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The study of simultaneous analysis of benzimidazole
pesticides by HPLC
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= Abstract =

A rapid and simultaneous analytical method of benzimidazole pesticides in mushrooms
and citrus fruits was developed. The pesticides extracted from the samples with acetonitrile
were cleaned up with SPE cartridge. To increase extraction efficiency, the pH of
homogenized citrus fruits were adjusted between 6 and 8 with NaOH. The recovery rate
was the highest in the case of being used NH; - SPE cartridge among Diol, NH;. Florisil
cartridges. As being fortified carbendazim, thiophanate methyl and thiabendazole into
lemon. grape fruits, oyster mushroom and pine mushroom at 0.5 and.5.0 ppm.
respectively, Recovery rates were above 80%. This developed method was applied to 113
market samples, carbendazim and thiabendazole were detected from 14 samples : 0.093 to

1.956 ppm and 0.116 to 0.569 ppm, respectively.
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Fluid Extraction) & ¢|43 W5*” 2 SPEEZ o|&
gk u 2ol BaE 9l o]E £ carbendazim,
benomyl. thiophanate methyl ¥ thiabendazole
9 4% FFe FeueliE Aas 9 AR 1
25 o & 7IE] A e TYEER @Y 4F
o carbendazim¥} thiabendazoleg Z7t @<
TP C 2 bhenomyld} thiophanate methyl
carbendazimA| @l wel AlE=E o] 9l
2, 717 24 23712 HPLC - UV 2 Flourescence
detectorg ol &3] P4 2 FFEANL F==F Hof
C v 2 AAE R g 9o )
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2oz BE&fA4ESY methyl-2-
benzimidazole(MBC. carbendazim) & £4*"a&
d3 AFFH whgel £el7k gl2u thiophanate
methyl(TM) 9] 252 A4 F, 53] M 214
MBCE #&=7le siv 2 =71 =ejee” ¥
A&} 2ol carbendazim AEHel wet A
A glo] A -7 9o 2o s AL LTS
MBCZ A@=A 7 tze A g TMAA
2 Folglong carbendaziml.2 A
Mate AL A7 o wEd & =vddA e
carbendazim, thiabendazole(TBZ), thiophanate
methyl 359 & U422 A} AlHE d53tn
&S =97l ¥ mini columns AEE
SPE(Solid Phase Extraction) 3#8& ] &3 &
Al EA | et AESFH L
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AA Abgol HlmA BE AERe HARE U
o2 a2 F HE AE gl 9 gdomas
Mol RFEE U718 ¥ 3%9 SPE cartridge
(NHz, Diol. FlorisiD & AH AA st 34 48
3 1 ANE AEsle] HE 24 2dg 3 &
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A feed 2, 237, AF 42 59 P=EF
2 JolHA, oFholiA, elelWA 2 FuwA F
o] BAFE o2 Benzimidazoled w2k A%

Acetonitrile, dichloromethane, methanol - 2
FUE(WAKOAL 482)

Sodium chloride - A2k S5 (WAKOAL 48)

Standard stock solution - carbendazim,
thiophanate methyl. thiabendazole(Ridel-de
Haen. 549) 7 10mg® methanol 100mldl] %
deted HFEY oz Al

SPE cartridge - Diol(Varian 500 mg).
NHz(Varian 500 mg), Flrorisil{Supelco 1 gl

lon pairing solution - 1 g 1-decan sulfonate
sodium salt(Aldrich.71=5) + 7 ml HiPO, +
10 ml triethylamine / distilled water 1 L

3. 7171 =4

HPLC(WatersAt, Bl=0) - reedyne injector. 515
pump. 474 scanning fluorescence detector.
486 tunable absorbance detector,

Column - #Bondapak Cig (3.9%300 mm)

Mobile phase - Ion pairing solution
methanol (65 : 35 v/v%)

Tlow rate - 1.5 ml/min

Ci, Cs T2 AHE% 94 1CE 5 #4404 3
Al AHEEE
A 5% 59 974 AFEEL column 3 BAF
234 silanolZ 1 gEH o s b3l peak
broadening® peak tailing®= #4sh/1% gk
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Sample 50 g
. Acetonitrile 100 ml
Blend 2 min at high speed

Filter mixture into glass containing 10-15 g of NaCl

Shake vigorously at least 1min & allow phase separation(at 4 )

Evaporation 10 ml acetonitrile layer(top phase)
at 50 T with stream nitrogen

Resuspend in 2 ml 1% MeOH/DCM

Purification with SPE
elution solvent : 1% MeOH/DCM 10 ml

l
Evaparate at 50 T with nitrogen
|

4

Resuspended with methanol 5 ml
HPLC analysis

Fig. 1. Analysis procedure for benzimidazole pesticide.
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column® %<& ©Fste 9] 2}, Hiemstra
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< WA AR JtEsivtn Eadn gl
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© 92 LCAHA] o g4e] pHE ZH 8T~ %}3?1
peak broadening #4e] A&t %"—10] E7Fs 3
2322 Arenas 59 Wyl gl o] FA
phosphate bufferZ #7lsle Okﬁ ZE)] peaks
4L & stk 28y carbendazim. thiophanate
methyl 2 thiabendazole®] peak® #2l3ld &4l
A3k AL Brlednt o]84C 2 acetonitrile,
methanol# =& AH&Ste 2-F¢ carbendazim¥
thiophanate methyle %5% @ej2] peak shape
o ‘j\:lﬂ 7V 3tAT thiabendazole?] peaks 4
& F §a, oA pHE HsstAY 4549&
Ao A thlabendazole«] peaks ¥zabA &
£ 4 2A% carbendazim®¥} thiophanate methyl

o] peak #2|7F 43| =4 @A thiabendazolet

amine{ammonia,

ol 4

thiophanate methyl peak’} 8514 @+ & 371
2] Fopdie) £]7t FAatA o] RoiAA] @it &
g BA columne® NH, columns AMgslH o) %
e {74 gaE $F5d 2% thiabendazole
peakE ¥ & 99k 2 7R AR Al
Za)=A] etshe}. clo] 2 =F<ME carbendazim.
thiophanate methyl@ thiabendazole 359

FEatA Eelstr] sk
Gilvydis 5] Exg whg¥e we} ODS column?!
tBondapak Ci¥t o422 lon pairing solution
g AR o T1le] £ chromatogram Fig.
29 74,

benzimidazoled %%

(2) 4 =A

Benzimidazoled #dtA9] 2% Eo E<dsin
Z GC #4¢& F35A ¥1 HPLC §4¢] Bo| E
281 ek o]&& UV spectrumdly &F#3tonz
F2 UV detector2 T43}= o] Beo] EnH1
Utk o7l BAdstmz) sk 374A B ARl
i F5 BFL 280 nmTAC|BE A BY e
280 nm= AF A (Fig. 2). Carbendazimz}
thiabendazoled Z$v FFHSAAE A1 9o
fluorscence detector2% ¥4 7}F3do.
Hiemstra $¥ Bushway §¢ Bx*Yd| ofztH
carbendazim-2 285. 315 nme|* thiabendazole
2 305, 355 nmelM ££ AEE JEpE Aoz
wo] Slu A7) 27kA] JEE 305 2 355 nmellA] &

) .54
4.36
e —=— MBC
e b.0%
7.66 ™

Fig. 2. Separation of benzimidazole fungicides at UV -

280 nm.
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I3y thiophanate
ﬁ)ﬂo] 0;]\0{ ?ﬁﬂ- Jl'j.:,_;']w

Alggle] HEshe )ﬂOI Brbsdtee kA AR
FAEAE UV detector® o] &8k 280 nmel A
A A8l

4 ¥4 27122 benzimidazole
A wd9 AzeAE g AzdAE
S/N(signal to noise)=3& 71&oz 3}d
carbendazim®} thiabendazole2 1 ng, thiophanate
methyl®] 4= 3 ngellch. Benomyl2 #E Al
e carbendazim e 2 Ealslo g wpe FalR ¢
1 carbendazim2 2 23354l

2. Cartrdige® 3|8 ZAl

BenzimidazoleAl ¥9ke] BEAHdA FEHLe F=2

pHE Zdd J-d Fagio] AHEEo)A oy o]
Ao {71 8uE AFEstn B4 A7 E%OW ARy
€ § uAA A ng & ZdE SPEE o] &3 7tuht
Aol ' m g}, B =RdME s
& Eol2 W3 peak® AAT F e AHYYS
7] S8 HAFS BEF ZFEEL Hrbex
acetonitrileZ $2% & o8] 717 cartridge® o]

=
z
£t FA as i]-’f—%% v AEs
SPE cartridgeZ%= Diol, NHy % Florisil& A}
390 FE 2uEE LeeEo] H1d CDFA 2+
T4 BAYFE FuMo|EA FoF EAHE £43)
1% methanol¥ 2% dichloromethane 12

mlE AHgste fE2gich

&
=
T
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(1) Z4EFAHM 2l+8 ZA
AEF5 dEn A48 322 benzimidazole?
F4E 42 0.5, 5.0 ppme #Aslem 329

Table 1. Recovery rate(%) of pesticides by each cartridge in lemon

NP Diol NH; Florisil

Pesticides ]let(lﬂedj ,\ N : =
evellppm’) | N A pH" A pH” N. ApH A pH N. A pH A pH
59 3) v g s ¢ -

Carbendazin 0.5 121453 85.9+10.2 1f.3;4.3 91.1x8.8 12.6£5.6 | 67.51£10.6

5.0 10.2£4.3 82.3£12.0 15.3£3.8 90.0£9.5 | 11.7£4.8 | 55.9+8.7
Thiophanate 0.5 10.0£6.2 512755 12.655.2 90.7=10.5 | 15.5+85 | 95.3£14.5
Methyl 5.0 11:5+3:2 76.8+6.8 13.5+6.7 92.4+4.8 14.5£6.5 | 88,7+11.2

. 0.5 | 17.7+7.3 95.5+10.5 15.5+5.9 101.3+8.9 6.8+2.7 75,3132

Thiabendazole | ‘

5.0 15.05.0 90.5+12.6 15.0£3.5 98.1£10.7 | 10.5+5.7 | 80.6£9.8
Y Not adjusted pH ~ ” Adjusted pH = ? Standatd Deviation

Table 2. Recovery rate(%) of pesticides by each cartridge in grape fruit
3 T Diol NHy -Elz)rlsﬂ
Pesticides t orltlf i T ) ) i
o levellppm) | N A pH” | A pH® N. A pH A pH N. A pH ApH

1, : 0.5 17.4+5.8 72.9+12.4 18.1£3.5 40.4+3.8 8.0+2.1 17.4+2.7
Carbendazin .

5.0 51.8x104 | 97.2+11.8 36.2+7.2 95.6111.5 8.5£3.1 87.0£7.3
Thiophanate 0.5 56x2.8 74.4+15.4 33.945.6 89.9£8.5 17.345.2 | 66.3+12.1
Methyl 5.0 27.1£7.1 | 141.2+10.2 | 40.4%£3.2 | 101.6=13.5 | 28.8=4.7 | 92.3+9.5
— ) 0.5 27.7+4.8 51.1=10.8 26.2+4.3 86.5+12.2 | 15.4=1.5 | 60.2+8.6
Thiabendazole N

5.0 42.8410.2 80.5£7.5 66.2+11.0 | 96.1£10.3 | 10.0=3.7 | 77.2x11.5

¥ Not adjusted pH  “ Adjusted pH

¥ Standatd Deviation
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SPE cartridge® AHEshe] Fig. 19 9ol et

AAG T F5-ES AET H3 Table 1, 29 2
L AE A9t} Table 13 204 Exe] =
FoM benzimidazoled ¥ #&£2& A8 9

Aol Fasil FxAo2 Fgr|EAQ 9 2
& Aol By fLolZo] FAA FEe]Aolo]
oftb 7] &uj=o0 7 HolHAL} adeg CDFA‘?Q
& 543 acetonitrile #&A A89 pHE 4
A delz Aokt oL 5 + Ut
AEF A A /714 o] wol HES
A% pH 2.5, A% pH 3.5, 2dA, #F2 pH
4352 MAolmg 4|2 pHEHE 34 &€&

_L.

o 33 2SS 4d& 4 gtk pH 2H S A
phosphate buffer$t NaOHE Ar&ste] Hw &

A3 NaOHE A}43l= "ol o st A7 &
HE ZHo] B AFoHe 1.0 N NaOHE A48}
ot
Table 19 A% 723 ¢ #&
gn &) 23L& Afes 359 Y
20% ¢ F& IS Koy 1.0 N NaOH
a3le] pHE 8 ~ 1022 24¢ T Adg F|

7] 23} cartridge ER9 whel thag] Aole 9le
U 55 ~ 95%9 48R FAEGTH 359 SPE
cartridge(Diol, NH;, Florisih)& ®laard NH:
cartridge® Abga)d AL A5t FFgo] 71
= ekt

Table 25 Z< WHe

o g APS sl Age HIEve AM
pH7} &} pHE 233714 &0l HEive “:L;
A8 S A Ee-R o pe N OHE #7}et ¥
of F&38le] 80%0l4Y S5ES Yt IJPV‘/E‘:HT
AgH HB2AAY glege 41~141é§ AR &

Fo g vEhET

Table 1, 22 Ho} #EF<M9 benzimidazole
Ael F2 HAde A89 pHE NaOHE AH&-atod
FXolAe g ZAJI acetonitrile® F2F *

NH, cartridge® AH&sle FASlE Aol 7H £

0

_1

2 pH =334 glo] vz CDFA‘{@.‘Z_% *‘?‘40}

Table 3. Recovery rate(%) of pesticides by each cartridge in oyster mushroom

Pesticides Fortified level (ppm) Diol NH; Florisil
. 0.5 88.3+5.3 93.0+2.5 85.8+12.4
AR AaEN 5.0 118.7+10.4 107.6+4.2 104.4+15.6

. 0.5 58.7+8.6 66.3+8.5 68.9+2.9
Driophiante Methy 5.0 63.0+5.8 89.245.7 83.3+7.6
—— 0.5 85.4=12.2 92.6+6.2 8.426.9
5.0 99.8+9.8 10094113 |  92.8%5.4

Table 4. Recovery rate(%) of pesticides by each cartridge in pine mushroom

~ Pesticides Fortified level {ppm) Diol NHs Florisil
et 0.5 76.9+5,2 85 4+4.8 79.3+10.2
H 5.0 93.246.7 95.6+6.5 75.4+8.5
. _ 0.5 53.6+7.8 60.3+8.3 58,6+5.4
Ahophanee.HEbhyl 5.0 66.2+2.9 81.2+2.1 65.5+3.6
sl 0.5 87.0+4.8 90.5=5.6 76.5+10.2
5.0 88.3+10.2 97.8=3.7 72.346.4
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Stk “ERIHAT o] WYl 329 benzimi-
dazoleAl ¥<k& Z17t 0.5 2 5.0 ppmE H7}lelxn
3% SPE cartridgeE Abg&ate] $19] ube] wa}
34&E AlEe 49 Table 3, 49 22 272 o
%t Carbendazim3 thiabendazole2 3%¢
cartridge BFeA 85%0]4e] 3J4Ee HPo
thicphanate methyl& 58.7~89. 2% 2 thh @&
HrEe2 B4t Table 48 %o HAld 522
- %wcﬁ de 2Rz e WAe sz @
WEt Be IFgS HYh ol %ol HAg
< Axde= HA A §
| ol Fo] J3g F7|
o2 A7EY, 3F9 cartridgeE ¥nf S o
NH; cartridge?} 7V %33 382 Vel

3. AIEZF9 HAL

9 AR AEF 113449 s 437
o2 henzimidazoled A#FAe g

Table 5. Result of the residue in mushrooms and citrus fruits

o

"} A Table 59 22 Z3= 49 o
F 801E A2 24 carbendazim 9
thlabendazole 14 #2229, 4% WAF(Held
. FEelHAl, =EewA ZamAl)dA 0.152
~ 1.956 ppme] A& on o] TuwAl 1A
A1 1.956 ppm, =elI{Al 1de]A 1.180 ppmo]
AEE] Bl 7129 1.0 ppme 238 Aoz
ettt Thiabendazoled] ZA$= -gg WA 1
AAA 0.116 ppme] AZHLN oY HAFe 7]3=
40.0 ppm=Et} "*8 ”‘Zolﬁif—} HERE & 3374
< AAE v A2 = 47ol%len odx],

e 2k 13d9A calbendammol 0.093, 0.210,
1.017 ppmo] #zt AEHAoy =Ed/e 7F3
7.0 ppmET 43 #He FFodm, @A
thiabendazole©] 0.569 ppm &3 o o= 7
F4 10.0 ppmET €4 97 #AFHo & Ao
Z Vet

Wl e o,i‘;i
Hodu
19 b

—10

Commodity No. of sample No. of findings( detection level / tolerance level mg/kg) B
analyzed carbendazim thiophanate methyl | thiabendazole
| 3
lmemusheoons | 2L (0.193. 0.389. 0.664/1.0) ) )
1
mushroom(pyogo) 11 (1.956 /1.0) - -
mushrooms ster mush 23 | 4 ' ~ 1
Oyster mushroom ' (0.489, 0.641, 0.762. 1.180 / 1.0) (0.116 / 40.0)
mushroom(pangi) 15 0 15211,1 0 - -
- Sub Total 80 9 = 1
citrus fruit 13 © 0931” 0) = =
8 : = =
orange (0.210/7.0)
citrus fruits | 6 _ _ | l
emon (0.569 / 10.0)
: 1 ‘
grape fruit ¢ (1.017/7.0) ) :
Sub Total 33 3 = I
Total 113 12 = 2
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Carbendazim(benomyl %), thiophanate
methyl 2 thiabendazele 3% benzimidazoleZ]
o] &G FA] BHE 98 SPE cartridges
ARES FAMEE 717] B 2AE 2l F3
4 27% Adsta, A2 “ElElHAle EFEES
A7kt deEd AEQ T AF £55U ZERdY
HARAAN 2 FFFE FARN ol 2L dats
AsiT}

1. BenzimidazoleAl F<9] B4 £4& Yaie
A4 HPLCOIAM ©]$422% ion pairing
solution® AMEsldx, HE72E UV 280
nmE AHE-aF T}

2. 79stn w2 FAE #3 SPE cartridge®
NH,. Diol, Florisil€ #lw# A3 NH,
cartridged A 7V dze AgE it

3. AEFY F2A NaOHE AHg3te] 2189 pH
6~ 82 2HT ¥ 7180 &34 I+
5 80%0) o2 U Tt

AlF 55 22§ 33748 vAlF 807 4
et 2% EF 3d, wAF 9dd A
carbendazime] 0.093 ~ 1.956 ppm. HAF
o} Z=® 7+ 1794 thiabendazoleo] Z+zd
0.569, 0.116 ppm A=} o|F =gy
HAZ FamA 2+ 149M carbendazim©]
71 o4 AEHU
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