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ABSTRACT - Three benzimidazole pesticides commonly used in korean lettuce were subjected to a field residue
trial to ensure safety of terminal residue in the harvest. The residual patterns of three benzimidazole pesticides, which
were carbendazim, benomyl and thiophanate-methyl were examined after applying with the recommended dose in
two types of korean lettuce (Chima and Chuckmeon) and their DT50 were calculated. In Chima lettuce, biological
half-lives of carbendazim, benomyl and thiophanate-methyl were 2.56, 1.37 and 2.54 days, respectively and their
required time under MRL(5.0 mg/kg as carbendazim) were 4.5, 2.2 and 1.0days. In Chuckmeon lettuce, biological
half-lives of them were 3.41, 1.70 and 4.20 days, respectively and their required time under MRL were 5.4, 1.9 and

0.5days.
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Fig. 1. Conversion of benomyl and thiophanate-methyl to car-
bendazim in metabolism
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<Chima Lettuce>
Fig. 2. The shapes of lettuce tested.

<Chuckmeon Lettuce>
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Table 1. Physico-chemical properties of pesticides used
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Common name Carbendazim

Benomyl Thiophanate-methyl

Structural formula
& Chemical name

methyl benzimidazol
-2-ylcarbamate

’
@%—W‘w"@{

dimethyl 4, 4' —
(o-phenylene)bis
(3-thioallophanate)

methyl 1-(butylcarbamoyl)
benzimidazol-2-ylcarbamate

V.P(25°C)" 0.15 mPa <5.0x 107 mPa 0.0095 mPa
logP = 1.38(pH 5)
K> =1.51(pH 7) logP = 1.37 logP =1.50
= 1.49(pH 9)
M.W?> 191.2 290.3 342.4
Solubility(24°C) Ip water 29 mg/l.(pH 4), In water 3.6 pg/l(pH 5), Practically insoluble in water,
dimethylformamide 5 g/l chloroform 94 g/kg acetone 58.1 g/kg
Stability Stable for at least 2y below 50°C Hydrolysis DT;SO 35k Stable in neutral, aqueous solution
(pH 5, 25°C)
ADI for b.w.(mg/kg) 0.03 0.1 0.08

Y Vapor Pressure, » Octanol-water partition coefficient, ¥ Molecular weight, ¥ Acceptable daily intake.

AlE Bl Foke] A¥ e 919 Al 7] 2A1E Benomyl
o BFIMM(Z20 /% 13 g9] ¥IS)E FHste] 3 14
d Aol AHE T AW FdaA Axsh

BAIA Het AN

& AR Al 7EA] ekAle] AEEE w78 5}
7] fetq AAF e R Q] AEE AHEHY. AFH He
02A17h), 1, 2, 3, 5, 7, 10, 14, 18, 21¥ &= 7} Y=L
1 kg¥& AFH st IFFFoke B35

A48 FE5E-2 Dr.Ehrenstorfer (Germany)A|
F2 AHE-SI3 AL Acetonitrile 5 YHMA| RS 275 A
€ % HPLCEZ ARSI
A B2 A= EXtrelut-NT20 Cartridge (PN = 1.15096.0001,
Merck, Germany)E AFE-315957, ¥4Y7](Blixer 5 Plus, Robot
Coupe, France), 73 71(AM-3, Nihonseiki, Japan), HPLC/
FLD (Agilent 1100 series, USA) ¥ HPLC/MSD (Agilent
1100 series, SL, G1956B, USA)S A}8-3lo] 223t}
Al 717+ F<2te] Carbendazim, Benomyl, TM2| A3
HASHE AW R7] Y3 AAMEEES Atilio 59 93
AR FY L ol&siie A AL o At
O € AE 30g9 FEFE7(0.02N HCl:MeOH =
80 :20) 100 mIE ¥ 8,000 RPMollA] 587+ #d@3}F Aj7ich
@ 2312719 5C X (ADVANTEC)S} o3 1

Table 2. HPLC/FLD and HPLC/MSD condition for carbendazim
analysis in korean lettuce

Synergi 4 pum Fusion-RP 80, C18

Column (250 x 4.60 mm, 4 pm)

Mobile Phase A : MeOH, B : Water

Flow rate 1.0 mL/min

Inj. Vol. 20 pm

FLD A(nm). Excitation : 285, Emission : 315

Time (min) A (%) B (%)

0 30 50

Gradient 15 50 50
16 100 0
30 100 0

st lonization APES-Positive

Drying gas flow 12 L/min

(as temperature 350°C

Fragmentor voltage 190V

Molecular range for 50240

scan

Quadrupole Temp. 100°C

ZA| Celite 5455 Z3 FZ24v) 50 mlE F712 A}
ol ZEANeIA Ha HauzdgizlE A 150 mlE 4
23},
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@ IN NaOHE AH&-38k] pHE 758 @31
mlE # 3} Extrelut-20 column®l] 23 2087} v}x]|3 &
150 ml CH,CL,2.8 &&3it},

@ 40°C TE4A 724 5=32 = MeOH 2 mlE
& gk HPLC-FLD® &£#A3}37 HPLC E4=%2A

TEK'-I"F‘

2 Table 29} 7t}

A%y 2y

TFEME 2= 3 A&

BenzimidazoleA &4FQl Carbendazim, Benomyl, TM-
HFAHOZ Carbendazim® 2 2733 EAxug AFE
Aol st 38 A Carbendazime AHE3IG T A
F 5 AFZFEANHEY i 35S A Y9I F
A2 A5l Carbendazime 7+t 0.5 mg/kg, 1.0 mgkg 3
7Het § 33] ¥hEste] A|ge] EA4uMHS U A AE
st &g S 3IATHTable 3).

=4 A3 7t w4 80%C1dY w2 IreS
eI oM, HolE& % 2.04%, 3.13%E 53 AL
Hof Ay Ao A7 gl As IR & Aot

Carbendazim®] ZH&3H|= 0.003 mg/kg2 Z(Table 3), &
AAFHE7IEMRL)Y 1/1,667 BE7HAE 283 A&
g F Ue =2 A= YeERIUL

BenzimidazoleX FFe] EX)

Benzimidazole= Benomyl, Carbendazim, Thiabendazole
= X3te ARG AdAle 29 ggEelt
37IA 2 EF = =4 Carbamate, H]
Carbamate 2 *{2] 2o BenzimidazoleZ W33 H &
Thiophanate | € o] S Z+= Benomyl, Carbendazim,
T.M, Thiabendazole©] )T}

o] AlEe] FH olF AEE Y719 o] FHTR= translaminar
A Aoz Ho|m, AHEGA7 §1-& o A 2]E Benomyle)
5%%to] 20] Q9] adaxial FHE Ed JEEHE= Ho=
HIE AT,

Benzimidazole<

1) Benomyl
Benomyt2 2EE] &4 F9) Carbendazim®. 2. 7}4-7-3)
=5, 2 FYE AEA YolA o|FHo}

Table 3. Recovery and detection limit of the analytical method

o2 FF2) 3719 (Erysiphalesy2 HA1317] $13) €4
28] A FHS T3 ST AY doA| &den o)
BE ¥W JA4=0 B3AE L3,

FUALE A FH Aol o] 3}H Benzimidazoled FF F
Benomyl Fo] AFFoll tha] QFAARE-7|SF0] AA AT,

2) Carbendazim

AEA AFAZE A EA A butyl carbamoyl 2| &k7]
7F 73 Elol Carbendazime] B/ ==H o] &g=°]
2L R2loA HAAZ EAE Hole E2E oA

Carbendazim®| 43 °| Benomyl Ht} IX|q 2hgH
A7NA Y =8 FHo] WolAnkx BRI HI Utk
Carbendazime Benomyl®] E32HEY Bk oluz} 1 =}
A= ’%&Xﬂi AHg-E

Panwar 52 Carbendazim®] 944 34 =& 248 73
Sl = 03]34 TE7t ST met AAle] S40]
A3Hs ©]A 2 (bimodal curve) HRAThE R SFTID,

Eg daF BIAEE AdEo] Ao} AZbe] A
o we} AbgEo] gl 2-aminobenzimidazoleZ HEHEA T,

3) Thiophanate-methyl

o] FeF L3 FFHL3 S = AHAER AEA
Yol|A &3] 2 B2} AudE AF CarbendazimoE H
35 7] uf o Benzimidazoleﬁ]%‘ﬂ] E3AZIT}

Benomyl, Carbendazim ¥ TM2 AETH 417}
At Benomyl# TM-E “‘*ﬂ 77478 & o8] “et
A F2 o] B84 AdAle] AR 8L sIsH F
A+ (transpiration stream)S £33l SAAFES] FEE Al A

3] W25 o] ZEHEHIT XA TR FAEE AoE o
AR,
AJXRuf Af3ofx] Xju7]|2t 5 BenzimidazoleX ‘52ke)
X2 B

B Lo A= BenzimidazoleAd &% 5 Carbendazim=}
Benomyl 28|32 TME] ZH{F 54 oj HH ZA} skt
A8 3% F4S 77 F /Y A5 I E
20 /% 13 g9 B]S)E A|Z3dte] 4E3T Benomyldt TM
< FEA3 L AARA L3 AEA YollA AdF ez
Carbendazim®} ¥ YTHS- ¥A43}q 1 A3-E Carbendazim

Recovery £ RSD (%) Detection limit (mg/kg)

80.3 £3.13
0.003

Pesticides Fortification (mg/kg)
0.5
Carbendazim
1.0

81.4 £2.04

" Mean values of triplicate samples with relative standard deviations.
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2 AXINUE W v 4 e AAIHR] HEh=
Fig. 33 2t}
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(Biological half-life)y& 4+Z 3} TH(Table 4).

Al 79 5% F Benomyle] XvPEEF 1374, FHA
F L7094 7P w277 &9k, Carbendazime 3]
Ak 2569, EARAE 3419, TMS e 2549
SUAF 42042 W77 A o2 AT (Table 4).

Carbendazim®] 73-¢- SHFX 9] Qk3l7] 34142 A

60 ..... . o o
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o] AFolAe 3.593 FARRE AT

A A FeoekEebdA A 2AG BFFF IEE B
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Fig. 3¢ A3l W=2A AN 7]E FE=2 oFA| A
2 T 4Ue EIUE PR A AvdEe SHdF
RE 3F9 Foo] 7|EolslE ASHS ¢ o AT

%7 =% H3} Carbendazim®] X" 49.7 mg/kg, =
HALE 24,9 mg/kg®-Z Benomyl®] 15.1 mg/kg, 11.0 mg/kg
2t} 33~238 A AEHAYT TMQ 3.9 mgkg, 2.5 mg/
ke th 12.7~10.08] A AEES & o UAATHTable 5).
oA o] AFE 7} Carbendazimol 2}&Hth= A7 Bl u}
2™ okA|e] §3+= Benomyle|t} TMET= Carbendazim

- Carbendazim
50 B - Benomy|
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0 i i L J""W”n-";h}mm‘_ ......... S
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Fig. 3. Persistence of pesticides in Korean lettuce under greenhouse condition. A : Chima Lettuce, B : Chuckmeon Lettuce.

Table 4. Biological half-life of pesticides in Korean lettuce under greenhouse condition

Regression curve"

Pesticides Half-life (day)
Equation r*
Chima Lettuce R =209.2¢70830 0.8813 2.56
Carbendazim
Chuckmeon Lettuce R = 59.344¢ 046> 0.8921 3.41
Chima Lettuce R = 15.632¢ 705%™ 0.9424 1.37
Benomyl
Chuckmeon Lettuce R =14.78e7 %71t 0.9434 1.70
Chima Lettuce R = 9.6234¢ 706288 0.8634 2.54
Thiophanate-methyl
Chuckmeon Lettuce R =6.1292¢ 03818 0.7616 4.20

Y Based on first-order kinetics.

Table 5. Predicted time of pesticide residues below MRL in korean lettuce under greenhouse condition

Pesticides Initial Concentration (mg/kg) Days required under MRL (day)
Chima Lettuce 49.73 4.5
Carbendazim
Chuckmeon Lettuce 2494 5.4
Chima Lettuce 15.14 2.2
Benomyl
Chuckmeon Lettuce 11.02 1.9
] Chima Lettuce 3.89 1.0
Thiophanate-methyl
Chuckmeon Lettuce 2.46 0.5
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o] Zth & 4 21} ol= in vitroo A &) Aol A

HE3SH vie} o] AA ZEEAVIA e = EH> ¥
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Fig. 4. Residue comparison of three pesticides in korean lettuce
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o1l
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3. AL E U TEE Carbendammol | adZof| A
49.7 mg/kg, ZHFF 24.9 mg/kg® = Benomyl®] 15.1 mg/ 2. %&lﬂ%i (2031)1;9;7‘3‘t ﬂm J‘?_dwr LAy, ! eventh o
kg, 11 Omg/kgii} 33234 =A A& Oi-J— ™ 9 3. Tomlin, C. D. S.( ) The Pesticide manual, eleventh edi-

5 7etd(2002) Bk HRATY FERTD,

tion. British crop protection council.

3.9 mg/kg, 2.5 mg/kgHt} 12.7~10.080 =4 AZ=HAch 4. EorE R 8] Foked B(2000).

4. Carbendazim®| 73§ J=oll ] 4575187 ]—cL 5.0 mg/ 5. Hayes, W. J. 1982. Pesticides studied in man. Williams
kgolst= W& 717] 744 59 o] A9 717ke] Ag W whd & wilkins, Baltimore/London, 610-615.
Benomyl—c-’* 2¥9o] AQFT TME Ay gdix 7]F o 6. Kallen, B., E. Robert and J. Harris. 1996. The descriptive
32 A&y, epidemiology of anophthalmia and microphtahlmia. Int. J.

Epidemiol. 25, 1009-1016.

A FoF 5 A & 149 o] A}z
SE jl Lo —4L ol T 2R 14%d7k7 <] 7. Hoekstra, E. J., M. Kiefer and A. Tepper. 1996. Monitoring
AR P2 AT Carbendazim®] 712717 AvbdE of exposure to be benomyl in nursery workers. J. Occup.

—349, ZHAZ 2352 7} A7, Benomyle —0.87, —0.63, Environ. Med. 38, 775-781.

TM2 030, -0.21% YL} Benomyl TMe] Carbendazim 8. Hess, R.A. and M. Nakai. 2000. Histopathology of the male
o H|8) LurslA 7rAsIIT) reproductive system induced by the fungicide benomyl. His-
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