;%"ﬁ«}‘”!lxl H15¥ H23 (2011) N
§g'l"he Korean Journal of Pesticide Science Vol. 15, No. 2, pp. 149~ 159

HPLC-UVD/MSE 0|8%t s4tE
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# . Abstract

Bentazone is benzothiadiazole group herbicide, and used to foliage treatment. This herbicide have already been
widely used for cereals and vegetables planting in worldwide. This experiment was conducted to establish a
determination method for bentazone residue in crops using HPLC-UVD/MS. Bentazone residue was extracted
with acetone (adjusted pH 1 with phosphoric acid) from representative samples of five raw products which
comprised hulled rice, soybean, apple, green pepper, and Chinese cabbage. The extract was diluted with saline
water, and dichloromethane partition was followed to recover bentazone from the aqueous phase. Florisil
column chromatography was additionally employed for final clean up of the extract. The bentazone was
quantitated by HPLC with UVD, using a YMC ODS AM 303 (4.6 x 250 mm) column. The crops were fortified
with bentazone at 3 levels per crop. Mean recovery ratio were ranged from 82.0% for a 0.2 mg/kg in apple
t0 97.9% for a 0.02 mg/kg in Chinese cabbage. The coefficients of variation were ranged from 0.5% for a
0.02 mg/kg in soybean to 9.7% for a 0.02 mg/kg in Chinese cabbage. Quantitative limit of bentazone was
0.02 mg/kg in representative five crop samples. A LC/MS with selected-ion monitoring was also provided to
confirm the suspected residue. Therefore, this analytical method was reproducible and sensitive enough to
determine the residue of bentazone in agricultural commodities.

Key words bentazone, HPLC-UVD/MS, crop analysis, residue analysis
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814 5, 2000; Bethlenfalvay %,
1979), olof| Z{EIGPX] 4~8A|7F Aol 8oto 2 shdo] 7153t
RelET U, el ) B TR 25 B
W e A, welo Saho) el AR BAA
] AME T QlckKorea Crop Protection Council, 2005).

Bentazone 2 2 Yof|A Z4%| 1 (Zabkiewicz =, 2003),
olAjo] Zor} BefolHE F4H, 72 BARZ o]
Sttt Eof tigt 4ai=% 20To)A 1L @ 500 mg $=2o0]m,

2 Sfoll thgt Eellee oFAlE, olEhs, o dotAlH ol E.
A, A2 GOl Zom, §8L 137~139Co| 1, *J
A (pKa)+= 3.3, n-octanol/water K| A|5(Log Pow)
L 0468 UEUL ok, 24 slgtEoln, 3R
Fig. 13} Z}

FoAlA vk AEE Yel= 34 37542 1,100
mg/kg, H478% 542 2,500 mg/kg o|ALE AH5/d0lA]
gk Abgho] dew miilE A9 7E, dAL YA s skt
AT 2 AP 5 ‘RlE}(Muller 5> 2003).

0 4EFA DRHHEAN 41444 BjopEAHA,
2009) 9 A3 ﬁ:rL(mG , 1996)°] 4] bentazone £4] A|
diazomethaneof 2|3+ methylat1on°ﬂ 23} methyl ester= 2]
FEAS} 2L AX F GLC-NPDE EA5H= HHo] A
AlEo] glon, of | % A& F%, 534 4 =A%
ol ok AT R eFo] A8 F Y, B4 77k 5|
gol ZA7 H= EP"W =4 87t AR S o] 9
t}. §HH, Alexander 5(1992)7} = 5(2007)0] 2J3) H-oH
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Fig. 1. Chemical structure of bentazone.
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Bentazone®| £-44 FHZ0 &% 98%0]Are] EA Y
ZE 2 Sigma-Aldrich(USA) 25 79)510) AF&319T). &
232.9] stock solutionS methanol©] 500 mg/Le] =2 ZA|
3tod -20C WYEarof HisPHA HQA| upth stock solution
AR Er g 5Aste) A5k Florisil®(60~100 mesh,
A2HM9)0 ] T. Baker(USA)REE 1Y3to] 130TCo|
A sk 7hEste gepalgl § BA3)sto] ARSI #-

Hexane, dichloromethane, acetonitrile @ ethyl acetatet= 2k

4

SR80 acetone, methanol ¥ deionized water= HPLC
22T Baker(USA)Oﬂ/d 29)5h0] ALLSHAT 7|8 S
714 W 57Xk A FET B AFEAES ARSI
o}, 729Hs 7] = Eyela NE-1000SW(Japan)S AM-319111,
LAE AR 3 EAo|A(IKA, Ultra-Turrax T-25, USA)
£ o|g3to] nh, #A3} 2 FE3¢h

SHE ME

A1Z9] 5ok e 871 AE ORI, 2009)9] benta-
zoned AAE 0B =EE 0] 9t EAME 4237} Codex
Alimentarius Commission®jA] A%+ HAE Hed gigAE
n=g2 2bx810l(Codex Alimentarius Commission, 2003),
LR M dn), 57 2 fAFAE T, AafolA 15
4w, FAFAE AE JEAER A6k &4
of AFEH Hul, F, 15, uiE E A e AlgE AY
qguiEo|M {71 ASAIRE TUT T AF3H A B4 A
2ol whek A sht om(AELoRERFAR, 2009), =
T AgE Ao A4 Al 1Ek Ads Sdt

T AT,

HPLC-UVD/MS 7|7|24 =A
FAME % bentazone?| 7|71842 B4 @S
ﬂs}ﬂ ost 2A0 2 43549t} =, Table 19 Uehd vt
9} 7ro] HPLC: Agilent 1200 series(USA)S A2514Y,
7+ 2 A4t Cg 282l YMC ODS AM 303(4.6 mm i.d.
x 250 mm, 5 um, Waters, USA)Z AME-5F91a1, 7]Ef £4]
Z7A& Table 13 Zt} 3tH LC/MSEAL Agilent 6110
Quadruple LC/MSE AR89 1, B4 24 % 9¥= HPLC
B3 dejste]l RS Ao, AT E2AE

Table 29| YER LT
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Table 1. HPLC operating conditions of bentazone
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HPLC system
Column
Column temp.
Mobile phase
Flow rate
Detection

Injection Volume

Agilent 1200 HPLC system

YMC ODS AM 303 (4.6 mm i.d.x250 mm, 5 g, Waters, USA)

35T

20 mM phosphate (pH 3) : ACN (60:40, v/v)
1.0 mL/min

UV 220 nm

20 ulL

Table 2. LC/MS operating conditions of bentazone

LC/MS system
Column
Column temp.
Mobile phase
Flow rate
Sample size
Tonization
Gas temp.
Drying gas
Capillary voltage

Mass range (m/z)

Agilent 6110 Quadruple LC/MS

YMC ODS AM 303 (4.6 mm 1.dx250 mm, 5 ¢, Waters, USA)

35°C

10 mM ammonium acetate : acetonitrile (60/40, v/v)
0.6 mL/min

5 uL

ESI negative-ion mode

350C

N, 12.0 mL/min

35 kv

200~600

E471710] R A

Bentazone #5880 52205 mg/kg R 2745}k HPLC
of 10t 5:918te] AgulE 19 A9 retention time(t.) L

peak area £29] HolZ v|
Brrsbgict.

SIS BHEE HE
o]

Aol 2471710 R4S

o
o
o

F71A oo Bujapge) 58

7\

= 7]”0}~1

2“3§ e S

leZg] B geetopitrile 4 mLE

-
3

& g5l 7HE et Rujgule A4 259 ¢
2= sodium sulfate 20 gof| A H C
o]‘S}OﬂAﬂ ZehsEet 3, acetonitrileo] Z3HE n-hexane 40
n-hexaneo| Z8}E acetonitrile 40 mL4
40°C olsjoll s sholad,

7hte] 2 ol gl

Bentazone-& ARz Ao|A] Q7|02 HLo] LA Alo & pHE 328 243} 20 mM phosphate buffer 6 mL
i

oL ol URle] AutE vpgro® pHb 12 228 150 mLe & 7Sl A8 F HPLCR
acetone®] bentazone ¥4 1| mLE A7Is}aL, Z3FA g4 acetonitrile #H] 3p&g AMTEHL:
50 mLo} 542 450 mLE 719 5 Hojoigo] §7) 2t

28l = a-hexane 100 mL, dichloromethane/n-hexane

Florisil &t A 20IE 72T HAHE

HAE9 T, n-hexane/

el dE

(80/20, v/v) 100 mL, dichloromethane 50 mL(x 23))2 |7
2 gepstel 27 2351900k 2 5 £33 sodium
sulfated]) F3HAA 28 A)AHL, 40T o)slol A AU%E
% sloirh H2E ZHE2 acetonitrile 4 mLE 718t & =
o]al, QIAFC & pHE 302 %438} 20 mM phosphate buffer
6 mLE #7sle] 8815t & HPLCE HAsHgom, Bl
S kR R HYS st Sg S AXsIG
o H A Bl Y

130 Cof| A} 812Hr 2ot 7o ©<=A%) E4 florisil 10
g2 YA 1.5 cm, 20} 40 cm®] G2 2o 14 S35
3 g9 ¥4 sodium sulfateS o H7}slui(o]s) ﬂonsﬂ
7re). 24 = florisil Z¥of| n-hexane 50 mLE 7islo] A
ol 4ake] n-hexaneo] W& AR FEAA LA
% dichloromethane 10 mLoj| &9 ZAA-&82 7[5 & oF
3 mL/min®] $4:02 F2A AT $HA o] wZE]
217 dichloromethane/acetone F-2-28(90/10, v/v) 100 mL

£ 715]0] pre-washing £ dichloromethane/acetone 2318
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alo] A= 717} 50 mLA 38 §NAoH, 7t 248 B
graoho] zAH Qoo e2al7] S 7 78| acetonitrile
4 mLE 7}oto] 2 0], QI4TO R pHE 308 2T 20
mM phosphate buffer 6 mLE #7}sto] 2233t 2 o] &

[¢]

LOQ(mg/kg) = [717] & Ang)/FUH(uL)]
x [AEFHmL)V/ A EZH ()]

SAMHo| (E SAS0| i3t bentazone?| E$E

ol 20 uLw- HPLCZ BAslo] gejdie] AW bentazone P b
o] Hpgg FESI 2 AFolA] 23k bentazone FHFEAMY] B& U Al
#4e AR Yot Fg AEE o &, T
EEAM U BMHSA|(Limit of quantition, LOQ) oF LAME A2 updsla, AR 25 gof FEHA, AEFaHA
Bentazone?] &8 H289L stock solutiong 0.025~ o] 108] @ 50uo] sl bentazone EFEHS H7ISH
5 mg/Le %7} HER 77} 3|48, 20 uLS HPLCY) g A7) SRS deto] 35S ST
Fsto peak] WA E 7|2 02 BRAFAE A4et4T
BN HFBHAlE s wANE AlBA HIEA0] & Znl o pE
A3 o3 :3 Bhelgt &, 2471719 FegetAle AR 1
2T BT S| HEue-S AL ofefe] Aol oJste] A HPLC BAMXA &2l
2319k Bentazone2| %4 HPLC £-45P4-5 A748}7] fisto] o
ehgof st REES olget ANEFT ) A
=T
0
.
o
.
.
o 20 0 2 = B A = = .

Fig. 2. UV absomption spectrum of bentazone.

20mM phasphate beffer{pH3} : ACN = 60 : 40

° 2

Fig. 3. HPLC chromatogram of bentazone standard (0.1 mg/L in methanol).
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E'éj 2} 210 nm o|alofA] 714+

(Fig. 2). 210 nmo|s}e] upaf o]
Z Aol Algl Ao miobglug 220
Aot

HAQ

EAL HPLC ZEH2 Cip AE2 YMC ODS AM 303
(4.6 mm id. x 250 mm, Spm, Waters, USA)S o]-83}53 12,
olgeR oft] £ SIS HES At A 958
o<l phosphate bufferg ARg-8lo] o] 231 oA} Zhg o] v
Soff i3t $FarEo] $E%% 20 mM phosphate(pH 3)

t ACN (60:40, vivy 2ol 7p4F oF et Be] oFalg Lieh
%thFig. 3).
TA717]9) A=A,
e 717184 Al AR0EE IR0l A] peak

& = TAFEE Quishs o2 ARntET]
Aol S/N(signal/moise)H]7F 30]/4+-5 LRl A<
sjulgiey. gl $471719) A 2aohE Y

S
A A A A AEFE 5 Sle PAEERA, AR

s

io of o Ku
*23

Table 3
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2lin

obE 1 Aol Al AE% peak @] S/N(signal/noise)2] B]71 10
o[4HLODE] 34 o]ih2 Uehl= &Y w5 ittt
(Fong 5, 1999; Miller, 2005).

Table 18] HPLC Z7olA thekdl 512] bentazone i
2L 1Asl0] SNHE AR A3t ASFHASNZ10)
£ 005 mgkg 20|90t B 4 71719 WY WA
Tk 2R % 3 205 ot 9

L9 103 ukE 29] BASle] | REA7HL.), 1232 (peak
area) ¥ =o|(peak height) 2] Ho|ACV, %)E ZAVS}

b 20 S s A 3% olges 4
HRE EA 7E 037} Zo}

L
A9
T

%1\

‘1>
o

sl .
g e g

Bentazone 2] ‘s =8 #2-89(0.025~5 mg/L)yE 243}
1, ZF 20 uLEs A}7] Table 19} 27491 HPLCo| £¢], 24
sfo] G EEAFAY AL Y = 91.881x - 0.8547
(R'=0.9995)% K AlAo] ©2319THFig. 4).

pd]
Al

. Reproducibility of HPLC peak area and retention time (t..) for bentazone

Parameter tr. {min.) Area (mAU) Height (mAU) Width (min.)
Min. 8.56 46.20 240 0.28
Max. 8.87 48.50 2.60 0.30
Mean 8.70 46.93 2.50 0.29
SD 0.14 0.69 0.08 0.01

CV (%) 1.7 1.5 33 29

500 -
y = 81.881x ~ 0.8547
450 R - 09995
400 -
350 -
9 300
s
. 250
g
o 200
180
100
50

Fig. 4. Calibration curve of bentazone standard solution using HPLC (0.025~5 mg/L, triplicate analysis).
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AR FE Y Buizryel &

FARE AJREAE bentazoned FE317] Y3t SR 9
Agolo g pHE 12 2438 acetoneS AH-314ITh Acetone
& US FDAH ot} ACGACH oA A1} fAkeE B3}
S B4S Uehile 59 888 230k nuyon
A B2H $A olo] B A4S oflol 5
oF &0 11 583 AEAdol ¢ Hp lth(Kwon 3,

HFES 353
< A+
A

£ Qo g &5

& 1302 AA) Slat 244

e 2 484 180 2

@98 el TNAHIER 4 94 134
fujg B 228 o }3 }99+=d), o} US FDA

2 AREH(AOAC, 2000;
Lee 5, 2008), HAZL -rg"—‘H 5 S A 4 ¢l
€ Aol Uk

£ 2u)& n-hexane, dichloromethane/n-hexane &3t
ol dichloromethane 32-& 24|, QAR EHE 84S %
ARt AT Table 40 e SIT) hbze) olof )
ZA0] wE B F-8-e ZARE At nhexane £ 100 mL
2 F335191S o bentazone?] 3482 21% =309 0.
dichloromethane/n-hexane(80:20, v/v)-&H 100 mLE &
H89e 1 35 102% 4222, dichloromethane 50
mL= 23] 9hEste] R34S o 482 105%S v
Hiof F2l-&u M- -9 Fufjz7io] 28t bentazone £
S AAatac.

Dichloromethane-g 0|83t oH-of Fufjutof ojate] A
7 3ol ZHE AETHY 4 L 71 PeEde] AAE A
o & 7=y, §2 AL dichloromethane £0 8 ojAt
A& 3 Bl o 2ol AAE R o=tk o)#dt #A4)
AR 717184 Al A9 7Hd B 88 column®) #7
& e AotE YRR viEA] AAslojof & HE

Tabie 4. Efficiency of liquid-liquid partition of crude extract
by three different solvents for bentazone

2

A& F dujet T ARl 42F 2.7~2.9%
P ERE Sl fAA R R o2 §A] A4
9 A 7%% 218} n-hexane/acetonitrile S-S Z7}5}
tHUS FDA, 1999; AOAC, 2000).

Table 59 vrebd vie} Zo) ule] n-hexane 22 E3Al7]

acetonitrile 2 23] EujS 2=359S 1) bentazone?] AT

It

1
<
o\

32 Mz owE o

257t 7hesllal, 339 EHlE wstol gl 27
HEHA] ohe A Uehiglen g, A4 & s e

29l AAZ Y3l n-hexane/acetonitrile BH{HS HExH
2 HEulist= Ao 7 AASIct ot $A] deko] 0.2~0.4%
2 HGA ARZ E5EE Hi1E, AR 9 Ao E AAS
L 2329 ool W Am AzohEd Aol 1 44 &

9082 n-hexane/acetonitrile EHl 742

Florisil & 3 Z20tEatm|e] =3}
Eul @ p-hexane/acetonitrile EvjH-& Azl 25
o] 4o i EApisons 7
5% 4 A 14 ol ol 3714 %
S A 2= silica gel, florisil ¥ aluminaZ} &
ST, ol % florisil®: Mo} 5219 AAZF H
ofuf 7M WA o8 AME= FAAOITHUS FDA, 1999;
AOGAC, 2000).
E & Lol A% bentazone?] 4L 125l flonsilS S2F
A= A4 stgom, gufe] 4 24E 93| dichloromethane/

n-hexane, dichloromethane/ethyl acetate & dichloromethane/

acetone 59| 331842 o] 43l 39 L2AAE B}
a1z 5}0313}(Table 6).
Florisil 23 2ule Jefug fuo) theRst 24 248

0} 83} bentazone ) 3488 #AE3F 21 dichloromethane/
n-hexane Y dichloromethane/ethyl acetate 3-8 Aol A]

Table 5. Efficiency of liquid-liquid partition with n-hexane/
acetonitrile for bentazone

Recovery ratio (%)1)

Compound

Partition I Partition II  Partition III

Recovery ratio (%)1)

Compound

Partition I’ Partition 1I

Bentazone 209 + 09 101.8 £ 1.2 1054 + 19

Bentazone 102 103

" Mean values of triplicate samples.

% Mixture partition solvent : 150 mL acetone + 50 mL saturated
NaCl + 450 mL distilled water. I, 100 mL n-hexane. 1I, 100
mL dichloromethane/n-hexane (80/20, v/v). 111, 50 ml dichio-
romethane (x 2 times).

" Mean values of triplicate samples.

? Mixture partition solvent : I, 40 mL n-hexane saturated with
acetonitrile + 40 mL acetonitrile saturated with n-hexane (x
2 times). II, 40 mL »-hexane saturated with acetonitrile + 40
mL acetonitrile saturated with n-hexane (x 3 times)
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Table 6. Elution profile of bentazone on florisil dry column

& bentazone?| 248 2 155

Elution solvent

Recovery ratio (%)])

(viv) 0~50 mL 51~100 mL 101~150 mL Total
50 : 50
0 0
(CHyClL ¢ n-hexane) 0 0
100
0 0 0
(CH,CL) 0
90 : 10
0 0
(CHQC]Z : EtOAC) 0 0
80 : 20
0 0
(CHzClz : EtOAC) 0 0
70 : 30
0 0
(CHCL : EtoAc) 0 0
60 : 40
0 0
(CH,CL : EtoAc) 0 0
50 : 50
1.1 2.8
(CH:CI; : EtoAc) 0.7 10
95 : 5
0 0 0
(CH:CL - ((CH3)2CO) 0
90 :
0 0
(CHCl, - ((CI 1:).CO) 0 0
80 : 207
. .0 124 21.2
(CH,C; : ((CH:):CO) 18 7
70 : 30" )
24, 4 9.2 459
(CHxCLz : ((CH3)CO) 4 12
- 357
65 : 419 33.0 10.0 84.9
(CHsz, : ((CH;);CO)
60 : 407
69.5 21.6 4.4 95.5
(CHyCL, @ ((CH3).CO)
Y10 g of activated florisil (60-100 mesh) was dry packed.
* Pre-washed 100 mL of dichloromethan/acetone (90/10, v/v).
L bentazoneo] A2 §H5A) g AL BT £ U o Zo| BE ok $ABS HF Mmool st
o dichloromethane/acetone(90/10, v/v) £ 100 mL& B Eoddl BB A 7 ) 7R EE0] 2t Ye-g Bl
pre-washing %t &, dichloromethane/acetone(60/40, v/v)2) shaict. webs 2471719 AREA(LOQ)R AR, 17
7% bentazone 40| 2F 96% T HEAMIA ol el AAstel AW AgAE

@"""%U{ 150 mL2 {28 A
o) g B AE AT 4= 9ol AEY x4
= /’}“ .48 OFARS LhEfU o] florisil B2 T2l 18
UHE o] 83 EE AlAYCR Selelon, 34 1
g @ 10 mLY §&8ulE Aok R34 §2 A=nED
ol FEAAdE By & BdstEeUS FDA, 1999;
AOAC, 2000; o], 2011).

&
=)

%A, TE)an 71718 3
& e B ARl A &3 23, Fig Sof vhehd vf

X235k o glolth AM&E bentazone?] 4 EF3HA = 0.02

o
A
mg/kg 0 &2 AAFEo} 4] 714:9] Codex(Codex Alimentarius
Commission, 2003) ¥ 4237 ZHFsotAy AR g4
Lo

A(el], 201 1) A EAS

] S5 SAEe] ofslel B3 0] S e S
8 2R HATE ATk Table 73} 2t Ak 2204



156 HEe
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. 4 /
N R A NN S o PN
- Fortification | - Forlification
) s
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" i i
. Fortification | | Forfification
p " |
w A g i
| Green pepper Control
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Fig. 5. HPLC chromatograms of various agricultural commodity extracts (fortified concentration: ten-fold of LOQ).

L= 83.0~97.9%, RE3HA| 108] 2:20] 4= 82.0~90. 6%, A
25| 504 =oAL 83.3~94.9%2] FE3} 3|4QS W
RIL AAAE st BA L= Hdf 9.7% njgtoz
Zel gl weba Al 9 AR AR 250 BA o)
AERA7IE 348 70~120% HYF A2} 10% o]u

F

S TEESISIC olide] ZolA] 2 A-tollA] SYH bentazone
AU S FEY IF Fohea 9 FAbel) 33

2
oo |
2

AR % 2 Udt

3, 7 RAY B4R ABAE SEs] 9t
LCMSO ojgh A2kel Bg& 37k SHdinh. LO/MS
B4 A BAGA o) B peRsy $EYE 2Rj0le
Tt FQ fragment iong T2 Hrp AHY = G4
gele] 7l AHo] YltiKwon &, 2008). Bentazone
o] o] 235 &7] $Isto] HPLC £4Jof ol&4d o[54 &
% Z24:0] 10 mM amonium acetateZ F7}5lo] BAS
AAH 3L, ESI negative-ion modeofA] &2 Z=E el
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Table 7. Recovery ratio of bentazone in various crop samples

Crop Fortification (mg/kg) Recovery ratio (%)]) CV (%) LOQ (mg/kg)

0.02 899 + 0.4 0.5

Soybean 0.2 88.6 + 2.8 32 0.02
1.0 949 & 1.1 1.1
002 92.6 + 2.1 23

Hulled rice 0.2 90.6 = 4.7 5.2 0.02
1.0 833 + 2.8 34
0.02 832 + 1.2 1.5

Apple 0.2 820+ 19 23 0.02
1.0 844 + 0.7 0.8
0.02 §3.0 = 1.0 13

Green pepper 0.2 862 + 1.4 1.6 0.02
1.0 837 +22 2.7
0.02 97.9 £ 9.5 9.7

Chinese cabbage 0.2 902 + 0.8 0.9 0.02
1.6 946 + 1.7 1.8

" Mean values of triplicate samples with standard deviations.

360008 -

FEO0D

Bentazone

200000
160000

100000

SO0
t
e — ST A WU K M s tins]
o
kil 15 20 25 l

T
5

Fig. 6. Total-ion chromatogram (TIC) of bentazone standard.

100 g
Ban: 230426
B O CHg
i‘;i CHs
50 g{_s\g()
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Fig. 7. Mass spectrum of bentazone.
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