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¦³Á®¥�n°¤³Á¦È��̧ÉÁ�̧É¥ª�o°���́�µ¦Á�·�¤³Á¦È�Á¤È�Á º̈°��µª Å�oÂ�n Á���̧��Â¨³ 1,3��·ª�µÅ�°̧�Ã�¥Ä�o��́�̧�̧Ê

ª�́�µ��̧ª£µ¡�nµ�Ç Ã�¥�Îµ�µ¦«¹�¬µÄ�°µ­µ­¤�́¦­»�£µ¡�̧�µ�¡ºÊ��̧É°»�­µ®�¦¦¤Ä� 5 �Îµ�¨�Îµ�ª��313 

�� Â¨³°µ­µ­¤�́¦�µ�¡ºÊ��̧É�°�Á��°»�­µ®�¦¦¤�̧É�´Ê�°¥¼nÄ���́®ª�́¦³¥°�Â¨³�¨�»¦̧� Îµ�ª� 100 ����¨
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­µ¦�´Ê� 2 ��·�Ä�Â�n¨³�»��¨Â¨³¦³�´��µ¦�Îµ¨µ¥­µ¦¡�́�»�¦¦¤�̧É�¦ª�ª�́Å�o �´��´Ê�­µ¦Á���̧�Â¨³     

1,3��·ª�µÅ�°̧��¹�Å¤nÄ�n�́��¥́�̧ÉÁ¡·É¤�ªµ¤Á­̧É¥��n°�µ¦Á�·�Ã¦�¤³Á¦È��°��¦³�µ�¦��ÎµÁ�È ��o°�¤̧�µ¦«¹�¬µ

Á¡·É¤Á�·¤Â¨³Á o µ¦³ª�́�¹�¦³��́¤¨¡·¬� »̈n¤°ºÉ�Ç �¨°����́��¥́Á­̧É¥��nµ�Ç �̧É¤̧�¨�n°­»�£µ¡ 

 

�Îµ­Îµ�´�: 1,3��·ª�µÅ�°̧��Á���̧� ��́�̧�̧Êª�́�µ��̧ª£µ¡ 

 
*�¼o¦́��·��°����ªµ¤ 

¦«.�¦. �»�®�·� ¤�»¦­�¦»�·¦ª�́�r 

®o°���·��́·�µ¦¡·¬ª·�¥µ­·É�Âª�¨o°¤ ­�µ��́ª·�¥́�»¯µ£¦�r   

E-mail: muthuros@cri.or.th 



/:+2:+&<1/<�*:H�*�beeh�ģ�c`Ůbů 113

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

 
 

 

 

�µ¦�¦³Á¤·��¨�¦³���n°­»�£µ¡�µ��µ¦¦́�­́¤�´­­µ¦Á���̧� Â¨³ 1,3��·ª�µÅ�°¸��°�

�¦³�µ�¦Ä�¡ºÊ��¸É°»�­µ®�¦¦¤�´�®ª�́¦³¥°� 

°°¤¦́��r ��´¤£¸¦ª·£µ�¦1, ¡�·�µ��ª­́¤§��·Í 1,2,3, �¸¦ª´��r �¡¦®¤ª·�·�¦1, ¡��̧¥r  ®»�­��·1, ª¦µ£¦�r ��µ�¨�1,      

Á��¦�£µ��µ��µ¤1, «»£�́¥ �»�ª·Á«¬1, ¤�»¦­ ¦»�·¦ª�́�r1,3* 
1®o°���·��́·�µ¦¡·¬ª·�¥µ­·É�Âª�¨o°¤ ­�µ��́ª·�¥́�»¯µ£¦�r 
2­�µ��́��́�·�«¹�¬µ�»¯µ£¦�r���
3«¼�¥r�ªµ¤Á�È �Á ·̈«�oµ�¡·¬ª·�¥µ­·É�Âª�¨o°¤ ­Îµ��́�µ���³�¦¦¤�µ¦�µ¦°»�¤«¹�¬µ (­�°.) 

 

���´�¥n°�

 

 ��́®ª�́¦³¥°�Á�È ���́®ª�́�̧É¤̧°»��́·�µ¦�r�°�Ã¦�¤³Á¦È�­¼��ªnµ��́®ª�́°ºÉ��¹É ��ÎµÄ®oÁ�oµÄ�ªnµ°µ�¤µ�µ�

�µ¦Å�o¦́�­µ¦�n°¤³Á¦È ��̧É¤µ�µ��¦³�ª��µ¦°»�­µ®�¦¦¤Ä�¡ºÊ��̧É  �µ¦«¹�¬µ�̧Ê ¤̧ª�́�»�¦³­��rÁ¡ºÉ°

�¦³Á¤·��¨�¦³���n°­»�£µ¡�°��¦³�µ�¦Ä�¡ºÊ��̧É°»�­µ®�¦¦¤ ��́®ª�́¦³¥°��µ��µ¦Å�o¦́�­µ¦°·��¦̧¥r

¦³Á®¥�n°¤³Á¦È��̧ÉÁ�̧É¥ª�o°���́�µ¦Á�·�¤³Á¦È�Á¤È�Á º̈°��µª Å�oÂ�n Á���̧��Â¨³ 1,3��·ª�µÅ�°̧�Ã�¥Ä�o��́�̧�̧Ê

ª�́�µ��̧ª£µ¡�nµ�Ç Ã�¥�Îµ�µ¦«¹�¬µÄ�°µ­µ­¤�́¦­»�£µ¡�̧�µ�¡ºÊ��̧É°»�­µ®�¦¦¤Ä� 5 �Îµ�¨�Îµ�ª��313 

�� Â¨³°µ­µ­¤�́¦�µ�¡ºÊ��̧É�°�Á��°»�­µ®�¦¦¤�̧É�´Ê�°¥¼nÄ���́®ª�́¦³¥°�Â¨³�¨�»¦̧� Îµ�ª� 100 ����¨

�µ¦«¹�¬µ¡�ªnµ� »̈n¤�¦³�µ�¦«¹�¬µÂ¨³� »̈n¤�¦³�µ�¦Á�¦̧¥�Á�̧¥�¤̧¦³�´��µ¦�Îµ¨µ¥­µ¦¡�́�»�¦¦¤          

(8�hydroxydeoxyguanosine Â¨³�µ¦Â��®´��°�­µ¦¡�́�»�¦¦¤) Â¨³�ªµ¤­µ¤µ¦�Ä��µ¦�n°¤Â�¤­µ¦

¡�́�»�¦¦¤ ¦ª¤�´Ê�¦³��́��́�̧�̧Ê ª�́�µ¦Å�o¦́�­µ¦Á���̧� Â¨³ 1,3��·ª�µÅ�°̧��̧ÉÁ�oµ­¼n¦nµ��µ¥ (�¦�¤·ªÃ��·�

Â¨³�monohydroxy-butyl mercapuric acid Ä��́­­µª³) Ä�¨oÁ�̧¥���́ Â¨³Å¤n¡��ªµ¤­´¤¡�́�r¦³®ªnµ�¦³��́

­µ¦�´Ê� 2 ��·�Ä�Â�n¨³�»��¨Â¨³¦³�´��µ¦�Îµ¨µ¥­µ¦¡�́�»�¦¦¤�̧É�¦ª�ª�́Å�o �´��´Ê�­µ¦Á���̧�Â¨³     

1,3��·ª�µÅ�°̧��¹�Å¤nÄ�n�́��¥́�̧ÉÁ¡·É¤�ªµ¤Á­̧É¥��n°�µ¦Á�·�Ã¦�¤³Á¦È��°��¦³�µ�¦��ÎµÁ�È ��o°�¤̧�µ¦«¹�¬µ

Á¡·É¤Á�·¤Â¨³Á o µ¦³ª�́�¹�¦³��́¤¨¡·¬� »̈n¤°ºÉ�Ç �¨°����́��¥́Á­̧É¥��nµ�Ç �̧É¤̧�¨�n°­»�£µ¡ 

 

�Îµ­Îµ�´�: 1,3��·ª�µÅ�°̧��Á���̧� ��́�̧�̧Êª�́�µ��̧ª£µ¡ 

 
*�¼o¦́��·��°����ªµ¤ 

¦«.�¦. �»�®�·� ¤�»¦­�¦»�·¦ª�́�r 

®o°���·��́·�µ¦¡·¬ª·�¥µ­·É�Âª�¨o°¤ ­�µ��́ª·�¥́�»¯µ£¦�r   

E-mail: muthuros@cri.or.th 

 
 

 

 

Health impact assessment of exposure to benzene and 1,3-butadiene in people living 
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Abstract 

 

To address the higher incidence of cancers such as leukemia reported in Map Ta Phut 

area and other areas of Rayong province, this study aims to study exposure to benzene and 

1,3-butadiene that have been linked to cancer in hematopoietic system in people living nearby 

the industrial estates in Rayong province. Study subjects comprised 313 healthy residents 

living nearby the industrial estates in five sub-districts and 100 volunteers from two non-

industrial sites located in Rayong and Chonburi province. The results showed that differences 

in levels of DNA damage such as 8-hydroxydeoxyguanosine (8-OHdG) and DNA strand 

breaks as well as DNA repair capacity between the exposed and control groups were not 

statistically significant. Exposures to benzene and 1,3-butadiene and levels of urinary 

trans,trans-muconic acid (t,t-MA) and monohydroxy-butyl mercapuric acid (MHBMA), 

which are specific metabolites for benzene and 1,3-butadiene, respectively, were similar in 

these groups. In addition, individual exposure levels of benzene and 1,3-butadiene did not 

correlate with 8-OHdG, DNA strand breaks and DNA repair capacity, suggesting that these 

compounds may not be solely responsible for the increased health risk in the study subjects. 

Other chemicals from the emission and/or other sources may be involed. Further studies are 

needed to clarify the exposure-health risk concern. 

Keywords: 1,3-butadiene, Benzene, Biomarker 
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�µ��µ¦¡´��µ�µ��oµ�°»�­µ®�¦¦¤�̧É

¦ª�Á¦È ª�°��´�®ª�́¦³¥°� �n°Ä®oÁ�·��́�®µ�µ�

­·É�Âª�¨o°¤Â¨³­»�£µ¡�°��¦³�µ��Ä�¡ºÊ��̧É �µ�

¦µ¥�µ�­�µ��µ¦�r�¦·¤µ�­µ¦°·��¦̧¥r¦³Á®¥�nµ¥

Ä�¡ºÊ��̧É¤µ��µ¡»��°��¦¤�ª��»¤¤¨¡·¬�Ä��̧�

2548 ¡��¦·¤µ�­µ¦°·��¦̧¥r¦³Á®¥�n°¤³Á¦È �Ä�

°µ�µ«Á�·��ªnµ¦³�´�Á o µ¦³ª�́�»�£µ¡°µ�µ«Ä�

�¦¦¥µ�µ«�°�®�nª¥�ª��»¤­·É �Âª�¨o°¤�°�

­®¦́�°Á¤¦· �µ� (US.EPA) 19 ��·��Â¨³�¨�µ¦

�¦ª�ª�́¦³�´�­µ¦°·��¦̧¥r¦³Á®¥Ã�¥�¦¤�ª��»¤

¤¨¡·¬�´Ê �Â�n�̧  2550�2556 ¡�ªnµ¤̧­µ¦°·��¦̧¥r

¦³Á®¥�nµ¥�̧É¤̧�nµ�ªµ¤Á�o¤�o�Á�·��nµ¤µ�¦�µ�Á�¨̧É¥

¦µ¥�̧�3 ­µ¦ Å�oÂ�n 1,3��·ª�µÅ�°̧� Á���̧� Â¨³�

1,2-Å��¨°Ã¦°̧Á��1 �µ¤�̧É¤̧¦µ¥�µ��́�®µ­»�£µ¡

Ä�¡ºÊ��̧É¤µ��µ¡»�  ¡�ªnµ�¦³�µ�¦�̧É°µ«´¥°¥¼n

Ã�¥¦°��·�¤°»�­µ®�¦¦¤ �.¤µ��µ¡»�Á�È��n ª¥

Á¡·É¤¤µ��¹Ê ��µ�Ã¦�¦³���µ�Á�·�®µ¥Ä�
2Â¨³

Ã¦�¤³Á¦È��Ã�¥¡�°»��́·�µ¦�rÃ¦�¤³Á¦È ��»���·�

Â¨³Ã¦�¤³Á¦È�Á¤È�Á º̈°��µª�(leukemia) Ä�Á��

¡ºÊ��̧É° ÎµÁ£°Á¤º°� ��́®ª�́¦³¥°� (�¹É �Á�È ��̧É�´Ê��°�

�·�¤°»�­µ®�¦¦¤ �.¤µ��µ¡»�) Á�nµ��́ 175.4 Â¨³ 

6.95 �n°�¦³�µ�¦Â­��� �µ¤¨Îµ��́ �¹É �­¼��ªnµ

°ÎµÁ£°°ºÉ�Ç�Ä��´�®ª�́¦³¥°� 3 �¹��ÎµÄ®oÁ�·��µ¦

�µ��³Á�ªnµ�µ¦Å�o¦́�­µ¦Á���̧�Â¨³ 1,3��·ª�µÅ�

°̧�  �¹É ��ÎµÄ®oÁ�·�Ã¦�¤³Á¦È ��¦³Á£��̧Ê  °µ�Á�È �

­µÁ®�»Å�o��°��µ��̧Ê �µ¦«¹�¬µ�°� Peluso et al. 

Á�̧É¥ª��́�¨�¦³���n°­µ¦¡�́�»�¦¦¤�µ��µ¦Å�o¦́�

¤¨¡·¬�µ�°»�­µ®�¦¦¤Ä��·�¤°»�­µ®�¦¦¤  �.

¤ µ � � µ ¡» �  ¡� ªn µ � � � µ � Ã ¦ � � ¨´É � �ÎÊ µ ¤´��

Ã¦��µ�� ·̈�Á®¨È�Â¨³­´��³­̧¤̧¦³��́�PAH-DNA 

adduct ­¼ ��ªnµ�¦³�µ�¦�̧É°µ«´¥�°�Á��

°»�­µ®�¦¦¤°¥nµ�¤̧�´¥­Îµ��́�µ�­�·�·4 °¥nµ�Å¦�È

�µ¤�o°¤¼¨¤¨¡·¬�̧É�¦ª�¡�Â¨³�o°¤¼¨­£µª³

­» �£µ¡�°��¦³�µ��   ¥ ´�Å¤n­µ¤µ¦��n��̧Ê �¹ �

�ªµ¤­´¤¡´��r Á�· �­µÁ®�»�µ¦Á�·��¨�¦³���n°

­»�£µ¡°�µ¤¥́�°��¦³�µ�¦Å�oªnµÁ�·��µ�Â® n̈�

¤¨¡·¬°µ�µ« ®¦º°Â® n̈�¤¨¡·¬Ä� ��́�´Ê��µ¦«¹�¬µ

�̧Ê �¹ �¤̧ª ´��»�¦³­��rÁ¡ºÉ°�¦³Á¤·��¨�¦³���n°

­»�£µ¡�µ��µ¦Å�o¦́�­µ¦°·��¦̧¥r¦³Á®¥�n°¤³Á¦È��̧É

Á�̧É¥ª�o°���́�µ¦Á�·�¤³Á¦È�Á¤È�Á º̈°��µª Å�oÂ�n Á��

�̧�Â¨³�1,3-�·ª�µÅ�°̧�  Ã�¥Ä�o�´��̧�̧Ê ª ´��µ�

�̧ª£µ¡ (biomarkers) Á�n� ��́�̧�̧Ê ª�́�¹��µ¦Å�o¦́�

­µ¦Á�oµ­¼n¦n µ��µ¥ (biomarkers of exposure) Â¨³

��́�̧�̧Ê ª�́�¹��¨�°��µ¦Á�¨̧É¥�Â�¨��°�¦nµ��µ¥Ä�

¦³¥³Á¦·É ¤�o� (biomarkers of early biological 

effects) Á�È ��o��

� ­µ¦Á���̧�Â¨³�1,3-�·ª�µÅ�°̧�¤̧�ªµ¤

­Îµ��́ Â¨³Ä�o��́°¥nµ��ªoµ��ªµ�Ä�°»�­µ®�¦¦¤ 

�· Ã�¦Á�¤̧Â¨³¡¨µ­�·��°��r�¦�µ¦«¹�¬µ¤³Á¦È �

�µ�µ�µ�·�(International Agency for Research on 

Cancer; IARC) Å�o� ÎµÂ��Á���̧�Â¨³ 1,3-�·ª�µÅ�

°̧�Á�È �­µ¦�̧É�n°Ä®oÁ�·�¤³Á¦È�Ä���5,6 Ã�¥Á���̧�

Â¨³�1,3-�·ª�µÅ�°̧� �n°Ä®oÁ�·��ªµ¤Á�È �¡·¬�n°­µ¦

¡´��»�¦¦¤ Ã�¥�n°Ä®oÁ�·�°�»¤¼¨°·­¦³�(reactive 

oxygen species; ROS) �¹Ê�£µ¥Ä�Á�¨¨r �¹É �°�»¤¼¨

°·­¦³Á® n̈µ�̧Ê �n°Ä®oÁ�·��µ¦�Îµ¨µ¥­µ¦¡�́�»�¦¦¤ 

(oxidative DNA damage) Á�n��8-

hydroxydeoxyguanosine (8-OHdG) Â¨³�µ¦

Â��®�́�°�­µ¦¡�́�»�¦¦¤�(DNA strand breaks)7-9 
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�µ��³Á�ªnµ�µ¦Å�o¦́�­µ¦Á���̧�Â¨³ 1,3��·ª�µÅ�

°̧�  �¹É ��ÎµÄ®oÁ�·�Ã¦�¤³Á¦È ��¦³Á£��̧Ê  °µ�Á�È �

­µÁ®�»Å�o��°��µ��̧Ê �µ¦«¹�¬µ�°� Peluso et al. 

Á�̧É¥ª��́�¨�¦³���n°­µ¦¡�́�»�¦¦¤�µ��µ¦Å�o¦́�

¤¨¡·¬�µ�°»�­µ®�¦¦¤Ä��·�¤°»�­µ®�¦¦¤  �.

¤ µ � � µ ¡» �  ¡� ªn µ � � � µ � Ã ¦ � � ¨´É � �ÎÊ µ ¤´��

Ã¦��µ�� ·̈�Á®¨È�Â¨³­´��³­̧¤̧¦³��́�PAH-DNA 

adduct ­¼ ��ªnµ�¦³�µ�¦�̧É°µ«´¥�°�Á��

°»�­µ®�¦¦¤°¥nµ�¤̧�´¥­Îµ��́�µ�­�·�·4 °¥nµ�Å¦�È

�µ¤�o°¤¼¨¤¨¡·¬�̧É�¦ª�¡�Â¨³�o°¤¼¨­£µª³

­» �£µ¡�°��¦³�µ��   ¥ ´�Å¤n­µ¤µ¦��n��̧Ê �¹ �

�ªµ¤­´¤¡´��r Á�· �­µÁ®�»�µ¦Á�·��¨�¦³���n°

­»�£µ¡°�µ¤¥́�°��¦³�µ�¦Å�oªnµÁ�·��µ�Â® n̈�

¤¨¡·¬°µ�µ« ®¦º°Â® n̈�¤¨¡·¬Ä� ��́�´Ê��µ¦«¹�¬µ

�̧Ê �¹ �¤̧ª ´��»�¦³­��rÁ¡ºÉ°�¦³Á¤·��¨�¦³���n°

­»�£µ¡�µ��µ¦Å�o¦́�­µ¦°·��¦̧¥r¦³Á®¥�n°¤³Á¦È��̧É

Á�̧É¥ª�o°���́�µ¦Á�·�¤³Á¦È�Á¤È�Á º̈°��µª Å�oÂ�n Á��

�̧�Â¨³�1,3-�·ª�µÅ�°̧�  Ã�¥Ä�o�´��̧�̧Ê ª ´��µ�

�̧ª£µ¡ (biomarkers) Á�n� ��́�̧�̧Ê ª�́�¹��µ¦Å�o¦́�

­µ¦Á�oµ­¼n¦n µ��µ¥ (biomarkers of exposure) Â¨³

��́�̧�̧Ê ª�́�¹��¨�°��µ¦Á�¨̧É¥�Â�¨��°�¦nµ��µ¥Ä�

¦³¥³Á¦·É ¤�o� (biomarkers of early biological 

effects) Á�È ��o��

� ­µ¦Á���̧�Â¨³�1,3-�·ª�µÅ�°̧�¤̧�ªµ¤

­Îµ��́ Â¨³Ä�o��́°¥nµ��ªoµ��ªµ�Ä�°»�­µ®�¦¦¤ 

�· Ã�¦Á�¤̧Â¨³¡¨µ­�·��°��r�¦�µ¦«¹�¬µ¤³Á¦È �

�µ�µ�µ�·�(International Agency for Research on 

Cancer; IARC) Å�o� ÎµÂ��Á���̧�Â¨³ 1,3-�·ª�µÅ�

°̧�Á�È �­µ¦�̧É�n°Ä®oÁ�·�¤³Á¦È�Ä���5,6 Ã�¥Á���̧�

Â¨³�1,3-�·ª�µÅ�°̧� �n°Ä®oÁ�·��ªµ¤Á�È �¡·¬�n°­µ¦

¡´��»�¦¦¤ Ã�¥�n°Ä®oÁ�·�°�»¤¼¨°·­¦³�(reactive 

oxygen species; ROS) �¹Ê�£µ¥Ä�Á�¨¨r �¹É �°�»¤¼¨

°·­¦³Á® n̈µ�̧Ê �n°Ä®oÁ�·��µ¦�Îµ¨µ¥­µ¦¡�́�»�¦¦¤ 

(oxidative DNA damage) Á�n��8-

hydroxydeoxyguanosine (8-OHdG) Â¨³�µ¦

Â��®�́�°�­µ¦¡�́�»�¦¦¤�(DNA strand breaks)7-9 

 
 

 

 

�µ��µ¦«¹�¬µ�°�­�µ�´�ª·�´¥�»¯µ£¦�rÄ�� »̈n¤

�´�Á¦̧¥�Â¨³�¦³�µ�¦�̧ÉÅ�o¦́�­µ¦Á���̧�Ä�

¦³�´�­¼ �  Á�n����µ�Á�È��¼�  Á�È ��o� 10,11 Â¨³

�¦³�µ�¦�̧ÉÅ�o¦́�­µ¦ 1,3-�·ª�µÅ�°̧�Ä�¦³��́­¼��

Á�n� �Îµ¦ª��¦µ�¦ Á�È ��o�12  Â­��Ä®oÁ®È�ªnµ¦³��́

­µ¦Á���̧�Â¨³  1,3-�·ª�µÅ�°̧��̧ÉÅ�o¦́�¤̧

�ªµ¤­´¤¡�́�r��́¦³��́�µ¦Á�·� 8-OHdG Â¨³�DNA 

strand breaks �°��µ��̧Ê ¡�ªnµ�µ¦Å�o¦́�¤¨¡·¬

°µ�µ«�Å�oÂ�n Á���̧�Â¨³ 1,3-�·ª�µÅ�°̧�13,14 Á�È �

¦³¥³Áª¨µ�n°Á�ºÉ°��ÎµÄ®oÁ�·��ªµ¤�·����·�°�¦³��

�µ¦�n °¤Â�¤­µ¦¡´��» �¦¦¤  (DNA repair 

deficiency) �¹É ��µ¦�n°¤Â�¤­µ¦¡�́�»�¦¦¤�̧É¨�¨�

�n°Ä®oÁ�·��ªµ¤Á­̧É ¥��n°�µ¦Á�·�Ã¦��nµ�ÇÅ�oÄ�

°�µ��15 

� ��́�´Ê��µ¦«¹�¬µ�̧Ê �¹��Îµ�µ¦�¦ª�ª�́¦³��́

��́�̧�̧Ê ª�́�¹��¨�°��µ¦Á�¨̧É¥�Â�¨��°�¦nµ��µ¥Ä�

¦³¥³Á¦·É¤�o��°��µ¦Á�·�Ã¦�¤³Á¦È� Å�oÂ�n 8-OHdG 

�µ¦Â��®´��°�­µ¦¡�́�»�¦¦¤ Â¨³�ªµ¤­µ¤µ¦�

Ä��µ¦�n°¤Â�¤­µ¦¡�́�»�¦¦¤ (DNA repair 

capacity) ¦ª¤�´Ê��¦ª�ª�́¦³��́­µ¦Á���̧�Â¨³ 

1,3-�·ª�µÅ�°̧�Ä�°µ�µ«Â¨³Ä�Â�n¨³�»��¨ Â¨³

�¦ª�ª´�¦³�´��´��̧�̧Ê ª ´��¹ ��µ¦Å�o¦́�­µ¦Á�oµ­¼n

¦n µ��µ¥ Å�oÂ�n  ­µ¦Á���̧�Ä�Á º̈°��Â¨³­µ¦Á¤

Â��°Å¨�r�°�­µ¦Á���̧�Â¨³�1,3��·ª�µÅ�°̧�Ä�

�́­­µª³ Á¡ºÉ°�¦³Á¤·��¨�¦³���n°­»�£µ¡�°�

�¦³�µ�¦�̧É°µ«¥́Ã�¥¦°��·�¤°»�­µ®�¦¦¤ �.¤µ�

�µ¡»� �¨°����·�¤°»�­µ®�¦¦¤Ä�°ÎµÁ£°°ºÉ�Ç�

�°���́®ª�́¦³¥°�� 

�´Ê��°��µ¦�ÎµÁ�·��µ¦«¹�¬µ 

¡ºÊ��¸É«¹�¬µÂ¨³¡ºÊ��¸ÉÁ�¦̧¥�Á�¥̧� 

¡ºÊ��̧É«¹�¬µ�¦³�°��oª¥¡ºÊ��̧ÉÄ��Îµ�¨¤µ�

�µ¡»� °ÎµÁ£°Á¤º°���Îµ�¨�oµ��µ��°ÎµÁ£°�oµ��µ��

�Îµ�¨¤³�µ¤�¼n °ÎµÁ£°�·�¤¡�́�µ �Îµ�¨�¨ª�Â�� 

°ÎµÁ£°�¨ª�Â���Â¨³�Îµ�¨®�°��ª́�°ÎµÁ£°�oµ�

�nµ¥ Á�ºÉ°��µ�¤̧Ã¦��µ�°»�­µ®�¦¦¤®�µÂ�n�Â¨³

¤̧¦³��́­µ¦Á���̧�Â¨³ 1,3��·ª�µÅ�°̧�Ä�°µ�µ«

­¼ � � ªn µ �̧É °ºÉ � Ç  ­Î µ ® ¦́ � ¡ºÊ � �̧É Á � ¦̧ ¥ � Á �̧ ¥ �

�¦³�°��oª¥¡ºÊ��̧ÉÄ��Îµ�¨®�°�Å¦n  °ÎµÁ£°�¨ª�

Â�� �¹É ��´Ê�°¥¼n®nµ��µ��Îµ�¨�¨ª�Â�� °ÎµÁ£°�¨ª�

Â���¦³¤µ��30 �·Ã¨Á¤�¦ Â¨³¡ºÊ��̧ÉÄ��Îµ�¨

Â­¤­µ¦ °ÎµÁ£°­´�®̧� ��́®ª�́�¨�»¦̧ �¹É ��´Ê�°¥¼n®nµ�

�µ��Îµ�¨¤µ��µ¡»� °ÎµÁ£°Á¤º°���´�®ª�́¦³¥°�

�¦³¤µ��40 �·Ã¨Á¤�¦ Ã�¥¡ºÊ��̧ÉÁ�¦̧¥�Á�̧¥��´Ê� 2 

Â®n��̧Ê Å¤n¤̧Ã¦��µ�°»�­µ®�¦¦¤�´Ê�°¥¼n �¨°���¤̧

¨�́¬�³�µ�£¼¤·«µ­�¦rÂ¨³ª·�̧�̧ª·��°��¦³�µ�¦

Ä�¨oÁ�̧¥���́¡ºÊ��̧É«¹�¬µ 

 

�¨»n¤°µ­µ­¤´�¦�

� �µ¦«¹�¬µ�ÎµÁ�·��µ¦��́Á º̈°�°µ­µ­¤�́¦

� µ�¡ºÊ � �̧É «¹ � ¬ µÂ¨³¡ºÊ � �̧É Á � ¦̧ ¥� Á �̧ ¥� Ã�¥

°µ­µ­¤�́¦�o°�¤̧°µ¥»¦³®ªnµ� 20-55 �̧ Å¤n­¼��»®¦̧É  

°µ«´¥°¥¼nÄ�¡ºÊ��̧É Á�È �Áª¨µ°¥nµ��o°¥ 2 �̧ Å¤nÁ�¥

�Îµ � µ�°¥¼n Ä �Ã¦� � µ�°» �­ µ®�¦¦¤®¦º ° Ä �o

­µ¦°·��¦̧¥r¦³Á®¥Ä��µ¦�Îµ�µ��� »̈n¤°µ­µ­¤�́¦Ä�

�µ¦«¹�¬µ�̧Ê �¦³�°��oª¥�¦³�µ�¦�̧É°µ«´¥°¥¼nÄ�

¡ºÊ��̧É«¹�¬µ �.¦³¥°��Îµ�ª��313 ���(�.¤µ��µ¡»�

�Îµ�ª��166 ��� �. �oµ��µ��Îµ�ª� 35 ���           

�. ¤³�µ¤�¼n� Îµ�ª� 40 ��� �.�¨ª�Â���Îµ�ª��40 

���Â¨³ �. ®�°��ª́�Îµ�ª��35 ��) Â¨³�¦³�µ�¦

�̧É°µ«´¥°¥¼nÄ�¡ºÊ��̧É Á�¦̧¥�Á�̧¥��Îµ�ª��100 ��       
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(� .®�°�Å ¦n  � .¦³ ¥°� �Îµ �ª� � 35 �� � Â¨³               

�. Â­¤­µ¦ �. �¨�»¦̧ �Îµ�ª��65 ��) °µ­µ­¤�́¦

�»����o°�Á�È�Ä�¥·�¥°¤Á�oµ¦nª¤Ä�Ã�¦��µ¦ª·�¥́ 

Â¨³�°�Â��­°��µ¤�̧É¤̧�o°¤¼¨�´ÉªÅ�Á�̧É¥ª�´�

¦³¥³Áª¨µ�̧É°µ«¥́°¥¼nÄ�¡ºÊ��̧É«¹�¬µ ­£µ¡Âª�¨o°¤

�°��̧É°µ«¥́��o°¤¼¨�µ¦�Îµ�µ���o°¤¼¨�oµ�­»�£µ¡�

Â¨³�o°¤¼¨Á�̧É¥ª��́¡§�·�¦¦¤�µ¦�¦·Ã£��¨°���

ª·�̧�µ¦�Îµ¦��̧ª·� Á�n� �µ¦�ºÉ¤­»¦µÂ¨³�µ¦­¼��»®¦̧É �

Á�È ��o� 

 

�µ¦Á�È��´ª°¥nµ�°µ�µ«Â¨³�´ª°¥nµ��̧ª£µ¡ 

� �µ¦«¹�¬µ�ÎµÁ�·��µ¦Ã�¥ Á�È��´ª°¥nµ�

°µ�µ«Â¨³�ª́°¥nµ��̧ª£µ¡�µ�°µ­µ­¤�́¦Ä�ª�́

Â¨³ Áª¨µ Á �̧¥ª�´�  ( �̧ �2551-2553)  �Îµ�µ¦ Á�È�

�ª́°¥nµ�°µ�µ«Â���Passive Air Sampling Ä�

�¦· Áª�¡ºÊ��̧É«¹�¬µ 5 Â®n�Â¨³¡ºÊ��̧ÉÁ�¦̧¥�Á�̧¥� 2 

Â®n� Ã�¥�·��´Ê�Â�n�Á�È�°µ�µ« (Thermal desorption 

tube) �Îµ�ª��2 Â�n��̧É¤̧�ªµ¤�ÎµÁ¡µ³��́­µ¦Á���̧�

Â¨³ 1,3��·ª�µÅ�°̧� Á®�º°¡ºÊ��·� 1.5 Á¤�¦Â¨³

®nµ��µ���� 50 Á¤�¦�Ä��¦· Áª��»¤���̧É¡�́°µ«¥́

�°�°µ­µ­¤�́¦�Á�È �Áª¨µ�8 �´ÉªÃ¤� ­Îµ®¦́��µ¦Á�È�

�ª́°¥nµ�°µ�µ«Ä�Â�n¨³�»��¨ °µ­µ­¤�́¦�»����·�

Â�n�Á�È�°µ�µ«�Îµ�ª� 2 Â�n��¦· Áª��µ¦®µ¥Ä�Á�È �

Áª¨µ�8 �´ÉªÃ¤� �ª́°¥nµ�Á º̈°�Â¨³�ª́°¥nµ��́­­µª³

�¼�Á�È�£µ¥®¨´��µ��µ¦Á�È��ª́°¥nµ�°µ�µ«�¦� 8 

�´ÉªÃ¤� Â¨³�¦¦�»Ä�� n̈°��ÎÊ µÂ�È�Ä�¦³®ªnµ��µ¦

Á�È��ª́°¥nµ�Â¨³�µ¦��¥oµ¥Å��̧É®o°���·��́·�µ¦Á¡ºÉ°

�o °��´��µ¦Á­ºÉ °¤­£µ¡�°�­µ¦Ä�Á º̈°�Â¨³Ä�

�́­­µª³��

 

�µ¦ª·Á�¦µ³®r­µ¦Á���̧�Â¨³  1,3��·ª�µÅ�°¸�Ä�

°µ�µ« 

� ­µ¦Á���̧�Â¨³ 1,3��·ª�µÅ�°̧�Ä�°µ�µ«

Á�È�Ã�¥Ä�oÂ�n�Á�È�°µ�µ«�¦¦�»�oª¥­µ¦�¼���́��·� 

Tenax TA  Â¨³ Carbopack X �µ¤¨Îµ��́ �ª́°¥nµ�

°µ�µ«�¼��¼��´��oª¥Á�¦ºÉ °��Thermal Desorption 

Unit (TDU) (Markes International Ltd., UK) Â¨³

ª·Á�¦µ³®r¦³�´�­µ¦Á���̧��oª¥Á�¦ºÉ °��GC/MS 

(Agilent, USA) ��́¦µ¥¨³Á°̧¥��µ¤�Navasumrit et 

al.11 �¹É �ª·�̧�µ¦ª·Á�¦µ³®r�̧Ê ¤̧�nµ limit of detection 

­Îµ®¦́�­µ¦Á���̧�Â¨³�1,3��·ª�µÅ�°̧� Á�nµ��́ 

0.006 Â¨³�0.015 µg/m3 

 

�µ¦ª·Á�¦µ³®r¦³�´�­µ¦Á���̧�Ä�Á¨º°� 

 �¦ª�ª�́¦³��́­µ¦Á���̧�Ä��ª́°¥nµ�Á º̈°� 

Ã�¥Ä�oÁ���·��solid phase micro-extraction 

(SPME) �¹É �­µ¦ Á���̧��³�¼ ��¼ ��´�Ä��

Carboxen/Polydimethylsiloxane fiber �°��SPME 

Â¨³ª·Á�¦µ³®r�¦·¤µ�­µ¦Á���̧��oª¥Á�¦ºÉ °��GC-

MS (Agilent, USA) ��́¦µ¥¨³Á°̧¥��µ¤ Navasumrit 

et al.16 �nµ limit of detection �°��µ¦ª·Á�¦µ³®r

¦³��́­µ¦Á���̧�Ä�Á º̈°�¤̧�nµÁ�nµ��́ 29.0 ng/L 

 

�µ¦ª· Á�¦µ³®r ¦³�´��¦�¤·ªÃ��·�  (WUDQV�WUDQV-

muconic acid; W�W-MA) Ä��́­­µª³ 

 �Îµ�µ¦Á�º°�µ��ª́°¥nµ��́­­µª³�oª¥�ÎÊ µÄ�

°�́¦µ�1:5 Á�nµ Â¨³�ÎµÂ��­µ¦ t,t-MA �oª¥Á�¦ºÉ°��

HPLC (Agilent, USA) Â¨³ª·Á�¦µ³®r¦³��́­µ¦�    

t,t-MA �oª¥Á�¦ºÉ°��Tandam Mass Spectrometry 

(Micromass Quattro microTM, UK) ��́¦µ¥¨³Á°̧¥�
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(� .®�°�Å ¦n  � .¦³ ¥°� �Îµ �ª� � 35 �� � Â¨³               

�. Â­¤­µ¦ �. �¨�»¦̧ �Îµ�ª��65 ��) °µ­µ­¤�́¦

�»����o°�Á�È�Ä�¥·�¥°¤Á�oµ¦nª¤Ä�Ã�¦��µ¦ª·�¥́ 

Â¨³�°�Â��­°��µ¤�̧É¤̧�o°¤¼¨�´ÉªÅ�Á�̧É¥ª�´�

¦³¥³Áª¨µ�̧É°µ«¥́°¥¼nÄ�¡ºÊ��̧É«¹�¬µ ­£µ¡Âª�¨o°¤

�°��̧É°µ«¥́��o°¤¼¨�µ¦�Îµ�µ���o°¤¼¨�oµ�­»�£µ¡�

Â¨³�o°¤¼¨Á�̧É¥ª��́¡§�·�¦¦¤�µ¦�¦·Ã£��¨°���

ª·�̧�µ¦�Îµ¦��̧ª·� Á�n� �µ¦�ºÉ¤­»¦µÂ¨³�µ¦­¼��»®¦̧É �

Á�È ��o� 

 

�µ¦Á�È��´ª°¥nµ�°µ�µ«Â¨³�´ª°¥nµ��̧ª£µ¡ 

� �µ¦«¹�¬µ�ÎµÁ�·��µ¦Ã�¥ Á�È��´ª°¥nµ�

°µ�µ«Â¨³�ª́°¥nµ��̧ª£µ¡�µ�°µ­µ­¤�́¦Ä�ª�́

Â¨³ Áª¨µ Á �̧¥ª�´�  ( �̧ �2551-2553)  �Îµ�µ¦ Á�È�

�ª́°¥nµ�°µ�µ«Â���Passive Air Sampling Ä�

�¦· Áª�¡ºÊ��̧É«¹�¬µ 5 Â®n�Â¨³¡ºÊ��̧ÉÁ�¦̧¥�Á�̧¥� 2 

Â®n� Ã�¥�·��´Ê�Â�n�Á�È�°µ�µ« (Thermal desorption 

tube) �Îµ�ª��2 Â�n��̧É¤̧�ªµ¤�ÎµÁ¡µ³��́­µ¦Á���̧�

Â¨³ 1,3��·ª�µÅ�°̧� Á®�º°¡ºÊ��·� 1.5 Á¤�¦Â¨³

®nµ��µ���� 50 Á¤�¦�Ä��¦· Áª��»¤���̧É¡�́°µ«¥́

�°�°µ­µ­¤�́¦�Á�È �Áª¨µ�8 �´ÉªÃ¤� ­Îµ®¦́��µ¦Á�È�

�ª́°¥nµ�°µ�µ«Ä�Â�n¨³�»��¨ °µ­µ­¤�́¦�»����·�

Â�n�Á�È�°µ�µ«�Îµ�ª� 2 Â�n��¦· Áª��µ¦®µ¥Ä�Á�È �

Áª¨µ�8 �´ÉªÃ¤� �ª́°¥nµ�Á º̈°�Â¨³�ª́°¥nµ��́­­µª³

�¼�Á�È�£µ¥®¨´��µ��µ¦Á�È��ª́°¥nµ�°µ�µ«�¦� 8 

�´ÉªÃ¤� Â¨³�¦¦�»Ä�� n̈°��ÎÊ µÂ�È�Ä�¦³®ªnµ��µ¦

Á�È��ª́°¥nµ�Â¨³�µ¦��¥oµ¥Å��̧É®o°���·��́·�µ¦Á¡ºÉ°

�o °��´��µ¦Á­ºÉ °¤­£µ¡�°�­µ¦Ä�Á º̈°�Â¨³Ä�

�́­­µª³��

 

�µ¦ª·Á�¦µ³®r­µ¦Á���̧�Â¨³  1,3��·ª�µÅ�°¸�Ä�

°µ�µ« 

� ­µ¦Á���̧�Â¨³ 1,3��·ª�µÅ�°̧�Ä�°µ�µ«

Á�È�Ã�¥Ä�oÂ�n�Á�È�°µ�µ«�¦¦�»�oª¥­µ¦�¼���́��·� 

Tenax TA  Â¨³ Carbopack X �µ¤¨Îµ��́ �ª́°¥nµ�

°µ�µ«�¼��¼��´��oª¥Á�¦ºÉ °��Thermal Desorption 

Unit (TDU) (Markes International Ltd., UK) Â¨³

ª·Á�¦µ³®r¦³�´�­µ¦Á���̧��oª¥Á�¦ºÉ °��GC/MS 

(Agilent, USA) ��́¦µ¥¨³Á°̧¥��µ¤�Navasumrit et 

al.11 �¹É �ª·�̧�µ¦ª·Á�¦µ³®r�̧Ê ¤̧�nµ limit of detection 

­Îµ®¦́�­µ¦Á���̧�Â¨³�1,3��·ª�µÅ�°̧� Á�nµ��́ 

0.006 Â¨³�0.015 µg/m3 

 

�µ¦ª·Á�¦µ³®r¦³�´�­µ¦Á���̧�Ä�Á¨º°� 

 �¦ª�ª�́¦³��́­µ¦Á���̧�Ä��ª́°¥nµ�Á º̈°� 

Ã�¥Ä�oÁ���·��solid phase micro-extraction 

(SPME) �¹É �­µ¦ Á���̧��³�¼ ��¼ ��´�Ä��

Carboxen/Polydimethylsiloxane fiber �°��SPME 

Â¨³ª·Á�¦µ³®r�¦·¤µ�­µ¦Á���̧��oª¥Á�¦ºÉ °��GC-

MS (Agilent, USA) ��́¦µ¥¨³Á°̧¥��µ¤ Navasumrit 

et al.16 �nµ limit of detection �°��µ¦ª·Á�¦µ³®r

¦³��́­µ¦Á���̧�Ä�Á º̈°�¤̧�nµÁ�nµ��́ 29.0 ng/L 

 

�µ¦ª· Á�¦µ³®r ¦³�´��¦�¤·ªÃ��·�  (WUDQV�WUDQV-

muconic acid; W�W-MA) Ä��́­­µª³ 

 �Îµ�µ¦Á�º°�µ��ª́°¥nµ��́­­µª³�oª¥�ÎÊ µÄ�

°�́¦µ�1:5 Á�nµ Â¨³�ÎµÂ��­µ¦ t,t-MA �oª¥Á�¦ºÉ°��

HPLC (Agilent, USA) Â¨³ª·Á�¦µ³®r¦³��́­µ¦�    

t,t-MA �oª¥Á�¦ºÉ°��Tandam Mass Spectrometry 

(Micromass Quattro microTM, UK) ��́¦µ¥¨³Á°̧¥�

 
 

 

 

�µ¤�Melikian et al.17 Ã�¥¤̧�nµ�limit of detection 

Á�nµ��́�2.���ng/ml Â¨³Â­���¨¦³��́­µ¦�t,t-MA 

Á�È ��mg/g creatinine 

 

�µ¦ª· Á � ¦µ³®r ¦³�´�­µ¦ �Monohydroxy-butyl 

mercapuric acid (MHBMA) Ä��́­­µª³ 

� �Îµ�µ¦­��́­µ¦�MHBMA �oª¥ª·�̧�solid 

phase extraction (SPE)�Â¨³�ÎµÂ��­µ¦�MHBMA 

�oª¥Á�¦ºÉ°��HPLC (Agilent, USA) Â¨³ª·Á�¦µ³®r

¦³��́­µ¦�MHBMA �oª¥Á�¦ºÉ °��Tandam Mass 

Spectrometry (Micromass Quattro microTM, UK) 

��́¦µ¥¨³Á°̧¥��µ¤�Navasumrit et al.11�Ã�¥Ã�¥¤̧�nµ�

limit of detection �°��µ¦ª·Á�¦µ³®rÁ�nµ��́�1.���

ng/ml Â¨³Â­���¨¦³��́­µ¦�MHBMA Á�È ��mg/g 

creatinine�  

 

� µ ¦ ª· Á � ¦ µ ³ ®r ¦ ³ �´ � ­ µ ¦ � 8 �Hydroxy-2 u-

deoxyguanosine (8�OHdG)�Ä�Á�¨ r̈Á¤È�Á¨º°��µª� 

� ­�´��DNA Ä�Á�¨¨rÁ¤È�Á º̈°��µª�µ�

�ª́°¥nµ�Á º̈°��Â¨³Ä�oÁ°�Å�¤r�Nuclease P��Â¨³�

Á°�Å�¤r�Alkaline phosphatase ¥n°¥�DNA Ä®oÁ�È ��

nucleotide Â¨³�ÎµÂ��­µ¦�8�OHdG �oª¥Á�¦ºÉ°��

HPLC (Agilent, USA) Â¨³ª·Á�¦µ³®r�¦·¤µ��8�

OHdG �oª¥Á�¦ºÉ °� triple quadrupole mass 

spectrometer (Agilent �����Triple Quad LC/MS, 

USA) ��́¦µ¥¨³Á°̧¥��µ¤�Vattanasit et al.18�Ã�¥¤̧

�nµ�limit of detection �°��µ¦ª·Á�¦µ³®rÁ�nµ��́�20 

fmol/ml Â¨³Â­���¨Á�È �¦³��́�8-OHdG �n°�105 

dG 

 

�µ¦ª· Á�¦µ³®r ¦³�´��µ¦Â���Î µ¨µ¥�°�­µ¦

¡�́�»�¦¦¤�(DNA strand breaks) 

� ª·Á�¦µ³®r�DNA strand breaks Ä��ª́°¥nµ�

Á º̈°��¦³¤µ�����Å¤Ã�¦ ·̈�¦�oª¥Á���·��Comet 

assay �¹É ��¦³�°��oª¥�´Ê��°��nµ�ÇÅ�oÂ�n�Cell 

embedding in agarose, Cell lysis, DNA 

unwinding, Alkaline electrophoresis, 

Neutralization and Comet staining ��́¦µ¥¨³Á°̧¥�

�µ¤ Navasumrit et al.16�¦³��́�µ¦Â��®´��°��

DNA �¦ª�ª�́Ã�¥Ä�oÁ�¦ºÉ °��Automated Epi 

Fluoresecense Microscope (Auxioplan2, Zeiss, 

Germany) Â­���¨Á�È ��tail length Â¨³�olive tail 

moment 

 

�µ¦ª·Á�¦µ³®r�ªµ¤­µ¤µ¦�Ä��µ¦�n °¤Â�¤­µ¦

¡�́�»�¦¦¤�(DNA repair capacity) 

� ª·Á�¦µ³®r�DNA-repair capacity Ä��ª́°¥nµ�

Á º̈°��¦³¤µ��0.��¤·¨ ·̈ ·̈�¦�oª¥Á���·��cytogenetic 

challenge assay Ã�¥Ä�o�1 Gy-irradiation Á¡ºÉ°

�¦³�» o��µ¦Á�·��ªµ¤�·����·�°�Ã�¦Ã¤Ã�¤Ä�

Á�¨¨rÁ¤È�Á º̈°��µª�£µ¥®¨´��µ¦�irradiation ���

�´ÉªÃ¤��Îµ�metaphase chromosome spreading ��́

¦µ¥¨³Á°̧¥��µ¤�Au et al.14��¦ª�ª�́¦³��́�ªµ¤

�·����·�°�Ã�¦Ã¤Ã�¤�Ã�¥Â­���¨�µ¦Á�·��

radiation-induced deletions Â¨³�radiation-induced 

dicentrics Ä�¦³¥³�metaphase �¹É �¦³�´��ªµ¤

�·����·�°�Ã�¦Ã¤Ã�¤�̧É­¼���n��̧Ê �¹��ªµ¤­µ¤µ¦�

Ä��µ¦�n°¤Â�¤�ªµ¤�·����·�°�­µ¦¡�́�»�¦¦¤�̧É

¨�¨� 
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�µ¦ª·Á�¦µ³®r�µ�­�·�· 

� ª· Á � ¦ µ ³®r �o°¤¼ ¨� µ �­�· �· Â�� �Non-

Parametric Kruskal-Wallis H test�Â¨³�Mann-

Whitney U-test Á¡ºÉ°Á�¦̧¥�Á�̧¥�¦³��́­µ¦Á���̧�

Â¨³ 1,3-�·ª�µÅ�°̧��¦ª¤�´Ê�¦³��́�°���́�̧�̧ª£µ¡

�°��µ¦Å�o¦́�­´¤�´­�Â¨³�´��̧�̧ª£µ¡�°��µ¦

Á�¨̧É¥�Â�¨��µ��̧ª£µ¡Ä�¦³¥³Á¦·É ¤�o��¦³®ªnµ�

� »̈n¤�¦³�µ�¦«¹�¬µÂ¨³� »̈n¤�¦³�µ�¦Á�¦̧¥�Á�̧¥��

Â¨³�Îµ�µ¦ª·Á�¦µ³®r�ªµ¤­´¤¡�́�r¦³®ªnµ�¦³�´�

­µ¦Á���̧�Â¨³ 1,3��·ª�µÅ�°̧�Ä�Â�n¨³�»��¨��́

¦³�´��´��̧�̧Ê ª�́�nµ�Ç�Ã�¥Ä�o�µ¦ª·Á�¦µ³®rÂ���

Spearman Sum Rank Test Á¡ºÉ°Á�¦̧¥�Á�̧¥��ªµ¤

Â���nµ��µ�­�·�·��¹É ��o°¤¼¨¤̧�ªµ¤Â���nµ�°¥nµ�¤̧

�¥́­Îµ��́�µ�­�·�·�Á¤ºÉ°�p < 0.05 

�¨�µ¦«¹�¬µÂ¨³�µ¦ª·�µ¦�r�¨ 

1. �µ¦�¦³Á¤·��µ¦Å�o¦́�­́¤�­́­µ¦Á���̧�Â¨³�1,3�

�·ª�µÅ�°�̧�

1.1�¦³�´�­µ¦Á���̧�Â¨³�1 ,3��·ª�µÅ�°¸��Ä�

°µ�µ«�¦·Áª��¸É¡�́°µ«́¥ 

�µ¦µ��̧É���Â­��¦³��́­µ¦Á���̧�Â¨³ 1,3�

�·ª�µÅ�°̧�Ä�°µ�µ«�¦· Áª�¡ºÊ��̧É«¹�¬µ¦°�Á��

°»�­µ®�¦¦¤Â¨³¡ºÊ��̧ÉÁ�¦̧¥�Á�̧¥���¨�µ¦«¹�¬µ

¡�ªnµ¦³��́­µ¦Á���̧�Â¨³ 1,3��·ª�µÅ�°̧�Ä�

°µ�µ«�¦· Áª�¡ºÊ��̧É«¹�¬µ��. ¤µ��µ¡»��(7.90 Â¨³�

0.11�µg/m3) �. ¤³�µ¤�¼n�(5.19�Â¨³�0.10�µg/m3)���. 

�¨ª�Â���(6.85�Â¨³ 0.11�µg/m3)�Â¨³��. ®�°��ª́�

(6.16��Â¨³�0.���µg/m3)�¦ª¤�´Ê�¡ºÊ��̧ÉÁ�¦̧¥�Á�̧¥���. 

Â­¤­µ¦��. �¨�»¦̧�(6.48 Â¨³�0.07 µg/m3) ­¼��ªnµ

¦³��́�̧É�¦ª�¡�Ä�¡ºÊ��̧É«¹�¬µ��. �oµ��µ��(5.44�

Â¨³�0.05�µg/m3)�Â¨³¡ºÊ��̧ÉÁ�¦̧¥�Á�̧¥���. ®�°�

Å¦n �(5.55 Â¨³0.���µg/m3)� Á¤ºÉ°�Îµ�µ¦ª·Á�¦µ³®r�µ�

­�·�·¡�ªnµ¦³��́­µ¦Á���̧�Â¨³�1,3��·ª�µÅ�°̧�

Ä�°µ�µ«�¦· Áª�¡ºÊ��̧É«¹�¬µ�´Ê ��5�Â®n�Å¤n¤̧�ªµ¤

Â���nµ�°¥nµ� ¤̧�´¥­Îµ�´��µ�­�·�·�´�¦³�´��̧É

�¦ª�ª�́Å�oÄ�°µ�µ«�¦·Áª�¡ºÊ��̧ÉÁ�¦̧¥�Á�̧¥�� 

¦³��́­µ¦Á���̧�Ä�°µ�µ«�̧É�¦ª�¡�Ä�

�»�¡ºÊ��̧É«¹�¬µÂ¨³¡ºÊ��̧É Á�¦̧¥�Á�̧¥�­¼ ��ªnµ�nµ

¤µ�¦�µ�¦µ¥�̧��µ¤�¦³�µ«�¦¦¤�µ¦­·É�Âª�¨o°¤

Â®n��µ�·�¡.«��2550��Îµ®��Åªo�̧É�1.��µg/m3���³�̧É

¦³��́­µ¦�1,3��·ª�µÅ�°̧��̧É�¦ª�¡�Ä�¡ºÊ��̧É«¹�¬µ

�´Ê ����Â®n�Â¨³¡ºÊ��̧É�ª��»¤�´Ê ����Â®n��ÎÉµ�ªnµ�nµ

¤µ�¦�µ�¦µ¥�̧�̧É� Îµ®��Åªo�̧É�0.���µg/m3(19) Ã�¥

¦³��́­µ¦Á���̧�Ä�°µ�µ«�̧É�¦ª�¡�Ä��»�¡ºÊ��̧É

«¹�¬µ¤̧�nµÄ�¨oÁ�̧¥��´��´�¦³�´��̧É�¦ª�¡�Ä�

�¦· Áª�¦°�Á��°»�­µ®�¦¦¤�nµ�ÇÄ��¦³Á�«

Å�o®ª�́�(5.86�7.���µg/m3)20�Â¨³¦³��́­µ¦�1,3��·ª

�µÅ�°̧�Ä�°µ�µ«Ä�¡ºÊ��̧É«¹�¬µ�´Ê��5�Â®n��ÎÉµ�ªnµ

¦³��́Á�¨̧É¥¦µ¥�̧�̧É¡�Ä��¦· Áª�¦°�°»�­µ®�¦¦¤

Ä��¦³Á�«�̧É�»n �Â¨³Ä�°µ�µ«�´ÉªÅ��¦ª¤�´Ê �

�¦· Áª��̧É¤̧�µ¦�¦µ�¦®�µÂ�n��º°�0.31, 0.���Â¨³�

0.22�µg/m3(21)�°¥nµ�Å¦�È�µ¤�¦³��́­µ¦Á���̧�Â¨³�

1,3-�·ª�µÅ�°̧��̧É¡�Ä�¡ºÊ ��̧É «¹�¬µÂ¨³¡ºÊ ��̧É

Á�¦̧¥�Á�̧¥�°¥¼nÄ�¦³�´��̧É¡�Å�oÄ��¦¦¥µ�µ«

�´ÉªÇÅ��(background level)��¹É �°µ�Á�·��µ��µ¦Á�µ

Å®¤o�°��ÎÊ µ¤�́Á�ºÊ°Á¡ ·̈��Ã�¥¦³��́�̧É�¦ª�¡�¤̧�nµ

�o°¥�ªnµ¦³��́­µ¦Á���̧�Â¨³ 1,3-�·ª�µÅ�°̧�Ä�

°µ�µ«Ä�Á¤º°�Ä®�n�̧É¤̧�́�®µ�µ¦�¦µ�¦�Á�n��Ä�

�¦»�Á�¡¤®µ��¦�¹É ��¦ª�¡�¦³��́­µ¦Á���̧�Â¨³�

1,3-�·ª�µÅ�°̧�Ä�°µ�µ«�¦· Áª��̧É ¤̧�µ¦�¦µ�¦

®�µÂ�n�­¼��¹��49.���Â¨³�4.11 µg/m3 �µ¤¨Îµ��́12 
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�µ¦ª·Á�¦µ³®r�µ�­�·�· 

� ª· Á � ¦ µ ³®r �o°¤¼ ¨� µ �­�· �· Â�� �Non-

Parametric Kruskal-Wallis H test�Â¨³�Mann-

Whitney U-test Á¡ºÉ°Á�¦̧¥�Á�̧¥�¦³��́­µ¦Á���̧�

Â¨³ 1,3-�·ª�µÅ�°̧��¦ª¤�´Ê�¦³��́�°���́�̧�̧ª£µ¡

�°��µ¦Å�o¦́�­´¤�´­�Â¨³�´��̧�̧ª£µ¡�°��µ¦

Á�¨̧É¥�Â�¨��µ��̧ª£µ¡Ä�¦³¥³Á¦·É ¤�o��¦³®ªnµ�

� »̈n¤�¦³�µ�¦«¹�¬µÂ¨³� »̈n¤�¦³�µ�¦Á�¦̧¥�Á�̧¥��

Â¨³�Îµ�µ¦ª·Á�¦µ³®r�ªµ¤­´¤¡�́�r¦³®ªnµ�¦³�´�

­µ¦Á���̧�Â¨³ 1,3��·ª�µÅ�°̧�Ä�Â�n¨³�»��¨��́

¦³�´��´��̧�̧Ê ª�́�nµ�Ç�Ã�¥Ä�o�µ¦ª·Á�¦µ³®rÂ���

Spearman Sum Rank Test Á¡ºÉ°Á�¦̧¥�Á�̧¥��ªµ¤

Â���nµ��µ�­�·�·��¹É ��o°¤¼¨¤̧�ªµ¤Â���nµ�°¥nµ�¤̧

�¥́­Îµ��́�µ�­�·�·�Á¤ºÉ°�p < 0.05 

�¨�µ¦«¹�¬µÂ¨³�µ¦ª·�µ¦�r�¨ 

1. �µ¦�¦³Á¤·��µ¦Å�o¦́�­́¤�­́­µ¦Á���̧�Â¨³�1,3�

�·ª�µÅ�°�̧�

1.1�¦³�´�­µ¦Á���̧�Â¨³�1 ,3��·ª�µÅ�°¸��Ä�

°µ�µ«�¦·Áª��¸É¡�́°µ«́¥ 

�µ¦µ��̧É���Â­��¦³��́­µ¦Á���̧�Â¨³ 1,3�

�·ª�µÅ�°̧�Ä�°µ�µ«�¦· Áª�¡ºÊ��̧É«¹�¬µ¦°�Á��

°»�­µ®�¦¦¤Â¨³¡ºÊ��̧ÉÁ�¦̧¥�Á�̧¥���¨�µ¦«¹�¬µ

¡�ªnµ¦³��́­µ¦Á���̧�Â¨³ 1,3��·ª�µÅ�°̧�Ä�

°µ�µ«�¦· Áª�¡ºÊ��̧É«¹�¬µ��. ¤µ��µ¡»��(7.90 Â¨³�

0.11�µg/m3) �. ¤³�µ¤�¼n�(5.19�Â¨³�0.10�µg/m3)���. 

�¨ª�Â���(6.85�Â¨³ 0.11�µg/m3)�Â¨³��. ®�°��ª́�

(6.16��Â¨³�0.���µg/m3)�¦ª¤�´Ê�¡ºÊ��̧ÉÁ�¦̧¥�Á�̧¥���. 

Â­¤­µ¦��. �¨�»¦̧�(6.48 Â¨³�0.07 µg/m3) ­¼��ªnµ

¦³��́�̧É�¦ª�¡�Ä�¡ºÊ��̧É«¹�¬µ��. �oµ��µ��(5.44�

Â¨³�0.05�µg/m3)�Â¨³¡ºÊ��̧ÉÁ�¦̧¥�Á�̧¥���. ®�°�

Å¦n �(5.55 Â¨³0.���µg/m3)� Á¤ºÉ°�Îµ�µ¦ª·Á�¦µ³®r�µ�

­�·�·¡�ªnµ¦³��́­µ¦Á���̧�Â¨³�1,3��·ª�µÅ�°̧�

Ä�°µ�µ«�¦· Áª�¡ºÊ��̧É«¹�¬µ�´Ê ��5�Â®n�Å¤n¤̧�ªµ¤

Â���nµ�°¥nµ� ¤̧�´¥­Îµ�´��µ�­�·�·�´�¦³�´��̧É

�¦ª�ª�́Å�oÄ�°µ�µ«�¦·Áª�¡ºÊ��̧ÉÁ�¦̧¥�Á�̧¥�� 

¦³��́­µ¦Á���̧�Ä�°µ�µ«�̧É�¦ª�¡�Ä�

�»�¡ºÊ��̧É«¹�¬µÂ¨³¡ºÊ��̧É Á�¦̧¥�Á�̧¥�­¼ ��ªnµ�nµ

¤µ�¦�µ�¦µ¥�̧��µ¤�¦³�µ«�¦¦¤�µ¦­·É�Âª�¨o°¤

Â®n��µ�·�¡.«��2550��Îµ®��Åªo�̧É�1.��µg/m3���³�̧É

¦³��́­µ¦�1,3��·ª�µÅ�°̧��̧É�¦ª�¡�Ä�¡ºÊ��̧É«¹�¬µ

�´Ê ����Â®n�Â¨³¡ºÊ��̧É�ª��»¤�´Ê ����Â®n��ÎÉµ�ªnµ�nµ

¤µ�¦�µ�¦µ¥�̧�̧É� Îµ®��Åªo�̧É�0.���µg/m3(19) Ã�¥

¦³��́­µ¦Á���̧�Ä�°µ�µ«�̧É�¦ª�¡�Ä��»�¡ºÊ��̧É

«¹�¬µ¤̧�nµÄ�¨oÁ�̧¥��´��´�¦³�´��̧É�¦ª�¡�Ä�

�¦· Áª�¦°�Á��°»�­µ®�¦¦¤�nµ�ÇÄ��¦³Á�«

Å�o®ª�́�(5.86�7.���µg/m3)20�Â¨³¦³��́­µ¦�1,3��·ª

�µÅ�°̧�Ä�°µ�µ«Ä�¡ºÊ��̧É«¹�¬µ�´Ê��5�Â®n��ÎÉµ�ªnµ

¦³��́Á�¨̧É¥¦µ¥�̧�̧É¡�Ä��¦· Áª�¦°�°»�­µ®�¦¦¤

Ä��¦³Á�«�̧É�»n �Â¨³Ä�°µ�µ«�´ÉªÅ��¦ª¤�´Ê �

�¦· Áª��̧É¤̧�µ¦�¦µ�¦®�µÂ�n��º°�0.31, 0.���Â¨³�

0.22�µg/m3(21)�°¥nµ�Å¦�È�µ¤�¦³��́­µ¦Á���̧�Â¨³�

1,3-�·ª�µÅ�°̧��̧É¡�Ä�¡ºÊ ��̧É «¹�¬µÂ¨³¡ºÊ ��̧É

Á�¦̧¥�Á�̧¥�°¥¼nÄ�¦³�´��̧É¡�Å�oÄ��¦¦¥µ�µ«

�´ÉªÇÅ��(background level)��¹É �°µ�Á�·��µ��µ¦Á�µ

Å®¤o�°��ÎÊ µ¤�́Á�ºÊ°Á¡ ·̈��Ã�¥¦³��́�̧É�¦ª�¡�¤̧�nµ

�o°¥�ªnµ¦³��́­µ¦Á���̧�Â¨³ 1,3-�·ª�µÅ�°̧�Ä�

°µ�µ«Ä�Á¤º°�Ä®�n�̧É¤̧�́�®µ�µ¦�¦µ�¦�Á�n��Ä�

�¦»�Á�¡¤®µ��¦�¹É ��¦ª�¡�¦³��́­µ¦Á���̧�Â¨³�

1,3-�·ª�µÅ�°̧�Ä�°µ�µ«�¦· Áª��̧É ¤̧�µ¦�¦µ�¦

®�µÂ�n�­¼��¹��49.���Â¨³�4.11 µg/m3 �µ¤¨Îµ��́12 
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1.2 ¦³�´��µ¦Å�o ¦́�­́¤�´­­µ¦Á���̧�Â¨³          

1,3-�·ª�µÅ�°�̧Ä�Â�n¨³�»��¨ 

 �µ¦µ��̧É�2 Â­��¦³��́�µ¦Å�o¦́�­´¤�­́­µ¦

Á���̧�Â¨³�1,3��·ª�µÅ�°̧�Ä�Â�n¨³�»��¨�°�

°µ­µ­¤�́¦� »̈n¤«¹�¬µÂ¨³� »̈n¤Á�¦̧¥�Á�̧¥��¡�ªnµ

¦³��́Á�¨̧É¥�°��µ¦Å�o¦́�­´¤�­́­µ¦Á���̧�Ä�Â�n

¨³�»��¨�°�°µ­µ­¤�́¦� »̈n¤«¹�¬µ��. ¤µ��µ¡»��

(8.���µg/m3)�­¼��ªnµ¦³��́�̧É�¦ª�¡�Ä�°µ­µ­¤�́¦

� »̈n¤«¹�¬µ��. �oµ��µ��(6.26�µg/m3) �. ¤³�µ¤�¼n�

(5.57 µg/m3) �. �¨ª�Â���(7.06 µg/m3)��. ®�°�

�ª́�(6.54�µg/m3)�Â¨³°µ­µ­¤�́¦� »̈n¤Á�¦̧¥�Á�̧¥��

�. ®�°�Å¦n Â¨³��. Â­¤­µ¦�(5.26 Â¨³�7.79 µg/m3 

�µ¤¨Îµ��́) °¥nµ�Å¤n¤̧�¥́­Îµ��́�µ�­�·�·�Ã�¥¦³��́

�µ¦Å�o¦́�­´¤�­́­µ¦Á���̧�Ä�Â�n¨³�»��¨�°�

°µ­µ­¤�́¦� »̈n¤«¹�¬µ�´Ê����Â®n�Ä�¨oÁ�̧¥���́¦³��́�̧É

¡�Ä�¡��́�µ��̧É� Îµ�µ�Ä�­Îµ��́�µ��̧ÉÅ¤nÁ�̧É¥ª�o°�

�´��µ¦Ä�o­µ¦°·��¦̧¥r¦³Á®¥Ä��¦³Á�«°·�µ¨̧�(��

Â¨³���µg/m3)22�Â�n­¼��ªnµÁ�È��´�Á¦̧¥�Ä�Ã¦�Á¦̧¥�

�nµ���́®ª�́�̧ÉÅ¤n¤̧�́�®µ�µ¦�¦µ�¦�(2.���µg/m3)23 

�°��µ��̧Ê ¦³�´��µ¦Å�o¦́�­´¤�­́­µ¦Á���̧��̧É

�¦ª�¡�Ä�°µ­µ­¤�́¦� »̈n¤«¹�¬µ�ÎÉµ�ªnµ¦³�´��̧É

�¦ª�¡�Ä��¼o�oµ�µ¥¦·¤���Ä��¦»�Á�¡¤®µ��¦�¹É �

Å�o¦́��µ�Å°Á­̧¥¦�¥��r�¦ª¤�´Ê �¡¦³Â¨³Â¤n�̧�̧É

°µ«¥́°¥¼nÄ�ª�́®nµ��µ���������Á¤�¦�¹��1.5-3�Á�nµ24 

��³�̧É¦³��́�µ¦Å�o¦́�­´¤�­́­µ¦ 1,3-�·ª

�µÅ�°̧�Ä�Â�n¨³�»��¨�°�°µ­µ­¤�́¦� »̈n¤«¹�¬µ�

�. ¤µ��µ¡»���. �¨ª�Â����. ®�°��ª́�Â¨³� »̈n¤

Á�¦̧¥�Á�̧¥���. Â­¤­µ¦��. �¨�»¦̧¤̧�nµÄ�¨oÁ�̧¥���́�

Â�n­¼��ªnµ¦³�´��̧É�¦ª�ª�́Å�oÄ�°µ­µ­¤�́¦� »̈n¤

«¹�¬µ��. �oµ��µ���. ¤³�µ¤�¼n�Â¨³°µ­µ¤�́¦� »̈n¤

Á�¦̧¥�Á�̧¥���. ®�°�Å¦n ��. ¦³¥°��Ã�¥¦³��́�µ¦

Å�o¦́�­´¤�­́­µ¦ 1,3-�·ª�µÅ�°̧��̧É�̧É�¦ª�ª�́Å�oÄ�

°µ­µ­¤�́¦� »̈n¤«¹�¬µ�´Ê��5 Â®n��ÎÉµ�ªnµ¦³�´��̧É

�¦ª�¡����̧ÉÅ�o¦́�­µ¦�1,3��·ª�µÅ�°̧��µ��µ¦

Á�µÅ®¤oÅ¤oÄ��oµ��(0.���µg/m3��Â¨³Ä����̧ÉÅ¤nÅ�o

­¼��»®¦̧ÉÄ��¦³Á�«°�́�§¬�(0.40�µg/m3)25,26 ¦ª¤�´Ê�

�ÎÉµ�ªnµ¦³��́�̧É�¦ª�ª�́Å�oÄ��Îµ¦ª��¦µ�¦�̧É��·��́·

®�oµ�̧É���o°����Ä��¦»�Á�¡¤®µ��¦°¥¼n�̧É�3.15�

µg/m3(12)� 

 

1.3 ¦³�´�­µ¦Á���̧�Ä�Á¨º°� 

� ­µ¦Á���̧�Ä��ª́°¥nµ�Á º̈°�Á�È ���́�̧�̧Ê ª�́

�µ��̧ª£µ¡�°��µ¦¦́�­µ¦Á���̧�Á�oµ­¼n¦nµ��µ¥��¨

�µ¦�¦ª�ª· Á�¦µ³®r¦³�´�­µ¦Á���̧�Ä�Á º̈°��

(�µ¦µ��̧É�2)�¡�ªnµ°µ­µ­¤�́¦� »̈n¤«¹�¬µ�¨ª�Â��

Â¨³°µ­µ­¤�́¦� »̈n¤«¹�¬µ��. ¤µ��µ¡»�¤̧¦³��́

­µ¦Á���̧�Ä�Á º̈°�Ä�¨oÁ�̧¥��´��(193.���Â¨³�

192.25 ng/L �µ¤¨Îµ��́) ­¼��ªnµ¦³��́�̧É�¦ª�ª�́Å�o

Ä�°µ­µ¤´�¦� »̈n¤Á�¦̧¥�Á�̧¥�  �� .®�°�Å¦n�            

�. ¦³¥°��Â¨³��. Â­¤­µ¦��. �¨�»¦̧�(120.���Â¨³�

129.28 ng/L �µ¤¨Îµ��́)�°¥nµ�Å¦�È�µ¤¦³��́­µ¦

Á���̧�Ä�Á º̈°��°�°µ­µ­¤�́¦� »̈n¤«¹�¬µÂ¨³� »̈n¤

Á�¦̧¥�Á�̧¥�Å¤n¤̧�ªµ¤Â���nµ�°¥nµ�¤̧�¥́­Îµ��́�µ�

­�·�·�Ã�¥¦³��́­µ¦Á���̧�Ä�Á º̈°��̧É�¦ª�¡�Ä�

°µ­µ­¤�́¦� »̈n¤«¹�¬µ¤̧�nµÄ�¨oÁ�̧¥���́¦³��́�̧É�¦ª�

¡�Ä��¦³�µ���´ÉªÅ��̧ÉÅ¤nÅ�o�Îµ�µ�Á�̧É¥ª�o°���́

­µ¦Á���̧��´Ê�Ä�Á¤º°�Â¨³�����(200�Â¨³�296 

ng/L) Â¨³���µ��̧ÉÅ�o¦́�­µ¦Á���̧��µ�­�µ��̧É

� Îµ�µ�Ä�¦³�´��̧É� ÎÉ µ�ªnµ�100 µg/m3�(202�210 

ng/L)27 
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1.2 ¦³�´��µ¦Å�o ¦́�­́¤�´­­µ¦Á���̧�Â¨³          

1,3-�·ª�µÅ�°�̧Ä�Â�n¨³�»��¨ 

 �µ¦µ��̧É�2 Â­��¦³��́�µ¦Å�o¦́�­´¤�­́­µ¦

Á���̧�Â¨³�1,3��·ª�µÅ�°̧�Ä�Â�n¨³�»��¨�°�

°µ­µ­¤�́¦� »̈n¤«¹�¬µÂ¨³� »̈n¤Á�¦̧¥�Á�̧¥��¡�ªnµ

¦³��́Á�¨̧É¥�°��µ¦Å�o¦́�­´¤�­́­µ¦Á���̧�Ä�Â�n

¨³�»��¨�°�°µ­µ­¤�́¦� »̈n¤«¹�¬µ��. ¤µ��µ¡»��

(8.���µg/m3)�­¼��ªnµ¦³��́�̧É�¦ª�¡�Ä�°µ­µ­¤�́¦

� »̈n¤«¹�¬µ��. �oµ��µ��(6.26�µg/m3) �. ¤³�µ¤�¼n�

(5.57 µg/m3) �. �¨ª�Â���(7.06 µg/m3)��. ®�°�

�ª́�(6.54�µg/m3)�Â¨³°µ­µ­¤�́¦� »̈n¤Á�¦̧¥�Á�̧¥��

�. ®�°�Å¦n Â¨³��. Â­¤­µ¦�(5.26 Â¨³�7.79 µg/m3 

�µ¤¨Îµ��́) °¥nµ�Å¤n¤̧�¥́­Îµ��́�µ�­�·�·�Ã�¥¦³��́

�µ¦Å�o¦́�­´¤�­́­µ¦Á���̧�Ä�Â�n¨³�»��¨�°�

°µ­µ­¤�́¦� »̈n¤«¹�¬µ�´Ê����Â®n�Ä�¨oÁ�̧¥���́¦³��́�̧É

¡�Ä�¡��́�µ��̧É� Îµ�µ�Ä�­Îµ��́�µ��̧ÉÅ¤nÁ�̧É¥ª�o°�

�´��µ¦Ä�o­µ¦°·��¦̧¥r¦³Á®¥Ä��¦³Á�«°·�µ¨̧�(��

Â¨³���µg/m3)22�Â�n­¼��ªnµÁ�È��´�Á¦̧¥�Ä�Ã¦�Á¦̧¥�

�nµ���́®ª�́�̧ÉÅ¤n¤̧�́�®µ�µ¦�¦µ�¦�(2.���µg/m3)23 

�°��µ��̧Ê ¦³�´��µ¦Å�o¦́�­´¤�­́­µ¦Á���̧��̧É

�¦ª�¡�Ä�°µ­µ­¤�́¦� »̈n¤«¹�¬µ�ÎÉµ�ªnµ¦³�´��̧É

�¦ª�¡�Ä��¼o�oµ�µ¥¦·¤���Ä��¦»�Á�¡¤®µ��¦�¹É �

Å�o¦́��µ�Å°Á­̧¥¦�¥��r�¦ª¤�´Ê �¡¦³Â¨³Â¤n�̧�̧É

°µ«¥́°¥¼nÄ�ª�́®nµ��µ���������Á¤�¦�¹��1.5-3�Á�nµ24 

��³�̧É¦³��́�µ¦Å�o¦́�­´¤�­́­µ¦ 1,3-�·ª

�µÅ�°̧�Ä�Â�n¨³�»��¨�°�°µ­µ­¤�́¦� »̈n¤«¹�¬µ�

�. ¤µ��µ¡»���. �¨ª�Â����. ®�°��ª́�Â¨³� »̈n¤

Á�¦̧¥�Á�̧¥���. Â­¤­µ¦��. �¨�»¦̧¤̧�nµÄ�¨oÁ�̧¥���́�

Â�n­¼��ªnµ¦³�´��̧É�¦ª�ª�́Å�oÄ�°µ­µ­¤�́¦� »̈n¤

«¹�¬µ��. �oµ��µ���. ¤³�µ¤�¼n�Â¨³°µ­µ¤�́¦� »̈n¤

Á�¦̧¥�Á�̧¥���. ®�°�Å¦n ��. ¦³¥°��Ã�¥¦³��́�µ¦

Å�o¦́�­´¤�­́­µ¦ 1,3-�·ª�µÅ�°̧��̧É�̧É�¦ª�ª�́Å�oÄ�

°µ­µ­¤�́¦� »̈n¤«¹�¬µ�´Ê��5 Â®n��ÎÉµ�ªnµ¦³�´��̧É

�¦ª�¡����̧ÉÅ�o¦́�­µ¦�1,3��·ª�µÅ�°̧��µ��µ¦

Á�µÅ®¤oÅ¤oÄ��oµ��(0.���µg/m3��Â¨³Ä����̧ÉÅ¤nÅ�o

­¼��»®¦̧ÉÄ��¦³Á�«°�́�§¬�(0.40�µg/m3)25,26 ¦ª¤�´Ê�

�ÎÉµ�ªnµ¦³��́�̧É�¦ª�ª�́Å�oÄ��Îµ¦ª��¦µ�¦�̧É��·��́·

®�oµ�̧É���o°����Ä��¦»�Á�¡¤®µ��¦°¥¼n�̧É�3.15�

µg/m3(12)� 

 

1.3 ¦³�´�­µ¦Á���̧�Ä�Á¨º°� 

� ­µ¦Á���̧�Ä��ª́°¥nµ�Á º̈°�Á�È ���́�̧�̧Ê ª�́

�µ��̧ª£µ¡�°��µ¦¦́�­µ¦Á���̧�Á�oµ­¼n¦nµ��µ¥��¨

�µ¦�¦ª�ª· Á�¦µ³®r¦³�´�­µ¦Á���̧�Ä�Á º̈°��

(�µ¦µ��̧É�2)�¡�ªnµ°µ­µ­¤�́¦� »̈n¤«¹�¬µ�¨ª�Â��

Â¨³°µ­µ­¤�́¦� »̈n¤«¹�¬µ��. ¤µ��µ¡»�¤̧¦³��́

­µ¦Á���̧�Ä�Á º̈°�Ä�¨oÁ�̧¥��´��(193.���Â¨³�

192.25 ng/L �µ¤¨Îµ��́) ­¼��ªnµ¦³��́�̧É�¦ª�ª�́Å�o

Ä�°µ­µ¤´�¦� »̈n¤Á�¦̧¥�Á�̧¥�  �� .®�°�Å¦n�            

�. ¦³¥°��Â¨³��. Â­¤­µ¦��. �¨�»¦̧�(120.���Â¨³�

129.28 ng/L �µ¤¨Îµ��́)�°¥nµ�Å¦�È�µ¤¦³��́­µ¦

Á���̧�Ä�Á º̈°��°�°µ­µ­¤�́¦� »̈n¤«¹�¬µÂ¨³� »̈n¤

Á�¦̧¥�Á�̧¥�Å¤n¤̧�ªµ¤Â���nµ�°¥nµ�¤̧�¥́­Îµ��́�µ�

­�·�·�Ã�¥¦³��́­µ¦Á���̧�Ä�Á º̈°��̧É�¦ª�¡�Ä�

°µ­µ­¤�́¦� »̈n¤«¹�¬µ¤̧�nµÄ�¨oÁ�̧¥���́¦³��́�̧É�¦ª�

¡�Ä��¦³�µ���´ÉªÅ��̧ÉÅ¤nÅ�o�Îµ�µ�Á�̧É¥ª�o°���́

­µ¦Á���̧��´Ê�Ä�Á¤º°�Â¨³�����(200�Â¨³�296 

ng/L) Â¨³���µ��̧ÉÅ�o¦́�­µ¦Á���̧��µ�­�µ��̧É

� Îµ�µ�Ä�¦³�´��̧É� ÎÉ µ�ªnµ�100 µg/m3�(202�210 

ng/L)27 
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1.4 ¦³�´��¦�¤·ªÃ��·��(WUDQV�WUDQV-muconic acid, 

W�W-MA) Ä��́­­µª³ 

� ­µ¦ t,t-MA Ä��́­­µª³Á�È ���́�̧�̧Ê ª�́�̧É¤̧

�ªµ¤�ÎµÁ¡µ³�n°�µ¦Å�o¦́�­µ¦Á���̧�Á�oµ­¼n¦nµ��µ¥ 

Á�ºÉ°��µ� t,t-MA Á�È �­µ¦Â¤Á�Ã�Å¨�r��·�®�¹É ��̧É

Á�·��µ��µ¦Á�¨̧É¥�Â�¨��°�­µ¦Á���̧��̧ÉÁ�oµ­¼n

¦n µ��µ¥Â¨³�´�°°��µ��́­­µª³ �¨�µ¦�¦ª�

ª·Á�¦µ³®r¡�ªnµ ¦³��́�°� t,t-MA Ä��́­­µª³�°�

°µ­µ­¤´� ¦� »̈n ¤ «¹ �¬ µ�´Ê �  5  � »̈n ¤ Â¨³� »̈n ¤

Á�¦̧¥�Á�̧¥��´Ê� 2 � »̈n¤¤̧�nµÄ�¨oÁ�̧¥���́ Ã�¥¦³��́ 

t,t-MA Ä��́­­µª³�̧É�¦ª�¡�¤̧�nµ°¥¼n¦³®ªnµ� 0.04-

0.08 mg/g creatinine ��́Â­��Ä��µ¦µ��̧É�2 �¹É �

¦³�´�  t,t-MA Ä��́­­µª³�̧É�¦ª�ª´�Å�oÄ�

°µ­µ­¤�́¦� »̈n¤«¹�¬µÂ¨³� »̈n¤Á�¦̧¥�Á�̧¥� ¤̧�nµ

Ä�¨oÁ�̧¥��´�¦³�´��̧É�¦ª�¡�Ä�� »̈n¤�¦³�µ�¦

�´ÉªÅ�Å�oÂ�n ¡¦³Â¨³Â¤n�̧ Á�È���́Á¦̧¥�Ä�Ã¦�Á¦̧¥�

�nµ��´�®ª�́Â¨³���µ�Ä�­Îµ�´��µ��̧ÉÅ¤nÅ�o¦́�

­´¤�­́­µ¦ Á���̧��¹É �¤̧¦³��́ t,t-MA Ä��́­­µª³

°¥¼n¦³®ªnµ� 0.04 Â¨³�0.08 mg/g creatinine24 Â�n�ÎÉµ

� ªn µ ¦ ³�´� �̧É � ¦ ª �¡�Ä���Å¤n ­¼ ��» ® ¦̧É Ä �

�¦»�Á�¡¤®µ��¦�(0.24 mg/g creatinine) ¦ª¤�´Ê�Ä�

�µª�¦³¤�Ä� �. �¨�»¦̧�(0.18 mg/g creatinine)28,29 

 

1.5 ¦³�´�­µ¦Á¤Â��°Å¨�r �Monohydroxy-butyl 

mercapuric acid (MHBMA) Ä��́­­µª³ 

� ­µ¦�MHBMA Á�È �­µ¦Â¤Á�Ã�Å¨�r�°�

­µ¦�1,3-�·ª�µÅ�°̧��̧É¤̧�ªµ¤�ÎµÁ¡µ³Â¨³¤̧�ªµ¤

Â¤n�¥ Îµ­¼� �¼��Îµ¤µÄ�oÄ��µ¦�¦³Á¤·��µ¦Å�o¦́�­µ¦ 

1,3-�·ª�µÅ�°̧��̧É�nµ�¤µÅ�o�̧ �¨�µ¦�¦ª�ª·Á�¦µ³®r

¡�ªnµ ¦³��́Á�¨̧É¥�°�­µ¦ MHBMA Ä��́­­µª³

�°�° µ­ µ­¤´� ¦� »̈n ¤ «¹ � ¬ µ�´Ê �  5  Â®n � Â¨ ³

°µ­µ­¤�́¦� »̈n¤Á�¦̧¥�Á�̧¥��´Ê� 2 Â®n�Ä�¨oÁ�̧¥���́ 

Ã�¥¤̧�nµ¦³®ªnµ� 0.10-0.19 mg/g creatinine (�µ¦µ�

�̧É�2) °¥nµ�Å¦�È�µ¤¦³��́�̧É�¦ª�¡�Ä��́­­µª³�°�

�¦³�µ�¦¡ºÊ��̧É«¹�¬µ�´Ê �  5  Â®n �­¼ ��ªnµ¦³�´� 

MHBMA Ä��́­­µª³�°����µ��̧ÉÅ¤nÁ�̧É¥ª�o°���́

�µ¦Å�o¦́��ª�́�¼��(0.06 mg/g creatinine)11 Â�n

Ä�¨oÁ�̧¥���́¦³�´��̧É�¦ª�¡�Ä��¦³�µ���´ÉªÅ�

Â¨³�´� Á ¦̧¥�Ä��¦· Áª��¦µ�¦®�µÂ�n��°�

�¦»�Á�¡¤®µ��¦�(0.06 Â¨³�0.12 mg/g creatinine 

�µ¤¨Îµ��́)13 

 

2. �µ¦�¦³Á¤·��¨�¦³���n°­»�£µ¡�°��¦³�µ�¦�

2.1 ¦³�´��8�Hydroxydeoxyguanosine (8�OHdG) 

Ä�Á�¨ r̈Á¤È�Á¨º°��µª 

� ­µ¦��8�OHdG Á�·��µ��¦³�ª��µ¦

°°��· Á��´��(oxidation) �̧É Á�­�´ª�̧� (guanine 

base) �°�­µ¦¡�́�»�¦¦¤£µ¥Ä�Á�¨¨r��ÎµÄ®o�µ¦

�¨µ¥¡�́�rÂ���G to T transversion �¹É �Á�È �®�¹É �Ä�

¦¼�Â���̧É­Îµ��́�°��µ¦Á�·��ªµ¤Á­̧¥®µ¥�µ�£µª³

°°��·Á���́�(oxidative lesion) ��­µ¦¡�́�»�¦¦¤�

�oª¥Á®�»�̧Ê ¦³��́ 8�OHdG Ä�Á�¨¨r­µ¤µ¦��n��̧Ê�¹�

¦³��́�µ¦�ªµ¤Á­̧¥®µ¥�̧ÉÁ�·��¹Ê���­µ¦¡�́�»�¦¦¤

Å�o�Â¨³Á�È �Á�¦ºÉ °�¤º°�̧É­Îµ��́Ä��µ¦�Îµ�µ¥�ªµ¤

Á­̧É¥��°��µ¦Á�·�¤³Á¦È�Å�o�µ��µ¦¦́�­´¤�­́­µ¦�̧É¤̧

§��·Í �n°¤³Á¦È�Å�o �µ¦µ��̧É 2 Â­��¦³��́�8�OHdG 

Ä�Á�¨¨rÁ¤È�Á º̈°��µª�°�°µ­µ­¤�́¦Ä�¡ºÊ��̧É«¹�¬µ 

5 Â®n�Â¨³¡ºÊ��̧É�ª��»¤ 2 Â®n� ¡�ªnµ¦³�´�Á�¨̧É¥

�°��8�OHdG Ä�Á�¨¨rÁ¤È�Á º̈°��µª�°�°µ­µ­¤�́¦

� »̈n ¤ «¹ �¬ µ�´Ê �  5  � »̈n ¤ Â¨³°µ­ µ­¤´� ¦� »̈n ¤
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1.4 ¦³�´��¦�¤·ªÃ��·��(WUDQV�WUDQV-muconic acid, 

W�W-MA) Ä��́­­µª³ 

� ­µ¦ t,t-MA Ä��́­­µª³Á�È ���́�̧�̧Ê ª�́�̧É¤̧

�ªµ¤�ÎµÁ¡µ³�n°�µ¦Å�o¦́�­µ¦Á���̧�Á�oµ­¼n¦nµ��µ¥ 

Á�ºÉ°��µ� t,t-MA Á�È �­µ¦Â¤Á�Ã�Å¨�r��·�®�¹É ��̧É

Á�·��µ��µ¦Á�¨̧É¥�Â�¨��°�­µ¦Á���̧��̧ÉÁ�oµ­¼n

¦n µ��µ¥Â¨³�´�°°��µ��́­­µª³ �¨�µ¦�¦ª�

ª·Á�¦µ³®r¡�ªnµ ¦³��́�°� t,t-MA Ä��́­­µª³�°�

°µ­µ­¤´� ¦� »̈n ¤ «¹ �¬ µ�´Ê �  5  � »̈n ¤ Â¨³� »̈n ¤

Á�¦̧¥�Á�̧¥��´Ê� 2 � »̈n¤¤̧�nµÄ�¨oÁ�̧¥���́ Ã�¥¦³��́ 

t,t-MA Ä��́­­µª³�̧É�¦ª�¡�¤̧�nµ°¥¼n¦³®ªnµ� 0.04-

0.08 mg/g creatinine ��́Â­��Ä��µ¦µ��̧É�2 �¹É �

¦³�´�  t,t-MA Ä��́­­µª³�̧É�¦ª�ª´�Å�oÄ�

°µ­µ­¤�́¦� »̈n¤«¹�¬µÂ¨³� »̈n¤Á�¦̧¥�Á�̧¥� ¤̧�nµ

Ä�¨oÁ�̧¥��´�¦³�´��̧É�¦ª�¡�Ä�� »̈n¤�¦³�µ�¦

�´ÉªÅ�Å�oÂ�n ¡¦³Â¨³Â¤n�̧ Á�È���́Á¦̧¥�Ä�Ã¦�Á¦̧¥�

�nµ��´�®ª�́Â¨³���µ�Ä�­Îµ�´��µ��̧ÉÅ¤nÅ�o¦́�

­´¤�­́­µ¦ Á���̧��¹É �¤̧¦³��́ t,t-MA Ä��́­­µª³

°¥¼n¦³®ªnµ� 0.04 Â¨³�0.08 mg/g creatinine24 Â�n�ÎÉµ

� ªn µ ¦ ³�´� �̧É � ¦ ª �¡�Ä���Å¤n ­¼ ��» ® ¦̧É Ä �

�¦»�Á�¡¤®µ��¦�(0.24 mg/g creatinine) ¦ª¤�´Ê�Ä�

�µª�¦³¤�Ä� �. �¨�»¦̧�(0.18 mg/g creatinine)28,29 

 

1.5 ¦³�´�­µ¦Á¤Â��°Å¨�r �Monohydroxy-butyl 

mercapuric acid (MHBMA) Ä��́­­µª³ 

� ­µ¦�MHBMA Á�È �­µ¦Â¤Á�Ã�Å¨�r�°�

­µ¦�1,3-�·ª�µÅ�°̧��̧É¤̧�ªµ¤�ÎµÁ¡µ³Â¨³¤̧�ªµ¤

Â¤n�¥ Îµ­¼� �¼��Îµ¤µÄ�oÄ��µ¦�¦³Á¤·��µ¦Å�o¦́�­µ¦ 

1,3-�·ª�µÅ�°̧��̧É�nµ�¤µÅ�o�̧ �¨�µ¦�¦ª�ª·Á�¦µ³®r

¡�ªnµ ¦³��́Á�¨̧É¥�°�­µ¦ MHBMA Ä��́­­µª³

�°�° µ­ µ­¤´� ¦� »̈n ¤ «¹ � ¬ µ�´Ê �  5  Â®n � Â¨ ³

°µ­µ­¤�́¦� »̈n¤Á�¦̧¥�Á�̧¥��´Ê� 2 Â®n�Ä�¨oÁ�̧¥���́ 

Ã�¥¤̧�nµ¦³®ªnµ� 0.10-0.19 mg/g creatinine (�µ¦µ�

�̧É�2) °¥nµ�Å¦�È�µ¤¦³��́�̧É�¦ª�¡�Ä��́­­µª³�°�

�¦³�µ�¦¡ºÊ��̧É«¹�¬µ�´Ê �  5  Â®n �­¼ ��ªnµ¦³�´� 

MHBMA Ä��́­­µª³�°����µ��̧ÉÅ¤nÁ�̧É¥ª�o°���́

�µ¦Å�o¦́��ª�́�¼��(0.06 mg/g creatinine)11 Â�n

Ä�¨oÁ�̧¥���́¦³�´��̧É�¦ª�¡�Ä��¦³�µ���´ÉªÅ�

Â¨³�´� Á ¦̧¥�Ä��¦· Áª��¦µ�¦®�µÂ�n��°�

�¦»�Á�¡¤®µ��¦�(0.06 Â¨³�0.12 mg/g creatinine 

�µ¤¨Îµ��́)13 

 

2. �µ¦�¦³Á¤·��¨�¦³���n°­»�£µ¡�°��¦³�µ�¦�

2.1 ¦³�´��8�Hydroxydeoxyguanosine (8�OHdG) 

Ä�Á�¨ r̈Á¤È�Á¨º°��µª 

� ­µ¦��8�OHdG Á�·��µ��¦³�ª��µ¦

°°��· Á��´��(oxidation) �̧É Á�­�´ª�̧� (guanine 

base) �°�­µ¦¡�́�»�¦¦¤£µ¥Ä�Á�¨¨r��ÎµÄ®o�µ¦

�¨µ¥¡�́�rÂ���G to T transversion �¹É �Á�È �®�¹É �Ä�

¦¼�Â���̧É­Îµ��́�°��µ¦Á�·��ªµ¤Á­̧¥®µ¥�µ�£µª³

°°��·Á���́�(oxidative lesion) ��­µ¦¡�́�»�¦¦¤�

�oª¥Á®�»�̧Ê ¦³��́ 8�OHdG Ä�Á�¨¨r­µ¤µ¦��n��̧Ê�¹�

¦³��́�µ¦�ªµ¤Á­̧¥®µ¥�̧ÉÁ�·��¹Ê���­µ¦¡�́�»�¦¦¤

Å�o�Â¨³Á�È �Á�¦ºÉ °�¤º°�̧É­Îµ��́Ä��µ¦�Îµ�µ¥�ªµ¤

Á­̧É¥��°��µ¦Á�·�¤³Á¦È�Å�o�µ��µ¦¦́�­´¤�­́­µ¦�̧É¤̧

§��·Í �n°¤³Á¦È�Å�o �µ¦µ��̧É 2 Â­��¦³��́�8�OHdG 

Ä�Á�¨¨rÁ¤È�Á º̈°��µª�°�°µ­µ­¤�́¦Ä�¡ºÊ��̧É«¹�¬µ 

5 Â®n�Â¨³¡ºÊ��̧É�ª��»¤ 2 Â®n� ¡�ªnµ¦³�´�Á�¨̧É¥

�°��8�OHdG Ä�Á�¨¨rÁ¤È�Á º̈°��µª�°�°µ­µ­¤�́¦

� »̈n ¤ «¹ �¬ µ�´Ê �  5  � »̈n ¤ Â¨³°µ­ µ­¤´� ¦� »̈n ¤

 
 

 

 

Á�¦̧¥�Á�̧¥��´Ê� 2 � »̈n¤¤̧�nµÄ�¨oÁ�̧¥���́ Ã�¥¦³��́

­µ¦�8�OHdG �̧É�¦ª�¡�¤̧�nµ¦³®ªnµ� 0.06�0.11/105 

dG �¹É �¦³��́�8�OHdG Ä�Á�¨¨rÁ¤È�Á º̈°��µª�°�

�¦³�µ�¦Ä�¡ºÊ��̧É«¹�¬µÂ¨³¡ºÊ��̧É�ª��»¤¤̧¦³�´�

Ä�¨oÁ�̧¥���́¦³��́�̧É�¦ª�ª�́Å�oÄ��¦³�µ�¦�̧ÉÅ¤nÅ�o

°¥¼nÄ��¦· Áª��̧É¤̧¤¨¡·¬°µ�µ«Ä��¦·¤µ�­¼� Å�oÂ�n

�Îµ¦ª��̧É��·��́·�µ�Ä�­Îµ�´��µ��(0.10/105 dG)12  

°¥nµ�Å¦�È�µ¤ ¦³��́�̧É�¦ª�ª�́Å�oÄ��¦³�µ�¦Ä�

¡ºÊ��̧É«¹�¬µ�´Ê� 5 Â®n��o°¥�ªnµ¦³��́�̧É�¦ª�ª�́Å�oÄ�

�´�Á¦̧¥�Ä��¦· Áª��µ¦�¦µ�¦®�µÂ�n� (0.45/105 

dG)13 �°��µ��̧Ê  ¦³��́ 8�OHdG �̧É�¦ª�¡�Ä�

°µ­µ­¤�́¦� »̈n¤«¹�¬µÂ¨³� »̈n¤Á�¦̧¥�Á�̧¥�Å¤n¤̧

�ªµ¤Â���nµ�°¥nµ�¤̧�¥́­Îµ��́�µ�­�·�· Â¨³Å¤n¡�

�ªµ¤­´¤¡�́�r¦³®ªnµ�¦³�´��µ¦Å�o¦́�­´¤�­́­µ¦

Á���̧�Â¨³ 1,3-�·ª�µÅ�°̧�Ä�Â�n¨³�»��¨�´�

¦³��́�8�OHdG Ä�Á¤È�Á º̈°��µª°¥nµ�¤̧�¥́­Îµ��́

�µ�­�·�· �¹É ��n��̧ÊÅ�oªnµ­µ¦Á���̧�Â¨³ 1,3��·ª�µÅ�

°̧�Å¤n�nµ�n°Ä®oÁ�·��ªµ¤Á­̧É¥��n°�µ¦Á�·� 8�OHdG 

�̧É Á�È �¦¼ �Â��®�¹É ��°��ªµ¤Á­̧¥®µ¥�°�­µ¦

¡�́�»�¦¦¤��̧�Á°È��Á°��

2.2 ¦³�´��µ¦Â���Îµ¨µ¥�°�­µ¦¡´��»�¦¦¤        

(DNA strand breaks) 

� �µ��µ¦�¦ª�ª·Á�¦µ³®r¦³��́�DNA strand 

breaks Ä�Á¤È�Á º̈°��µª�oª¥Á���·��Comet assay 

Ã�¥ª�́¦³��́�°��tail length (TL) Â¨³�olive tail 

moment (OTM) �°�­µ¦¡�́�»�¦¦¤��̧  Á°È� Á° �°�

Á�¨¨rÁ¤È�Á º̈°��µª �¹É ��n��̧Ê �¹�¦³��́�µ¦Â���Îµ¨µ¥

�°�­µ¦¡�́�»�¦¦¤ ¡�ªnµ°µ­µ­¤�́¦� »̈n¤«¹�¬µ   

�. ¤µ��µ¡»� (TL = 1.88 µm Â¨³�OTM = 0.18 

µm) �.¤³�µ¤�¼n (TL = 1.83 µm Â¨³�OTM = 0.18 

µm) Â¨³ �. �¨ª�Â���(TL = 1.95 µm Â¨³�OTM 

= 0.19 µm) ¤̧¦³��́�°��DNA strand breaks ­¼��ªnµ

¦³�´��̧É�¦ª�¡�Ä�°µ­µ­¤�́¦� »̈n¤Á�¦̧¥�Á�̧¥�    

�. ®�°�Å¦n  (TL = 1.67 µm Â¨³�OTM = 0.16 µm) 

Â¨³��. Â­¤­µ¦ (TL = 1.67 µm Â¨³�OTM = 0.13 

µm) ��́Â­��Ä��µ¦µ��̧É�2 Ã�¥¦³��́�tail length 

Â¨³�olive tail moment �̧É�¦ª�¡�Ä�°µ­µ­¤�́¦Ä�

¡ºÊ��̧É«¹�¬µ�´Ê �  5 Â®n�¤̧�nµÄ�¨oÁ�̧¥��´�¦³�´��̧É

�¦ª�ª�́Å�oÄ��¦³�µ�¦�̧ÉÅ¤nÅ�o°¥¼nÄ��¦· Áª��̧É¤̧

¤¨¡·¬°µ�µ«Ä��¦·¤µ�­¼� (TL = 1.84 Â¨³�OTM 

= 0.15 µm)12 Â¨³Ä���́Á¦̧¥�Ä�Á���nµ���́®ª�́�̧ÉÅ¤n

¤̧�µ¦�¦µ�¦®�µÂ�n� (TL = 1.28 Â¨³�OTM = 0.16 

µm)13 Â�n�o°¥�ªnµ¦³��́�̧É�¦ª�¡�Ä��¦³�µ�¦�̧É

Å�o¦́�¤¨¡·¬°µ�µ«Ä��¦·¤µ�­¼� Å�oÂ�n ���µ�Á�È�

�¼�Ä�ª�́�̧ÉÅ�o¦́�­´¤�­́­µ¦Á���̧�Â¨³ 1,3��·ª�µ

Å�°̧�­¼��ªnµ (TL = 3.23 Â¨³�OTM = 0.26 µm)11  

°¥nµ�Å¦�È�µ¤ ¦³��́ DNA strand breaks �̧É�¦ª�¡�

Ä�°µ­µ­¤�́¦� »̈n¤«¹�¬µÂ¨³� »̈n¤Á�¦̧¥�Á�̧¥�Å¤n¤̧

�ªµ¤Â���nµ�°¥nµ�¤̧�¥́­Îµ��́�µ�­�·�· Â¨³Å¤n¡�

�ªµ¤­´¤¡�́�r¦³®ªnµ�¦³�´��µ¦Å�o¦́�­´¤�­́­µ¦

Á���̧�Â¨³ 1,3-�·ª�µÅ�°̧�Ä�Â�n¨³�»��¨�´�

¦³��́�µ¦Á�·� DNA strand breaks °¥nµ�¤̧�¥́­Îµ��́

�µ�­�·�· �¹É ��̧Ê Ä®oÁ®È�ªnµ¦³��́ DNA strand breaks 

�̧ÉÁ�·��¹Ê�Å¤n�nµ�³¤̧­µÁ®�»¤µ�µ�­µ¦°·��¦̧¥r¦³Á®¥

�nµ¥�n°¤³Á¦È��´Ê� 2 ��·��̧Ê   

2.3 ¦³�´��ªµ¤­µ¤µ¦�Ä��µ¦�n °¤Â�¤­µ¦

¡�́�»�¦¦¤ (DNA repair capacity) 

� �µ��µ¦�¦ª�ª·Á�¦µ³®r¦³��́ DNA repair 

capacity �oª¥Á���·��cytogenetic challenge assay 
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0 . 2 7 /metaphase)11� Â ¨ ³ �´ � Á ¦̧ ¥ � Ä �� ¦· Á ª �

�µ¦�¦µ�¦®�µÂ�n��(0.���Â¨³�0.45/metaphase)13 
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�·��·�¦¦¤�¦³�µ« 

� �µ¦«¹�¬µª·�´¥�̧Ê Å�o¦́��µ¦­�´�­�»��»�

ª·�´¥�µ�­Îµ�´��µ��°��»�­�´�­�»��µ¦ª·�´¥�

( ­ � ª . )� � ° � �» � ­·É � Â ª � ¨o ° ¤ � � ¦ ³ � ¦ ª �

�¦́¡¥µ�¦�¦¦¤�µ�·Â¨³­·É�Âª�¨o°¤�«¼�¥r�ªµ¤Á�È �

Á ·̈«�oµ�°�µ¤´¥­·É �Âª�¨o°¤Â¨³¡·¬ª·�¥µ�­Îµ�´�



/:+2:+&<1/<�*:H�*�beeh�ģ�c`Ůbů 125

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

 
 

 

 

Â¨³�deletion �°�Ã�¦Ã¤Ã�¤Ä�¦³¥³�metaphase 

®µ�¦³��́�ª¤�·����·�°�Ã�¦Ã¤Ã�¤�´Ê��2���·��̧Ê

­¼��¹Ê��Â­��ªnµ¤̧�ªµ¤­µ¤µ¦�Ä��µ¦�n°¤Â�¤­µ¦

¡�́�»�¦¦¤�̧É�¼��Îµ¨µ¥�ÎÉµ¨��¡�ªnµ¦³��́�radiation-

induced dicentrics Â¨³�deletions �̧É�¦ª�¡�Ä�

°µ­µ­¤�́¦� »̈n¤«¹�¬µ����. ¤µ��µ¡»��(0.���Â¨³�

0.23/metaphase) �. ®�°��´ª�(0.���Â¨³�

0.21/metaphase) �.  ¤³�µ¤�¼n �(0.���Â¨³�

0.22/metaphase) Â¨³� »̈n¤Á�¦̧¥�Á�̧¥���.®�°�Å¦n�

(0.���Â¨³�0.21/metaphase) ­¼��ªnµ¦³��́�̧É�¦ª�
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0 . 2 7 /metaphase)11� Â ¨ ³ �´ � Á ¦̧ ¥ � Ä �� ¦· Á ª �

�µ¦�¦µ�¦®�µÂ�n��(0.���Â¨³�0.45/metaphase)13 

°¥nµ�Å¦�È�µ¤�¦³��́ DNA repair capacity �̧É�¦ª�

¡�Ä�°µ­µ­¤�́¦� »̈n¤«¹�¬µÂ¨³� »̈n¤Á�¦̧¥�Á�̧¥�

Å¤n¤̧�ªµ¤Â���nµ�°¥nµ�¤̧�´¥­Îµ��́�µ�­�·�·�Â¨³

¦³��́�µ¦Å�o¦́�­´¤�­́­µ¦Á���̧�Â¨³ 1,3-�·ª�µÅ�

°̧�Ä�Â�n¨³�»��¨Å¤n ¤̧�ªµ¤­´¤¡´��r °¥nµ� ¤̧

�¥́­Îµ��́�µ�­�·�·��́¦³��́ DNA repair capacity �̧É

Á�· ��¹Ê � �Â­��Ä®o Á®È�ªnµ�ªµ¤­µ¤µ¦�Ä��µ¦

�n°¤Â�¤­µ¦¡�́�»�¦¦¤�°�°µ­µ­¤�́¦� »̈n¤«¹�¬µ

Â¨³� »̈n¤Á�¦̧¥�Á�̧¥�Å¤nÂ���nµ��´��¦ª¤�´Ê�­µ¦

Á���̧�Â¨³�1,3��·ª�µÅ�°̧�Å¤n�nµ�³Á�È �­µÁ®�»�̧É

�n°Ä®oÁ�·��ªµ¤�·����·�°�¦³���µ¦�n°¤Â�¤�°�

­µ¦¡�́�»�¦¦¤Ä�°µ­µ­¤�́¦� »̈n¤«¹�¬µÂ¨³� »̈n¤

Á�¦̧¥�Á�̧¥� 

�

­¦»��¨�µ¦«¹�¬µ 

 ¦³��́­µ¦Á���̧�Â¨³�1,3��·ª�µÅ�°̧�Ä�

°µ�µ«Â¨³¦³��́�µ¦Å�o¦́�­´¤�­́­µ¦�´Ê������·��̧Ê

Ä�Â�n¨³�»��¨�°��¦³�µ�¦Ä�¡ºÊ��̧É«¹�¬µ�¦ª¤�¹�

¦³��́��́�̧�̧Ê ª�́�µ��̧ª£µ¡�nµ�Ç��̧É�¦ª�ª�́Å�oÄ�

�µ¦«¹�¬µ�̧Ê Å¤nÂ­��Ä®oÁ®È��¹��ªµ¤Â���nµ�°¥nµ�

�´�Á��¦³®ªnµ�� »̈n¤�¦³�µ�¦�̧ÉÅ�o¦́�­µ¦Á���̧�

Â¨³�1,3��·ª�µÅ�°̧�Ä�¡ºÊ��̧É°»�­µ®�¦¦¤�Â¨³

� »̈n¤�¦³�µ�¦�̧É°¥¼n�°�¡ºÊ��̧É°»�­µ®�¦¦¤���́�´Ê�

­µ¦Á���̧�Â¨³1,3��·ª�µÅ�°̧��¹�Å¤nÄ�n�́��¥́�̧É

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

°¥nµ�Å¦�È�µ¤¤¨¡·¬°ºÉ�Ç�°µ�·Á�n�� »n �¨³°°���µ�

Á¨È��Ã¨®³®�´��Â¨³­µ¦Ã¡¨̧Å�� ·̈�°³Ã¦¤µ�·�

Å±Ã�¦�µ¦r�°�Á�È ��o��­µ¤µ¦��n°Ä®oÁ�·��ªµ¤

Á­̧É ¥��n°�µ¦Á�·�Ã¦��nµ�Ç�¦ª¤�´Ê�Ã¦�¤³Á¦È��Á¡ºÉ°

Á�È ��µ¦�o °���́�¨�¦³���n°­»�£µ¡�°��¦³�µ�¦

Ä���́®ª�́¦³¥°���ÎµÁ�È ��o°�¤̧�µ¦«¹�¬µÂ¨³Á o µ

¦³ª�́�¹�¦³��́¤¨¡·¬� »̈n¤°ºÉ�Ç��¨°����́��¥́Á­̧É¥�

�nµ�Ç��̧É¤̧�¨�n°­»�£µ¡�°��¦³�µ�¦Á¡·É¤Á�·¤ 

 

�·��·�¦¦¤�¦³�µ« 

� �µ¦«¹�¬µª·�´¥�̧Ê Å�o¦́��µ¦­�´�­�»��»�

ª·�´¥�µ�­Îµ�´��µ��°��»�­�´�­�»��µ¦ª·�´¥�

( ­ � ª . )� � ° � �» � ­·É � Â ª � ¨o ° ¤ � � ¦ ³ � ¦ ª �

�¦́¡¥µ�¦�¦¦¤�µ�·Â¨³­·É�Âª�¨o°¤�«¼�¥r�ªµ¤Á�È �

Á ·̈«�oµ�°�µ¤´¥­·É �Âª�¨o°¤Â¨³¡·¬ª·�¥µ�­Îµ�´�

 
 

 

 

¡�́�µ��́�·�«¹�¬µÂ¨³ª·�¥́�oµ�ª·�¥µ«µ­�¦rÂ¨³

Á��Ã�Ã¨¥�̧(­�ª���Â¨³­�µ��́ª·�¥́�»¯µ£¦�r 

�

Á°�­µ¦°oµ�°·� 

1. �¦¤�ª��»¤¤¨¡·¬���¨�µ¦�¦ª�ª�́­µ¦°·��¦̧¥r
¦³Á®¥�nµ¥�(VOCs) 2550�2557���¦³�¦ª�

� ¦́¡ ¥ µ� ¦� ¦¦¤� µ�· Â ¨ ³­·É � Â ª�¨o ° ¤¤�

�¦»�Á�¡²���¦¤�ª��»¤¤¨¡·¬; 2557. 

2. Jadsri S, Singhasivanon P, Kaewkungwal J, et 

al. Spatio-temporal effects of estimated 

pollutants released from an industrial estate on 

the occurrence of respiratory disease in 

Maptaphut Municipality, Thailand. Int J Health 

Geogr 2006; 5: 48. 

3. Khuhaprema T AP, Sriplung H, Wiangnon S, 

et al. Cancer in Thailand Volume VI, 2004�

2006��2012. 

4. Peluso M, Srivatanakul P, Munnia A, et al. 

DNA adduct formation among workers in a 

Thai industrial estate and nearby residents. Sci 

Total Environ 2008; 389(2�3): 283�8. 

5.  IARC. IARC Monographs on the evaluation of 

carcinogenic risks to humans. Overall 

evaluations of carcinogenicity: an updating of 

IARC Monographs volumes 1 to 42��Lyon, 

France: World Health Organization; 1987��1�

440p. 

6. IARC. IARC Monographs on the evaluation of 

carcinogenic risks to humans. Overall 

evaluations of carcinogenicity Volume 97��

Lyon, France: World Health Organization; 

2008. 

7. Erexson GL, Tindall KR. Reduction of 

diepoxybutane-induced sister chromatid 

exchanges by glutathione peroxidase and 

erythrocytes in transgenic Big Blue® mouse 

and rat fibroblasts. Mutat Res 2000; 447(2): 

267�74. 

8. Kolachana P, Subrahmanyam VV, Meyer KB, 

et al. Benzene and its phenolic metabolites 

produce oxidative DNA damage in HL60 cells 

in vitro and in the bone marrow in vivo. Cancer 

Res 1993; 53(5): 1023�6. 

9. :DQ�-��:LQQ�/0��%HQ]HQHuV�PHWDEROLWHV�DOWHU�

c-MYB activity via reactive oxygen species in 

HD3 cells. Toxicol Appl Pharmacol 2007; 

222(2): 180�9. 

10. Buthbumrung N, Mahidol C, Navasumrit P, et 

al. Oxidative DNA damage and influence of 

genetic polymorphisms among urban and rural 

schoolchildren exposed to benzene. Chem Biol 

Interact 2008; 172(3): 185�94. 

11. Navasumrit P, Arayasiri M, Hiang OM, et al. 

Potential health effects of exposure to 

carcinogenic compounds in incense smoke in 

temple workers. Chem Biol Interact 2008; 

173(1): 19�31. 

12. Arayasiri M, Mahidol C, Navasumrit P, et al. 

Biomonitoring of benzene and 1,3�butadiene 

exposure and early biological effects in traffic 



 Thai J Toxicology 2015 : 30(2)   126

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

 
 

 

 

policemen. Sci Total Environ 2010; 408(20): 

4855�62. 

13. Ruchirawat M, Navasumrit P, Settachan D. 

Exposure to benzene in various susceptible 

populations: co-exposures to 1,3�butadiene and 

PAHs and implications for carcinogenic risk. 

Chem Biol Interact 2010; 184(1�2): 67�76. 

14. Au WW, Bechtold WE, Whorton EB, Jr., 

Legator MS. Chromosome aberrations and 

response to gamma-ray challenge in 

lymphocytes of workers exposed to 1,3�

butadiene. Mutat Res 1995; 334(2): 125�30. 

15. Au WW, Giri AK, Ruchirawat M. Challenge 

assay: A functional biomarker for exposure-

induced DNA repair deficiency and for risk of 

cancer. Int J Hyg Environ Health 2010; 213(1): 

32�9. 

16. Navasumrit P, Chanvaivit S, Intarasunanont P, 

et al. Environmental and occupational exposure 

to benzene in Thailand. Chem Biol Interact 

2005;153�154:75�83. 

17. Melikian AA, Qu Q, Shore R, et al. Personal 

exposure to different levels of benzene and its 

relationships to the urinary metabolites S-

phenylmercapturic acid and trans,trans-

muconic acid. J Chromatogr B  2002; 778(1�

2): 211�21. 

18. Vattanasit U, Navasumrit P, Khadka MB, et al. 

Oxidative DNA damage and inflammatory 

responses in cultured human cells and in 

humans exposed to traffic-related particles. Int 

J Hyg Environ Health 2014; 217(1): 23�33. 

19. ��³�¦¦¤�µ¦­·É �Âª�¨o°¤Â®n��µ�·. �¦³�µ«

��³�¦¦¤�µ¦­·É �Âª�¨o°¤Â®n��µ�· ���́�̧É 30 

(¡ .« . 2 5 5 0 )  Á ¦ºÉ ° �  �Îµ®��¤µ�¦�µ��n µ

­µ¦°·��¦̧¥r¦³Á®¥�nµ¥Ä��¦¦¥µ�µ«Ã�¥�´ÉªÅ�

Ä�Áª¨µ�1 �̧��¦³�¦ª��¦́¡¥µ�¦�¦¦¤�µ�·Â¨³

­·É �Âª�¨o°¤ �¦» �Á�¡¤®µ��¦: �¦¤�ª��»¤

¤¨¡·¬; 2550. 

20. Hsieh LT, Yang HH, Chen HW. Ambient 

BTEX and MTBE in the neighborhoods of 

different industrial parks in Southern Taiwan. J 

Hazard Mater 2006; 128(2�3): 106�15. 

21. Higashino H, Mita K, Yoshikado H, et al. 

Exposure and risk assessment of 1,3�butadiene 

in Japan. Chem Biol Interact 2007; 166(1�3): 

52�62. 

22. Fustinoni S, Buratti M, Campo L, et al. 

Urinary t, t-muconic acid, S-phenylmercapturic 

acid and benzene as biomarkers of low benzene 

exposure. Chem Biol Interact 2005; 153: 253�

6. 

23. Buthbumrung N, Mahidol C, Navasumrit P, et 

al. Oxidative DNA damage and influence of 

genetic polymorphisms among urban and rural 

schoolchildren exposed to benzene. Chem Biol 

Interact 2008; 172(3): 185�94. 

24. Navasumrit P, Chanvaivit S, Intarasunanont P, 

et al. Environmental and occupational 



/:+2:+&<1/<�*:H�*�beeh�ģ�c`Ůbů 127

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

 
 

 

 

policemen. Sci Total Environ 2010; 408(20): 

4855�62. 

13. Ruchirawat M, Navasumrit P, Settachan D. 

Exposure to benzene in various susceptible 

populations: co-exposures to 1,3�butadiene and 

PAHs and implications for carcinogenic risk. 

Chem Biol Interact 2010; 184(1�2): 67�76. 

14. Au WW, Bechtold WE, Whorton EB, Jr., 

Legator MS. Chromosome aberrations and 

response to gamma-ray challenge in 

lymphocytes of workers exposed to 1,3�

butadiene. Mutat Res 1995; 334(2): 125�30. 

15. Au WW, Giri AK, Ruchirawat M. Challenge 

assay: A functional biomarker for exposure-

induced DNA repair deficiency and for risk of 

cancer. Int J Hyg Environ Health 2010; 213(1): 

32�9. 

16. Navasumrit P, Chanvaivit S, Intarasunanont P, 

et al. Environmental and occupational exposure 

to benzene in Thailand. Chem Biol Interact 

2005;153�154:75�83. 

17. Melikian AA, Qu Q, Shore R, et al. Personal 

exposure to different levels of benzene and its 

relationships to the urinary metabolites S-

phenylmercapturic acid and trans,trans-

muconic acid. J Chromatogr B  2002; 778(1�

2): 211�21. 

18. Vattanasit U, Navasumrit P, Khadka MB, et al. 

Oxidative DNA damage and inflammatory 

responses in cultured human cells and in 

humans exposed to traffic-related particles. Int 

J Hyg Environ Health 2014; 217(1): 23�33. 

19. ��³�¦¦¤�µ¦­·É �Âª�¨o°¤Â®n��µ�·. �¦³�µ«

��³�¦¦¤�µ¦­·É �Âª�¨o°¤Â®n��µ�· ���́�̧É 30 

(¡ .« . 2 5 5 0 )  Á ¦ºÉ ° �  �Îµ®��¤µ�¦�µ��n µ

­µ¦°·��¦̧¥r¦³Á®¥�nµ¥Ä��¦¦¥µ�µ«Ã�¥�´ÉªÅ�

Ä�Áª¨µ�1 �̧��¦³�¦ª��¦́¡¥µ�¦�¦¦¤�µ�·Â¨³

­·É �Âª�¨o°¤ �¦» �Á�¡¤®µ��¦: �¦¤�ª��»¤

¤¨¡·¬; 2550. 

20. Hsieh LT, Yang HH, Chen HW. Ambient 

BTEX and MTBE in the neighborhoods of 

different industrial parks in Southern Taiwan. J 

Hazard Mater 2006; 128(2�3): 106�15. 

21. Higashino H, Mita K, Yoshikado H, et al. 

Exposure and risk assessment of 1,3�butadiene 

in Japan. Chem Biol Interact 2007; 166(1�3): 

52�62. 

22. Fustinoni S, Buratti M, Campo L, et al. 

Urinary t, t-muconic acid, S-phenylmercapturic 

acid and benzene as biomarkers of low benzene 

exposure. Chem Biol Interact 2005; 153: 253�

6. 

23. Buthbumrung N, Mahidol C, Navasumrit P, et 

al. Oxidative DNA damage and influence of 

genetic polymorphisms among urban and rural 

schoolchildren exposed to benzene. Chem Biol 

Interact 2008; 172(3): 185�94. 

24. Navasumrit P, Chanvaivit S, Intarasunanont P, 

et al. Environmental and occupational 

 
 

 

 

exposure to benzene in Thailand. Chem Biol 

Interact 2005; 153: 75�83. 

25. Gustafson P, Barregard L, Strandberg B, 

Sallsten G. The impact of domestic wood 

burning on personal, indoor and outdoor levels 

of 1,3�butadiene, benzene, formaldehyde and 

acetaldehyde. J Environ Monitor 2007; 9(1): 

23�32. 

26. Kim YM, Harrad S, Harrison RM. Levels and 

sources of personal inhalation exposure to 

volatile organic compounds. Environ Sci 

Technol 2002; 36(24): 5405�10. 

27. Brugnone F, Perbellini L, Romeo L, et al. 

Benzene in environmental air and human 

blood. Int Arch Occup Environ Health 1998; 

71(8): 554�9. 

28. Thummachinda S, Kaewpongsri S, Wiwanitkit 

V, et al. High urine ttMA levels among 

fishermen from a Thai rural village. Southeast 

Asian J Trop Med Public Health 2002; 33(4): 

878�80. 

29. Wiwanitkit V, Suwansaksri J, Soogarun S. 

Monitoring of urine trans, trans-muconic acid 

level among smokers and non-smokers. Respir 

Med. 2005;99(6):788�91. 


