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QuEChERS-high performance liguid chromatography for determination of
residue bronopol in foods
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(Food Laboratory of Jiangmen Customs District Technology Center, Jiangmen 529100, China)

ABSTRACT: Objective = To establish a method for determination of bronopol residue in foods by
QuEChERS-high performance liquid chromatography. Methods The QuEChERS method was adopted for
pretreatment. The sample was extracted using methanol after crushing, and purificated by MWNTs, then separated
by Agilent ZORBAX Eclipse XDB-Cg column (250 mmx4.6 mm, 5 um) using a methanol acetonitrile (containing
0.1% phosphoric acid) system as mobile phase, and detected at 210 nm. Results Under the optimized experimental
conditions, there was a good linear relationship in the range of 0.02-10.00 pg/mL, and the correlation coefficient
was greater than 0.9999. The limit of detection (SN=3) was 0.050 mg/kg, the recovery was 95.3%—104.0%, and the
relative standard deviation was 4.2%—5.3%. No bromonitrosol was detected in the actual samples. Conclusion The
method is simple, rapid, accurate and sensitive, and can be applied to the rapid detection of bromonitol residues in
grain, fruits and vegetables.
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TLSIE, SOFR 2-TR-2-A - 1,3-T8 %, 1Eh— bl
F P AR BRZAT HLAS R o T At o A il 4R b
MARTA . BiEE, FLARA. TR AR S R
5 2R A Y 1 2 5 2 2 D0 00 100 0 B A A 00 i N
SR F RS G, Sk I SR AR SR A Y, T
A P AP A BB DS R ISR A S R R 2
33 s i N E N P i s e e o A (BN S N
T P TR P A B D R AR R A o TR AR A
W2 RGE, ff /DA O TR b v TR 1k P A 7y 92
BRI, AN AR T YR 2 1o o 28 3% T ) 5 | 28 ) £ i Jo
it 22 A AR A RO A, TR A o S A N i o TR
B B BRI RE T 1

I 00 2 9 e 1) 2 8 05 VR A R OBORE (53 1% (high
performance liquid chromatography, HPLC)!'*™ 3! &5 8508 4f
3% - o B A 55 B TR T35 % (high performance liquid
chromatography-inductively coupled plasma mass
spectrometry, HPLC-ICP-MS)!"*) | ¥ AH {0 %% - it 3¥ 2 (liquid
chromatography-mass spectrometry, LC-MS)!*'? fy F
HPLC Al AR, 4540 50 6 v, 10 VA 1t HL AT 5 A1l
Wi, PRLHCRT SR T HPLC YR E

BRAR 3 AT S 114 850 R o 1 Ok Bk i, i Ak PR
JA RN R 22 ) 32 2R U AR ST R BT AL BT VR AR G il d |
TRACI . [EIREAE S, FPTE SR R BRI A7 BILY 57T
FER K . AR HERAE R A B 22 e i, R R
R H RN B . QUEChERS (quick, easy, cheap, rugged,
safe)ifE 2003 AFp YR IES Y, 20 IR nT R R A 1
AZE R AR A BE BT, PR PEIE 2 1 A7 DL IR S Al dE
A, AN [ e A 0 BRI o S BB B AT, T osib
Rt b 2% O A I 5 RS20, HAT R L PR, R
L0 Sl 220

WEAE S Z BERR YK (multi walled carbon nanotubes,
MWNTs)LAIE S W B P RE R 12 G TR, {H MWNTS it
B RE Sk TSR 1 A DA R R R0 A N A, RO 4
MWNTs (%)'E REHE A i 2 HAT B4 (W R4 fL RE g o ns2
¢ 122 2 PRI B R X MWN'Ts AT 48 Ak e bk, il MWNTSs %
P2 AR AL | RS  AUR MR E R, Tk MWNTs
X2 R B AT Ak, BE AT SRR A B B AN B
18 2 0% 2 R e 0 A A A e e o 9 T 9 2 Y
REJE, FAZ LA MWNTs X 2= 50 Sl A 1Ak e W Bt
il T A B A3 A 5, DT e A 2% JERT A 245 22 4% B A
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2, DA S 2 AT U A SR nT S A AR S 4

1 MR5ERZE

1.1 MR5RF

FOK . ISR, NIRSRR SR B BT S T R

TR A ARV A (A = 90.0%, 25 Sigma-Aldrich 2
A, BEE . ZR5(Eig%al, 22 EZERCHRBHE AR, B
2. CFREE . WRR(IEHAE, il se st e A A
F)); MWNTs R (40 B > 95%, H 42 10~20 nm, K J&
200~900 nm, JbLEREERFEAHRA A, 362 Bkt
(magnesium silicate, Florisil)(Fif%& 80~100 H, [iHLOE
=B AARAR); N-TN3Z Bl (primary secondary
amine, PSA)CERPRIE 45 pm, LA 0.8 m’/g). FEME
(60~100 H, T SIFHlmHrEAM BT E); 250 HK
B ELV
12 UFE5EH

Agilent 1260 II Prime 3 AH (1%L . ZORBAX
Eclipse XDB-C g {A,i%4#1:(250 mmx4.6 mm, 5 pm, 3€[FE 4L HE
R D), JEM-2100F & 5135 5 B F B s H Atk =
2x4t B HMERT); Nicolet 6700A £LAMEGIEIHIN (KR
T ESATBR A ] ); CHT210 25 38 550 HLGH g AN 3256
FEUBFRABRAFD; FW 100 5 BB LR Her 28 7
I EA BT ); DZF-6020 EL45 T4 (IS 25U ER AR
A vl); SB25-12DT 7 AR % i (I VLB 2 BHE AT A ),
Vortex3000 R HENR it (FEIE KA BH4%257]); ELGA Genetic
ALK HL(EE ELGA A l); RO MALIERE(S0 mmx
0.22 um, FHEFDURGA R PR, ARG M (FLE
1.0 mm, WACFEFEALERA FRA F]); BS244S HLFRF(HE
0.001 g, f&[= Sartorius BHE /A H]); DS-1 HLUG I
RSl A RR 2 .
13 75 &
1.3.1 % MWNTs #) 4

HERFRIL 50 g MWNTs, %8 500 mL 22 B3R,
A 100 mL ¥RBEER, HAALF 1 h, IIA 50 mL ¥RASER, 48
FALEL 30 min, BUH, #E, 7R LEZRIER, FmA
1000 mL #4i/K, 1857, i 0.22 pm RIBALIENR, [ R
A K VEET, VEEIEW pH N 7 Zodh, TSR AL
50°CHEZS T4 1 h RISt MWNTSs.
132 #SiaiE

(DA SR

VR SRS, R BT AR 55 P R B AR B O SR
LR 1.0 mm BANGENGE R, b FR G 1 IRRE 2 B R
I, T-18°CIEAE, #H.

(27K R i =

¥ MR GB 2763—2021 (&b %R EFhnE iR
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HAHFRALRE L AIHE, I FRAT B 43 B AR L IE
F-18°CIR A7, % H.

()i AL 3

FRELS g(KE 4 % 0.01 g)¥ FTikAE T 50 mL #RF 50048
o, A 25 mL I, 5 RELOAE T, RHENRY 2 min, FF
A1 g etk MWNTs, JRBEYRYS 2 min, #H7 10 min, X
8000 r/min &.0> 5 min, B 2 50 mmx>0.22 um Y
SR ARAALUEIE, R,
133 @js4t

{08 FE: Agilent ZORBAX Eclipse XDB-C g (250 mmx
4.6 mm, 5 pm); A 35°C; IR 10 pL; HiHE: 1.0 mL/min;
TRANAH: B 160, 1 %R l=2:1:7 (V:V:V); #%1<: 210 nm,
1.4 BUBRAIE

K1 Open Lab CDS {7 vk | Bt R4 Joe it
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[ R, AAEGE B bR G IR A B A A, ST
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Fig.1 Effects of mathanol concentration on the
recovery of bronopol

2.1.2 MWNTs 8 &AL st

MWNTs 5545 08 LR R R hzs B asi, 21ER
W B L R g BEAR PR BE, (H MWNTs T #08Rk 1w 2%
PEE RE SRR, BRI T AR S R B AR B T . A5
) FHR IR W S AL A F 3G 0 MWNTs 38 T A9 35 P B g 2
VISR T I Mg fbse o A BRI 9 MWNTs &5
F, 4% (transmission electron microscope, TEM)H A~ L& 2,
IR 2 ]I, EALE e MWNTs 4835 A — &
P AR B, TR AL ORI . BB 3 r A
PEHT R MWNTs LM% XL, 405 e MWNTSs
FE 1704.53 cm™" bR SO0 S 5 I v A e R A1 4 4R 2 T 5 |
AHY; 72 3414.30 om ' P ACA MR A B, KD BRI
W e 2 B A g R 30 T 5 AR Y, e Uk T UERH, VR R 4
A JE Bkt MWNTSs 7E3R 1H A TR BEEFS B & AT M

2 MWNTSTERBR AL AT (2) XA AL IS () I TEMER )T
Fig.2 TEM photos of MWNTs of raw untreated (a) and treated (b)
with mixed acid oxidation
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Fig.3 Infrared spectra of MWNTs of raw untreated (a) and treated (b)
with mixed acid oxidation

2.1.3  RBRAR AL A At AL

I PR IR 4 38 1 454K TT 78 MWINTs 38 10177 2 S g S A
A2 T MWNTs JRE5H, (HIHASRE 2 IR (R Fe B J 1k
HAERA/N BRI E A5 2 HA —E MK AR LR
SEHRZERIBCE MWNTs, HASPFAAE, 5 TH#7 20,
30 1 40 min 5Bt MWNTs 254, FHidago 5 B dE Alb
JE ) MWNTs g S e s 4k, o #5403 30 min
JTA55) MWNTs [WACGIE, 455003 1.



55 13 3]

B, % QuEChERS- 280 AH €0 132 0 1 £ H LA Ak B 1 237

F1 EEREXNEABROFM

Table 1 Effects of ultrasound time on the oxidation efficiency

A IR ] /min PEILE B BT AL BEIE A
AL MWNTs KEH T
LIRS I S| . g
20 T FLUE ML 4 1) 2 €0 i A R, SR
AAbiE WA N $I5],
30 LI [ ] [ FAAbJE B MWNTSs B B B s/ Hor A b e 5, K

FALH MWNTs FREE, @it T 3EAK
AL, T E A AR B S [ A

40

ZY7E 300~800 nm HFE I, 7 HEN 142

AALJE B MWNTs KEETREL, KARELAR/D, BARARN,
DLHH 32 3™ 5 1 4R A ik

2.1.4 BRI A 8 LB

BWE. KERMEXT SRS ER, XH
QuEChERS itfh, T 52 F A i AL B ), A bt
FMIEEE TR . i MWNTs., Florisil F1 PSA 1E Jy it
PR B0 R A5 SR PO RS T . B . A AR
TR B RCRGE, IF HLR B br il & 9IRS I SCR g
P MWNTs W] 45 %800 i B v v Rk 424 075 Florisil 48
TR BT . TERNER S 2 BT, o id P T W R 553 08 8 BILIR RN
4, PSA DIE FIFWL A0 . 0 . Br2s. BRI FRE
PR, AEROKAS T TP A IR B AR W R, A
KR 10 mg/kg, HRILAGER . Bt MWNTs, Florisil !
PSAE A AL IR B0 2 Bl e, P SO 4 SR T I, fEAL
2ot MWNTs ., Florisil F1 PSA VE i Ak 50 4 [ETg 2243
MR 48% . 107% . 66%F1 75%, FT LLASBIF 93 1k JT) ke bk
MWNTSs 1 k4 b IR FRE 55D
2.1.5 HALEM AR Bk

%} QuEChERS L3R} EIEAT T %548, W5 salfi
F10.2, 0.4, 0.6, 0.8, 1.0, 1.2 gttt MWNTs &4k %
X TR Pt B R R ), 45 SR LI 4. RANBE S n BT
A, BEE AL R =G, e it S AR B R Y e
W o BE R, g2 T R A ) T, TR R e A AR
AR RS 1.0 g BRI i S f g, 4R ERBe
AL B R P A, SRS A R AR R K, H L,
HALM R 1.0 g
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Fig.4 Effects of purification adsorbent amount on the
recovery of bronopol

2.1.6 A8 AFE4RAL

P Ak BRI bR A £ 0 R R B 7R 18]
0 Iy, TR A A B T2 — A5 i B AL & P 3R BOHCR
MR 3 o AHIFSE % S A BRI )43 510 2. 4. 6. 8.,
10,12 min X VR Y EE R 200, WLE St B S AT, 5
i A T 05 % o 3 A LIS (] P 396 4 T 48 o8, 7 7 b FERL
(B4 10 min B, [BEDfeREm, e R Es, hTF
R P AR A A i TR TR A3, TR R [T ISR ALK,
B 8 P ) IR 8 10 min e
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Fig.5 Effects of the ultrasonic time on the recovery of bronopol
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BREER ARG P 2 EAK AR RO @5 AL
I¥#5 . TEFCH HPLC Kl R, Cg T3 AL fop il A A 1 4
ST SR E- R NI I 4 B LN = o AN DR S B/ B R )
BUF PR B RSP o ARS8 T IR BEAE C g A (T AE
R E RO RE, 45 RER Cos AL X R AN AR A
s, BB R B AT R, AP IR AR A
Agilent ZORBAX Eclipse XDB-C5 (250 mmx4.6 mm, 5 pm)
Wi,

A SRR IR I PR 5T, 558 T AN LA [ 3
S AIAERE LRI T (9 HPLC PREARE, ARIFZE IS 2
SRR R R 5 S 1, SR FH Y B+ 6 +0.1 %6 B BRI A
FONIANARBIE SN, T R-HEE, K-2 0 K-H
+0.1%WER K- ZIE+0.1%BEIRAF M SRR R, &kl
H B+ L J+0. 1% BRI WO s AH o AL 3 2605 T AR
g LK 6.
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Fig.6 Bronopol HPLC under optimizing chromatographic
conditions

23 FIEEFIIE
LR TE B ekl i TR

JH B R PV i 0 2 25 TC ) 500 pg/mL B M A
W, P P B AR AR A WBC T 4 0.02.,0.05.,0.20.,1.00
2.50. 10.00 pg/mL MFRUE TARE R . AEOLIET Ay (s a1
T, DA g 0g AR OY) 6 R R R O #E AT £ M [l A
WY B R DT FR N Y=10005X+1825, #H3¢ & ¥ KT
0.9999, A] WIRAHAELE 0.02~10.00 pg/mL JLE N KIFHY
RPESER, WEMEESR . L3 A5 FL(SIN=3)H K i
PR (limit of detection, LOD)>} 0.050 mg/kg.

2.3.1

232 MEE

(OWRGN=

Fr i BE A 2.00 pg/mL FRIE RS LLHFE 6 I, LUR
BP0 I A ARG B B o 4% 6 ST IR I Th AR B AR R A
WM 22 (relative standard deviations, RSD)>} 0.88%, F A
W R GG BT, WS IR AR 2R

Q=EEM

FEMRALE) HPLC 250FF, B 6 (AR a8 FIRRSD, WM
FrUEAB 45 B A5 B R v B0 2.00 pg/mL AR VAW, 45
Py ff S — R AS B IR A PR M T AR, 6 YR EE A MR SRS
F RSB T RSD 9 0.98%, RSD /T 1%, Ui BHATL Y
BT
233 AeirEE

BT YEA TR SR, AR A EE ST T
JAR RS, AR AR, ok AR
ISR A AR VI W, 3 AU K435 0,100 0.25,
5.00 mg/kg, TR MIKEELE 6 Wl E, HAEEEE bR
WHSCRAY 50 95.3% . 98.7% . 104.0%, RSD 4354 5.3% .
4.8%. 4.2% 5ROl A, ARIEMMERE R . BEREML, W
JEJR AT I K
2.4 PR ST

SRHIARBFFE RS T R IE T IOk . A3E . M 3
AR, HBR L3 ORIk T, AR BOTATRE 2
0, FEXAR SR IEATRI, SRS E S A PATRERIRE &
IFRIEAT BT, 45 AR A rp A A A B . SRR
il 6 T LR 7

a b c
20}
Eé % 20+ % sol
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Fig.7 Chromatograms of different samples
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