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Investigation and analysis of plant growth regulator residues in fruit in
Hebei province
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ABSTRACT: Objective To investigate the residue status of gibberellin, clopidamide, thiabenon, 2,4-dichlorophenoxyacetic
acid, 4-chlorophenoxyacetic acid and polyazole in fruits (strawberries, grapes, kiwi, cherries and watermelon) sold in
Hebei province. Methods Plant growth regulator residues in 148 strawberries, 122 grapes, 51 kiwifruits, 39 cherries
and 9 watermelons in Hebei were studied. Reference to the technical manual method for monitoring chemical
pollutants and harmful factors in food, liquid chromatography-tandem mass spectrometry was used for detection.
Results Totally 39 of 148 strawberry samples were detected by polyprazole, 23 of 51 kiwifruit samples were
detected with clopidoide, and 16 of 39 cherry samples were detected with 2,4-dichlorophenoxyacetic acid. The
detection rate of other plant growth regulators in various fruits was not high. Conclusion The data showed that
different degrees of residues of plant growth regulators were existed in all kinds of fruits in Hebei province, but the
residues were lower and safety for people.
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R AE R3], M TR AR AT —3K
P2, JE NATHE T i KSR WD (4 2540 AR LTS
AL N A S AR BT A RN A 2 R0 )
JRUSL HAe A A B, ATA RO E A KR E,
RBRAT I R R . SRAE B A T i
BB AL MERR S AR B A F R & . mH AN 7 ik, IR A fi
PR A A1 R AR — A 27 AR fE T o HE,
WERAEA A B B YE, SErTRE S /Y g, 50
AR K2 B, AT HAERIEY) bRk B i &
WA NRS, SLSTE— BB B A e 7 A
RHEERIETE, EEE NGRS T R, A SR
A S 7 i AR

A A A 35 SR FEACR AR o iz, AR KR
HR A B B ) A R A7 S TEST . HR, T A A
A AR Y R Bk R A ARG Iy kAT RO 1k (gas
chromatography, GC)[B] . AU AT A% (high performance
liquid chromatography, HPLC)[Q] o VR AH 01 - B I BT
(liquid  chromatography-tandem  mass  spectrometry,
LC-MS/MS)!'"P1 SR GC Bt Bt b A Wik A A Ak,
HARME AL BRIZ A% HPLC R HA HAE L SE BRI UE 5347
LC-MS/MS HA e flm RBUE, =& HEGIZ I
R vk BRE . HAS . sl MRS E A S T
ANTR]H ZKC SR 7 it FP AR A R R A B B b, H TR
AR Py R S s HE AR />

T AL XK R R AE KT R R R . A
MR . HEARRE . 2,4- “HRE R . &-HOEH LR .. 23
W 1) 5% BRI, AR SCR T LC-MS/MS J5 XT3 [X. 148
ByFAE . 122 fyd%g . 51 DyARBERE . 39 By RERk AT 9 43 Y
JRH R ER BRGLHEA T TWRSE, PR AR T 6 R AR
U 5 R X Tl b DX P e R A R A A KU, Rt T
Tl P i Al

il

2 SEERERSY

21 # #®
2.1.1 B B

Waters TQS (=250 AH (4115 - H3 I =2 DU AT I 1% (5
Waters 23 #]); JJ 600 HLF (B SRR LA )
GM 200 WFEEAX (T8RS0 7)), KQ-600E A AL (B 1l
BT RR A F); 3-30K VR L HL(EEE Sigma 2 /);
N-EVAP 112 AWML (3 E Organomation 2 F)o
2.1.2  KH BAR AR

IS, MEER A F]); ZR00.1 g, 99.0%)

FEEZR(0.1 g, 98.4%). 2,4-"SEFRALMR(0.25 g, 98.5%).
BEZRFE(0.25 g, 98.3%) . FAHMRO0.1 g, 99.2%) . 4-5HAFA L
£(0.25 g, 99.7%)(ff[E Dr. Ehrenstorfer /A]); BizKid7
(6 g JOKBREREER 1.5 g BEEREN) . 2 HLRTAEZEUAE (25 mg
Cig Ml 150 mg TC/KBREREE) (g 2e it wl); SEU6 A K
Ay et B A K o

RAPRHEM & 2 AR BRI 6 Fh [ 44 4R e 5
10.0 mg, HZIEFMELR 100 mL, 5. MHRHERRHK
J¥°4 100.0 mg/L, fE6ifi FAEEOIERT D, —20 °C NGO

TG PRAE TAEW: PR W bR TR & b A 5
W1 mL, AZIEFRERZE 100 mL, HIREFRHE TR
WP 1.0 mg/L, 7E 4 °CURFH h IRAF
2.1.3 KEH&

BERRALAE 11 AT AR A AR RAE
AR, B A A R IR M T B . X Oy R
R BRI AR A3 R A A DX A T DA 5T 5 S RE AL
WEATRFE . IR 148 (RH5E | 122 I3H %5 51 it
Bk 39 BB FN 9 03 P JINEE AR SR E R S5 e %, H
WFEEAGTRE, TR A B8N, T-20 °CORFER RIRAT .
22 WA
22,1 RAEHEFM

O REFE N ACQUITY BEH Cg AH 4 (2.1 mm x
100 mm, 1.8 um), #i# A 0.3 mL/min; #EEEE 2 pL, AR
30 °C; ishH: A WHAEK (% 0.01%%K), B LN, B
YE MR P Sk : 0~9 min, 5%B~60%B; 9~9.1 min,
60%B~100%B; 9.1~11.0 min, 100%B; 11.0~11.1 min,
100%B~5%B; 11.1~12 min, 5%B.

222 JRiEEA

B BRI 2.8 kV (-); 3.0 kV (1), il
FrE: LW F Wil (multiple reaction monitoring, MRM),
BRI : 150 °C, HEFLIMSREE 150 L/, BEFIS
JRLEE 500 °C, BEAEHISHE 800 L/h; RFHES RS, AifE
S 0.16 mL/min,

223 HmETaE

TERRFRIBGRAFE 10.00 g T 50 mL &.045H, A 10 mL
T 1% VNV CRY OB, 219 2 min J5, MABIKIR
76 g TL/AKBRIREER 1.5 ¢ BEIREN), WNHERYS 1 min, LA
10000 r/min #5.0> 3 min, B 2.0 mL F 3598 T2 i E A A B
(25 mg Cig M 150 mg TL/KBEREE)H, WHERS 1 min
J&F 10000 r/min #F F B0 5 min, B8 EFRZ 0.22 um
OB g, Rl
224 Z ORI EAE

A3 59 B B 157 D AR i 32 B A ) ELAS 35 15000 A o P A
mi, 1% 2.2.3 Hil A5 TR, A DA
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31 ZWEHML

BB AR L 2 BB L 500 pe/L HIARMEIE W, RIS
BB F LS BT, 0k ESUF ESIT
PR e, d i Bk re s, AR S50
B i s 71 e Al R B e el e =B A (O -4
o SREAMFEER . FMIR ., BERE, 24- "8 FKH
LR 4-EPRE CBRAE ESTHLRR, Al R1SE m 1 R
W, A0 YE ESTRER T Al SR A3 48 i R U & H
WRALE D B RIS 0 IR 1. HARMEE I E) MRM (23
B LI 1.
32 ERMMN., FENERESHERE

FE RN S 7E R IO B P ) H AR L & e, S
BT ysem BAs b &9 & 11k, #15 Birfb & 7ENL
i RN & A T ISR E IR MBS . bR BiRe S
N R P R R R R AR, DR RN A S, AR A

SR 2 P S IS )k B 1 E AR AL B 0 TR A A HE T TR
LR ERE S FHE AT, X BV e,
28 [ SR B OB AL T R 1.0+ 2.0+ 5.0+ 10.0+ 20.0- 50.0 pg/L
W) RGBTSR, SR ML ST PR eI 2R, SRR R R
I, MHRREIIRT 0.999,

PIEMELL SIN=3 Fll SIN=10 HE KRG E . 2.4- "5
IR VERRE . A-FORE R . FNR . RS B 4)
B4 0.5. 0.5, 0.5, 0.5, 1.0, 0.3 pg/kg; ERMEFHIH 1.5,
1.5, 1.5, 1.5, 3.0, 1.0 pg/kg. 4rBILATRGE . A2 . Bk
PERE . VU RS BTRE SR AIR, e . . AREAS IR K
SEATINGE 6 UK, TR H AR A 0 0 [ 038 R X0 A o B 2
(relative standard deviation, RSD). %55 %EM, HIKE K
73.2%~102.3%, FHXTARAEN2E(RSD)H 3.5%~7.6%.

3.3 KRPEYEKIFTLTIREHE,

6 R A IR R E RAE | AT L ARIRBE . AEBEA
PR AS: HROR TR, R A, SR e B
A LI 2.

*1 B EYmREEst
Table 1 Mass spectrometry conditions for target compounds
&Y BEBF/(miz) FHIERF/(m/z) HEfLH RV Rl g it /e V BB

143.2 30 22

AR 345.3 ESI
239.4 30 15
91.1 30 30

LA 246.2 ESI
127.1 30 12
71.1 30 30

WEIR 219.3 ESI
100.1 30 10
125.1 30 25

24-ZHKRA R 219.1 ESI
161.1 30 15
127.1 30 15

45K AR 185.2 ESI
141.1 30 9
70.0 30 18

ZR M 294.4 ESI'
125.1 30 40




B b % A IR S 5510 &

3932
2: MRM of 10 Channels ES— 2: MRM of 10 Channels ES—
345.3>239.4(GA) 219.1>161.1(2,4-D)
3.56 1.31e6 4.51 2.03¢6
100 : 100
0,
% % 360 5.54
0 0
2.00 4.00 6.00 8.00 2.00 4.00 6.00 8.00

2: MRM of 10 Channels ES—
219.1>125.1(2,4-D)

2: MRM of 10 Channels ES—
1.64e5

345.3>143.2(GA)
3.56 L17¢6 199 451
100 360 |,
% % .58
0 0
2.00 4.00 6.00 8.00 2.00 4.00 6.00 8.00
2: MRM of 10 Channels ES— 2: MRM of 10 Channels ES—
246.2>127.1(Forchlorfenuron) 185.2>141.1(4-CPA)
1.02 1.56e5
100 1.30e7 100
% %
0 0
2.00 4.00 6.00 8.00 2.00 4.00 6.00 8.00
i
‘]z‘
& 2: MRM of 10 Channels ES— 2: MRM of 10 Channels ES—
246.2>91.1(Forchlorfenuron) 185.2>127.1(4-CPA)
1.44¢6 100 3.77 1.80e6
100
% %
0 0
2.00 4.00 6.00 8.00 2.00 4.00 6.00 8.00
2: MRM of 10 Channels ES— 1: MRM of 2 Channels ES+
2.19.3>100.1(TDZ) 294.4>125.1(PBZ)
100 5.64 3.82¢6 100 8.61e6
% %
0 0
2.00 4.00 6.00 8.00 2.00 4.00 6.00 8.00
2: MRM of 10 Channels ES— 1: MRM of 2 Channels ES+
2.19.3>71.1(TDZ) 294.4>70.1(PBZ)
100 5.65 5.68e5 100 7.92¢7
% | %A
0 ' 0
2.00 4.00 6.00 8.00 2.00 4.00 6.00 8.00
A []/min
1 BARE A bR i 2 RO i 1 1

Fig.1 MRM chromatograms of target compound standards
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148 EAFFES TP REE R . BERRE . 4-FURA LR
SRV A, 2,4- " FUR R SR 2 1y, 230K
H 39 Oy, 39 (RS, 2R H 25 R B/ ME R
0.5 pg/kg, FRAE K 96.8 pg/kg, Kol H 26.4%, 4R
Y, 280l g p ) R Y, BLURAS Y 39 A
FHPEBE S o 235G I (B R 407 20.0 pg/kg LR, SF3
] 19.9 ng/kg. MM{EREL 50.0 ng/kg KA 4 RN

122 (A RE L R R, REE R 14,
SIRAG 3 0y, 2,4-"EUORE SR 2 10, 22RO
6 1o 6 PV AE A I AR A R RS AP AN

ST BRERRFE S AR EE 2K . BERRE | 4-FRA IR .
LRI A R, ERES 23 £y, 2,4- SR E R
K 1 fy. 23 ke HRE S b, SR W 25 SR e/ IME
0.5 pg/kg, THRMEH 7.6 pg/kg, KRN 45.1%, FHMEH
2.0 pg/kg. R RH, EMIRABRERE ) = E AR R,
FERRAER P 5% BR 0 A A, (FLEVAKS Hh KSR .

39 A EBRAE S SR B A A L RN IR R AT 1
By BERBERTH 10y 4-SORASIREH 2 iy 2.4- R
ZIRKG Y 16 1y, ZR0RH 5 005, 16 IR AR AL R, 2,4- TR
RE RN R EMER 2.0 pgkg, BHKEN 8.9 ngke,
G RN 41.0%, FHME N 6.3 ngke, 4EHRFEM, 2,4- 7K
BRI R SRR Y, AR b 5k B
FEAE, AREARKS KA o

9 (RVHINKES IR R . 2,4- " ERA TR . WERRE
4-FRA TR . AR . R0 R .

4 &

X KSR AR A A A 8RR A I R B, 25K
W FERERE S ) R B Y, AR LRI, AR
S B R R . 2250 T = IS AR K B SRS, AT
TIERERIR AR . SRR R ] WA Rk BE Y 22
SR LR AR B 2R B A PR AR KA TRITE . T
S BB R ) N, B R o A7 2R B
B . GB 2763-2016 & &hZ4 4 S bRER S Pk 2t Kok
BRCEE ) T A S S 75 A Hp 2285 ) e KB P LA A
0.5 mgkg, THAFA 0.05 mg/ke, FAME R R AT
P o PRI S8 K AR rp 25 1 £ K5 B PR bl e b

SAMNR A BRI o ) R EEAR A, 2,4- SRR LR
PRk Y IR EEYI . GB 2763-2016 (£ 5% E F bR
WA i P 235 KB P B ) U1 e b G R L A B
R PRy R RFR A 0.05 mg/kg, TERAFH 0.1 mg/kg;
2,4- SRR CTRAE I K H AN K B v R Rk B
0.1 mg/kg, WA HAAKEFMAE PRI E EirfE. D2 F
R A R 700 AR AERE P kS Hh 3R A v, (BRI,

SEEEZRIAKR, FEAR X NRAERGE EE . 6 Fl
LAY A AR 50 A 2 PP R R B AN R, LR B R AR,
FEVG IR BA G

R 45 S B, R AR KT R A FOK R A
AFIREEE R, RSk B A (AR H AT AN
[ 7K SR i P FRO AR A0 A A1 R0 ) B B AR R D,
TR A AR TR A, X KR PR A R R
HEAT IR AR R L B
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