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The determination of residues of bentazone and its metabolites in rice and

wheat flour by high-performance liquid chromatography-MS/MS
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Abstract: A general QUEChERS purification method was used to
establish an HPLC-MS/MS method for the determination of Ben-
tazone and its metabolites 6-hydroxymetazone and 8-hydroxy-
metazone residues in rice and flour. The results showed that the
calibration curves had a good linear relationship between
bentazone and its metabolites in the range of 0.1 to 100.0 pg/kg.
and the linear correlation coefficients (R?) were all greater than
0.995, with the limits of quantification were all 0.2 ;.g/kg. Meth-
ods at the levels of 0.2 pg/kg, 0.4 pg/kg and 2 pg/kg, the aver-
age recovery rates were between 89.6% and 106.9% , and the rel-

ative standard deviations were between 1.4% and 11.7% (n=6).
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The detection method was fast, high sensitivity, accurate and ac-
curate, and the results are stable. It was suitable for the determi-
nation and confirmation of Bentazone and its metabolites 6-hy-
droxy-10-propafenone and 8-hydroxy-1-propafenone residues in
rice and flour.
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Figure 1  Structure formula of Bentazone and its

metabolites
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QUEChERS 7% £ BRI 4+ 4k 75 v L WOM 5 3% 5 80 55 1 1 4k
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KK B v K R T AR 6- B B K AR S 8-Fa 3k
R TR B AR (2 1 — A IBC ST A DN Ty vk
I 5111
L1 ##E R

KE RS (CAS B, 25057-89-0) , 6-%% 3L K B fy (CAS
5:60374-42-7) 8- FR L K FHN (CAS 5 :60374-43-8) bn 1f
fl S RE>98 %6, fl[E DR Al

KA N K
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Al 7 E BRSO A

LR (CAS 5 :64-19-7) . FF R (CAS 5. 64-18-6) : Jii
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TCKFRER N (CAS 5 :15124-09-1) T /K BRER 5 (CAS
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& - N-TR LGk b AL Bl K (PSA) :40~60 pm, 44
SEANIRBHL AR 5
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IRBHE A BRA T

B AL IR I  FLAR 0.22 pm, 45T R 35 E JB T 66
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Maik: LR >18.2 MQ *» em (25 C), LI =
A il .
1.2 EERWMHE
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BT 43 1 K- - ME2002E 3, 1 4% 8 —3E #) & 1Y 2%
(AR A

B O ML Avanti TXN-30 U, 3 [ D1 75 8 % R 4
HBRAF

B4 s0IR 204 : Trayster Digital 2, fE[F IKA A #) 5

HIWAL : N-EVAP24 #Y, 35 & Organomation 23 ) ;

W e TR A A FE A, ¢ [/ Talboys 23] .
1.3 FRAEXTHE M A9 B &
13,1 s o X BRh A A VA B 43 i oA R PR IR R
6-F2 e K FLAL (8- 5 B X FEHM AR UE T 10.00 mg, #R 415 4 HE
mEREMNEFES>NATEERIFERE R
100 mL, it il vk BE Dy 100 pg/mL A5 fE X B8 5L 6 2% 7
W, —20 CIRAF.
1.3.2 1R A br E X BROED I R 43 0 oE R IR X
1.00 mL JCEHR | 6-38 H K MY | 8- e O B b B U i 4%
BT TR —A> 100 mL #5 &) p, AW il B 0F e 45 BI
81.0 pg/mL B AIRUET RIE W .4 CIRTF,
1.3.3  JLFRIR A FrdExt BOG TRl &b mas A
FEFU R 1 m L CBURE I 5 00 7 9 R Ak 3 R = AR DD
RAMRT L 1.00 mL A8 I 5T A #k BE (9 TR 5 5 o X B
VWS AL IR IR R 0 o B B VR 5 A o X TR
T A I % i B B
1.4 HFABTALE
141 $REC MERARELE AR B JOKR SN By 5.00 ¢ T
50 mL A SR LB OE LB 10 mL Bk, 584
WHE ¥ &), # & 30 min, F [ & 0A 10 mL Z 5 #
0.5 mL 6 mol/L HCLEW , A 5 g Jo/KBi B2 4N, il Z1 =
Y A E 2 min, FIFEHLEL 20 min,4 000 r/min &[> 5 min,
¥ FIHWET 50 mL 08T, k.
1.4.2 @b 2 mL B3E WM A Z® 200 mg PSA,
100 mg Cis By AR Fl 200 mg Jo/KBEARBE MY 15 mL BORL B
L IR BETR A 2 min.4 000 r/min .0 5 min, I
#10.22 pm A HLUE WL, =R A RS — A B/ 5T 9 Y
(ERIIN
1.5 REBESEXZHNBE

X B AS [a] B €8 535 4 55 A [) (9 A AL AR 5 7KORE 8 VRIS L
(L3R UGl LB B 3547 O 1R 36 5 38 09 £ 335 AT R0 It 3l
ARG XA BE R 2% 1 BEAT R Ak O B0 R Y g Y
FEZ A DLk 3 43 88 B & L 0 B 000 0 e 7 A A Y 35 4T
R+ AT A 7 VB €8 33 2% 1
1.6 RIESHEHENHE
L6.1 T EFIEREE B —E W ERARERE IR, R
F4 B shdERE, G B Y 200~300 Da, iz [l Q1 MSFull
Scan B3 TE B 8 785 0 HEAT 1 4 45 20 %0 B 19 B 8
T L IR A SR T R E A S R A T T
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Table 1 Liquid chromatography gradient elution

procedure

BATHIE /min - A 0.1 HRR—KIEW/ % B HWREE/ %

0.0 90 10
1.0 90 10
4.0 30 70
7.0 20 80
7.5 20 80
7.6 90 10
10.0 90 10
1.6.2  “ZiEHH;  #E# Product ion A,

JU 2 50~300 Da, ¥y A 4> F 8 F 5 A% HEUE - i Jin il 42
AL AT R R A .
1.6.3 fbGWmEE AR X B bR A Y TS A& 1
PO AT L A 55 B I 557 B LB T IR LR A R T
FASEN HBRE S AR R AR . R
ST v AR X e B 48 1R ) B T lE AT MIRM S 4%
B AL 0 s B A B 25 7 R N E 8 A RE R L AR L A
J T A
1.7 #RESgmEtAXBMRL

FLACAR [l (A BILIR R DA K pH (B X . Bt i 1 5 o
DAAR IR O 46 A 1 42 A% 145 X PSALCis . MgSO,
PR AT IE 2B LK B L 6- 428 ik K B L 8- 12 ik
RERNE IR B H R 5 25 F6 A 38 2 ) 22 53 7 2 B
LARAL TS I, AT 2 Al A A O 2
1.8 AHEFWIE
1.8.1 HRdE iRl KAE S I B 1.3.3 IR A
Tk o 22 370 %ot BB A Y 42 O A VBOAH i A R T O
AR AT HEREAS BT 0 ST X S RS T 0 1k A, AR
of W T FR AR AT 22 W A0 00 A o R L A5 30 R R A (R 09 )y
FE A SC R E X T 1 B OK B i R B L 1.4 R AL B
Ji > 2R T — R I A DU D B I ()RR Y Y
T E TR T R T 0 1A AR AR Ik
1.8.2 M B RURS 85 5 O B FRE A R1 ISR
RN R FRR X s o A 22 1 AR B OR . R TR R
BEARBEAT 3 AN AR He BE AR L H ) A S s 43 1 0 5 [
e 25 I 3 55 X A o A 22 19 1 42 BUCRSD Y0
1.8.3 R ERM(LOQ  LOQ H 10 1% {5 M 45
(S/N=10),
1.9 #HELE

FAOC BT H0HE fi Analyst 437 804 % 48  MultiQuant
FE LR S BT R . BOHE D RS L R A Mlicrosoft Office
Excel ¥E47T 854k 3 ,

BE RERE—SRRIEEMNERKNENPRERRERGNKREE

2 SRR
2.1 BIEEHNBE

KRR L6~ Fk B | 8- Bk B I A M AR X A
59, 5 Cos OIE AT AR AR B IF AR B o 60 R K ETRA
8 F LK REHN g [ G S A AR, €3 A LA B T 3l A 1 32 5 B
ORI B B A S5 R 3 B B[R] I o B R I (0 335 0 1Y 0 Y
K 5 1 w7 . 2k 36 2% ¢ Waters ACQUITY UPLC BEH
Cis (3% 41 (100 mm X 2.1 mm, 1.7 pm), % Waters AC-
QUITY UPLC BEH Cj 4 3% # (50 mm X 2.1 mm,
L7 pm) REIR PN AP 40 B EE . ISR AT, 0.1 00 iR Ak —
P Pt 0 8l AR AR R A AT DA B 0 Y, FLAE 7 min ] LLGA
BN BT 10 IR 43 B L TE AR T A A W 1 R M RE AT .
HOR o e f B Rk Ak 1R B35 AR O Waters ACQUITY
UPLC BEH Cyg 83 #£ (100 mm X 2.1 mm, 1.7 pm); {4
TEHREE 40 Coiaii A 01 R KW . B W H
P2 B BE VR s TS A R 0.3 mL/min; #ERE R 5 pl, I
D6 3% 503 4% 1 T 2% R I 4 5 1 MRM 68 335 1] DL &1 2.
oy & 2 AT, 3 Rl A e B R AT A B R BT IR
2.2 FREEGWBE

IR L ESI—HKTF .3 Fiib &M 47 8 7 [M-
H]— 5o 88 R 5 40 0 L B Anfb G 9 [M-H]—1E
Sk B it R 18 B R AT R ) I BEAT B
AR R RS T A TG IR R AT R Y TR 2R A L
FET R R X 32 BER R 19 WA~ F 85, T A 1 F B A
N RLZ Sz 1 i (MRMD J7 ARG A il 48 H R (CED it &
FRHLE (DP) s R ELHN F 6-F2 56 K B S 8-F2 B K FLAR 1)
TRBUEE LA 3, g O R T W R
JEJ1 R 275 kPa, FAWESE B — 4 500 V(g F R =D
B TIRREE Ry 450 CL 5 ALAE S 345 kPa, & B Uk
732 380 kPa, #5077 X 22 S 7 W I CMRMD A8 B 1 5
WA 2,
2.3 FHERRBBEFML

A 24 5% B8 I 5w A 0 2E IO R A R 2 TR
LR CHEIEC RS . AR YR AU I SR L £ U 7 Y
A TR i 2 T 1) 2 Y e H AR B AR U R, K

4.57
4.0r
3.5f
3.0p
2.5
2.0p
1.5}
1.0p
0.5}

0.0
0 1

FHE
Intensity/( x 107)

23456 7 809
B ]
Time/min
B2 REBELRMHG MRM &% A
Figure 2 MRM chromatograms of bentazone, 6-hydro-

xymetazone, 8-hydroxymetazone
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Figure 3 Secondary mass spectra of bentazone, 6-hydroxymetazone, and 8-hydroxymetazone
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Table 2 The main reference mass spectrometry conditions of bentazone and its metabolites
B PRI E]/min - FEE T om/2 FEF m/=z ERWIE/V  RifERER/ eV

197.0* —120 —36

KR 6.71 239.0
175.0 —120 —33
) 148.0* —55 —35

655 HE I REAR 6.26 255.0
191.0 —55 —28
191.1~ —70 —24

8- Hk K FEAR 6.46 255.1
148.1 —70 —34

o R T

DK T TET 3 1 Ry R A IS 7 i 2 A7 A 245 35 B U A S SE A
— 7 T MK HEAT I R ik ol 5 O R) 5 RE N R A
b B T R] T 32 B, e R W], P R UK & 3h M e
Tevk 5K M4y 8 s R 5 K B8, 0 KRS 2 32 BUH T AL
MERE; IEC bR R L TR 3R B AR i O B S G 1R R
PRI A JC KB R A 2R AT AR 4T

KGN FACHI Y 1 pKa B/ BRI Y pH
{HREA R B A by 25 FIRAEH N 7 7R b s A
45 HL A BV 0 9 4 Bl A R TR Y R SR B
AR /77 A pH A . & B Ak G 9 09 A =l k=
3, X 3SHAL MG BARE e B R 8 E T
RIMER Y s A FR RS MR USR] W m T W R L 2 R
LAY, B2 HCLIF &y 0.5 mL B, KELFY  6-75 3k
KRB 857 B TR FEHN (1 [l i 2 357 i F oA 7 4% 00
W RBGE T MA 0.5 mL 6 mol/L WIEhMIEWA B T
P B R DT B o R el i
2.0 HREUTBEMRL

WFFE T, A7 SR LR SRR L AL O, B 4 BR B350 A %5
SHR U1 W A AN VR S A R B R . Al /A HLB $iil
FHE AL R AL B RE CRVE L BEIB AL B . KBRS B
FEACTH By Tm0 WS 1 IR 5 o 4 48 U s R A B O &80 HL
XA — o B BES A . WICTE S DG 2% 10 32 BRUFS A V
MAPSA Cis . MgSO, #4714k . 28 & 2 B SC™ =

£33 BAMEXNKTERRERGWRINENZ G
Table 3 Effect of acid addition on the extraction rate of

Bentazone and its metabolites

T2 AR/ mL KFR/ Y 6-FRIE KRN/ % SR T/ %

0.1 51.97 48.81 49.54
0.2 63.03 54.61 61.75
Hhm 0.5 78.69 69.27 72.31
1.0 77.61 60.37 58.75
2.0 68.04 57.19 62.77
0.1 69.71 45.55 47.80
0.2 58.17 38.20 46.00
HER 0.5 56.90 42.79 41.71
1.0 58.50 44.73 60.42
2.0 16.33 25.11 35.48
0.1 24.29 3.33 11.60
0.2 34.70 4.00 7.98
ZW 05 55.95 9.93 34.32
1.0 56.40 13.91 43.58
2.0 46.58 31.86 45.12

Tl 8 b e 20 #  S FEFE  OAR + LA KRS L 60 i K
B (8- R OB R B i A A 1 (B 2 % 48 AR BT IE 2SR
%o IESCIE PR IR 4. 45 R 3L 5.6,
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Table 4 Factor level table of orthogonal test mg

K- A PSA BN B Cus BI04 C MgSO, %5 i+

1 0 0 100
2 100 100 200
3 200 200 300
4 300 300 400

2 6 AT, IR B R AL A 77 : O PSA 300 mg.
Cis 200 mg,MgSO, 200 mg;6-F5 5k K B HA 1 5 AL 4k J5
#9 PSA 200 mg.Cis 100 mg.MgSO, 200 mg;8-¥ 3 %
BRI d L Bk 77 X PSA 200 mg . Cis 100 mg, MgSO,
400 mg. X4 PSA #4435 4 200,300 mg I, K FAL
SHIEEZER ;Y Cul Mz 47124 100,200 mg B, K
BN AR AN 2 2 s MgSO AR g MR K ) X 2K B T
B &R AR %, 28558, T 5w
X7 : PSA 200 mg.Cys 100 mg,MgSO, 200 mg,

BE RERE—SRRIEEMNERKNENPRERRERGNKREE

2.5 ERMPM

T 6 ol Y 366 IR DG P s o i 2 5 9 590 o o ol 4 10 )R
Z L VRS B RO VR B % R 0.8~ 1.2 I, A 55
R 35 SR AR R 5 24 1% b 3R <C0.8 I, Oy 3 A A T 5 24K L
FR>1.2 W, O S BRI SRAE T, BaR 7 ul L, KB
635 B K REAN 8- ¥k T RE A 1) 5 5T DG 15 A o lh 2 5 9 )
Fo i 2 AR B A 43 50 R 1.06,1.42, 1,82, 136 HE K B 4 L
7 5 ) 3R O Y SRR N X SR A o B e R K i
ARG Wy BAT 5 1) ik BT AR T, B R S5 R0 R 5 SR 7 A
BT K R T I o S5 Jo 4 5 20 X ) S 4% AR 1
M o X 26 0L AF7 P TR DG T A o o 2 1 O 2 AT R o L DA AR
TIE 0 H0 1 o T 1
2.6 HEMEHERSKRLER

M 8 mlJ, MFE SR EE N 0.1~100.0 pg/kg B, K
B L 6-F2 5 KO BE b S 8- 3 U B FA B8 o DG JC s o 1l 2k £k
PG R R UF, B 6 R B > 0,995, LOQ ¥ BE ik 2 GB
27632019 2K FEARN e FHAR U0 e B B 45k A 00 1) 225K

x5 EXHBEER

Table 5 Orthogonal test results
e A B C KEEHR it/ 6-FR B K BEAN & it/ 8RB K BN T 4/
(ng* mL™ 1) (ng* mL™1) (ng* mL™ 1)
1 1 1 1 16.169+0.213 5.62240.149 13.52240.152
2 1 2 2 17.030£0.402 5.64840.312 14.074+0.030
3 1 3 3 15.694+0.215 4.441£0.269 13.26840.279
4 1 4 4 12.750+0.384 4,21040.197 13.997+0.413
5 2 1 2 13.488+0.518 6.65040.449 16.087+0.396
6 2 2 1 11.621+0.452 6.71840.367 16.72540.551
7 2 3 4 12.93240.521 5.94340.394 15.17840.224
8 2 4 3 13.02940.321 5.84640.441 14.734+0.325
9 3 1 3 18.136+£0.278 7.200+£0.221 20.39740.203
10 3 4 20.21840.601 7.724+0.516 22.15040.324
11 3 3 1 21.008+0.403 8.11640.365 21.656+0.552
12 3 4 2 21.80840.320 7.93040.279 20.50240.245
13 4 1 4 20.41840.286 6.08140.442 12.455+0.269
14 4 2 3 19.972+0.385 5.97540.596 12.210+0.219
15 4 3 2 20.358+0.369 5.35040.441 9.095+0.385
16 4 4 1 21.74240.296 5.84940.228 9.536+0.297
=6 WMEDH
Table 6 Range analysis of each parameter
S U5 KELHS 6- 32 K HEHY 8-F2 I K HLFY
k1 15.41 17.05 17.64 4.98 6.39 6.58 13.72 15.62 15.36
ko 12.77 17.21 18.17 6.29 6.52 6.59 15.68 16.29 14.94
ks 20.29 17.50 16.71 7.74 5.96 5.87 21.18 14.80 15.15
ky 20.62 17.33 16.58 5.81 5.96 5.99 10.82 14.69 15.95
W% 785 045 159 276 056 072 1036 1.60 1.0l
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Table 7 Matrix effects of Bentazone and its metabolites
aEY 0 G C A7 o it £k T FAT U 2R FE [T
PN y=2322 1032 —836.7(R*=0.99 99) y=341 757247 512.2(R*=0.999 7) B
6-FR KL KBRS y =249 800x+3 517.4(R?2=0.998 7)  y=176 305x+25 743(R2=0.997 3) i
8- LRI y=680 4752 +52 923(R?2=0.999 8) y=2373 0722 —5 107(R*=0.999 3) B

RS RERREKRGHUHEEAE BAXRB LEEENEER

Table 8

of bentazone and its metabolites

Linear equation, correlation coefficient, linear range and limit of quantification

[ax?] LRy R MRAE R/ (pg - ke LOQ/(pg » kg™
PE N y=89 124.1x+1 935.1 0.996 0 0.1~100.0 0.2
6-FRFIL KRG  y=107 1022 —616.3 0.998 6 0.1~100.0 0.2
S-FILKHHY y=168 471x+4 582.5 0.997 8 0.1~100.0 0.2

2.7 FEHRBEZESHERE
9 AT, KEM 6- R KRB K 8- KM
B [l %y 89.6 % ~ 106.9 % , A0 X bR vfE (W 25 Ky 1.4 % ~

11.7 %, 81 e 28 AR X5 4 o f 22 ¥ 45 & GB/T 27404—
2008 52 56 28 i 45 ) MY L A A% T R KRR R HAR
Ky 5% B8 i oK .

RO AAKFTERPRERRERFUOMRERERITEE
Table 9 Recoveries rate and precision experiment (RSDs) of Bentazone and its metabolites in rice and flour (n=6)
KK Ty
[ax?] JkR /o e (E/ bR A/ MEE/
: Wik RSD/% Bk RSD/%
(yg°kg71) (;Ag-kg’l) (pg'kgfl) (pg°kg’1)
0.2 0.205 102.5 9.1 0.2 0.187 93.5 10.9
PR 0.4 0.410 102.4 5.0 0.4 0.386 96.5 6.8
2.0 2.068 103.4 1.4 2.0 1.938 96.9 5.3
0.2 0.179 89.6 10.9 0.2 0.181 90.5 8.9
638 K RE AR 0.4 0.370 92.6 8.8 0.4 0.403 100.7 5.1
2.0 1.981 99.0 5.3 2.0 2.024 101.2 3.7
0.2 0.182 90.8 11.7 0.2 0.194 97.0 11.7
8-F2 KL K B 0.4 0.414 103.5 5.5 0.4 0.389 97.2 6.3
2.0 2.138 106.9 2.6 2.0 1.985 99.2 4.8

2.8 LHEERHNUE

PR 6 G I 7 2 % 20 HE R IR T & KR T
7B ORI A i E AT SRR U . 25 SRR 5T
KK TR A B b X A At RIS M AR AR B
3 g5

SR AL ) QuEChERS ¥4k J5 ¥, 8 321 Wi A8 €6 3% —
BRGS0 KoK N TET R R R B R R H AR 4 3R BR
B, Z5HER WK Ok 0 T R 1R R SR L 2B R R B R
FE OGS VETE 7 min 4T B ROR AT O RIS % R AT,
REAE AT 2B A A R ) 5 SR AR, RS S AR
7E 0.1~100.0 pg/kg WRIEM B HEM X R BRI, HikE
IR HK0.2 ng/kg. V30 ks B I %A 89.6% ~106.9% ,

ISR MER 2R 1.4% ~11.7% . I EE X i 45 2 3 i
HEFT TRIFSE X T a4 9 0 3l R 45 2 JRE oF A2 2% i A
7 il B H A PR i R A T . JE B RN R X A TR A
R LI A b I 52 e A AN (R o 288 5 G A
A T+ Sy o O IR i L 3t ) R 9 RE A E 5 vk Y A
SO PSR

SE X
L1 BUMRTS R . Bk 5050 K s A A i 3 B T ek JRe LT . it 5%
K2, 2016, 38(3); 35-39.
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