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1. ÆÇa� 
 
¦ ��20���������������� ÆÇD��$Jdbf~Åä�2åád
�y£°��QkS28Iæ��ÆÇË"� 23%e%$©Ô« 
 
2. ÆÇ¶· 23%e�©Ô$9:ì½± 
 
dbf~Åä�2]^2¶·Jîï2ðñ�´�{µJòóôõ2ö÷J�¿9:øù³

2úÍJûüÏw©�JûüvýÏw©�Jb�þ���âád2úÍJ�©ö÷J��¿

³2úÍ9:�h	
Ïw©���Jdbf~Åä�2����½�{S�ý�´�{®

�Õ°« 
¦ �û�Jû�Ö9:�2�â�Å�b��c�å����2úÍ��J�ËÏwQ��®

��2�Ó¾J���û��j���J�½�û�� 30 mg/m3Ò 2�QJ!���½û

�� 30 mg/m3Ò 2�Q´�{°«¼{�2»"J�2 100 mg/m3�2�û��â�Å

�b��c�å������J�ËÏwQ���J�¨ 20%Ò 2#Û 25%2���Ó$
¾´�{°«¼2�ý�����½$%JÊÆÇQYZSdbf~Åä�2åádQ&¯S

4'æ��]^QkS(��³ NOAEL$�J�û�2�â�Å�b��c�å����
§2���������d½�¤ 30 mg/m3�ÀS½$%�{°« 
¦  
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 %$WX EPAQYZSF[\]^���� 

WX�	/2��Ë"� USEPA’s Office of Pesticides Programs$¾qr]
^��� Residential Exposure Assessment$2«���c½�¤���¿�
§ ç$ Standard Operating ProceduresJÒÓ SOP$�¿��¤£S 1997
�$«« SOPQ&¯Sþ�báf�"�d�SOP�j¤2¿4®]^��bà
����¤£S���§2G¾2Ö�JqrÒm2Ï�J�å���Js P

�2F[\Q&¯S]^��bà bystander exposureÔ��� spray drift$
Ô$�¯S��¾íz{¤£S«SOP2)_®�,�°�®£¾J1999�Q�
�Ë"�QkÈ SOP QYZS�¨�2��|Q&¯S3� Overview of 
Issues Related to the Standard Operating Procedures For Residential 
Exposure Assessment$¾�ºz{¤£S«Ä�2��2Ö�) Q���|
Ä=Ï�JÄ�!�â�ã�Yk:Á2®2s"2f�2��xyQ#$¯S

]^Ë%� Issue 7: Calculating Exposure from the Use of Pesticides in 
Schools, Day-Care Centers and other Public Places$½¶z{°|Q��¤J
EPA 2,��3´ÒÓ2k»�ÀS«�EPA �J*&¾'pwQÂ¬®ôß
���Q]^z{ScJÁ{�qrxy2fQ(�®£¼½��Ð�¤£S«

SOP�)qr]^��2°±2 SOP*½��z{¤£S¾JqrÒm2f�#
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¼È»SÂ�2xyþã��Ô+,¯SÔ2�ÀS«_%-J#v�2��]

^��2SOP�./�Ï�2#¢�2/0:QÔ«¬Q�¤�ìS«̄ ®�"J

SOP Q¶$z{¤£S£µ{2]^��bàÔ.Òm2f/�2]^��Qy
£S¼½¾�ÞS«� 
¼2¼½��J1997 �® SOP Q¶z{¤£S 13.2  Inhalation Bystanders 
and Postapplication Dose Among Adults and Children from Pesticide 
Applications in and Around a Residence�J1yQkÕ¤s"2fQYZSF
[\Q&¯S��]^��bà½�¤y£S¼½¾�ÞSÔ2½2÷�ÞS« 
 
 
 �$EPA Pesticide Fact SheetQYZSF[\]^��2_ 

D3Q�d¥¦bcf��¾F[\ Bystander$Ô&�½�¤º�{¤£S
_�JEPA Pesticide Fact Sheet��45�°« 
 
_%=¦ýÏãdFurfural 2006�WX67$e89�º:�2°±'Ày 

]^��dqrÀS£�F[\]^ 
Furfural �qrxy½�¤267�®£¾J;�c�2xyQ�<�¤

:¥2�b dQkSqrÀS£�F[\]^2·¸�¾ÀS« Ö´$]

^ÃÄÅ½�¤ EPA Industrial Source Complex: Short-Term Model
 ISCST3$�xy�¤�b��;�cm�2¥Ö���Ë%«F[\y]
^%�µ� Margin of Exposure, MOE$� 300Ò ½�¤JÁ{�ÓG
{-F[\��=>}&Å Level of concern, LOC$½¯S«ÃÄÅË%
2¶·JMOE 300�i�¯S°±Q�?@;�c��AÓ��)� 30 mJ
i@;�c��« 100 m 2BC¾�4½íDz{°«���®¾�JÃÄ
ÅË%�D32EmFG�{�{°Ä�ã��®�JÃÄÅÄ�ãQ¸¹�

Ô2�ÀÈHI���£¼½Q,�¯JÞ�ÀS« 
 
_�=¦ýÏãdIndomethane 2007�WX67$e89�º:�2°±'Ày 

�d]^Yk:bcf��dK���]^½bcf 
Indomethane2k»®�º:�2LÒ���Q2¨2f³QMNz{S«

¯®�"Jò¢OQYZSPQ�.��vR½¯SS¥QkS�	i¥Ö§

2LÒ2f³½òT/2Uh¢��2S¥2f³�ÀS« 
MOE 30 �i�¯S°±Q�4®ßá V�W��Ä'cã�c¾��

w�¿¢OQY£¤X&QÃÄÅË%z{¤£S WXè¢OQYZSY�

®ßá V�W��Ä'cã�c mÀS£� ft�í$2��
´$« 
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%=¦'p� F[\$2]^½bcfe�	i¥ 

Z[Jiodomethane�\�xyz{¤£®£°±J�	Ã�ãb��
Ä�ã�]y�ÞµJ�	i¥Ö iodomethane ]^���ïhýÏw
�^½�	Ö;_Q¸¹£¤Í³wQºÕ°«�	i¥Ö iodomethane
§2]^���b�*��#¼S·¸�¾ÀS«EPA � methyl 
bromide 2`�Yk:Á2Ã�ãb��Ä�ã½2ab��J
iodomethane §2F[\]^�cd½�®�®£�Àe»½�H�¤
£S« 

�=¦'p� F[\$2]^Yk:p� ©Èf£\$]^½bcf 
 eS¥c 

Uh¢��2S¥23QYZSF[\Yk:©f\]^½bcf2

��Q� EPA� Probabilistic Exposure and Risk model for Fumigant 
 PERFUM model$�xy�°«PERFUM model ��JUh¢��
AÓa�§2¥Ö���Ë%¯S2QJ '�Å�:�ÆÇQYZSS

¥Ä�ã½ 5 �æQ�°S¥�Ä�ã�y£S«%�� 40 ��g�Q
�°S�¢�&�½�°« 

&=¦p�2]^½bcf 
EPA2=>}&Å�h%S]^Yk:bcf�Jdåfã��å�ß

��i�jr�¾¬®��yÜ.k��Q¨Z®£f³Q�#¼È

{S«�º: 5I Q�"�Sk»®f³Q�Ü.k�lm�®�¤Ô
EPA2=>}&Å�h%S¼½�®£« 
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 “The Complete Book of Pesticide Management e Science, Regulation, 
Stewardship, and Communication” ��bcfghij$ 

Edited by Fred Whitford (2002)  
 
 
 “Pesticide Toxicology and International Regulation” 
 ��2��Yk:lmXQYZSno$ 

Edited by Timothy C. Marrs and Bryan Ballantyne (2004)  
 
 
 “Occupational and Residential Exposure Assessment for Pesticides” 
 ��2p�]^Yk:qr]^��$ 

Edited by Claire A. Franklin and John P. Worgan (2005)  
 
 

 
“Safety of Pyrethroids for Public Health Use” 
  stuv0wQxyz{S|}c~��2�j�$ 

World Health Organization, Geneva (2005) 
 

 
“Organophosphorus pesticides induce apoptosis in human NK cells” 
 ��b����QkS�d NK����d��c2��$ 

Li Q, Kobayashi M, Kawada T.; Toxicology 239 (2007) 89-95. 
 
 
 
 
 
 
 
 
 

III-4



 

“The Complete Book of Pesticide Management  
 Science, Regulation, Stewardship, and Communication” 

��bcfghij 

Edited by Fred Whitford (2002) 
 
 
¦ Ê��Á2ã�dÅQÔÀSk»QJ��2nÏJ�noJo�Yk:�p(�!�

�)�PQ¨£¤qrws¨c£���ºÕ°ÁÂ��ÀS«ÒÓQFòt���no

2`ue&* 'ád��bcf§e��4·¯S« 
 
¯IJ����"bgQY£¤YÁ��)Ôno2v�£w!0�ÀS«��xy

2&* 'ád½bcf�¼2��267½xyQ�¯SP³®no2`uQ\�}

~z{¤£S« 
¦ WXM6���QkS�d¥¦Yk:�	bcf�gh¯S°±�¨2�4®�xJ

¯®�"<yz{�z|�zÁ��(FIFRA)Yk:<yÀ!}�!ý~!�(FFDCA)
�oÍ�¤£S«FIFRA�WX�	/(EPA)Q��67Q�¯S�(J̄ ®�"JýÏJ

��J�	��Yk:+,Q�¯SÆÇ�E���\Q�Òz�JÁ{�Q¸¹Þå&

Å�í��Í¯S�(��%¤£S«À!��3½��¯S��� FFDCAQkÕ¤n
oz{¤YÈJEPA�À!��3Ö2+,��¸���Í±¤£S« 
¦ ��67Q�¯Sno��J�4Ä�ãJÆÇD�a�Jbcf��2��ÞYk:

å&Å�íQ¨£¤`Í�¤£S«EPA �¼{�2���y£¤�d¥¦Yk:�	
-jQ&�¤��¾£°µ�Q����9�¯¼½®�xy�ÞS�¶»���Í�

¤£S«z�Q�dYk:�	Q&¯S`�2bcfQ&U¯S°±J��xyQkÈ

#¼È»SÑ�J�6Yk:�	�Û����¤£S«NDJ�Ì�Í2f����2

�dYk:�	Q&¯S�[wbcf½�6J�	Yk:Ñ�Q&¯S&* 'ád2

ßå�c�$��¤£S« 
¦ 1906�2À!}�!��À!Ö§2�j��ï^2�����°«Á2 J1910�
Q�z{��¾oÍz{J�æ���Ô����¬�íz{°z{�Yk:z|�2

��#��¾���{°«Á2�°S0w�w!Q¬®�í¾º�{Jèé¾���

å&ÅQ¶$z{S¼½�-Î¯S¼½�ÀÕ°«z{��Q����J674��,

ì{¤Y�µJ�j¸�Ô�J�{¤£®�Õ°«z{��� 1947�Q®S½kÈ+
�w®<yz{�z|�zÁ��(FIFRA)½®Õ°«FIFRA �����\QWX��

 USDA$QÁ2�!�67z�S¼½� �çZS)¡2�x�ÀÈJ¯J¤2�
�Q¨£¤�æÔ���mX½2©�Yk:��zQ67z�S�¢�£¨Ô2�À

Õ°«¡2 USDA67¤¥(USDA#1-1)� PRATT’S Dip and DisinfectionQ 1947�
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11' 14IQ�ºz{°« 
¦ ��©¦�� 1954�Q®S½§�MillerQkS¬Í��Z¤FFDCA§½�u�¤
£Õ°«¬ÍF¨��©ï2ÖÀS£��ªQ+,¯S��2«é�2���4�¯S

Ô2�ÀÕ°««é�����Ý QU¬z{°¿ïÖÀS£��ªQ+,¯S�wQ

«z{S¸���ÀS«Ê���Q¬��n good agricultural practices$Q¸
¹£¤oÍz{°« 
¦ 1958�Q�JFFDCAQ DelaneyF¨½�¤+�{S¬Í¾®%�{°«¼{��
dÀS£�DÇîïQ¯�Ô°�¯¼½¾�±�{°£�®SÀ!æ®ïÔÁ2xy

���°Ô2�ÀÕ°«¼2¼½QkÈ®°! d%d��cdJd%d£�c®¶$

Ö2��¾s32�©ïÖ2+,��Ò 2��2f³JÁ{�æ®ï½´®z{

DelaneyF¨Q�{S¼½½®Õ°« 
¦ Rachel Carson± Silent Spring ²³2´J1962�$Q��z{S 1960��2�
	��§2�02�ìÈ�J�"bgX+¾���¶2k»Q,S��ÖµQ�°È�

%SÔ2�ÀÕ°«�c)Ô¶�Qx�{¤£°z{�� DDTJaldrinJdieldrin ®
¶�,·¸ý¹º�»º�½¼-{Sò�2ýÏï^�ÀÕ°«�	�î.��(�c

"Ä'��¼{�2����	Ö�vï�½�Àï<,2¾�¿"JEvvï�Ö�z

�S½ÀÁ�¤°«Silent Spring�*&2Â��Ã#�J�	��Q&¯Sòó2*&
2�0�kÈiÞ®Ô2§½�ÞQÂ�2��2�Ý��±°« 
¦ 1970��Q®S½JWXM6� EPA��" Ä��no�����
�� EPA§
½Åºz�°«1972�Q� FIFRA�ÆwQ�ýz{ EPAQ�z�®Sno�(¾ç
�z{°«1970 �Òâ2 FIFRA 2�ý�&* 'ád��bcf§½J��noQ
YZSiÞ®xÏw�ý�Ô°��°«ÁÔÁÔ FIFRA�no��Q����!2Ç
�½67��±SÔ2�ÀÕ°«��� 1972 �JWXM6� FIFRA ��í����
�2ÜÈQ®%¤xyì��,±S+��§½�ýz�°«����\�J���!2

xy¾�d¥¦��	Q&�¤�³h®�����%®£¼½�Î�¯S¼½��±

�{S¼½Q®ÈJ�j����,·�x½®Õ°« 
¦ FIFRA 2ÓJEPA � 1975 �Ò�J��J�	��J+,�Yk:�	Ö;_ÆÇ
Q¨£¤��67 �É2ÆÇ�Í±¤£S«z�QJ¼{�2ÆÇ�nÏwQD�¯

S°±2ÆÇ�«��å��Ô�º�¤£S«¼{�4�z{°ÆÇ½«��å���

nÏ2`Ê�¥¦#�	§2�°®�02�ìÈQkÈÍµwQ¬¾º�{¤Þ¤£

S« 
¦ Ô�JÀS��ÆÇD���QY£¤�ªý�°ÆÇ2��D�2ND�JWXÀ!

}�!�(FDA)Yk: EPA è5QY£¤��67Q3�¤�Òz{¤£SÄ�ã2H
Ë�Q¨£¤2�0��±°«¼2¼½¾�Ì½®ÈJ1989 �QÆÇ2¬�D�Q�
¯S¸� GLP 40 CFR Part 160$¾oÍz{�ºz{°«GLP�JÍÆÇ-.��
QÄ�ã2¿ÒJUVJ-.�,±¤JÆÇ2�ìÈ��_êì�2j¤2�ªQ��
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S�§��¿�¯S¼½��±¤£S«¼{�2�§�ÆÇD�n½,Îz{Jòó

Q����¿�§ (SOPs) ½?�{¤£S« 
¦ 1980 �ÒzQ�Ä�ã�òÏ�¤h�¯S°±2nÏw+Ð���¾�ÐM»Õ°
°±QJbcf2+�w���ì{�ÀÕ°«��� 1980��Q®S½no��2f
QY£¤¿4®¼½���2ÑÒ����J]^��J��D�MÓ2¸�Yk:�[

wbcf���®%S¼½QÅº�¤ºÕ°«¼2kÈÔj®a�¾¬yz{S¼½Q

kÈ�Û�&�c��bcf&�c2��§2Åº¾·¸½®Õ°«¼{�Õ®z{°

a�½nÏwQ`Ê�°����Ö�¤y£S¼½�Jno2fQYZS��Í×Ø

�¬Ù¾É�{S¼½½®Õ°« 
¦ 1996� 8' 3IJfb�d�i�Õ� FIFRA� Food Quality Protection Act À
!!^-.�$Q¬¯SçQÚã�°«FQPA�WXM6�Ûfò���×�JÀ!
�jQ&¯S�°®ÔÜZ½®Õ°«FQPA 2)Ô¿4®5M�JFFDCA Yk:
FIFRA ¾¬z{òÊý�Jj¤2À!½j¤2��Q&¯SÝò2J¥¦Q�Þ¯
S¸�Q®Õ¤£S|�ÀS«FQPA2�±S½¼e�JÀ!Q&¯S«éß½��
jQ®®�µJ�j½�¯I�½àz{Sj¤2ÀN��2]^Yk:HI�ÞST�

Q¸¹�Á2��j¤2]^�,·+,��Q�¯SP³]^QkÕ¤J£�®SÛÔ

v�®£½£»³hw�D�¾ÀS¼½�½Í z{¤£S«À!Q&¯SÝò2¸�

2xy�J®°À!½s3�©ï2Á{á{2«é+,�2âãÔ�±¤£®£« 
¦ FQPA� EPAQ&�¤Ô��2bcf�âc"�d2¢~âcQ&¯S�ä��±
°«Á2¶·Jbcf���pÑ�Òm��2ÀSýÏï^Q&¯SP³]^Yk:

"�2��"g�å��£¨j¤2ýÏï^QkSò�ý�°bcf æçbcf�

�$Q¨£¤Ô©È	º�£S«FQPA2x_½�¤�-è½éêQ&�¤�z�QÜ
.�$��J��267Yk:§67Q3�¤�&* 'ád�o(¯S¼½QÀS« 
¦ WXQYZS��no���½å&Å�íQë|��¤¤£°c���J��#x

y#ìí2j¤�,S°ØQ`u�¤Þ°«¼2î	´�nÏ\Jno��\Yk:ò

ó2*&¾c2Ê´½½ÔQ��2�d¥¦Yk:�	Q9�¯bcfQ¨£¤kÈ

c��0�ï»k»Q®SQ Õ¤�ð�¤Þ°«�{�{2nÏwh�2¸ñ¾òi

¯SQ<{¤Ä�ã³½��2P³zÔò�¤J&* 'ád½bcf2ßå�c�¬

QÉS¼½¾�±�{¤Þ¤£S« 
¦ no���;ó���¸Q��¯Sa���bcf �Û�½]^2�³$½&* 

'ád _%-��¬Ù��³z{°Û{Üô¢~�å��2xy2·¸�$�.³�

¤67�Í¯Sa�QÅº�¤Þ°«éê��/\2k»®ÀSV)Q&¯S�[wb

cf�«¬2���Z"g�å��£¨��§2]^QkSbcf¾$�z{Sk»

Q®Õ°«j�wQ�J��2no�kÈv�z�ò�JVÖwQº�{¤£S«no

��\Yk:����\�)Ù2nÏ�y£õ0�°���º»¼½��±�{¤£

S« 
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 “Pesticide Toxicology and International Regulation” 

��2��Yk:lmXQYZSno 

Edited by Timothy C. Marrs and Bryan Ballantyne (2004) 
 

 
¦ Ê��Jz{#z|#ôö#�Ö�÷�PQ¨£¤2��JÁ2�Z"g�å�JÀ

!Ö2+,��Q¸¹�øù\2¥¦bcf��Jp�]^Yk:1�~áþJúW

Yk:IÊQYZS�no2ZôP�Y�Q¶�#���¤£S«ÒÓQJF 11t�x
y\2ö|��,°�dQ&¯S��2����4·¯S« 
 
p���Ö�2�v 
ûüw®��Ö�2��� WHO/UNEP ûü-¥��/X<�	Ë"$�º�{¤
£S 1990$«¿�2Ö���æ 3 000 000* · 25ý¾p�2Ô2$Jðñ� 220 000
* · 6ý¾p�2Ô2$Q2�S½z{¤YÈJYÔQB�þ 2��2X&��
v�¤£S«ò5xy·¸®Ä�ã��JÍXQYZSp���Ö�2�³�Â¬�

ÀS¼½¾����ÀS«Ö�ghâ�ã�2Ä�ã�ab�°f³Jp���Ö�

�WX���Ö�j�2 5 – 8%J�cãbg� 38%J°X� 25%J2� bg� 11%
�ÀS« 

 
«é¿\]^³ AOELs$Yk:��]^³2�� 
«é¿\]^³ AOELs$Yk:��]^³2���J�ï-.�2 ¡Q�¯
S EU�� 91/414���Ý\2¥¦Q����9�z®£���M2)i]^³�½
Í z{J ]^Ñ�Q����µ$j�2MÝQ]y�ÞS©È¹´³½�¤mg/kg/
I��z{S«�y��2 AOELs���ï^2��Ä�ã&�c��{�{S«¼
{��2�z{°xy��xy�°���!Q]^z{S¿\Q½Õ¤J�j®}&

Å½$%�{S« Õ¤JúÍì°�Æ%z{°¿\]^�J7Íz{° AOEL ½
ab�®Z{-®�®£«EU ��JÆ%z{°]^¾ AOEL �h%Sf³J��ï
^ì°�Á2��UaYk:/ì°�xy�¾67z{S¼½�®£«AOELs�¿\
2]^�gh¯S°±2	k½¯SÔ2�®�J67z2bcf����k»½¯SÔ

2�ÀS¼½QÂ0¯JÞ�ÀS« 
 

��]^2vïÏwÃ�ãb��QYZS3> 
vïÏwÃ�ãb��½�J�	
J	

JS�ïJ¼¥QYZSýÏï^ì°

�Á2��ï2úÍJÀS£�ï^ì°�Á2��ï½v�èMé ºJäÅÃ�J

��^$æ2vïÏw��¿y2úÍ�ÀS«vïÏw���òówQJ]^J��Y

III-8



k:���2 3¨2ß�à%�g�2MNQÐ�z{S« 
]^2ß�à%�g�Q®È»S2�Jý³ï�Á2��ïì°����M½���

® �õ$vhÏw$·�R�£°®£v�èMé���½2æ2��¿yQkSv�

ï�ÀS«��2ß�à%�g��JD32¥¦����½�<¯SvýÏwì°�v

hÏw�ý�ÀS«���2ß�à%�g��Jv��ï2]^Q&1¯Sv_�2G

�¸¢½Í z{S«¼2G�¸¢���Ïwì°��	wQ��z{S«vïÏwÃ

�ãb���J¥Ö2Ã�ãb����Ô¯S°±2�y®T���%S�Ô�{®£

¾J��Q]^�°¿\Q��Qy£�{S¼½�®£«D3wYk:�hw���

�J�Yk:Ø���®£¾ûü¾)ÔòówQy£�{S�ü�ÀS« 
 
��2p�]^2��Ïw�� 
¼2âf�)���J��2p�]^Q)Ô�<¯S����JS«·¸�À{-J

'p�Ö���{�{°T�Q¸¹ÞJy³-}1��2���í¯«vïÏwÃ�
ãb��2T�Ôí�JÁ2��Ïw�<�$÷¯S« 
 
��b��ý³ï 
�z��QkS��b���� OP$Ö�2N_¾ÂQ��z{¤£S«OPÖ��

��lX��abw �£¾JòaJ�uþ X��cd®¥¦��½®Õ¤£S«�

â�Å�b��c�å�� AChE$#Û��#¼S!Ì"Ñ2×#®�â�Å�b�
QkS OPÖ�2$%&ô�J�cgb�� '(J�3J')J¥g*+Yk:¥g
*U½J,5-.Yk:Ó/J½0Yk:12$J����� 3¢�Ó�4»356

7.½J�2J89$Yk:Ö0� :;J��J<=J>¢?ÛJ-.J¼�?ÛJ

@4ôõ$QMNz{S«p�]^�2Ö�2�Z�abwì{�ÀÈJÂ���u

þ XJ��lX��v¯S«¼{�2¢O��AÌ®¥�FGJ�.§25BYk:

d}����2�CJÜ.kYk:��2gh�ÐM2°±J'uvw®FGQ�-�

-DE¯S«���2 OPQÖµæ]^z{S¼½ÔJ)*2.��Mbz{¤£SÂ
�2F"Ïw��J"ÑºîÏw��Yk:"ÑÏw��½�<�¤£°«"ÑºîÏ

wÆÇ�D��°Â�2ÆÇ��J��¾ AChE #Û�ÀSf³�ôÞJG�2¶·
�ÀÕ°« 
 
g�ß"�d 
g�ß"�d�p�]^JNHQkSÖ�Yk:�z2_¾ OPkÈÔabw�®

£«òówQJg�ß"�d� OPkÈÔ��¾�£½$%�{¤£S«g�ß"�d
¾��¯S�b�¿î�&I�2/,½&ô� OP��J°�È�ÀÈJ�®6£�Á
{�¾Jµæ»½£»¼½�ÀS« 
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³�|}c~�� 
³�|}c~��2p�]^�J��¾KLQçm�°f³Jòcw®Mª�N?

Û��Þ#¼¯« 
 
þå��d 
)Ôcd®Ö���JO�Yk:P�2�ð¾'QQR±�JÂ���jQkÈQI

ÒèQðñ¯S«¼{�J�Q 50 mg/kg�h%Sy³��v¯S«K���¾kÈ�
£N_ y³· 20à50 mg/kg$��JO�Yk:P�2ST¾G��° QUV6&
Yk:¼��j�W£JÂ�� 1àQ'æÒèQðQXS« 
 
�º:� 
#¦Yý"�Å 
Yý"�Å2]^���JÑKÀS£�ÑZ�v�J[\®�<��Ô¨«Â�2X

��Yý"�Å2xy�]^z{J2_�£¨X*Qo(z{S«p�ÀS£�NH

�2Ö�_¾J`awQQÂ���z{¤£S«Â�2Ö�2N_�JYý"�Å��

º:�°`ï§2�((��2a�Jì°��º:�°`ïJbcÀS£�df2*�

Qq·*QkSÔ2�ÀS« 
#¦1,3-µf~~¢~�� 
)Ô#¼È�¯£ 1,3-µf~~¢~��2�d§2]^Ñ��J��Yk:KL�Ñ

SÔ2�ÀS« 
 
�pd~�Å 
�pd~�Å�JDÇîïQeôf2�¸�j�Ô°��°«���®¾�J�pd

~�ÅQ]^�°¿\2eôf2�¸����°½¼eJ�Q®ßè�ÀÕ°« 
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 “Occupational and Residential Exposure Assessment for 
Pesticides” 

��2p�]^Yk:qr]^�� 

Edited by Claire A. Franklin and John P. Worgan (2005) 
 
 
¦ Ê��J��2p�Yk:qr]^����Ö0Q©È Ä¤Y�Q���¤£S

¾Jèé�%=]^���J�=Ä�ã&�cYk:ÃÄÅJ&=gÏJ¨=Ä�ã�

2`ÊJ2 45��h�z{¤£S«ÒÓQ%=]^���JF 4t�qr('ÀN
�)�	QYZS�Ý ]^����4·¯S« 
¦

¦ .2èm�y£�{S���xy\¾ÁÂ.�ÀÕ¤Ôòóøù\�ÀÕ¤ÔJa�

�0w�¬&�ÀS«¯®�" (1) ièxy _d%yc¢}��j½Èykl�$
Yk:imxy _dm2nYk:�boUhJ¹p¢�Åyqv�$(2) # _d8
9r{ys��ÝJ�vz 2ôö�kl$Yk:t7�ïy �p2uª�Ý$(3) /
y _dd%dyz{�cd$(4) `�ï�Û{Üô _d`ïUh��~�b`�Ü
ô2°±2z{Uh�89ßb�$®¶¾ÀÄ�{S«p�]^½aJ{-�£}&

Å�ÀÕ¤ÔJòóX+Q&¯S��2�4]^R�J.2èmQYZSxyQkS¼

½¾���½®Õ¤Þ¤£S«)�2éê2¥¦QYZSnÏwYk:now�0J

FQPA2��JZ[ÇMÖ2 Toxic Substances Control Act TSCA$2i³v©ýÏ
ï^¢~�å�®¶�$%S½J.2èm��v¯S��2k»®ýÏï^]^Q�<

¯S�[w¥¦bcf¾Â�2X&�×vQaJ¤�S�QÂ�c���z{¤£S

2�Jw�¼½��®£« 
 
qr]^���$�¯S32¿4$é 

bcfV) 
¦ rq\2�/MÝ�\ß xèJ-èJ10 �J�*J�/\$Qì°¾ÈJ./
è���½½ÔQy�¾Â��z±Js¨�{2.|�8%Sk»Q®S}�¾ÀS«

]^2Ø��J�¿J��ªçJ¼�Q®¶¾�/J�Yk:�î}&Å�P����

�ZS°±�®Õ¤�S«  

�vR2`�#`^ 
¦ ]^Q��Sqrè�vR2�z��Í¯S¿4®$é�J�vR2�  ̂òóxy

\y��ÀS£�ÁÂ\y��$Jxya� ��·¸®\sé�J���Þ®£i

sé�J:¥�$Yk:�� ~xyz{°Ô2�J���$�ÀS« 
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ïhwJýÏwJvïw`�#`^ 
¦ ³���2f³J�32k»®��Q,ì{S��2�¥Ö§2:���¹�ü��

2:���±SMé³�:¥�¾ýÏw`�Q®S«vï��2f³Jvïw`�½�

¤�d§2�s�J�}Å���J���#y³Jsé��å®¶¾�Ä�{S« 

qrh�4$ 
¦ ]^¾�v¯S5i�`ï2¸Êw`�Yk:�¥h� BL�ÞS����2QJ

��w®�¥GQYk:���¥�³�Jm¥2 'Åã�Uh�³$¾iè�¥�	

QYZS��2~Ø���³��Í¯S« 
 
Í³w]^�� 
¦ ��Q��S�[w¥¦bcf���§2]^³J��Yk:]^V)2���Q¸

¹�°±J��®]^Ä�ãYk:vïÏw®Ã�ãb��Ä�ã�qr]^��Yk

:bcf��Q½Õ¤¿4�ÀS«*��Û��¾�v¯S�9�2½ú�]^Ë%�

�îïÆÇÄ�ã���Íz{°(��³ NOAEL$½ab¯S¼½�º�{S« 

�U³22Í 
¦ �dQYZS�U³úÍ�J$%�{Sj¤2�vR½Ñ� P³]^$��2�U

³2ÍQ��¤©ª¯SN¾�ÞS«�¨�2a�¾y£�{¤£S¾J£µ{ÔúÍ

³��U³Q��¯S°±2Õ®Ä�ãÀS£�FG��4½¯S« 
 
àÍz{Sqr]^��bà27Í 
¦ D32]^ÆÇÄ�ã¾�y�Þ®£f³Jqr]^��\¾�ª¯S�4���£

�Q)Ù2D3w]^��bà�7Ë�JZDw]^2Í³�{S°±QÁ2��bà

�Í³wQ��¯S���±S¼½�ÀS«�d]^4$2°±Q¶2��x»���

Í¯S¼½�]^½y³�<�����¯S �2Ö0½®S« 

cfb������ 
¦ j�w®MbQ��¨]^��2�½¨Qcfb����}&Å��¾ÀS«¼{�

�Qiì�s¨abwJµ���®½Æ��Q�¤�ìSÔ2�ÀS«z�QJòów

Ê^wQJf/�ôß`�w®Ô2��®£« 
 
qr]^Ã�ãb��� 
¦ iè�Ý 2qr]^úÍ�J�¢§2�Ý 2�"�ÈQaJ¤Â�2|�P³�

ÀS«̄ ®�"JÂ�2�vR½Â�2]^Ñ�¾ÀÈJ�vR½2��cæ�Â¬�J

]^V)2�/�¥¦ôõÔ��ß¾\£°±�ÀS« 
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�d�îQ4»]^Ã�ãb��� 
¦ �d:å��'�QkSÃ�ãb��-.Q��-�-j�]^³úÍJ�¥�©À

S£�vïÏwÃ�ãb���¾,ì{S«���®¾�J¼{�2ÆÇ7Ë�¬&�

ÀS°±JÁ2�î¾�ÒQkSÔ2�J��®Ô2�¾�¶z{¤£S« 

ÃÄÅ� 
¦ ièYk:imqr]^�2Í¯S�ÃÄÅ��¯S2�P³®¿�ÀÈJ�íY

k:xyT�½½ÔQ]y·¸®]^öúÄ�ã2xy¾�4�ÀS«z�QJ��D

4º2��½½úÃÄÅ2©Î�nÏwHI����¯S �¿4�ÀS«qr]^�

¸ÊwQ�*2�Ý\Yk:�Ý Q�îÖ2�*½éê2°±Q2Íz{S« 
 
]^��2�gw�¢~�� 
¦ WX EPA 2]^��«��å��Q¶$z{¤£S]^��2°±2�gw�¢~
��½¸Êw]^ÃÄÅ�Jno�Í0wQY£¤cæ½Ñù��·�ÞS]y��½

®Õ¤£S« 

�Íbw |Q,çÔÈ$]^�� 
¦ ¼{��cfb����0wQ�Éz{°Ô2�JÂ�Q2°±2-�w�Í���

xy¯S°±�[w®]^�×#��¯S}�¾ÀS«Â�2-�w�Í½×#QÑ�

ýz{°ÃÄÅ2¶³QkÈJ�-�-D32]^MÝ2)�| 95ýÒ $�)�½
ú�Ò 2]^��¶·½®S¼½¾ÀS« 

��bw]^�� 
¦ �4Q1�¤J��\�kÈ`Ê�°MÓ� _J��bwa�Ô���z�Q�^

z{°v�®ÃÄÅ$2xy�$��JD32]^MÝ�kÈ��z�S��Q�¾S

ÃÄÅ��2B��·¸Q¯SÄ�ãUV;¢�¯JÞ�ÀS« 
 
���2¿� 
¦ �^�QR��µÀS0w�ôß2°±Qy£�{°]^ÃÄÅQ�J�ÍJ̧ ñ½

®SQÏYk:�Ë�JÄ�ã2^½��J�Ò¢J©Îa�J)?4�Ä�ãJxy

0w½ß®¶¾¶$z{��QÍ z{°���½ÐM®�N¾�4�ÀS«¼{�

�¬�]^ÃÄÅnQY£¤��É25M�z±S« 

ÆÇË"�/xy\«�� 
¦ ]^��zQ�ÆÇË"���ª�/£¯S¼½«ÆÇË"����±Q]^��2

0wJxyÃÄÅQ¨£¤�JS¼½« 
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^-Î�î 
¦ �¢Ä�ã2�Ò½xyJÃÄÅ2Dº½©Îa�Q�¯S^¾«é}&ÅQÀS¼

½�-Î¯S^-Î2��Þ����J¶7¯S¼½«EPA 2¬��îýÆÇn
(Good Automated Laboratory Practices, GALP)Q¶$z{°a�¾¬y�ÞSk»�
À{-J$�¯S¼½« 
 
¶bYk:�ç 
¦ �Ý ]^2��2·¸�¾�½�¤./èm�2��2xyQÀS½¯{-JÂÑ

�]^½�U³2½úÃÄÅ2B�½©Î2�4�����ÀS« 
¦ ��Yk:®2ýÏï^§2qr]^�Ã�ãb���½úÃÄb��2£µ{�

QkÕ¤��z{SÔ2�ÀS¾J+>®¾�JÁ2���Æ´S32«���c��

¶®£QP�£« 
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“Safety of Pyrethroids for Public Health Use” 

stuv0wQxyz{S|}c~��2�j� 

World Health Organization, Geneva (2005) 
 
 
Ê��¥¦bcfQ�¯S)�2T�Qt´J|}c~���2Zº2 WHO 2�

��¬¯S�4¾ÀS�9���Í¯S°±QJ|}c~���2�j�Q�¯S)

�2+,¾��z{JÁ2èé¾¶z{°Ô2�ÀS«ÒÓ�Á24·�ÀS« 
 

1. �b 
¦ |}c~����abw�jJs¨�y³����2z{��ÀS¼½��stuv

 \�xyz{¤£S«�d�Û{ÜôQy£�{S¬&®xy�QYZS|}c~�

��2�j�Yk:�·�J ��èQYZSÜôÔ,±¤ûü-¥�h WHO$¾
���ºÕ¤Þ°«|}c~���2xyQ¨£¤JWHO�ÒÓ2��Q¨£¤no
��Í±¤£S« 
#iè+�kldalpha-cypermethrin, bifenthrin, cyfluthrin, deltamethrin, etofenprox 

lamda-cyhalothrin 
#¡¢Uhdalpha-cypermethrin, cyfluthrin, deltamethrin, etofenprox 

lamda-cyhalothrin, permethrin 
# ��èÜ{dpermethrinJD-phenothrin 
 
Ê�20w�¥¦bcfQ�¯S)�2T�Qt´J|}c~���2Zº2WHO

2���¬¯S�4¾ÀS�9���Í¯S°±QJ|}c~���2�j�Q�¯

S)�2+,�F�¯S¼½�ÀS« 
 
2. |}c~���2h�Yk:z{�� 

1973 �Q¡±¤B�z{°|}c~���z{��£�ô{¤kÈÔ¥Q&�¤�
Í�J�£z{��¾�±�{°«Á2 Z[ì�Q 42���M¾¿�{¤£S« 
�ýÏh����¨Qã�¢MZz{¤£S« 
 
3=���Z"g�å� 
¦ ã�¢ I �Jh�ÖQ�Å V���¸�£°®£��Jallethrin, resmethrin, 
D-phenothrin, permethrin, etofenprox®¶¾¼{Q¦�¤YÈJ�½�¤§¨���
¯S T-syndrome$«ã�¢ II ��Å V���¸�£¨�� deltamethrin, 
cypermethrin, cyfluthrin, fenvalerate®¶¾¼{Q¦�¤YÈJ©ª���d��J
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'(���¯S CS-syndrome$«���JÂ�2|}c~���«\2&ô���z
�S«ì°J¬xN½r{N�2���Z"g�å��«¬�ÀS¾J)ÔiÞ®�

�½�¤®¨����db���¯�*ÅQYZSQ#$¯S«|}c~���"Ñ

56ª°2±2�à�²×�?Û�¤3�³´�v�SN�z{�·��µ¯S«̄ ®

�"J"Ñ2¶<ÖQ�db��2²×¾òcwQò®¯S«�db���¯�*Å2

²×�·`2cæ�ã�¢ II ��ÖcæQ9¸¾ã�¢ I ��Á{�¶Ö��£��
®£«¼2�ý�·�w�ÀÈJ50ýG�� 30 M�� 3e4 cæ2æ��±�{S«
øýg�KL��2�U���y³Q¹º¯S¾J¥	��2�U���£«�U �

"Ñ��,·j	
QMÝ¯S¾J�QO��®¹M�®�:Q P450¹º�Ã=à¤
�»���ºQkÈM�J{�ýz{S«|}c~���}���QkÕ¤Ô�è¼

ç�®�Jabw½��Q&mS�z{S« 
 
4=�èîõ 
¦ øýgYk:KL��2�U�Â¬�J��Qy£S¾�Q¹º¯S«abÆÇ2¶

·J¥	��2�U¾k£¼½¾>��¤£S«KL��2¿²�ÀÕ�È��/wQ

�N?Û�#¼¯¾JQcæ�øÁ¯S«ûÖÂÃµ�QÐcæJÔ���Á{kÈÔ

J£½£»��¾ÀS«���JûüÖYk:O��½��Q®¹M�z{S°±J�

��(Íw�ÀS«]^Ñ�½�¤½��Q�Uz{S¼½��J��QkS��¾Ô

Õ½Ô��Z{S«�U �j�Q½��QMÝ�JÄ��¾��Oã�þf^QkS

;ÅSô¾®£¼½��J�è§�éÆQ©È¹ì{S« 
 
5=DÇîïQYZS�� 
5.1.K���dK���ÆÇQY£¤���Qö÷z{S&ô�Jã�¢ I��§¨J
;îÁ�J-.J³´Jã�¢ II��m5ÇÈQ&¯SÆ¶<�J©ª���d��J
'(J³´®¶�ÀS«WHO MN��Jbifenthrin, deltamethrin, cyfluthrin, 
alpha-cypermethrin, lamda-cykalothrin, permethrin�moderately hazardous(class 
II)Jphenothrin, etofenprox��QxyQ¤K���®�J½z{¤£S« 
 
5.2.Jµ��dJµ}�����ÆÇ 4 wks$��JcyfluthrinÔ deltamethrinÔJ
¿?®&ô�ðñ��±�{¤£®£« 
 
5.3.�¯�d�¯�ÆÇQY£¤Jetofenprox�%�cQY£¤G��ÀÕ°¾J!å
ádQY£¤JeôfÉ���2fÊ2�v��¾)�����ò®�°« 
 
5.4.����d������|JËYk:¬xN���xÕ°DÇ�G��ÀÕ°« 
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5.5.vÌ��d�Ì��Yk:CÍÎ���±�{¤£®£« 
 
5.6.®/QkS���2�ýdã�¢ II2 deltamethrinYk: cypermethrin �xÕ
°ÆÇQY£¤J�vé�Cxé���ÏîïQ&�¤kÈÔ���¾��Õ°« 
 
5.7."Ñ��d 
5.7.1�Ïîïd 
�Ïîï�xÕ°"Ñ��ÆÇ��J�JÐÑJ!Ò"Ñ�QYZS¶<�2"Ñ�

¸�ýQ�<¯SK���¾�±�{°¾J|}c~��¾¿y¯SÑÒ2ÕOYk:

�¿y"g�å���Í¹ZSÑÒ2ÕO��±�{®�Õ°«ã�¢ I ½ II Q¨£
¤åád2;î���ab�°-.��}1Q��±�{®�Õ°«wÓ}1Q¨£

¤2ab��Jã�¢ II ��}1�ò®�°¾Jã�¢Ô��ò®JÃ�J�ý®�
¾�±�{°«�2ÆÇQY£¤�;î�¸?ÛJÕ¢Ã�J}Ö2�ýJ×ÏØºî

2Ã�®¶¾�±�{¤£S« 
 

5.7.2.�i"Ñ��d 
�i"Ñ����JS0w�ÙÚ 14 �� 20 IQ�Z¤åád2éÛèQ

deltamethrin��y³]^�HYk: 12'/�©��°¶·JåádQm¢��}Ö
QÜ{¾ÀÕ°¼½�ôÞJ"Ñ�i?ÛYk:mÎ�Q��±�{®�Õ°«���J

ÝÞQYZS�â�Å�b��c�å����2ò®JÝÞQYZS�b�¿î��c

gb��é�2?ÛJÏØºî2�Ó¾�±�{°«ÙÚ 18 IÒâJv 5 Iì�
fenvalerate ����°cJà�¢� '�Å�è�èîï2�îôõ¾ò®�°«Ù
Úµæ���¤ cyhalothrin ����°cJ90 I/QY£¤GßàoÆÇQ��®
�Õ°¾Já°ºî�Ã��°«deltamethrin�v 10�� 16Iì�2�2K½®
�iµQ%�cQ���°¶·J�è�b�¿î��cgb��é���Q�ý¾�±

�{°«4â' Q§]^�°cQ�ºî³¾ò®�°«���J�vè�boã¾%
�c½�®S°±J�d��¼{�2���Z{®£�Ô�{®£«¼{½«¬2DÇ

� bioallethrin�y£¤ºÕ°¶·�ÔJ�cgb��é�MÝ2�ý�ºî�ý¾�
ÏîïQö÷z{¤£S«Cyhalothrin�åád2Ò©��CxQ�Z¤ä¹���°
cJËîï§2���Yk:èîï§2"Ñ��Jºî����±�{®�Õ°«��

�Jò×�QGßºî�c2Ã�¾�±�{°« 
 
5.8.åg��d 
����y£°DÇ��ü�J���åg¾àoz{°½2��¾ÀS«åád2D

Ç�J���åg¾àoz{°½2��¾ÀSòaJNK�������?Û�b�þ
���2 æ¾�±�{°½2��¾ÀS«%�c,çèQ deltamethrin����°
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cJèfé½¾y³¹ºwQ�±�{¤£S« 
 
5.9.èMê��;¿yd 
¦ îïÆÇQY£¤èMê��;¿y�����®£¾Jin vitro ÆÇQY£¤
fenvalerate½ sumithrinQ�cd~µ¡�¿y¾�±�{°« 
 
6. �dQ&¯S��d 
�d2&_½�¤�JÑK]^QkS�N?Û½��]^QkS¥	ÇÈ¾��z{

¤£S«�¿�Q¨£¤���®Îë�®�J*�2|}c~��QkS]^��¥¦

Q�¿i®����%®£�Àe»½¶bz{¤£S«�d�2gÏ���z{¤£®

£Ô22JîïÆÇ����¯�2�����±�{®£«¡¢�|}c~��Q¿ì

�¤xy�¤ÔJUaQ %-xy\Q��N?ÛÒmQ�¿?®����±�{®£

½¶b�ÞS�Àe»«A8��íuvÛ{Uh2°±Q ��è�2�Ý�îï�î

�A§�N?ÛJ¥	ÇÈ®¶¬&®����%¤£S¾JG��]^_ê JJcæ

s¨ÔjQ�±�{¤£S«./�2xy�%åb�½�¯«c2¾ðÛ{ÜôQ\�

y£�{¤£S«xya��ñ�¯S(ÈJ|}c~��Q¿ì�°��Å¢2gß�

¾ò�{°�þ�d�+�Uhz{°5i2rq\Q&�j��2¥¦?Û��#z

{®£½$%�{S« 
 
7. ¶bd 
|}c~���2K����ÖØ�2�zQ¦¯¾J�dQY£¤Öµ����±�{

®£«å&Å�íz{°xya�Q�ë¯{-J¿i®j��¥¦?Û�v�®£« 
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“Organophosphorus pesticides induce apoptosis 
 in human NK cells” 

��b����QkS 
�d NK ��(åÅ¤å�$����d��c2�� 

Li Q, Kobayashi M, Kawada T. (2007) 
Toxicology. 24; 239 (1-2): 89-95. 

 
ó4·ô 
¦ ±\��¯�Q��b����� NK�������Q#Û¯S¼½��,�°«�
�b����QkS NK����#Û2"g�å���JS°±QJ��DÇQY£¤
���b����¾ NK��2��d��c���¯S�9��©ª�°«��ã�~
�¤� 2 '¹º�2�d NK ��õ�ÀS NK-92CI Yk: NK-92MI ���y£°«
NK-92CI½ NK-92MI� dichlorvos DDVP$Yk: chlorpyrifos CP$2 0-100 ppm
��üQkÈ 37ö�%®£� 72cæQ�°Õ¤÷øUh�°«DDVP½ CPQkÕ¤
��z{S��d��c� FITC-Annexin V �ùQkÕ¤�JJ��è��@
caspase-3 � ~���d"db�QkÕ¤MÓ�°«DDVP Yk: CP � NK-92CI
½NK-92MI��QYZS��d��c�y³Yk:cæ¹ºwQ��Q�£�³��
��°«DDVP�ì°JNK-92CI��2��è��@ caspase-32ò®�y³Yk:
cæ¹ºwQ���°«òaJcaspase-3 �#Û¯S Z-DEVD-FMK � DDVP QkS
��d��c���Q#Ý�°¼½��J¯G,�{°��d��c���è

caspase-32��ýQkÕ¤�®�½Ô5MwQ�ú�"z{¤£S¼½�íD�¤£
S«CPQkÕ¤��z{°��d��c2þã���JDDVPQkSÔ2½��®Õ
¤£°«CP��£y³�� DDVPkÈÔû£}1�í¯òaJDDVP��y³� CP
kÈÔÜ£¾kÈ�£��d��c��¸�í�°«z�QJ¼2 2�Q&¯S}1�J
NK-92CI½ NK-92MI2æ��¾,�{JNK-92CI� NK-92MIQaJ¤kÈ}1
�¾��Õ°«¼2¼½� DDVPQkÕ¤��z{° NK��#Û2f³½«¬�À
ÈJNK-92CI � NK-92MI kÈÔéÆQ DDVP QkÕ¤#Ûz{°«Ö�$%{-J
��b��QkS NK ��#Û�J�®�½Ô5MwQ� NK ��2��b��Qk
S��d��cQkÕ¤¾ðz{¤£S·¸��íD�¤£S« 
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