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FEE ST T R SOROH (033 H T R 1 0 S il £ AR A A IR N 2 2 B B i U vk . BEBUR IR L4
PR X P ST G E AR WIVE ARG R 28 SIS $RI, 4 g TOKBRIR BE (MgSO, ) Fl 1 g SA4L4H (NaCl) 47K
IR 4 50 mg N-TH3E 2 i (PSA) +50 mg +/\ B FEAELE (C18) By ki fk (2 150 mg MgSO,) . R Agilent
ZORBAX Eclipse Plus C18 F:4- 2R+ IU4) , Fi M55 FL 2 | 1E 17 B8 Ul 22 SO il S A, LA 2 AT 5 mmol/L &
PR B /K VB E A TR B AE A T A6 FE TR, BB DC R bR i e o, A GG AR BRI b et 38 R R 2 7E 0. 1
~100 wg/L LR NZIE R B TR A A I ARG P b 3 R A K IR A5 FI7E 0. 1~50 pg/LEBINZE X R R
W TR L R WESR TN S0k O 2R S R 0. 05~ 10 pg/L, BRIl 0. 05~ 5 ng/L, M2 R %L
(r)BRT 0.990, LMEMELL(S/N) =3 XF R EIACEVE A KL H R (LOD) |, S/N =10 X I i B I EAE 5
FR(LOQ) , Bt MEAE R A 23 7E AR L5 T 9 LOD 4 0.01~0. 1 wg/kg, LOQ 7 0.5~5 ng/kg, 43 HlEM
LOQ .2 £ LOQ #1 10 15 LOQ 3 /KM Hinfb &4, T34 IRy 70. 0% ~ 117. 4% , RSD 24 0. 8% ~ 16. 1%, %7
DARVERT R SRR R R FH AR T VC B A AR I 1, BB SR O PR S I R SR04, (o ARG 45 2R B Ik, vl vl 2 3h
MRS PR R AR 20 5k B 1 BRI TAE

KR . AR - B IR B ; QUEChERS ; A AL K IR 530 5 Bt 38 s B e 230k s Sh v &
hESES.0658 XHkFRIZAD A X EHS:1000-8713(2021) 11-1213-09

Abstract: As among the most widely used pesticides in agriculture, plant growth regulators

(PGRs) have a positive influence on plants. However, the overuse of PGRs may induce toxicity
in food and even be hazardous to human health. Numerous studies have investigated the pres-
ence and residues of PGRs on vegetables and fruits. Animal-derived foods are one of the most
dominant food sources providing nutrients to fulfil the daily dietary intake, and could also be
potentially contaminated by PGRs. However, there is little information on PGR residues in ani-
mal-derived foods. Standardization also lacks among the techniques for PGR determination in
animal-derived foods, thereby restricting the further establishment of pesticide usage and food
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safety regulations. Therefore, in this study, a rapid and effective method for analyzing
chlormequat chloride, thidiazuron, and paclobutrazol in animal-derived food samples was
established. The method primarily involves high performance liquid chromatography-tandem
mass spectrometry combined with the use of isotope-labeled internal standards. The extraction
and clean-up procedures were based on the QUEChERS method. The analytes were extracted
from pork, beef, chicken, pork liver, egg, and milk samples using acetonitrile, followed by 4 g
anhydrous magnesium sulfate (MgSO, ), and 1 g sodium chloride ( NaCl). The supernatant was
removed using a mixture of 50 mg N-propyl ethylenediamine ( PSA), 50 mg octadecyl silane
(C18), and 150 mg MgSO,, and then passed through a 0. 22 pm membrane filter before deter-
mination. The Agilent ZORBAX Eclipse Plus C18 column ( 150 mmx3. 0 mm, 1.8 wm) was used
to separate the analytes under a gradient elution program, with acetonitrile and 5 mmol/L
ammonium acetate solution as mobile phases. The analytes were detected by mass spectrometry
using the positive and negative electrospray ionization modes under the multiple reaction moni-
toring mode. Matrix-matched calibration combined with internal standards was used to quantify
the PGRs. The linear regression correlation coefficients (7°) for the PGRs were all greater than
0. 990 in the corresponding linear concentration ranges. Chlormequat chloride, thidiazuron, and
paclobutrazol showed good linearities in the range of 0. 1-100 ng/L for the egg and pork liver
samples and 0. 1-50 pg/L for the pork, beef, and chicken samples. For the milk samples,
thidiazuron and paclobutrazol showed good linearities in the range of 0.05-10 wg/L, while
chlormequat chloride showed linearity in the range of 0.05-5 wg/L. The limit of detection
(LOD) and limit of quantification (LOQ) for each PGR were based on the signal-to-noise
(S/N) ratios. Under optimal conditions, the LODs ranged from 0.01 pg/kg to 0.1 wg/kg,
where the LOD was defined as the amount of the tested compound that generated an S/N ratio
higher than 3. In addition, the LOQs were in the range of 0.5-5 png/kg, with an S/N ratio
higher than 10. The precision and accuracy were evaluated by recovery experiments. At the
LOQ, twice the LOQ, and 10 times the LOQ, the mean recoveries were in the range of 70. 0% -
117. 4%, and the relative standard deviations ( RSDs) ranged from 0. 8% to 16. 1%. The results
indicated that the proposed method is accurate and reliable. This method is a modification of
the QUEChERS method, and is advantageous owing to its simplicity and high sensitivity. The
use of matrix-matching calibration curves and internal standards can eliminate matrix interfer-
ence, thereby increasing the accuracy of the method. This method satisfies the testing require-
ments for chlormequat chloride, thidiazuron, and paclobutrazol residues in animal-derived
foods, and is promising for the determination of other PGRs or other types of pesticides in ani-
mal-derived foods.

Key words: high performance liquid chromatography-tandem mass spectrometry ( HPLC-MS/
MS) ; QUEChERS; plant growth regulators; chlormequat chloride; thidiazuron; paclobutrazol;
animal derived foods
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Fi ¥ A= K 98 5 7 (plant growth regulators,
PGRs) &—25) 17 b H TEUR AL A i = L &
Yy, 50 MR IRAE B E AN T A A 28, ml DL o
) A 2R A ) A K, R ) ) A K B R T A
FAM2 S el B o kR i A K i A KA
IR S ARAE Y P B BCE AR A o B T R AR
HEHEREEM, RIEVIERE S YN FEmE, o
Z AN S B R A A R, SR Ak 2y
RELEYIRN , ARG HEW , 5 B s AN
(NS N e S RED O NN (3:92 S [ R - 3
R R 2R 2 H R E Tz il A
AT, WTVE B R KRS N
FAESEME 7 EAT A 5 B 2 5 A A W 7 o A [
ILAFAE 2 — a2 AT e ARG . 1 Kk S e X [ Y
TS 1) Sh W 51 B B ARG 00 Hp 2 B, XS N A g
WA R A B A o5 TSR, XA R s
I, A 2003 “FLOK, FEH O E AP ERERNZ
BBV CEEs ST R TE SN E RN b NP
AT TV A X R A A s R T —RE R,
H A N A 3R [ R 2 R0 A 24 5 R 1Y
WF5E FE BLEF 5% 25 KA R A 24 4, % 3 i T
BRI R, A TAEBE RO 2 e
R N Z2 28O E g B S8 X 4 ST B DR B T AR )
AR T R ARSI 5 v, XA e sh I pE & A
ARG R 10 RS W4 A — o i

HATRKE | H A SR A X TR0k 28 e
122 0 e 1 ol FH A I T ORE N A e K B B B i
(MRL) , F FE 585 i GB 2763-2019 £ 5 24 4 [ %

B 5 FP A 2 R KAk B PR ) O A R T 19 AhAE
Y KA, P XX 3 Fl PGRs W45 H T AR
IRREEFLE, LR 1, ML (EC) NO 396/
2005 HELE , 7RSI IR £ & o A B B a2 Y R
2y, W 4% 0.01 mg/kg K HAT " W FEHL, H A
2006 4F- STt Y < 5 g A R B T RLE X TR E
MRL SN J& 5 B Al A 27 i, 76 8 rh 75 2
N — bR B, BIRTS# L 0. 01 mg/kg'™ |
I 2009 4F 52 By [ K A fE GB/T 20772-
2008 HILAE T S ALIA 461 Fhofe 25 Ko S k2
i R P R P VBROR - H DR T S A I s, A T XS
SN AR 25 5% BB A 52 6 Z A8 AR,
GB/T 20772-2008 >k FHIEEL 515 (1575 (GPC) 15
AL BT 3 ) B I 2 s 1) sh LIRS 2R 4 71k 4y
B OB E S IR B R e TR B
TRUF B AL 8CR {2 GPC J7 i EREA X & 2%, Al
FHF AR S BRI T4 B ATE N AT 3
TR AR 25 5% B T AL BE T R BR T GPC :4h, 38
A [E A 26 B (SPE) | 43 #IE AH %5 B ( d-SPE) #il
QUEChERS #:%5, SPE L&k SRt HER 1R a7 8
1B Tl 7 i B — w36 12 [ IR e Ak B AL 1 R
ZRBERMAEY . QUEChERS & H Anas-
tassiades 25" F 2003 4EHF K 19— 8 o i AH
FEEEEAR 3 5L R AT 432 S5, A 3R S5 43 1A BUR
B B 590 SECRE DL 2% B R A 1 I T R
(AR B BENG A PLERSE ) , B P a2
N QNG T8 | o ) SRR (| KO 2 R 72 IV
FF MR TAE T, A S aE 1) & Rt f

F 1 FAEEZRX 3 FEYERKETTE MRL #7E

Table 1 Maximum residue limits ( MRLs) of the three plant growth regulators in different countries

Analyte Products China!'"' /(mg/kg) EUM/(mg/kg) Japan''?)/(mg/kg) Australial *'/(mg/kg)
Chlormequat mammals ( muscle) 02" 0.3 0.2 0.2
chloride mammals ( liver) 0.1" 1.5 0.1 0.5

poultry (muscle) 0.04 " 0.05 0.04 0.05
eggs 0.1" 0.15 0.1 0.1
milk 0.5" 0.5 0.5 0.5
Thidiazuron mammals ( muscle) - 0.01 0.1 0.05
mammals ( liver) - 0.01 0.1 0.05
poultry (muscle) - 0.01 0.2 -
eggs - 0.01 0.1 -
milk - 0.01 0.03 0.01
Paclobutrazol =~ mammals ( muscle) - 0.01 0.01 -
mammals (liver) - 0.01 0.01 -
Poultry (muscle) - 0.01 0.01 -
eggs - 0.01 0.01 -
milk - 0.01 0.01 -

# Temporary MRL; —. unspecified.
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QuUECKERS &I FH € 28 M i 25 7K 2 33 S AH X i 5
1) ST 4 R ) LAt B Ol B2 2 S I A sh
B AL S A AE, Oliveria %% Kao 457" gt
37 T QUECHERS il & & P i R 2558 78, (H
T NE 2P i 5 MG S 3L A9 T 80 QUEChERS
PARBCICR AR, R ULl F bR+ 2252
Fid il DAAEAR KA B 0 B4 RO Aty St iy 43 2k
DA K B 35N 1) T, (45 fa 25 SR TR v

PRI €8, 15 - 5 BT ( HPLC-MS/MS ) 2 4
A PR Z2 A BRI 7 1 22—, AR AT L A A
T, A A 1 (GC) A 5 5 B T vk
(GC-MS/MS) | = &% i A 2 3% 1% (HPLC ) , HPLC-
MS/MS HA7 S AR R e S M | B 4 A R
LA A B 06 7 A7 A5 AR TR ot ik
QuEChERS 1Y Hij &b 3 J5 ¥ , & H] HPLC-MS/MS [
RN T B, 255 TR 28 AR A S o, iy T — ik
Kl shign sk & 5 v 3 Ff PGRs 4% 88 (19 0 M7 7 ik,
PO RERERT L R & RR RS e i IS T
KAtk = B W IE P B b PGRs 5% B8 A

1 SCIEE Sy

1.1 UH|/EH

Agilent 1290 Infinity IT -6470 =% A (4=
TR PUAR AT i B AN il Agilent Jet Stream Hi I35
B TR (AJS ESI) ([E Agilent A 7] ) ; B D HL(E
Beckman Coulter 2 7] ) ; iR EdR % i (75 [E Hei-
dolph 23 7 ) ; Milli Q #4fi/K & 4t ( 35 [# Millipore
NP
1.2 #R5RF

B % (100 mg/L, CAS: 999-81-5, 1K 7 A 7
PRI , A 30 8 5% A B B 4G 0 BT ) 5 22 %806 (100
mg/L, CAS: 76738-62-8) Fl M [ (100 mg/L,
CAS: 51707-55-2) (5 A B Jb ot ds S5 Bk B
ABRAT) A R-D, WEARE-PC ( LIFTELAEAEY)
BHEAIRATD ) ; Z20me- PN, (_E 23R B A
FRANTE]D) s 0 B (0354l , f5E Merck A H]) ;&
FRAN (L 2R PG S AR 2% Tl A BRA | 5 6 K A R 6
(EHZGEHALRNARA R ; CFREE (A%, X
HTRN % B A R A BRA ) 3 N-IN L2
(PSA) (KRB EARIRBHABRA T ) 5+ /b dk
fELE(C18) (TS RHE A A PR A D) .
1.3 BRI H

PIFTAE 25 W (100 mg/L) + 43 53 v 1 L 4 -

K-D, WEARRE-VC,  ZRME-P N, 1 i, T B AL
AT R BE R 100 mg/L IbRMERE 275, T-20 CHik
e A 6 1~ H .

A AR (1 mg/L) 735 R I 3 Fif
HFRAE A 100 WL T 10 mL 255030 b, FH W i
KRR 1 mg/L AIRS NAME T, T
0-5 CIRfE, AU 2 F,

TR AR FHW (1 mg/L) 43 50 v fiff W B+
WEEDN 100 mg/L By R 5| W8 R 3 0 22 R0 s A
fn 100 L, R T 5 FHH B E 25 2 10 mL, 15 3] i
HRAEN 1 mg/L WIRA PRAER W, T 0-5 TR
fE, AR 2 A,

FE TR A AR TAE VA VA C 1 - 43 00 YR A TR TR
T R A AR B R AR A PIAR B, 28 R
BT (BT AR RS TN R XS AR AR ) VR IR
e il AN ] v B 1) 6 VR S v TAE IR W (IR A
BRI 10 pg/L) .

1.4 HARBETALIE

AR TAER RS T,

FRICFE i 5,00 g (404 2. 00 g) T 50 mL
BLLAE T A 100 pL Bis ik B4 1 mg/L IRA
PIFRAE W, FEAA 9. 9 mL 2, i A Y B 7 18 ke
=% 5 min, A 4 g TOKBLRREE 1 g S LIRS 5
min, 10 000 r/min &.[> 5 min, B FHRE2EH 50
mg PSA 50 mg C18 F1 150 mg MgSO, (&b,
TR IES], 10 000 r/min B5.0> 5 min, B F &
i1 0.22 pm JEREE, EALIE
1.5 XEFHHEH
1.51 @ik &t

{0, 3% #1 . Agilent ZORBAX Eclipse Plus C18
(150 mmx3. 0 mm, 1.8 pm) ; H:E .35 C; s
A 4 5 mmol/L LFREL/KIEW , B AR C N s Bh
VERAEF :0~0.5 min, 10% B; 0.5~4 min, 10% B
~90%B; 4~7 min, 90%B; 7.1 min, 10%B; 7.1~
9 min, 10% B, & 0.3 mL/min;#i#fE .5 wLl,
1.5.2 Jig &t

K AJS WSS B IR IE 78S T U £ IO
R = (MRM) , % S 2. 300 C; TS
.10 L/min; #5500 . 350 C; 85 A . 11
L/min; 3546 /7 :0. 3 MPa; B 4145 HL K .3 500 V
(IE il s BEMs i 1% . 500 V(IE  fakisl) . 3 Fh
R A AT 7 B N BR ) B 7 e R T e
BT R R LE 2,
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Table 2 MS/MS parameters for the three plant growth regulators and their internal standards
Analyte ESI Parent ion (m/z) Product ion (m/z) Collisiom energy/eV Fragmentor/V
Chlormequat cation + 122.1 58.1 % 35 100
63.0 35
Thidiazuron - 219 70.9 35 80
100.0 * 15
Paclobutrazol + 294.1 57.2 15 100
70.0 * 20
124.9 25
Chlormequat-D, cation + 131 66.1 * 35 100
68.2 25
Thidiazuron-"Cg - 225 71.1 35 100
100.1 * 15
Paclobutrazol-"> N, + 297.0 73.1 % 25 120
125.0 25

* Quantitative ion.
2 HREWE

21 FUEEHHIMRKL

PIRER HEAE 0 O 28, X BT i B 1 mg/L 1Y
Hir b & Wittt dride . 78 HbRitE A —H s
J& (R SRR AR DL B F IR AR ) L3
AP AERRE W [ M+H " 88 v e O e e O
RE-1Cy ] AR R E B [ M-H ]~ 555, 16 LL Ml i
(B R IR, SR PR R 1 i N L, 25 B 5 IR S
TR W R S LN AR E R BE- 1 C SR B S 1K
(ESI) #F47— 2B 434, A i & ¥R HIE
BRI (EST) AT — Bk 4. A8 2 i1k
EYIIEEE F IS, S SIM A8 20k 8 24 % ( frag-
mentor) H1THEIL, 25 XFHEE T T gURE
i, 7£ Product Ton 52X 38 15 A Wy A0 28 il 43 i
BRI RAR R X, 3 Bl BARfb &9 B = AR
) G Bk R ILIE 1,
22 BEZHNRKL
221 BiEHENEE

ARS8 %F T Hypersil GOLD C18 (100 mm X
2.1 mm, 1.9 pm)  Waters ACQUITY UPLC HSS
T3(100 mmx2. 1 mm, 1.8 um) , Waters ACQUITY
UPLC BEH C18 (100 mmx2.1 mm, 1.8 wm) Fl
Agilent ZORBAX Eclipse Plus C18 (150 mm x3.0
mm, 1.8 wm)4 F Xt B infb & 909 70 5551
o JUMMESYITEX 4 Fh (A I BRR AT 43 55,
(B TR R 5 38 SR o A 0 i A
b5 W 44 B8 e 58" | #¢ Hypersil GOLD C18
Waters HSS T3 F1l Waters BEH C18 | fit) {5 4 iif ]

BI/NT 1 min, O/ B A ) 5 06 AT fig 2 57 21 5 o e 1Y
T3, i 7E Agilent ZORBAX Eclipse Plus C18 #¥
b A ETEAE R SR AL A I R B R KT
2 min, #4153 B TP IBUSCR A LR AR R
Agilent ZORBAX Eclipse Plus C18 #:#E1743#T .
222 WAL E

7 HPLC-MS/MS 43 #r 7, th F i 3% R F 1E £t
P4 MRM B, 1 2R 9 e 28 %o 88— A F B 55 0L
B IETE L) K A B8 B[R] ER A — 2 s i > 3
HEREH BE B O VE A HLAR, K AR BE B T 4K |
0. 1% (v/v) R /K .5 mmol/L 2 R 5 /K 5 Tk
VLK 5 mmol/L Z.FR%E+0. 05% (v/v) B W /K VS T 33
fTHE

SEEGFR B, AU T O 0 B RO LT
WOk CHEVE A MR . KA TR R KA R i sh A
R B ik g PG RIS W s A ol 2%
PhER SRR AT LA AL T 52 0. 1% FHRRIA TR
F1'5 mmol/L Z W2z +0. 05% IR 7K ¥ WA ki 5
AHES, BT A FRE 0 2 530 X5 A S5 G D I e (YA
A 5 mmol/L &R /K MAE it h AHIN =, AT fig
SRR H R 25 fff EST A =Xk & P 2 52 24 il
K E 5 mmol/L &R & /K VS WAE M /KAH, T
TR 53 o 7 (L2 Ay e e HLU IR 3547, 3 FAE )
AR R RS P E LA 1,
2.3 REUAFINERE

FEA) A T 7 3R 2 A 2 1 TR 2 U 7 &
M BERIN T, AR AR S, iR & S
IR I & e, 5 H REAE e O A A R R
FIRRCR , HAZ pH 52 /N2 R A S 56 % ]
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g 1.0
5] ]
“ 051
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[=1
SIS
£ 70.9
2 2
o <]
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0 N — N S —
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2 14
o ]
225.0
0 e , N S—
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g
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0 Ll ’\
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= ]
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E‘: 4
3 ]
O 0.5+
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oottt O
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m/z
3
1 Chlormequat cation, Paclobutrazol,
1 chlormequat-D, cation pacl obutrazol-15N3
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E
=R
<
© 14 Thidiazuron,
] thidiazuron-"C,
0 T [ |
0 2 4 6 8
t/ min
B 1 3#MENERKETHRERAMLENRN - RRIEE
REBFRE
Fig.1 MS/MS spectra and total ion current chromato-

grams of the three plant growth regulators and

their isotope internal

standards

VRN BRI, LA A Sy BE oA i, WS 0 10
ng/kg 1Y PGRs IR A AR ETR TR, 45 & B AN AT 1)
5T, EFECMG (1% (v/v) TR O 2% (v/v) HTR
G 1% (v/v) LR G FIE & kel F i) B A1E A
PEBURFN AT e, Wi 2 FER |, 24 /R R PR B
IR SR 77/ fEE i &Y POy SN & SN
T 60% , H NG HEEUT, 22300 i $2 BUSOR B 5
e S G VR A HRBGAH]

120
] L7 Chlormequat chloride
100 T Thidiazuron
] B paclobutrazol
804
5 60
5] ]
2 ]
~ 407_
20 —
0
Acetonitrile Acetonitrile Acetonitrile Acetonitrile  N-Hexane
containing  containing  containing  saturated
1% formic 2% formic 1% acetic  acetonitrile
acid acid acid

2 3 FEM AT R E A IR BUR I B R IR BN &
Fig. 2 Extraction efficiencies of the three plant growth
regulators in different extraction solvents

2.4 BRoKFIARE 4L T RO IE TR

H1 T B IR i 1 B T e, TR
EG LA ) QUEChERS Jr ikt T4 Ak , AR 405 35 o i
SN S = LS EST=W o v @k A e i i o N
L, AT B — AN SR AR A SR B A A5OR

H 1T QUEChERS J5 ¥ & FH i) i fb R
PSA .C18 il GCB'?' | PSA W] L) A % Hb 2 (488 g
R A LR IR — L@ 2, C18 BEAA AL 2 BR i

RAEAEMPEZR 1P, GCB 254 i 43 25 (8, 2 3501

B AN 1 2R R R B A & IR aE T
mizH, an Agilent 2 7] ) EMR-Liquid 3 5 %I 3 jit
F 165 W B ), 6T B B R B T R A B R R A
R BCL S mL FREWRE R 10 pwg/L BIR A bRifE
W, A3 A PSA . C18 . PSA+C18 il PSA+CI18
+GCB b o, il A S & GCB B, BER
R %) [T s 3R ARS , 18 B GCB o) WE SR A W B AE JH , 5%
M S 56 74D T AR

PRI, A TAE LUK AR S BE 5, i3 i 10 wg/kg
f) PGRs FRUEVATR , TR IR 1.4 S AYRTAC AL IR 454
] PN A1 S R £ R B8 R AT B K i
TSR FIEL LT B AR A 9 00 45 B R
(WK 3), %TF 3 Fh PGRs ki, 774 1(1 g NaCl+
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4 g MgSO, ) RIRE R4 BR/K AR AT A VE T, AT
DA Gy K 5 20 400 KR 4 BC 28 LA 5 76 3%
ik 1 AE N BLKFE , F5 % 100 mg PSA ., 100 mg
C18.50 mg PSA+50 mg C18( 4% 150 mg MgSO, )
DL K EMR-Liquid )b R0C R 3517 X% L, 45 58 UL 1A

3, GER R 4 gl G E R B R 2 R B A
B AR BUCRCR M 2 0 IR SCR AR R, 2R
R E TR e A, SR AN P 1) 1k B ) 2K L
iF, AR Fe 5 22, SRR AR ; EMR-
Liquid &85 H Y 2 55k, Xigxﬁzﬂﬁuﬂz&ﬂi
A B PP R SRUSCR | (H X ot R 4 USRI A

FEARPHAR  ER AR A C18 B AL S E I A 55 v
FISCR | [AISR I KT 90% , 1 PSA A% T C18 A
FIFR R ORI, 6% IE AR TAERA 50 mg
PSA+50 mg C18 ( & 150 mg MgSO, ) 1E H ¥k
Rk,
2.5 ERMMN

TF HPLC-MS/MS K il 52 24 5 B, 3 5 25 32

FNEEPTA T, e B AR i B -1, 77 A 1 e sl i
TIOR3 Fh B G2 B Sl 56 5 RGN ( matrix effect,
ME) "2 F PR 2 5 e A ERR . PR
TEAAS ) 35 5 7= A () R SR, o e, 4% BEAF X
e A, FH Z S BE ) 10 wg/L 1R S FRUES WL, D)
PRUETE R R A, 3G A A= T G TR 5 X 25 4R
ﬁ)ﬂ’lfjvﬁéﬁ%?”ﬂgj:iil 4 TR AT AL 3 P

P25 R A3 S R BC ] 10 wg/L E’Jﬁ@ﬁlﬁ:@a{w
Aﬁ/ﬁ{m& S8 AN B K A5 0 1 AR
AT EAX . ME=B/A, ﬁth{éijﬂﬁ 1 ﬂyiﬁ
BN, FE A /T 1 S 40 i AN étb@f(lom

20)% (EI 0. 8~1.2) W}, 8 H A Ny FE A% 5
e 3 4R R M 2 ORNWE 2R [ A7 31 () 6 5 T AL A
XA/, (H 22350 7 AN [R) A 32 o Hh 27 30 0 3 I 4t
PR, R A W B BT A1, LA i () 5 ST 4 it
50% , JuHIE7E R I v, 22 350ms 5z 31 AR 58 1% 30 il 3%
7, 3 AT B2 R Ay I R ot F A & 2 i JF e v e
B BRI AE PR E R AT RS I 45 R A
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Fig. 3 Effects of different dehydrating agents and clean-up agents on average
recoveries of three plant growth regulators (n=3)
Dehydrating agents: Method 1, 1 g NaCl+4 g MgSO, ; Method 2, 1.5 g HOAc+6 g MgSO,; Method 3, 1 g NaCl+1 g C¢Hs;Na;0, -

2H,0+0.5 g C,HyNa,O, - 1.5 H,0+4 g MgSO,.
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Table 3 Linear relationships, matrix effects, LODs, and LOQs of the three plant growth regulators in different matrices

Analyte Sample Linear range/( ng/L) Linear equation 7’ Matrix effect LOD/(pg/kg) LOQ/(png/kg)
Chlormequat cation  pork 0.1-50 y=191x 0.9978 1.245 0.05 1.0
beef 0.1-50 y=1.76x 0.9975 1.123 0.05 0.5
chicken 0.1-50 y=1.79¢ 0.9985 0.987 0.05 0.5
pork liver 0.1-100 y=2.0lx 0.9993 1.038 0.05 1.0
egg 0.1-100 y=1.89x 0.9992 1.244 0.05 0.5
milk 0.05-5 y=1.132+0.0479 0.9978 1.138 0.01 0.5
Thidiazuron pork 0.1-50 y=3.712-0.0561 0.9998 1.081 0.1 0.5
beef 0.1-50 y=3.292+0.0434 0.9999 1.016 0.1 1.0
chicken 0.1-50 Yy =3.49x+0.0230 0.9985 0.931 0.1 1.0
pork liver 0.1-100 y=2.552+0.0229 0.9997 0.871 0.1 5.0
egg 0.1-100 y=4.412-0.0511 0.9998 1.276 0.1 0.5
milk 0.05-10 ¥=3.912+0.00738  0.9965 1.053 0.05 0.5
Paclobutrazol pork 0.1-50 y=1.322-0.00552  0.9987 0.491 0.05 0.5
beef 0.1-50 y=1.332-0.00968  0.9999 0.380 0.05 0.5
chicken 0.1-50 y=1.362-0.00930  0.9985 0.366 0.05 0.5
pork liver 0.1-100 y=1.622¢-0.0215 0.9995 0.257 0.05 0.5
egg 0.1-100 y=1.612-0.0135 0.9996 0.363 0.05 0.5
milk 0.05-10 y=1.66x 0.9997 0.990 0.01 0.5
Y. peak area ratio of the analyte to the isotope internal standard; x: mass concentration ratio of the analyte to the isotope internal
standard.
F 4 3MEYEKBFLTFERRDER PR B RFIETRERE (n=6)
Table 4 Spiked recoveries and RSDs of the three plant growth regulators in different matrices (n=6)
Matrix Chlormequat chloride Thidiazuron Paclobutrazol
Added/ (png/kg) Recovery/% RSD/% Added/ (png/kg) Recovery/% RSD/% Added/ ( png/kg) Recovery/% RSD/%
Pork 1 75.8 2.6 0.5 115.8 3.0 0.5 86.5 8.2
2 84.3 3.6 1 89.2 4.2 1 107.2 4.4
10 94.5 2.5 5 104.8 3.5 5 102.1 5.5
Beef 0.5 78.9 3.4 1 74.8 6.4 0.5 77.2 4.4
1 85.4 1.8 2 98.7 6.2 1 103.6 2.7
5 81.9 1.9 10 102.3 12.1 5 92.2 2.3
Chicken 0.5 76.1 3.6 71.6 6.5 0.5 117.4 1.6
1 92.6 2.0 2 87.3 4.1 1 98.6 6.8
5 89.6 1.5 10 91.6 3.6 5 89.5 1.8
Pork liver 1 84.3 2.8 5 75.3 4.4 0.5 115.3 16.1
2 80.7 3.2 10 78.1 3.9 1 95.5 5.4
10 76.1 1.9 50 70.0 15.2 5 70.6 5.2
Egg 0.5 99.6 2.9 0.5 79.6 4.1 0.5 110.7 33
1 85.9 34 1 106.5 6.8 1 100.4 34
5 85.1 0.8 5 84.6 3.6 5 76.4 1.7
Milk 0.5 71.3 7.1 0.5 92.9 9.8 0.5 86.0 6.8
1 91.2 7.0 1 90.1 4.7 1 91.6 3.0
5 109.8 10.0 5 78.7 12.2 5 74.7 13.9
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