̧É¥

�̧Éª�́Å�o��º°�0.048 ppm �nµ�ªµ¤Â�¦�¦ª� 0.008 �nµ 

95%CI °¥¼nÄ��nª� 0.043-0.052 �nµ�ÎÉµ­»��0.012 ppm 

�nµ­¼�­»� 0.050 ppm Â¨³�nµÁ�°¦r Á��Å�¨r�̧É  95 

Á�nµ��́ 0.050 ��́�µ¦µ��̧É�2 

�

�µ¦µ��¸É�� � ¦³��́�ªµ¤Á�o¤�o��°�­µ¦Á���̧�Ä��¦¦¥µ�µ«�µ¦�Îµ�µ��̧É¦³��́�µ�Á�·�®µ¥Ä��°��¡��́�µ�

�¨°��nª�Áª¨µ�µ¦�Îµ�µ� (n = 48) 

Á���¸É�´Ê�­�µ�̧²�

¦³�´��ªµ¤Á�o¤�o��°�­µ¦Á���̧�Ä��¦¦¥µ�µ«�µ¦�Îµ�µ��¸É¦³�´��µ�Á�·�®µ¥Ä��

0HDQ��SSP�� 6'� ���&,� 0LQ��SSP�� 0D[��SSP��
��WK�

SHUFHQWLOH�

Á¤º°�� 0.048 0.008 0.043-0.052 0.012 0.050 0.050 

�µ�Á¤º°� 0.046 0.011 0.038-0.054 0.014 0.050 0.050 

�°�Á¤º°� 0.046 0.011 0.041-0.052 0.010 0.050 0.050 

 

Á¤ºÉ °Â���nµ­¤�µ¦�Îµ�ª��¦· ¤µ�­·É �

�»��µ¤�̧ÉÅ�o¦́��µ��µ¦®µ¥Ä�Å°¦³Á®¥�µ¤®¨´�

�°�  US. EPA (2009) ­Îµ®¦́����Îµ�µ��µ�

�µ¦«¹�¬µÄ��¦́Ê ��̧Ê¡�ªnµ¡��́�µ�Ä�­�µ�̧�¦·�µ¦

�ÎÊ µ¤�́Á�ºÊ°Á¡ ·̈�¤̧�µ¦¦́�­´¤�­́­µ¦Á���̧�Ã�¥Ä�o

�ªµ¤Á�o¤�o��ª́Â���µ��nµÁ�°¦r Á��Å�¨r�̧É 95 

 
 

�nµ­¼�­»��nµ�ÎÉµ­»�Å�o¦³��́�µ¦¦́�­´¤�­́�ÎµÂ���µ¤

¡ºÊ��̧É�°�­�µ�̧�¦· �µ¦�ÎÊ µ¤�́Á�ºÊ °Á¡ ·̈�¤̧�nµ�ÎÉµ­»� 

0.015 mg/kg/d �nµ­¼�­»� 0.076 mg/kg/d �nµ

Á�°¦rÁ��Å�¨r�̧É 95 Á�nµ��́ 0.076 mg/kg/d �¹É �­�µ�̧

�¦·�µ¦�ÎÊ µ¤�́Á�ºÊ°Á¡ ·̈�Á���°�Á¤º°�¤̧�µ¦¦́�­´¤�­́

­¼�­»���́Â­���¨Ä��µ¦µ��̧É 3 

 

�µ¦µ��¸É����¦·¤µ��µ¦­´¤�­́­µ¦Á���̧��µ��µ¦®µ¥Ä�Å°¦³Á®¥�µ¤®¨�́�°� US. EPA (2009) (n = 48) 

Á���¸É�´Ê�­�µ�̧²�
�µ¦¦́�­́¤�­́­µ¦Á���̧��µ��µ¦®µ¥Ä�Å°¦³Á®¥��PJ�NJ�G��

0LQ�� 0D[�� ��WK�SHUFHQWLOH�

Á¤º°�� 0.015 0.062 0.062 

�µ�Á¤º°� 0.016 0.059 0.059 

�°�Á¤º°� 0.015 0.076 0.076 

 

Á¤ºÉ°ª·Á�¦µ³®r�nµ�ªµ¤Á­̧É¥��µ��µ¦Å�o¦́�­µ¦

�̧É� ÎµÄ®oÁ�·�¤³Á¦È�¡�ªnµ¤̧�nµ�ªµ¤Á­̧É¥��n°�µ¦Á�·�

¤³Á¦È�¤µ��ªnµ 1 × 10-6 (®�¹É ���Ä�®�¹É �¨oµ���) 

Ã�¥¤̧�nµ�ÎÉµ­»� 4.09 × 10-4 �nµ­¼�­»� 2.08 × 10-3�nµ

Á�°¦rÁ��Å�¨r�̧É 95 Á�nµ��́ 2.08 × 10-3 �¹É �Á¤ºÉ°Ä�o�nµ

Á�°¦r Á�È�Å�¨r�̧É �95 ¡�ªnµ­�µ�̧�¦· �µ¦�ÎÊ µ¤´�

Á�ºÊ°Á¡ ·̈�Ä�Á���°�Á¤º°�¤̧�nµ�ªµ¤Á­̧É ¥��µ��µ¦

Å�o¦́�­µ¦�̧É� ÎµÄ®oÁ�·�¤³Á¦È�­¼�­»�Ä�°�́¦µ�­°���

�n°¡�́�� ��́�µ¦µ��̧É 4 

�

�µ¦µ��¸É����ªµ¤Á­̧É¥��n°�µ¦Á�·�¤³Á¦È��µ��µ¦Å�o¦́�­´¤�­́­µ¦Á���̧� (n = 48) 

Á���¸É�´Ê�­�µ�̧²�
�nµ�ªµ¤Á­̧É¥��n°�µ¦Á�·�¤³Á¦È��µ��µ¦Ä�o�nµ�´ªÂ���ªµ¤Á�o¤�o��

0LQ� 0D[� ��WK�SHUFHQWLOH�

Á¤º°�� 4.09 × 10-4 1.69 × 10-3 1.69 × 10-3 

�µ�Á¤º°� 4.37 × 10-4 1.61 × 10-3 1.61 × 10-3 

�°�Á¤º°� 4.09 × 10-4 2.08 × 10-3 2.08 × 10-3 

 

�¨�µ¦�¦³Á¤·��nµ�ªµ¤Á­̧É¥��µ��µ¦­´¤�­́

�µ��µ¦®µ¥Ä�Ã�¥Ä�o�ªµ¤Á�o¤�o��´ªÂ���µ�

�nµ­¼�­»��nµ�nµ­»��nµÁ�°¦r Á��Å�¨r�̧É 95 ¡�ªnµ

¡�´��µ��»���¤̧�ªµ¤Á­̧É ¥��n°­» �£µ¡�µ��µ¦

­´¤�­́­µ¦Á���̧�Ã�¥�µ¦®µ¥Ä�¤̧�nµ�ªµ¤Á­̧É ¥�

¤µ��ªnµ 1 ¤̧�nµ�ÎÉµ­»� 1.25 �nµ­¼�­»� 6.33 �nµ

Á�°¦rÁ��Å�¨r�̧É 95 Á�nµ��́ 6.33 �¹É �­�µ�̧�¦·�µ¦

�ÎÊµ¤�́Á�ºÊ°Á¡ ·̈�Ä�Á���°�Á¤º°� ¤̧�nµ�ªµ¤Á­̧É¥��µ�

�µ¦­´¤�­́�µ��µ¦®µ¥Ä�­¼�­»� ��́�µ¦µ��̧É 5 

�

�
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�µ¦µ��¸É����ÎÊµ®��́�°�¦nµ��µ¥Â¨³�nµÁª¨µÄ��µ¦­´¤�­́ �ÎµÂ���µ¤¡ºÊ��̧É­�µ�̧�¦·�µ¦�ÎÊ µ¤�́Á�ºÊ°Á¡ ·̈�  �

�´ªÂ�¦�
¡ºÊ��¸É­�µ�̧�¦·�µ¦�ÎÊµ¤´�Á�ºÊ°Á¡¨·��>�Îµ�ª��(¦o°¥¨³)@�

Á¤º°�� �µ�Á¤º°�� �°�Á¤º°��

�ÎÊµ®��́�ª́ (�·Ã¨�¦́¤)    

40-59 8 (42.11) 5 (50.00) 6 (31.58) 

60-79 10 (52.63) 5 (50.00) 13 (68.42) 

80 �¹Ê�Å� 1 (5.26) 0 (0.00) 0 (0.00) 

Mean ± SD 62.30 ± 11.80 57.80 ± 12.50 63.40 ± 9.80 

Áª¨µÄ��µ¦­´¤�­́ (�¤.)�    

1-8 3 (15.79) 4 (40.00) 2 (10.53) 

9-16 15 (78.95) 6 (60.00) 13 (68.42) 

17 �¹Ê�Å� 1 (5.26) 0 (0.00) 4 (21.05) 

Mean ± SD 9.79 ± 3.54 8.60 ± 0.52 12.16 ± 4.89 

�nµ­¼�­»� �º° 0.050 ppm Â¨³�nµÁ�°¦rÁ��Å�¨r�̧É 95 

Á�nµ��́ 0.05 Ã�¥­�µ�̧�¦·�µ¦�ÎÊ µ¤�́Á�ºÊ°Á¡ ·̈�Á��

Á¤º°�¡��ªµ¤Á�o¤�o��°�­µ¦Á���̧�­¼�­»� �nµÁ�¨̧É¥

�̧Éª�́Å�o��º°�0.048 ppm �nµ�ªµ¤Â�¦�¦ª� 0.008 �nµ 

95%CI °¥¼nÄ��nª� 0.043-0.052 �nµ�ÎÉµ­»��0.012 ppm 

�nµ­¼�­»� 0.050 ppm Â¨³�nµÁ�°¦r Á��Å�¨r�̧É  95 

Á�nµ��́ 0.050 ��́�µ¦µ��̧É�2 

�

�µ¦µ��¸É�� � ¦³��́�ªµ¤Á�o¤�o��°�­µ¦Á���̧�Ä��¦¦¥µ�µ«�µ¦�Îµ�µ��̧É¦³��́�µ�Á�·�®µ¥Ä��°��¡��́�µ�

�¨°��nª�Áª¨µ�µ¦�Îµ�µ� (n = 48) 

Á���¸É�´Ê�­�µ�̧²�

¦³�´��ªµ¤Á�o¤�o��°�­µ¦Á���̧�Ä��¦¦¥µ�µ«�µ¦�Îµ�µ��¸É¦³�´��µ�Á�·�®µ¥Ä��

0HDQ��SSP�� 6'� ���&,� 0LQ��SSP�� 0D[��SSP��
��WK�

SHUFHQWLOH�

Á¤º°�� 0.048 0.008 0.043-0.052 0.012 0.050 0.050 

�µ�Á¤º°� 0.046 0.011 0.038-0.054 0.014 0.050 0.050 

�°�Á¤º°� 0.046 0.011 0.041-0.052 0.010 0.050 0.050 

 

Á¤ºÉ °Â���nµ­¤�µ¦�Îµ�ª��¦· ¤µ�­·É �

�»��µ¤�̧ÉÅ�o¦́��µ��µ¦®µ¥Ä�Å°¦³Á®¥�µ¤®¨´�

�°�  US. EPA (2009) ­Îµ®¦́����Îµ�µ��µ�

�µ¦«¹�¬µÄ��¦́Ê ��̧Ê¡�ªnµ¡��́�µ�Ä�­�µ�̧�¦·�µ¦

�ÎÊ µ¤�́Á�ºÊ°Á¡ ·̈�¤̧�µ¦¦́�­´¤�­́­µ¦Á���̧�Ã�¥Ä�o

�ªµ¤Á�o¤�o��ª́Â���µ��nµÁ�°¦r Á��Å�¨r�̧É 95 

 
 

�nµ­¼�­»��nµ�ÎÉµ­»�Å�o¦³��́�µ¦¦́�­´¤�­́�ÎµÂ���µ¤

¡ºÊ��̧É�°�­�µ�̧�¦· �µ¦�ÎÊ µ¤�́Á�ºÊ °Á¡ ·̈�¤̧�nµ�ÎÉµ­»� 

0.015 mg/kg/d �nµ­¼�­»� 0.076 mg/kg/d �nµ

Á�°¦rÁ��Å�¨r�̧É 95 Á�nµ��́ 0.076 mg/kg/d �¹É �­�µ�̧

�¦·�µ¦�ÎÊ µ¤�́Á�ºÊ°Á¡ ·̈�Á���°�Á¤º°�¤̧�µ¦¦́�­´¤�­́

­¼�­»���́Â­���¨Ä��µ¦µ��̧É 3 

 

�µ¦µ��¸É����¦·¤µ��µ¦­´¤�­́­µ¦Á���̧��µ��µ¦®µ¥Ä�Å°¦³Á®¥�µ¤®¨�́�°� US. EPA (2009) (n = 48) 

Á���¸É�´Ê�­�µ�̧²�
�µ¦¦́�­́¤�­́­µ¦Á���̧��µ��µ¦®µ¥Ä�Å°¦³Á®¥��PJ�NJ�G��

0LQ�� 0D[�� ��WK�SHUFHQWLOH�

Á¤º°�� 0.015 0.062 0.062 

�µ�Á¤º°� 0.016 0.059 0.059 

�°�Á¤º°� 0.015 0.076 0.076 

 

Á¤ºÉ°ª·Á�¦µ³®r�nµ�ªµ¤Á­̧É¥��µ��µ¦Å�o¦́�­µ¦

�̧É� ÎµÄ®oÁ�·�¤³Á¦È�¡�ªnµ¤̧�nµ�ªµ¤Á­̧É¥��n°�µ¦Á�·�

¤³Á¦È�¤µ��ªnµ 1 × 10-6 (®�¹É ���Ä�®�¹É �¨oµ���) 

Ã�¥¤̧�nµ�ÎÉµ­»� 4.09 × 10-4 �nµ­¼�­»� 2.08 × 10-3�nµ

Á�°¦rÁ��Å�¨r�̧É 95 Á�nµ��́ 2.08 × 10-3 �¹É �Á¤ºÉ°Ä�o�nµ

Á�°¦r Á�È�Å�¨r�̧É �95 ¡�ªnµ­�µ�̧�¦· �µ¦�ÎÊ µ¤´�

Á�ºÊ°Á¡ ·̈�Ä�Á���°�Á¤º°�¤̧�nµ�ªµ¤Á­̧É ¥��µ��µ¦

Å�o¦́�­µ¦�̧É� ÎµÄ®oÁ�·�¤³Á¦È�­¼�­»�Ä�°�́¦µ�­°���

�n°¡�́�� ��́�µ¦µ��̧É 4 

�

�µ¦µ��¸É����ªµ¤Á­̧É¥��n°�µ¦Á�·�¤³Á¦È��µ��µ¦Å�o¦́�­´¤�­́­µ¦Á���̧� (n = 48) 

Á���¸É�´Ê�­�µ�̧²�
�nµ�ªµ¤Á­̧É¥��n°�µ¦Á�·�¤³Á¦È��µ��µ¦Ä�o�nµ�´ªÂ���ªµ¤Á�o¤�o��

0LQ� 0D[� ��WK�SHUFHQWLOH�

Á¤º°�� 4.09 × 10-4 1.69 × 10-3 1.69 × 10-3 

�µ�Á¤º°� 4.37 × 10-4 1.61 × 10-3 1.61 × 10-3 

�°�Á¤º°� 4.09 × 10-4 2.08 × 10-3 2.08 × 10-3 

 

�¨�µ¦�¦³Á¤·��nµ�ªµ¤Á­̧É¥��µ��µ¦­´¤�­́

�µ��µ¦®µ¥Ä�Ã�¥Ä�o�ªµ¤Á�o¤�o��´ªÂ���µ�

�nµ­¼�­»��nµ�nµ­»��nµÁ�°¦r Á��Å�¨r�̧É 95 ¡�ªnµ

¡�´��µ��»���¤̧�ªµ¤Á­̧É ¥��n°­» �£µ¡�µ��µ¦

­´¤�­́­µ¦Á���̧�Ã�¥�µ¦®µ¥Ä�¤̧�nµ�ªµ¤Á­̧É ¥�

¤µ��ªnµ 1 ¤̧�nµ�ÎÉµ­»� 1.25 �nµ­¼�­»� 6.33 �nµ

Á�°¦rÁ��Å�¨r�̧É 95 Á�nµ��́ 6.33 �¹É �­�µ�̧�¦·�µ¦

�ÎÊµ¤�́Á�ºÊ°Á¡ ·̈�Ä�Á���°�Á¤º°� ¤̧�nµ�ªµ¤Á­̧É¥��µ�

�µ¦­´¤�­́�µ��µ¦®µ¥Ä�­¼�­»� ��́�µ¦µ��̧É 5 

�

�
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�µ¦µ��¸É����µ¦�¦³Á¤·��nµ�ªµ¤Á­̧É¥��µ��µ¦­´¤�­́�µ��µ¦®µ¥Ä� (n = 48) 

Á���¸É�´Ê�­�µ�̧²�
�nµ�ªµ¤Á­̧É¥��µ��µ¦­́¤�­́�µ��µ¦®µ¥Ä��µ��µ¦Ä�o�nµ�´ªÂ���ªµ¤Á�o¤�o��

0LQ� 0D[� ��WK�3HUFHQWLOH�

Á¤º°�� 1.25 5.17 5.17 

�µ�Á¤º°� 1.33 4.92 4.92 

�°�Á¤º°� 1.25 6.33 6.33 

�

°£·�¦µ¥�¨�

� �µ��µ¦�¦ª�ª´�­µ¦ Á���̧��̧É ¦³�´�

�µ�Á�·�®µ¥Ä��°�¡��́�µ��¡�¦³��́�ªµ¤Á�o¤�o�

�°�­µ¦Á���̧��°¥¼nÄ��nª� 0.010-0.050 ppm 

�nµÁ�¨̧É¥�̧Éª�́Å�o�º° 0.046 ppm�(46 ppb) �¹É �Â¤o�ªnµ

�nµ�´�� n̈µªÅ¤n Á�·��nµÂ�³�Îµ�ªµ¤�¨°�£´¥Ä�

�¦¦¥µ�µ«�̧É�ACGIH �Îµ®��Ä��̧ 2012��º°�0.50 

ppm17�Â�n°��r�¦�US. EPA Å�o�n��̧Ê ªnµ��µ¦¦́�­´¤�­́

�nµ��µ�Á�·�®µ¥Ä�­µ¤µ¦��¼��¹¤Á�oµ­¼n¦n µ��µ¥Å�o

¦o°¥¨³�50 �¹É �°��r�¦��́� n̈µªÅ�oÁ­�°Â�³�nµ�ªµ¤

Á�o¤�o�°oµ�°·��̧É¦³�´��µ�Á�·�®µ¥Ä�� (Inhalation 

reference concentration; RfC)18�°¥¼n�̧É�Å¤nÁ�·��0.03 

mg/m3�®¦º°���ppb �¹É ��µ��µ¦�Îµ�nµÁ�¨̧É¥��́� n̈µªÅ�

�Îµ�ª�¡�ªnµ��nµ�¦³¤µ��µ¦­´¤�­́�nµ��µ�Á�·�

®µ¥Ä��­¼�Á�·��ªnµ�nµ�ªµ¤Á�o¤�o�°oµ�°·���́� n̈µª�

� �µ��µ¦�¦³Á¤·��µ¦¦́�­´¤�­́Á���̧�¡�

ªnµÄ�Á���°�Á¤º°�¤̧�¦·¤µ��µ¦¦́�­´¤�­́­µ¦Á��

�̧� (0.076 mg/kg/d) ¤µ��ªnµ¡ºÊ��̧ÉÄ�Á¤º°� (0.062 

mg/kg/d) Â¨³�µ�Á¤º°� (0.059 mg/kg/d) �µ¤¨Îµ��́

°´�°µ�Á�ºÉ °�¤µ�µ��nµ Áª¨µÄ��µ¦­´¤� ´­Â¨³

�ÎÊ µ®�´�¦nµ��µ¥�°��»��¨�̧ÉÂ���nµ���́Ã�¥­�µ�̧

�¦·�µ¦�ÎÊ µ¤�́Á�ºÊ°Á¡ ·̈�Á���°�Á¤º°�­nª�Ä®�n�³

Á�È �­�µ�̧�¦·�µ¦�ÎÊ µ¤�́��µ�Á¨È��³Á�· �Ä®o�¦·�µ¦

�´Ê�Â�nÁ�oµ���¹�®ª́�ÎÉµ�¡��́�µ�Å¤n¤̧�µ¦�Îµ�µ�Á�È �

�³��nµÁª¨µ�µ¦­´¤�­́�¹�¤µ��ªnµÄ�¡ºÊ��̧É°ºÉ�Ã�¥¤̧

�nµÁ�¨̧É¥°¥¼n�̧É 12.2 �´ÉªÃ¤��n°ª�́�­nª�­�µ�̧�¦·�µ¦

�ÎÊ µ¤�́Ä�Á��Á¤º°�­nª�Ä®�n�³Á�È �­�µ�̧��µ�Á¨È�

�¹���µ��¨µ��¹É ��³Á�· �Ä®o�¦·�µ¦�´Ê�Â�nÁ�oµ���¹��¹�

�µ¤¨´�¬�³�µ�Á«¦¬��·�Â¨³­´��¤¡�´��µ��³

�Îµ�µ�Â��Á® º̈É°¤�³Ã�¥Áª¨µÄ��µ¦­´¤�­́�°�

¡��́�µ�Á�¨̧É¥°¥¼n�̧É 9.8 �´ÉªÃ¤��n°ª�́�Ä���³�̧É

­�µ�̧�¦·�µ¦�ÎÊ µ¤�́Á�ºÊ°Á¡ ·̈�Ä�Á���µ�Á¤º°�­nª�

Ä®�n�´Ê�°¥¼n¦·¤���¤·�¦£µ¡Á�È �­�µ�̧��µ��¨µ��¹�

��µ�Ä®�n�³Á�· ��¨°� 24 �´ÉªÃ¤��¡��́�µ��³¤̧

�µ¦�Îµ�µ�®¤»�Áª¸¥�Á�È ��³��nµÁª¨µÄ��µ¦­´¤�­́

�°�¡��́�µ�Á�¨̧É¥�¹��o°¥°¥¼n�̧É 8.6 �´ÉªÃ¤��n°ª�́

Â¨³Á¤ºÉ°¡·�µ¦�µ�ª́Â�¦�oµ��ÎÊ µ®��́�ª́�°�Â�n¨³

�»��¨¡��ÎÊ µ®�´�¡�´��µ�Á�¨̧É¥Ä�Á���°�Á¤º°��

(63.4 �·Ã¨�¦́¤) �³¤µ��ªnµÄ�Á��Á¤º°� (62.3 

�·Ã¨�¦́¤) Â¨³�µ�Á¤º°� (57.8 �·Ã¨�¦́¤) �µ¤¨Îµ��́�

�°��µ��´Ê�¥�́¡�ªnµ��¦¤�»¦�·�¡¨�́�µ��¦³�¦ª�

¡¨�́�µ� (2558)1 Å�o��́Ä®o¤̧Ã�¦��µ¦�µ¦¦́�¦°�

¤µ�¦�µ� v�́Ë¤�»�£µ¡�¨°�£¥́�nµÄ�o�¦·�µ¦w
19 �Ä�

­�µ��¦³�°��µ¦��µ��¨µ��¹ ���µ�Ä®�n�

(�¦³Á£� � Â¨³ �) �̧¨³1,500 Â®n��´Éª�¦³Á�«Á¡ºÉ°

¥�¦³�´�¤µ�¦�µ��°�­�µ�̧�¦· �µ¦�ÎÊ µ¤´�Â¨³

¦³���µ¦�ª��»¤�»�£µ¡�ÎÊ µ¤´�Á�ºÊ °Á¡ ·̈ ��µ¦

Ä®o�¦·�µ¦Â¨³¤̧­nª�¦nª¤Ä��µ¦� ¼̈��·�­Îµ�¹��oµ�

�ªµ¤�¨°�£¥́Ä®o��́�¦³�µ����¹É �­�µ�̧�¦·�µ¦�̧É

­µ¤µ¦�Á�oµ¦n ª¤Å�o�­n ª�Ä®�nÁ�È �­�µ�̧�¦· �µ¦
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�µ¦µ��¸É����µ¦�¦³Á¤·��nµ�ªµ¤Á­̧É¥��µ��µ¦­´¤�­́�µ��µ¦®µ¥Ä� (n = 48) 

Á���¸É�´Ê�­�µ�̧²�
�nµ�ªµ¤Á­̧É¥��µ��µ¦­́¤�­́�µ��µ¦®µ¥Ä��µ��µ¦Ä�o�nµ�´ªÂ���ªµ¤Á�o¤�o��

0LQ� 0D[� ��WK�3HUFHQWLOH�

Á¤º°�� 1.25 5.17 5.17 

�µ�Á¤º°� 1.33 4.92 4.92 

�°�Á¤º°� 1.25 6.33 6.33 

�

°£·�¦µ¥�¨�

� �µ��µ¦�¦ª�ª´�­µ¦ Á���̧��̧É ¦³�´�

�µ�Á�·�®µ¥Ä��°�¡��́�µ��¡�¦³��́�ªµ¤Á�o¤�o�

�°�­µ¦Á���̧��°¥¼nÄ��nª� 0.010-0.050 ppm 

�nµÁ�¨̧É¥�̧Éª�́Å�o�º° 0.046 ppm�(46 ppb) �¹É �Â¤o�ªnµ

�nµ�´�� n̈µªÅ¤n Á�·��nµÂ�³�Îµ�ªµ¤�¨°�£´¥Ä�

�¦¦¥µ�µ«�̧É�ACGIH �Îµ®��Ä��̧ 2012��º°�0.50 

ppm17�Â�n°��r�¦�US. EPA Å�o�n��̧Ê ªnµ��µ¦¦́�­´¤�­́

�nµ��µ�Á�·�®µ¥Ä�­µ¤µ¦��¼��¹¤Á�oµ­¼n¦n µ��µ¥Å�o

¦o°¥¨³�50 �¹É �°��r�¦��́� n̈µªÅ�oÁ­�°Â�³�nµ�ªµ¤

Á�o¤�o�°oµ�°·��̧É¦³�´��µ�Á�·�®µ¥Ä�� (Inhalation 

reference concentration; RfC)18�°¥¼n�̧É�Å¤nÁ�·��0.03 

mg/m3�®¦º°���ppb �¹É ��µ��µ¦�Îµ�nµÁ�¨̧É¥��́� n̈µªÅ�

�Îµ�ª�¡�ªnµ��nµ�¦³¤µ��µ¦­´¤�­́�nµ��µ�Á�·�

®µ¥Ä��­¼�Á�·��ªnµ�nµ�ªµ¤Á�o¤�o�°oµ�°·���́� n̈µª�

� �µ��µ¦�¦³Á¤·��µ¦¦́�­´¤�­́Á���̧�¡�

ªnµÄ�Á���°�Á¤º°�¤̧�¦·¤µ��µ¦¦́�­´¤�­́­µ¦Á��

�̧� (0.076 mg/kg/d) ¤µ��ªnµ¡ºÊ��̧ÉÄ�Á¤º°� (0.062 

mg/kg/d) Â¨³�µ�Á¤º°� (0.059 mg/kg/d) �µ¤¨Îµ��́

°´�°µ�Á�ºÉ °�¤µ�µ��nµ Áª¨µÄ��µ¦­´¤� ´­Â¨³

�ÎÊ µ®�´�¦nµ��µ¥�°��»��¨�̧ÉÂ���nµ���́Ã�¥­�µ�̧

�¦·�µ¦�ÎÊ µ¤�́Á�ºÊ°Á¡ ·̈�Á���°�Á¤º°�­nª�Ä®�n�³

Á�È �­�µ�̧�¦·�µ¦�ÎÊ µ¤�́��µ�Á¨È��³Á�· �Ä®o�¦·�µ¦

�´Ê�Â�nÁ�oµ���¹�®ª́�ÎÉµ�¡��́�µ�Å¤n¤̧�µ¦�Îµ�µ�Á�È �

�³��nµÁª¨µ�µ¦­´¤�­́�¹�¤µ��ªnµÄ�¡ºÊ��̧É°ºÉ�Ã�¥¤̧

�nµÁ�¨̧É¥°¥¼n�̧É 12.2 �´ÉªÃ¤��n°ª�́�­nª�­�µ�̧�¦·�µ¦

�ÎÊ µ¤�́Ä�Á��Á¤º°�­nª�Ä®�n�³Á�È �­�µ�̧��µ�Á¨È�

�¹���µ��¨µ��¹É ��³Á�· �Ä®o�¦·�µ¦�´Ê�Â�nÁ�oµ���¹��¹�

�µ¤¨´�¬�³�µ�Á«¦¬��·�Â¨³­´��¤¡�´��µ��³

�Îµ�µ�Â��Á® º̈É°¤�³Ã�¥Áª¨µÄ��µ¦­´¤�­́�°�

¡��́�µ�Á�¨̧É¥°¥¼n�̧É 9.8 �´ÉªÃ¤��n°ª�́�Ä���³�̧É

­�µ�̧�¦·�µ¦�ÎÊ µ¤�́Á�ºÊ°Á¡ ·̈�Ä�Á���µ�Á¤º°�­nª�

Ä®�n�´Ê�°¥¼n¦·¤���¤·�¦£µ¡Á�È �­�µ�̧��µ��¨µ��¹�

��µ�Ä®�n�³Á�· ��¨°� 24 �´ÉªÃ¤��¡��́�µ��³¤̧

�µ¦�Îµ�µ�®¤»�Áª¸¥�Á�È ��³��nµÁª¨µÄ��µ¦­´¤�­́

�°�¡��́�µ�Á�¨̧É¥�¹��o°¥°¥¼n�̧É 8.6 �´ÉªÃ¤��n°ª�́

Â¨³Á¤ºÉ°¡·�µ¦�µ�ª́Â�¦�oµ��ÎÊ µ®��́�ª́�°�Â�n¨³

�»��¨¡��ÎÊ µ®�´�¡�´��µ�Á�¨̧É¥Ä�Á���°�Á¤º°��

(63.4 �·Ã¨�¦́¤) �³¤µ��ªnµÄ�Á��Á¤º°� (62.3 

�·Ã¨�¦́¤) Â¨³�µ�Á¤º°� (57.8 �·Ã¨�¦́¤) �µ¤¨Îµ��́�

�°��µ��´Ê�¥�́¡�ªnµ��¦¤�»¦�·�¡¨�́�µ��¦³�¦ª�

¡¨�́�µ� (2558)1 Å�o��́Ä®o¤̧Ã�¦��µ¦�µ¦¦́�¦°�

¤µ�¦�µ� v�́Ë¤�»�£µ¡�¨°�£¥́�nµÄ�o�¦·�µ¦w
19 �Ä�

­�µ��¦³�°��µ¦��µ��¨µ��¹ ���µ�Ä®�n�

(�¦³Á£� � Â¨³ �) �̧¨³1,500 Â®n��´Éª�¦³Á�«Á¡ºÉ°

¥�¦³�´�¤µ�¦�µ��°�­�µ�̧�¦· �µ¦�ÎÊ µ¤´�Â¨³

¦³���µ¦�ª��»¤�»�£µ¡�ÎÊ µ¤´�Á�ºÊ °Á¡ ·̈ ��µ¦

Ä®o�¦·�µ¦Â¨³¤̧­nª�¦nª¤Ä��µ¦� ¼̈��·�­Îµ�¹��oµ�

�ªµ¤�¨°�£¥́Ä®o��́�¦³�µ����¹É �­�µ�̧�¦·�µ¦�̧É

­µ¤µ¦�Á�oµ¦n ª¤Å�o�­n ª�Ä®�nÁ�È �­�µ�̧�¦· �µ¦

 
 

�ÎÊµ¤�́Á�ºÊ°Á¡ ·̈��̧É�´Ê�°¥¼nÄ�Á��Ä�Á¤º°�Â¨³�µ�Á¤º°�

�ÎµÄ®o­�µ�̧�¦·�µ¦�ÎÊ µ¤�́Ä�Á���°�Á¤º°��¹É �Á�È �

­�µ�̧�¦· �µ¦�ÎÊ µ¤´���µ�Á¨È�°¥¼n�°��¦°��̧É

�Îµ®��Å¤n­µ¤µ¦�Á�oµ¦n ª¤Ä��µ¦¡�́�µ�»�£µ¡

Â¨³¤µ�¦�µ�Å�o��¹�°µ�­n��¨Ä®o¡�´��µ�Ä�Á��

�°�Á¤º°�¤̧�ªµ¤Á­̧É ¥��n°�µ¦¦́�­´¤�­́­µ¦Á��

�̧�¤µ��ªnµ¡ºÊ��̧É°ºÉ� 

� Á¤ºÉ°�¦³Á¤·��ªµ¤Á­̧É¥��n°­»�£µ¡¦³¥³¥µª

�µ��µ¦­´¤�­́­µ¦Á���̧�¡�ªnµ¡�´��µ�¤̧�ªµ¤

Á­̧É¥��n°�µ¦Á�·�¤³Á¦È�°¥¼nÄ��nª� 4.09 × 10-4-       

2.08 × 10-3 �¹É �­¼��ªnµÁ���r�̧É¥°¤¦́�Å�o�(1 × 10-6) 

Â¨³­°��¨o°���́�µ¦«¹�¬µ�°�Å¡ ·̈� �ª¸ª�¬r7 �̧É

¡�ªnµ¡�´��µ�Ä�­�µ�̧�¦·�µ¦�ÎÊ µ¤´�Á�ºÊ °Á¡ ·̈�¤̧

Ã°�µ­Á­̧É¥��n°�µ¦Á�·�Ã¦�¤³Á¦È�Á�ºÉ°��µ��µ¦¦́�

­´¤�­́­µ¦Á���̧�°¥¼nÄ��nª� 3.42×10-4-1.23×10-3 

­��́­�»��oª¥�µ¦«¹�¬µ�°�  Kitwattanavong et 

al.20 ¡�ªnµ�¡��́�µ�Ä�­�µ�̧�¦·�µ¦�ÎÊ µ¤�́Á�ºÊ°Á¡ ·̈�

¤̧Ã°�µ­Á­̧É ¥��n°�µ¦Á�·�Ã¦�¤³Á¦È �Á�ºÉ°��µ�¦́�

­´¤�­́­µ¦Á���̧�°¥¼nÄ��nª� 4.14 × 10-5-4.99 × 10-4   

Â¨³Á¤ºÉ°�¦³Á¤·��ªµ¤Á­̧É ¥��n°­» �£µ¡�µ��µ¦

­´¤�­́­µ¦Á���̧��µ��µ¦®µ¥Ä�¡�ªnµ¡��́�µ��»�

��¤̧�ªµ¤Á­̧É ¥��n°­»�£µ¡�µ��µ¦­´¤�­́­µ¦Á��

�̧�Ä�¦³¥³¥µª�Â¤o�³¡��ªµ¤Á�o¤�o�Ä�¦³��́�ÎÉµ

�¹É �Á���̧É¡�´��µ�¤̧�nµ�ªµ¤Á­̧É ¥�¤µ��̧É­»��º°Á��

�°�Á¤º°� (6.33) ¦°�¨�¤µÁ��Á¤º°� (5.17) Â¨³�µ�

Á¤º°� (4.92) �µ¤¨Îµ��́��¹�Â¤oªnµ�nµ�µ¦�¦ª�ª�́

�ªµ¤Á�o¤�o��°�­µ¦Á���̧�Ä�°µ�µ«�°�¡��́�µ�

­�µ�̧�¦·�µ¦�ÎÊ µ¤�́Á�ºÊ°Á¡ ·̈�¤̧�ªµ¤Á�o¤�o��̧É� ÎÉµÅ¤n

­¼ �Á�·��nµÂ�³�Îµ�ªµ¤�¨°�£´¥�̧É� Îµ®��ÅªoÂ�n

¡��́�µ�¥�́��¤̧�ªµ¤Á­̧É¥��n°­»�£µ¡�µ��µ¦Å�o¦́�

­µ¦Á���̧�Ã�¥Ä�¦°�� 6� Á�º°��̧É�nµ�¤µ¡��́�µ�

¤̧°µ�µ¦�ª�«̧¦¬³�¤¹����°n°�Á¡¨̧¥��¹�¦o°¥¨³�

68.75 ¤̧°µ�µ¦�µ�¦³���µ�Á�·�®µ¥Ä�¦o°¥¨³ 

41.67 ¤̧°µ�µ¦�ºÉ���́�µ��·ª®��́�¦o°¥¨³ 37.50��¹É �

­ ° � � ¨o ° � �´ � � µ ¦ «¹ � ¬ µ �̧É �n µ � ¤ µ � ° ��

Tunsaringkarn et  al.21 �̧É� Îµ�µ¦�¦³Á¤·��ªµ¤Á­̧É¥�

�n°­» �£µ¡�°�¡�´��µ�­�µ�̧�¦· �µ¦�ÎÊ µ¤´�

Á�ºÊ°Á¡ ·̈��Â¨³¡�ªnµ¡�´��µ�� »̈n¤��́� n̈µª¤̧�ªµ¤

Á­̧É ¥��n°�µ¦Á�·�¤³Á¦È��µ��µ¦­´¤�­́­µ¦Á���̧�

Ä��nª�¦³¥³Áª¨µ�30 �̧�Â¨³¥�́¡�ªnµ�¡��́�µ�� »̈n¤

Á�̧¥ª�´��̧Ê ¤̧°µ�µ¦��ª�«̧¦¬³�°n°�Á¡¨̧¥�Â¨³�

¦³�µ¥Á�º°��̧É¨ Îµ�°21���°��µ��̧Ê ¥�́¡�ªnµ®µ�¤̧�µ¦

­´¤�­́­µ¦Á���̧�Á�È �¦³¥³Áª¨µ�µ��°µ�¤̧�¨�n°

¦³��Á º̈°��Îµ¨µ¥Å��¦³�¼�­n��¨Ä®o� Îµ�ª�Á¤È�

Á º̈°�Â��¨�¨� �¹É ��³�ÎµÄ®oÁ�·�Ã¦�¤³Á¦È�Å�o7 Ã�¥

�ÎµÄ®oÁ�·� Acute leukemia, Myelodysplastic 

syndromes9 Â¨³Á�È �­µÁ®�»�°�¤³Á¦È �Á¤È�Á º̈°�   

�µª22 �°��µ��´Ê�Ä�� »̈n¤®�·��´Ê��¦¦£r¤̧�ªµ¤Á­̧É¥�

�n°�µ¦�¨°��n°��Îµ®��23 Â¨³�µ¦�Â¦�Á�·�°µ�¤̧

�ÎÊµ®��́�o°¥�ªnµ���·
24 

 

­¦»�Â¨³�o°Á­�°Â�³�

� �µ��µ¦�¦³Á¤·��ªµ¤Á­̧É¥��µ¦­´¤�­́­µ¦

Á���̧���nµ��µ¦�¦ª�ª´�­µ¦Á���̧��̧É¦³�´�

�µ�Á�·�®µ¥Ä��Ä�¡�´��µ�­�µ�̧�¦· �µ¦�ÎÊ µ¤´�

Á�ºÊ°Á¡ ·̈�Ä�Á��°ÎµÁ£°Á¤º°����́®ª�́�°�Â�n��Ã�¥

Â�n�°°�Á�È ��3 Á���Å�oÂ�n�Á��Á¤º°��Á���µ�Á¤º°��

Â¨³Á���°�Á¤º°��¡�¦³��́�ªµ¤Á�o¤�o��°�­µ¦

Á���̧�Ä��¦¦¥µ�µ«�µ¦�Îµ�µ��̧É¦³�´��µ�Á�·�

®µ¥Ä�°¥¼nÄ��nª� 0.010-0.050 ppm �¹É �Å¤nÁ�·��nµ

Â�³�Îµ�ªµ¤�¨°�£¥́Ä��¦¦¥µ�µ«�̧É�ACGIH �̧É�

0.50 ppm��oµ��¦·¤µ��µ¦­´¤�­́­µ¦Á���̧��µ�

�µ¦®µ¥Ä�Å°¦³Á®¥�¡�°¥¼nÄ��nª��0.015-0.076 

mg/kg/d Ã�¥­�µ�̧�¦·�µ¦�ÎÊ µ¤�́Á�ºÊ°Á¡ ·̈�Á���°�
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Á¤º°�¤̧�µ¦¦́�­´¤�­́­¼�­»�  �oµ��nµ�ªµ¤Á­̧É ¥��n°

­»�£µ¡Ä�¦³¥³¥µª�µ��µ¦­´¤�­́­µ¦Á���̧��µ�

�µ¦®µ¥Ä� (HQ) ¡�ªnµ ¡��́�µ��»���¤̧�nµ�ªµ¤

Á­̧É¥�¤µ��ªnµ 1 Ã�¥¡��nµ�ÎÉµ­»�°¥¼n�̧É 1.25 �nµ­¼�­»�

°¥¼n�̧É 6.33 �¹É �­�µ�̧�¦·�µ¦�ÎÊ µ¤�́Á�ºÊ°Á¡ ·̈�Ä�Á��

�°�Á¤º°�¤̧�nµ�ªµ¤Á­̧É ¥��µ��µ¦­´¤�­́�µ��µ¦

®µ¥Ä�­¼�­»� °�́Á�ºÉ°�¤µ�µ�¦³¥³Áª¨µ�µ¦�Îµ�µ�

�n°ª�́�̧É¤µ��ªnµ¡��́�µ�Ä�Á��Á¤º°�Â¨³�µ�Á¤º°� 

Á¤ºÉ°�¦³Á¤·��ªµ¤Á­̧É ¥��n°�µ¦Á�·�¤³Á¦È � ¡�ªnµ 

¡��́�µ��»��� ¤̧�ªµ¤Á­̧É¥��n°�µ¦Á�·�¤³Á¦È�Ã�¥¤̧

�nµ�ªµ¤Á­̧É ¥��µ��µ¦Å�o¦́�­´¤�­́¤̧�nµ�ÎÉ µ­» ��º°  

4.09 × 10-4 Â¨³�nµ­¼�­»��º°  2.08 × 10-3 �¹É �­�µ�̧

�¦·�µ¦�ÎÊ µ¤�́Á�ºÊ°Á¡ ·̈�Ä�Á���°�Á¤º°�¤̧�ªµ¤Á­̧É¥�

�µ��µ¦Å�o¦́�­µ¦�ÎµÄ®oÁ�·�¤³Á¦È�­¼�­»�Á�n���́ 

� �´��´Ê ��¹�Á­�°Â�³Ä®o¤̧�µ¦°�¦¤�oµ�

�ªµ¤�¨°�£´¥�Á¡ºÉ°Ä®o¡�´��µ�¤̧�ªµ¤¦¼ o ��ªµ¤

Á�oµÄ��̧É�¼��o°��¦³®��́�¹�°�́�¦µ¥�Â¨³�µ¦��·��́·

����³��·��́·�µ� Á¡ºÉ°�o °���́�µ¦­´¤�­́Å�o°¥nµ�

�¼��o°� �°��µ��̧Ê Â¨oª�ª¦Á¡·É¤¤µ�¦�µ¦�µ¦Á o µ

¦³ª�́­»�£µ¡�°�¡�´��µ� �´Ê�Ä�Á�·��µ¦�¦ª�ª�́

�µ�­·É �Âª�¨o°¤ Â¨³�µ¦�¦ª�ª�́�´��̧�n��̧Ê �µ¦

­´¤�­́­µ¦Á�¤̧�°�¡��́�µ���°��µ��´Ê�¡��́�µ�

Á���°� Á¤º ° ��o° �Å�o ¦́�� µ¦¨��´É ª Ã¤��µ¦

��·��́·�µ�¨�Ä®oÁ�È ��Îµ®���°���®¤µ¥Â¦��µ�

�º°�Îµ�µ�Å¤nÁ�·� 8 �´ÉªÃ¤��n°ª�́Á¡ºÉ°¨�¦³¥³Áª¨µ

�µ¦­´¤�­́­µ¦Á�¤̧°�́�¦µ¥¨�Å�o  

Â�nÁ�ºÉ °��µ��µ¦«¹�¬µ�̧Ê ¤̧�o°�Îµ�´��oµ�

�Îµ�ª��ª́°¥nµ��̧É�nµ���́�°�Á��Á¤º°���́�µ�Á¤º°� 

®¦º°Á���°�Á¤º°���́�µ�Á¤º°� Â¨³� »̈n¤�ª́°¥nµ��̧É¤̧

�´ÉªÃ¤��µ¦�Îµ�µ�Á�·� 17 �´ÉªÃ¤� �È¤̧� Îµ�ª��o°¥    

(5 ��) �¹�Á­�°Â�³Á¡ºÉ°�µ¦«¹�¬µ�n°Å� �ª¦Á¡·É¤

�Îµ�ª�� »̈n¤�ª́°¥nµ�Ä®o¤µ��¹Ê��

�·��·�¦¦¤�¦³�µ«�

� �°�°��»��¼ o�¦³�°��µ¦�· ��µ¦Â¨³

¡��́�µ�­�µ�̧�¦·�µ¦�ÎÊ µ¤�́Á�ºÊ°Á¡ ·̈�Ä�Á��°ÎµÁ£°

Á¤º°� ��́®ª�́�°�Â�n� �̧ÉÄ®o�ªµ¤¦nª¤¤º°Ä��µ¦Ä®o

�o°¤¼¨�̧ÉÁ�È ��¦³Ã¥��rÄ��µ¦«¹�¬µª·�¥́�¦́Ê ��̧Ê  Â¨³

�µ�ª·�´¥�̧Ê Å�o¦́��µ¦­�´�­�»����¦³¤µ��µ�

¤®µª·�¥µ¨¥́�°�Â�n��

�

Á°�­µ¦°oµ�°·� 
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�¦��µ�¤�¡.«. 2555. 

3. ­Îµ��́�µ�¡¨�́�µ���́®ª�́�°�Â�n�. �µ��o°¤¼¨

�Îµ�ª�­�µ�̧�¦·�µ¦�ÎÊ µ¤�́Á�ºÊ°Á¡ ·̈�Ä���́®ª�́

�°�Â�n� [Á°�­µ¦°�́­ÎµÁ�µ]. �°�Â�n�; 2555. 

4. World Health Organization. Exposure to 

benzene: a major public health concern public 

health and environment, 2014. Available at 

www.who.int/ipcs/features/benzene.pdf, 

accessed Jan 25, 2014. 

5. Lekcharernkul N, Kongtip P, Yoosook W, et 

al. Determination of benzene and toluene in 

gasoline by gas-liquid chromatography and its 

application. J Health Res 2007; 21: 25-34. 

6. Navasumrit  P, Chanvaivit  S, Intarasunanont  

P, et al. Environmental and occupational 



/:+2:+&<1/<�*:H�*�beeh�ģ�c`Ůbů 59

THE 6th NATIONAL CONFERENCE IN TOXICOLOGY 10-11 SEPTEMBER 2015

 
 

Á¤º°�¤̧�µ¦¦́�­´¤�­́­¼�­»�  �oµ��nµ�ªµ¤Á­̧É ¥��n°

­»�£µ¡Ä�¦³¥³¥µª�µ��µ¦­´¤�­́­µ¦Á���̧��µ�

�µ¦®µ¥Ä� (HQ) ¡�ªnµ ¡��́�µ��»���¤̧�nµ�ªµ¤

Á­̧É¥�¤µ��ªnµ 1 Ã�¥¡��nµ�ÎÉµ­»�°¥¼n�̧É 1.25 �nµ­¼�­»�

°¥¼n�̧É 6.33 �¹É �­�µ�̧�¦·�µ¦�ÎÊ µ¤�́Á�ºÊ°Á¡ ·̈�Ä�Á��

�°�Á¤º°�¤̧�nµ�ªµ¤Á­̧É ¥��µ��µ¦­´¤�­́�µ��µ¦

®µ¥Ä�­¼�­»� °�́Á�ºÉ°�¤µ�µ�¦³¥³Áª¨µ�µ¦�Îµ�µ�

�n°ª�́�̧É¤µ��ªnµ¡��́�µ�Ä�Á��Á¤º°�Â¨³�µ�Á¤º°� 

Á¤ºÉ°�¦³Á¤·��ªµ¤Á­̧É ¥��n°�µ¦Á�·�¤³Á¦È � ¡�ªnµ 

¡��́�µ��»��� ¤̧�ªµ¤Á­̧É¥��n°�µ¦Á�·�¤³Á¦È�Ã�¥¤̧

�nµ�ªµ¤Á­̧É ¥��µ��µ¦Å�o¦́�­´¤�­́¤̧�nµ�ÎÉ µ­» ��º°  

4.09 × 10-4 Â¨³�nµ­¼�­»��º°  2.08 × 10-3 �¹É �­�µ�̧

�¦·�µ¦�ÎÊ µ¤�́Á�ºÊ°Á¡ ·̈�Ä�Á���°�Á¤º°�¤̧�ªµ¤Á­̧É¥�

�µ��µ¦Å�o¦́�­µ¦�ÎµÄ®oÁ�·�¤³Á¦È�­¼�­»�Á�n���́ 

� �´��´Ê ��¹�Á­�°Â�³Ä®o¤̧�µ¦°�¦¤�oµ�

�ªµ¤�¨°�£´¥�Á¡ºÉ°Ä®o¡�´��µ�¤̧�ªµ¤¦¼ o ��ªµ¤

Á�oµÄ��̧É�¼��o°��¦³®��́�¹�°�́�¦µ¥�Â¨³�µ¦��·��́·

����³��·��́·�µ� Á¡ºÉ°�o °���́�µ¦­´¤�­́Å�o°¥nµ�

�¼��o°� �°��µ��̧Ê Â¨oª�ª¦Á¡·É¤¤µ�¦�µ¦�µ¦Á o µ
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