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Benomyl [ methyl 1-(butylcarbamoy!)-2-benzimi-
dazole-carbamate]& v A EAjo] a1 Al A off o
& A8 917t ol vl=rell A 19793 198617t
7] edzk 2000 = o] 4 AF§-H = Fefolrt. 1987
alZ #AAH(EPA) & FFaH 7Hedel e
ol 53% Fe sty gAEg e, v)x SYAT
Z(NRC)2 Feps gja) 37} dAbe) 288 F¢ sht
2 #9l5]t: 5 benomyle] 3 AFL-o I AP}
7} o]&oy=| 32 glc}’ Benomyld Eof g 8%}
oS- gon] §7] gl e vl ERAE] F
b o) i carbendazim [methyl 2-benzimidazole-
carbamate] 2.2, pH 13143 STB [3-butyl-2, 4-
dioxo-s-triazino [ 1, 2-a] benzimidazole] & A&l 4]
o) §- w24 Haf 53 9le]’ B2 dF7HE°] benomyl
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o] MefpR4-2 carbendazim®® o]\ STB'E 7[5+
A7 8laz 9lt}. Carbendazim$ v|Foll A& B85 #)
% Foolul Y] ALRFHEZ FA T EA7] =
" benomyl® methyl thiophanates] E-3Eojnz
carbendazim®] A &¥Ae] H g 3lc)

Carbaryl [1-naphthalenol methy! carbamate]-&
A3 AF A3 vle] ZR-FES UA A g FA o)
ol vl Mol de] AHL35L32 & methylear-
bamate F2foli} H T WHESF FF 7lEAle]l B
2= A® USDAC ojsl S8 B=7t o %2 group
22 FHEA AE 9 carbaryl® carbaryl %
= carbaryl®] 7}<=%3]&<ql 1-naphtol&# UVZZ
71%", 8373%7)° R A 7154347 27 (electrochemical
detector)'® "2 A3ty glond, d4} agelE 23
Ay g Festa gich

Benomyl#} carbaryld o E AE-ot7] 58
Z37) o7} o) Wl Bagl Fefolw!, M AR 1
A] 91-88%5.0l 2|3}, carbaryl> A4 oiAbel] we}
A 2.0ppm{(F-F) 72 &L= dubH el #dd, 4
o+ 0.5 £+ 1.0ppme HE7EE 7FAR 9o,
benomyl& ¥ Zof 3,0ppm7}A| & &5 v, of 3o 3
o= 1.0ppme] 3&71&& ez glch dury
L2 AF Fof w3 S A 3 dA =
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o2y dA-YNFEe] e o483 glod, B
2|9 v}kl carbandazim¥} carbarylel A, A epR
A& HPLC #4¢ Weo| AH83t3 gick zeivt A4
A A 3L e 4o A g2 A8t ogd &
Fo] 3, A A|7le] 3 o] gl v ¥
414 HPLC "y o8 ¥4 daide eg ol
7] 918 f=A3E stAY, A A oA o] EHA
Aok Bl 3ol slom, g 71x] FFEe FAIEA
< #8MEe ¥8%71 & HPLC ¥4 2700] 983}
o}
2ol Al BAAEE Distn 404 37 it 2
A FAA7E AHESE del A 9o,
Micro-HPLCE 22 4 2HE W7ol 22 A#ol
Zaslo] ¥, BMshe o 19749 M-S Al
g ert, 1992+d vl Pittsburg ¥417]7] HAl 3 e
A MicrotechAtol] 2l8] #-& 20" $437]7]0]c}.”
Micro-HPLCE 7]&2] ¥4 HPLC®} wlashd,
Fel5st Aa%o] BEel vt 2zt 106, 40000 7}
2} gAbs gl oot oo A2k E I 100847} =,
splitter §1°] mass detector2} 2 7158+, GC de-
tectore]l FIDE Micro-HPLCH A+ A}-40) 71E3)t
o} 1

1. M2 9wy

B G EMY FAAAE AAFS, BAF
Als, TEFA)Y S8 BF A FdAA 79
sl I Abgdlgch. 4923 HPLCE methanol
(Burdick & Jackson, U.8.A.)3} Milli-Q reagent
water system(U.S.A.)2] HPLCH® ZF5E, BF
£ benomyl [19804-35- 2]-& SigmarH U.S.A.) o} A,
carbendazim [10605-21-7]& AldrichAHU.S.A.) oA,
carbaryl [63-25-2]-¢ Dr. Ehrenstorfer(Germany) el
A Folste] Abgstgeny, wAY FE4 F2AE
WatersAH(U.S.A.) 8] Sep-Pak Cy 7+E2 A& 2148}
At

Micro-HPLC?] ¥2l%a a7leg 7|&9 ¥44
HPLCe} v)azs] 5.7] ¢18) A1-8% Micro-HPLC sys-
tem-& Microtech#t2] Prodigix-4P Micro Pump,
Stainless steel Cj)s microbore packed column

(Imm x150mm, d¢=5pm), Model MT201 time

o193 - W27

programmable variable wavelength UV / VIS absor-
bance detector2} <31l D520B integratorsich, ¥4
2 HPLC System-& Waters 510 pump, Novapak Cs
column (3.9mmXx150mm, dr=4mm), Waters 486
Tunable Absorbance Detector®} %320 D520B inte-
gratorg Ah4-3lgct

A 248 9% EFE 8922 carbendazim %
X+= 2.50ppm, 5.00ppm, 7.50ppm, 10.0ppme}w,
carbaryl ¥FX+ 1.25ppm, 2.50ppm, 3.75ppm, 5.
00ppme} E§N-& AHE-3t5 ).

Sep-Pak Cys 7}E2}#)2] ¥ 3ighgo] gt b5
& A1¥3 7] $)80A carbendazim 10ug} carbaryl
Sug-% Smil g 718 F, Sep-Pak Cy; 71 E 2] A
o AAs EFeRych ¥ 3PEEL $E4917) H
3] methanol® 1.0m/¥4] 5.0m/ AH¢3lelew, im/
methanol We} ¥ =& RBF Ziafro g AAgro 24
Sep-Pak Cy 7EAZHE F A3LE didt 35
#& Y49lct. Carbendazim 5.0ug3% carbaryl 2.5ug2
T2~ 10m/, §-4 100m/ol 7}l 2ok 100miz
A ¥, 2.0m/ methanol2 §23}4 5 AgEe
Hegalcth

2. g9 9 odt

Fig. 12 carbendazim carbaryl®] ¥Z 89 0] o
3} Micro-HPLC zigvle 135} £4-¢ HPLC 22
NEIYPE B Fagich F g A8 x5 &
A o] F44 HPLC azvieaadll& 13 o] BEo]
wietdeld FelsAl Wgton(a=1.27, R,=0.76),
&A= 7z}t 20ng, 2.0nglHl ¥ 8 Micro-HPLC
o A= #4=r) 20~408) F71=9120§(0.5ng, 0.
Ing), ¥ #iEo] He|7} o] R (2=2.94, R,=4.
7), 5 2B v|RA AR Hgstgict npaba
t}2-9) AYEL ¥F Micro-HPLCZ #§8}3]c}.

Sep-Pak Cs2] carbendazimi?} carbarylel] &t ¥
beg A £ A, Twble 19 AAE Ao
10ug carbendazim3} Sug carbaryl® 100% 2 <4>3)7]
A4 3.0m/2) methanolo] ¥ &3} (Fig. 2). 11
2)1} 2.0m/ methanol 2 z}z} 93.0%, 95.5% o4} &4
7H58t 20, 3.0m/ methanol %412 A|&82A

Journal of the Korean Society of Analytical Sciences



carbendazim(5.0ng)
carbaryl(2.5ng)
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(A) Micro-HPLC conditions:
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(B) Anal. HPLC conditions:
Cis {(3.9mm x 150mm, 4um
50% MeOH, 0.8ml/min

)
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Fig. 1. Micro-HPLC chromatogram and analytical HP

LC chromatogram of carbendazim and carbaryl.
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3 Fig. 2. Recovery of carbendazim(10ug) and carbaryl
= (5ug) from Sep-Pak Cg with methanol.
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Fig. 3. Calibration curve of carbendazim

7 7ba 2 Qs £2%E 2.0m/2 AR sk ch

AGA RS ke BFEAeN] 5te] 2zl 7

ZFA- 2t sl e (Fig. 35} Fig. 4), 258-90] A

Table 1. Effect of carbendazim(10ug) and carbaryl(5ug) aqueous solution(5m/) on adsorptivity and
desorptivity of Sep-Pak Cy5 catridge

Percent Recovery

Carbendazim

Carbaryl

Water Eluate(5.0m/)

MeOH Eluate(1.0m/)

Water Eluate(5.0m/) MeOH Eluate(1.0m/)

1 0.80 75.9 0.50 80.2
2 1.00 70.0 0.30 83.1
3 0.50 73.0 0.20 80.1
Mean  0.77 73.0 0.33 81.1
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Fig. 4. Calibration curve of carbaryl
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Fig. 5. Micro-HPLC chromatograms of (A) apple juice A, (B) apple juice B, and (C) grape juice
spiked with carbendazim(1) and carbaryl(2) before extraction, and (D) unspiked drinking water.

Journal of the Korean Society of Analytical Sciences



Micro-HPLCo) 2]&F Carbendazim Carbaryle] £4] 425,

#28

-1

Anonoymous, Food Chemical News, 30(26), 48
(1998).

ojxal, “41 &) tAA ", pp. 91-140, o) 3tei 3} 8. J. G. Brayan, P. R. Haddad, G. J. Sharp, S. Dilli,

W&t S, o ¥, 1993 and J. M. Desmarchelier, J. Chromatogr., 447, 249-

National Research Council, “Regulating Pesti- 255(1988).

cides in Food, The Delaney Paradox”, p. 89, 9. K. M. Hill, R. H. Hollowell, and L. A. D. Cortivo,

National Academy Press, Washington, DC., US. Anal. Chem., 56, 2465-2468(1994).

A., 1987. 10. S. Kawai, K. Goto, K. Kano, and T. Kubota, /.

M. Chiba and R. P. Singh, J. Agric. Food Chem., Chromatogr., 442, 451-454(1988).

34, 108-112(1986). 11. R. T. Krause, J. Chromatogr., 442, 333-343(1988).
4, P. Cano, J. Plaza, and L. Munoz-Delgado, J. 12. W. Bertsch, Anal. Chem., 65(19), 846-851(1993).

Agric. Food Chem., 35, 144-147(1987). 13. P. Kucera, J. Chromatogr., 198, 93-109(1980).

5. C. H. Liu, G. C. Mattern, X. Yu, and J. D. Rosen, 14. V. L. McGuffin and M. Novotny, J. Chromatogr.,
J. Agric. Food Chem., 38, 167-171(1990). 218, 179-187(1981).
6. R.dJ. Bushway, J. Chromatogr., 457, 437-441(1988).

Abstract : A micro-high performance liquid chromatography{Micro-HPLC) techniquie
with solid phase extraction was reported which detected carbendazim and carbaryl at
picogram levels. They were separated on microbore packed Cis column(l.0mm I. D x150mm,
d¢=5um) using a 50% methanol mobile phase and detected at UV 220nm(a=2.94, Rs=4.
71), while they were not resolved on analtical HPLC system(a=1.27, Rs==0.76). The detec-
tion thresholds of carbendazim and carbaryl were 0.5ng and 0.1lng on Micro-HPLC, there-
fore Micro-HPLC system was 20~40 told more sensitive than analytical HPLC system.
Sep-Pak C; catridge was found to be efficient in enriching carbendazim and carbaryl from
dilute aqueous solution with 97.0% and 97.8% recoveries of them. The Sep-Pak C,; catridge
followed by the Micro-HPLC had been applied to the quantitative analysis of carbendazim
and carbaryl in spiked juices and a commercial drinking water.

Key words : Micro- HPLC, microbore packed Cs column, carbendazim, carbaryl, Sep-Pak
Cis catridge.
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