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Methyl(1-butylcarbamoyl)-2-benzimidazolecarbamate

(benomyl)� carbamate ��� ����� � ��

��� � � !� "�� #$%&�' ()*+ ,

- � ./ �� 0 12��34 5678 9� :

'� ;<=> ? �@7A �B CD EFG� 6H

I.J.1 Benomyl� K� L�A M?B N�O PQ

L .�R, ST benomyl� �UV7 9 :'<

methyl 2-benzimidazole carbamate(carbendazim)� �

 � benomylA �H �WT XJ. benomylA �H

'Y'/ � � benomyl� Z[1 2HA �H Z 

\ �UV7< carbendazimA �B ]	� 56=L

.J.2 Benomyl� 7A �B DH^, !L _` a

�6:b 
c�dA�^ ����� �6B carben-

dazim�� ef 2H=/ "�� #$I .J(Fig. 1).

Carbendazim� _` �6B 78� pH 8 �DgA�

hi 8j �� �6kO l�L .J.2,3 �mB �*

� benomyl� � 
[� no:plJ/ carbenda-

zim q� Jr 78� s�=> no:p tuA

benomyl 
[A �H 2v:plJ/ carbendazim��

,�2Hwx 5y, 6z	6O {| 6G2vO B }

~�� 2
GO �V:b EFGO �6:L .J.4,5

��� EF �^ 2vA� carbamate ��� ��

� 2v��A �WB zB�i� �/J. j����

carbamate ��� 78� �A �WT ��:b ef

2H=�� 2v�A �O ,:/ GCq� 2v3��

/ �6� D�:� �J. � ��O l�:p �:b

UD=/ LC/UVD/ �^, GCA �:b �WT �

>��� �8 �� ��7qA �k=> ./ !�

�^� carbamate ��� ��O 2v:pA/ �-�

��J.

�o benomylA �B 2v�� P� ���� EPA

Method-631, EPA Method-8321-B,6 j�� 12��

347 2v�7 q� ;�=> .J. �)w�/ P�

� �` benomylO �B �;B s����� ��

 ¡=>.� ��' EPA Method 8321-BA ¢:b

w£:^¤ =>.J. s���A .> P��� V 

Fig. 1. Structure of benomyl and carbendazim.
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:A� w�� ether� 5y:^¤ =>./ �¥ j�

�� ¦§¨� 5y } V�� ,�2H� BJ. P�

�� �` carbendazim� © ª� �/ ether� 5y

O :/ ��� .L j��� �` 5y	6� ��

��� �;:� �� 	6� .J.

BenomylO carbendazim�� 2H:b 6GkA .

>�^ P� ���� HPLC/UVD� �DB 2v��

�` �H78� noA �H �WB «¬, +Z:L

.J.8 j�� *^[�� �DB GC/MS�� �`

carbendazim� diazomethaneA �B N-methylation�

­£=p _` >$® ���¯�R °z��� �W

T !� �±²O l�L .> ³´ O �p, >µ

J. �A �H78A �B ¶·O hi�:R ¸yB�

� !5p �H �8A�¹8 º� LC/MS(TOF)� �

D:b s� ?� �)A�� benomyl �^� »U:

¼J.


���

�� � ��. Benomyl 2vA/ HPLC(Varian

9012Q), 8G2vp(Micromass LCT)¹ UV ¸yp

(Varian 9050 UVD)� UD:¼J. Dichloromethane

	 ¦§¨� EF��2vDO UD:¼�R ½¢w�

� ¾^ 99%� benomyl	 carbendazimO Aldrich

UA� ¿À:b UD:¼J. � Á w�Â� SÃw�

O UD:¼L 8i ,Ä/ ¾^ 99.999%��� L¾

^ 1Ã 8i� UD:¼J.

����� 	
� � �
. Å8�B w� 20 gA

¦§¨ 50 mL� ÆL 152Ç� ­È, 152Ç� É�

Ê�� 	6O {Ë } 3000 rpmA� �M2� BJ.

�q� ¦§¨ ÌO 2ÍB } E*7A ¦§¨ 50 mL

� Æ> 5y»@O �Î:b ÏÐ� ¦§¨ 5ygA

ÑBJ. Ñ:b­ ¦§¨ 5ygO Òs� �Ó �Ôp

�� K-D �Ôp� UD:b 1 mL� �ÔwÕ } �

�ÔgO 0.3 N ÖVg 20 mL, Â>./ 50 mL ×

? ØÙÄÚA ÆL 2wÇ °ÛA� ��:b Eb

benomylO ,�2HwÕJ. 10 N NaOH Dg� �,

:b pH 7-8� »6:L 10 mL� dichloromethaneO

UD:b �8w�¹ º� ���� 2v78O 5y

BJ. �mB 5yO 2Ò �Î } ÜÝ ÑB dichloro-

methane DgO Þ� ÖV'ßà�� á­\ drying

columnO â	wãL b	g� K-D �Ôp� �ÔB

} �8w�¹ º� ���� LC/MS(TOF)� 2v:

¼J. �, ���� 100% ¦§¨O UD:¼J.

�� � ��

P� ���� �� 9 benomyl� 2v��� EPA-

631A �H ä6=> .�' �) 0 Ð8w� q�

2v��� �;T ä6=> .� �J. j��A �:

¥ �) 0 Ð8w�/ ¦§¨� 5y:b V��¹

5y	6O {| å>­ carbendazimO h(���

diazomethaneO �D:b Me-carbendazim�� s�w

Õ } GC/MS� 2vO :^¤ ä6=> .�R �

t� MDL(Method Detection Limit)� 2 µg/kg��

#$I .J. � °æA� s��/ j��O p���

:¼�' 5y	6 9 V�� } *pÌO z{:/

q� �±²O �iwç � ./ 	6� �k=> .

> � 	6O èé:¼J. °z spikeB w�� �`

j��O êÙ ëO �`/ �±²� 10% Pì�&�

' � °æ���� ëO �`/ � 70%� )íB

�±²O åO � .&J.

s�� } �Ô\ w�� carbendazim �^/ LC/

MS(TOF)� UD:b m/z, 192.19(MH+)< SIM

(Selected Ion Monitoring)O UD:b 2v:¼J.

Carbendazim�^A 1.52(benomyl 2
G/carbendazim

2
G)� îB ï� benomyl� �^A HWBJ.

¸Gð @  } 50µg/L carbendazim ½¢DgO


[ z@:b ¸G;<(calibration check)O :¼L

_ 10ñ w�� �6B }A carbendazim ½¢DgO

�6:b pp� �6 O Kp��� »U:¼J.

Warning level�/ ±2δ(½¢ò¬), control level�/

±3δ� UD:¼L warning levelO có 2Ò É	:{

' control levelO É	ô �` ¸GðO o @ :b

w�� 2v:¼J.

MDL �6� carbendazimO 0.530µg/kg� �^,

=^¤ spike B 7ñ� w�� �6:b ½¢ò¬�

¿:L 98% ³´^� Student t ï< 3.14� ½¢ò

¬A î:b �V:¼J(Table 1). LC/MS(TOF)� �

6B benomyl� MDL� 0.184µg/kg�� j��A

�H 10õ �� !� ïO l�L .J.

j��A êr benomyl� ,�2H7< carbendazim

� diazomethaneA �B ¦ö��¯� ­£=p >$

® ���¯�� ÷�\J. °z� j��A êÙ GC/
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MS� 2vB ø	�±²� 1% �:� 'YùJ. P

��A êÙ LC/UVD� �6ô �` �8A�¹  

ú,�� Jr �H78A �H �WB «¬� 'Y1

L .J(Table 2).8

�A êÙ LC/MS(TOF)� SIM�� zK^� �k

B s� 35ñ ��A� �)9� benomyl �^� �

Table 1. MDL study for the determination of benomyl in soil by LC/MS(TOF) method

Sample number  Area count Carbendazim concentration in soil (µg/kg) Benomyl concentration in soil (µg/kg)

MDL1 143 0.325 0.494
MDL2 156 0.380 0.577
MDL3 167 0.426 0.648
MDL4 169 0.435 0.661
MDL5 157 0.384 0.584
MDL6 151 0.359 0.545
MDL7 152 0.363 0.552

Standard Deviation 9.1260 0.0385 0.0586
MDL 0.1210 0.184

*0.530µg/kg of Carbendazim Sample was used for MDL Study

Table 2. The benomyl concentration in soil determined by LC/MS(TOF) and LC/UVD

Sample 
number

Determined by LC/MS (TOF) Determined by LC/UVD
Differences

 (%)Carbendazim 
Concentration (µg/kg)

Benomyl 
Concentration (µg/kg)

Carbendazim 
Concentration  (µg/kg)

Benomyl 
Concentration (µg/kg)

s-5 2.484 3.776 4.154 06.314 67.2
s-9 1.134 1.724 2.513 03.819 122
s-15 0.782 1.188 7.163 10.887 816
s-21 3.240 4.925 35.9570 54.654 10100
s-27 1.613 2.452 6.566 09.980 307

Table 3. The benomyl concentration in soil

Sample
number

Site
Benomyl 

concentration (µg/kg)
Sample
number

Site
Benomyl 

concentration (µg/kg)

s-1 Seoul Songpagu Jamsil 2.216 s-19 Kyungbook Sangjoo N.D
s-2 Seoul Kurogu Kuro N.D s-20 Kyungbook Youngchun N.D
s-3 Kyunggi Yangju N.D s-21 Kyungbook Moonkyung 4.925
s-4 Kyungg Kwangju N.D s-22 Busan Kangsugu Karak N.D
s-5 Kyungg Sungnam 3.776 s-23 Ulsan Uljoo Onsan N.D
s-6 Kyungg Hwansung N.D s-24 Kyungnam Sanchung N.D
s-7 Inchun Namgu Hakik 1.078 s-25 Kyungnam Milyang N.D
s-8 Kangwon Jungsun N.D s-26 Kyungnam Changyoung N.D
s-9 Kangwon Pyungchang 1.724 s-27 Junbook Junjoo Youe 2.555
s-10 Kangwon Hoeingsung N.D s-28 Junbook Kimje Keumsan N.D
s-11 Daejun Seogu Tanbang 1.748 s-29 Junbook Wanjoo Esu N.D
s-12 Chungnam nonsan sun N.D s-30 Kwangjoo Seoboo N.D
s-13 Chungnam Suchun Masu N.D s-31 Junnam Yuchun Wolrae N.D
s-14 Chungnam Chunan 6.605 s-32 Junnam Jangsung Nam 2.606
s-15 Chungbook Chungwon 1.188 s-33 Junnam Kogsung Okog 3.085
s-16 Chungbook Chungju 1.112 s-34 Junnam Youngkwang N.D
s-17 Kyungbook Kimchun N.D s-35 Jejoo Namjejoo Pyosun N.D
s-18 Kyungbook Youngduck N.D
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6:¼�R 1 µg/kg �:/ a¸y(N.D.)� ��B ø

	 �û 34% 6^(12ñ �~), benomylA �H «

üý�O # �, .J(Table 3). «ü\ �~� �`

�8w�A8 �H benomyl� �^, �þõA� �ÿ

õ 6^� Xf 'Û ø	� *5H � t benomy�

�)A�� 2Hó^, �8A�� �`A �H ��

��� ��R �A êÙ benomyl� Ô�� ­£=L

.�O # � .J. ST w�� �Í wp, 9, 10

��� ��� K ��pÇ� ��O L$ô t �1

�)� benomylA �H �WT �ó��� «ü� =

> �JL Z?ô � .J.

� �

� °æ��< LC/MS(TOF)A �B �)� benomyl

2v�� j� 2v�A �H �qT !� MDLO l

b� 	ì �
Ù s���^ Ç�, �;:J/ 3��

.J. ST LC/UVDA �B 6G2vA/ �H78A

�B positive error, +Zô � .p tuA j� �

�w�A� ¯D� �WT zB�j ��A �J. �m

B �*� LC/MS(TOF)� �£=>­ �1 �)�

benomyl 2v ø	 s�� �)� �WT «ü� =

&�O ;< ô � .&J. 
�� �)� «ü� �

���� :�� «ü 0 �:�� «üO �p wã

f\J. �8� «ü� ��7	ì �
Ù <[A^ �

��< ¶·O PQf =�� �8A� Ç��< «ü

O ��:p �H�/ �)� «üA �B 1¬�< ä

z, ��ô "�J.

� c¿/ B�	�o� S6pÉc¿(1999-2-309-

005-5)� ��A �H �£=&�R �A �UBJ.
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