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J5 Fi4 3k MPFC-QUEChERS B UEEHLAE BEA TR 4 ik . SR AT 5 mmol/L Z W%k 0.1% H BR/K I W - LI 6 B vk
M, Hypersil GOLD #1740 55, £ O WA= e, F Rkl . B2, 3 3 Fll B/ il VE B kRt dh 28, b
bR ER., R FH0E 20~300 ng/mL JEERN LR Eﬁ%, r=0.990, f£ 4. 20, 60 pg/kg 3 AR
WEEF, PRI 60.49%~120.96%, AHXFRUEMZE A 0.3%~14.6%. E R 0.09~4.06 pg/keg. £Ei® %
ik VER . TR, AT R SE IR EE X TR UL R B AR AR A R R A T PR A
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Determination of 28 kinds of plant growth regulators residues in fruits and
vegetables by ultra performance liquid chromatography-tandem
mass spectrometry
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(Guangxi-ASEAN Food Inspection Center, Nanning 530021, China)

ABSTRACT: Objective To establish a method for the determination of 28 kinds of plant growth regulators (PGRs)
in fruits and vegetables by ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS).
Methods Samples were extracted with 1% formic acid acetonitrile and purified by QuEChERS method, and finally
filtered through the MPFC-QuEChERS ultrafiltration purification column according to the state of the sample. The
targets were separated with a Hypersil GOLD column using 5 mmol/L ammonium acetate solution contain 0.1%
formic acid and acetonitrile as the mobile phases in gradient program, and then analyzed by multiple reaction
monitoring mode (MRM). Three matrixes including Shanghai cabbage, bean sprout and apple were matched with the
standard curve and the content was quantified by external standard method. Results Each component had a good linear
relationship in the range of 20-300 ng/mL, r=0.990. At 3 different spiked concentrations of 4, 20 and 60 pg/kg, the

average recoveries were 60.49%—-120.96% and the relative standard deviations were 0.3%-14.6%. The limits of
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quantitation were 0.09—4.06 pg/kg. Conclusion The method is fast, accurate and had lower interference, which can

be used for laboratory rapid screening of plant growth regulators in common fruits and vegetables.

KEY WORDS: ultra performance liquid chromatography-tandem mass spectrometry; plant growth regulators; fruits

and vegetables; MPFC-QuUECHhERS ultrafiltration column
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ARk, LRI A R AL B XA R B <R
HWEK, SR T MR R “BrEp e 0, 2
AT R » “GHEEAB AKOBAR, B FEE”
SN H T AL, AR A A R R B R B A TSR
FrREE 0o AYIA KT (plant growth regulators,
PGRs)E—E AN TA RN, TR RGN 5 | S50
SERARIRFE AR A2, (02 B ol P gk v] i S SR
AT BHE IR ICRS S CA ST A A KR 7
B 2l R R R, E A MR R0
PR EUE VT NI, PR R AR KR )
FREFEM RRE IR, XL A . Rk E R KAt
ST R R T Ay BB MBS S

HAai LAY T PGRs ARSI, S&H: A Sh AP BR7E
B2, BEXERAMETEEMOR. fLF. BRI AEMT
RIAEEH R RSN 2015 45455 11 BT R4 = ik
WA 6- LRI 25 T ) A 45 ) VAR RIE T 6- R JE AR
IES . 4-EORE R . RERE 1 MY AR RIS
O gt (ECR TR mrstc ot A AR A K R
A 51 F BAN, BREZELSMYK RS R
WECE OKE . SRR, e, whESR. PEREE,
RS MW 2RI LA TR, JE TR, SCPRi e it
AR EMEE R AYZSRU, H B AR AR SE . KR
T Z2 R ) A R R BB S RS AR TR D . R, BT

il

UEEHALAERT BT | 2F R 3 MOk BRI TR I,
FHENT YR AU €335 - ER B BT 1S 7 (ultra. performance liquid
chromatography-tandem mass spectrometry, UPLC-MS/MS)[A]
BRI g 28 AR AR AT Rk B, JExT I AR
B G, . B GEFE, SR B, IhESR . 4
IR, R 22, Iy, A0 14 DS RN, R AL
R T BT DR . BER. TR, K
JESR AL 12 AR, Sk 380 DHEU ISR BT
e, DU IR B8 2 A i B SR8k TR A R 5 R Y
IO, BE ANTRY SR 2 406, BRI
AR AR IS %

1 #MR5RE%

1.1 MRS
380 HLFRSh: K A A B R E F VB AR &, A

TFBRAR T2 M B 37 | Tl | SRR B R 5, DA
T P R s o

2N Wik, fEEBRTEA R, ZBRE (gL,
TGRS AL THFSET); QUEChERS #2HER (5 6 ¢
TCKBRBREER 1.5 ¢ /K LR, 32E Waters 22 l);
QuEChERS #+b 55,04 (7 300 mg Jo/KBRFREEF 100 mg
Cis, £ Stan Quik 22 F]); MPFC-QuEChERS i gLl
At =g A R A D

FRUEYITT: B | 6-MRaIEIENG | BEEls . T
L5 | GEIEE . BUBING . mRnE T B MR | PE R
R | MR BEESE . 3-WIWET R . 3-MIUR 2R . 55
FH 2, 4-H AL AEIEE TR 6 SRR |
R, EMAR ., ERE(LERT 99%, 1@
Dr.Ehrenstorfer A r]); FURES . =& ZENEE . 4-FAEL
TR (4 KT 99%, %[E Stanford Chemicals 2\ #]); MEIE G
g BB, FRE . TG IRES (L KT 99%, K
BT RIS R A R A D
1.2 UE5EF

Exion LC 8 RZ0BAH (43%-5¢F TRIPLE QUAD 6500" =
DU RS (fiL % EST BFUR, €E AB SCIEX A#);
CPA225D ML F R T(TEEFEZFIHI A F]); Vortex 3 IRHENRY: ¢
(5 KA 2AH]); Multifuge X3R BB LHLU(EERE Thermo
Fisher Scientific A )); TurboVap LV ZMAY (Fii it Biotgae 23 7]);
Gradient A10 Milli-Q F#£lKHL(ZEE Millipore 23 7).
1.3 /5 &%
1.3.1 ARBEREA

YHE T PR IBLAE bR S, 43 i 20 R G
1 mg/mL PIFRUERE AT o A 26 8% Ut Am I TR B TR — 2%
T, ZNER RN 10 pg/mL AIR-SARMEP IR, S %
w1 mLIBRAPRERRIET 10 mL AP, JERE
TR B FEASBIR A bR U T

BRI O3 SRS PR S (MR BB 10.0 g,
e 134 Hil& 1382 O RER . HEEDORARMER A
# 0.02. 0.05. 0.1, 0.15, 0.2, 0.3 mL, =z HRRIER
BEiH 20, 50, 100, 150, 200, 300 ng/mL F ¥ FEFRIRA
PR TAR R
132 &ABEE4&H

fa34: Hypersil GOLD #:(2.1 mm=100 mm, 1.9 pm);
KR 35 °C; FiEhAE: AN 5 mmol/L ZJR%k 0.1%H Rk
W . BRI, Wik 0.3 mL/min; #FEER: 2 uL; BEAFERBIFL
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J#: 0~2 min, 10% B; 2~10 min, 90% B; 10~12 min, 95% B;
12.01~15 min, 10% B,
133 Rkt

SR FH HiL 155 55 HA, B (electrospray ion, EST)JH, FEWIZEIE
i X, 2 5 N W (multiple  response monitoring,
MRM)F#, HBEHE: 5500 V, BFIRRA: 350 °C, &,
A Wi 25 L/min, 546 Hii 50 L/min, SHEIMVS:
W 50 L/min, $FARE: 10V, HAFRE & 1.

1.3.4 FERERGH &

Z: 8 BJS 201703  F2E PAEY AR K AT e ) ik
TINHGHE: FREL 10 g R 0.01 o) 2 Wity sy ike i & T
50 mL BREE.LET, A 1%HBRZIEAT 20 mL, R
PRHE 30 min, JIA QuEChERS $RHERELIRTE 1 min, 4500 r/min
B0 5 min, WHZY 11 mL _F3CT 15 mL B0 (300 mg
ToKBRFREERT 100 mg Cg)HFiRESHE 1 min, 4500 t/min 250>
5 min, FEFEWE 10 mL EHRETH— 15 mL 208,
40 °CAKBEMEILT, MAZIERZE 1 mL, BRI
REMERRMAEE, 25038, WM. LiEEFSEME
J5if) MPFC-QuUEChERS #&iF kAT, AREBIRMINFIN, o
. SESRZ A BAILFRAY MPFC-QUEChERS #3814 LAE HEF T
R, BRI L ALIE
1.3.5 #EaE

FIH AB SCIEX f) Multi Quant 3.0.2 % E %) 28 Fiib &
00 04 T A5SCA € - E IR S PR 0 T M e AT

2 HR55%

2.1 FRIERHFRML

AW AT BIREH] 100 ng/mL BUARMERTR, i
RS BE . (AP BST B FiEG, i e
T, A YIHRIE | s FEONES, e N 1 T
&, SRIefb EfEd R EEE TSR ARk, 2
JE B WIN KRR RE R, WO FA, MR E %
. e TIE/NORE R, BJatiibRidEataE, T
B SRRt SMEAYIRIES ISR 1,
F1 28 MHHEPMEKIPADHNSENENFEEXNHNRIESH

Table 1 MRM mass spectrometric parameters of 28 kinds of

5512 4
1)
R gy T RBEHRE BEEdE
(m/z) (m/z) v 1A%
9  MEIEJGEEE 6102 413.27/180 6 29; 29
10 i 3082 7077125 121 5258
11 [iEZhes 202 12477102 66 27; 31
12 975 e 292.1 125.17/70.1 120 30; 30
13 o1 PR 326.4  70.27/159.2 16 26; 50
14 MZEFE 113.1 53°/67 28 28; 27
15 3-WBLTE 2039 18677130 97 19; 39
16 3-BBELZER  175.8 130.17102.9 110 23; 42
17 | A R 2389 164.97137.9 63 25; 49
18 F5 I 216 174/96 24.2 25; 36
19 FoRE 220.1  202%/136 61 18; 24
20 =BERMNEE 4814 445.4%/71 187 13;45
21 2’4'Ziﬁi 218.9  161*/89 51 -16; -48
22 4-FARALIE 169.1  94.9%/111 -70 -21;-20
23 4-5URAECER 185 126.9%/110.9  -36 -18; -20
24 6 FHLRMES 2241 133%/106 -85 -26; -421
25 PiNE S 345.1 1432%/221.1  -114 -32;-35
26 AMAR 2462 126.9%/90.9 -85 -16; -33
27 WESKRE 2189  99.9%/70.9 -70 -18; -45
28 SUURMRIERS 202.1  134%/107.1 -82 -24; -22

PRGs
R LA ARk BBy FET  AReE #iEdEE
(m/z2) (m/2) Y v

1 R 159 89.17123.1 212 42; 30
2 6-MREIEIEERS 2531 69.17/165.1 47 35;25
3 JHe i T 216 817/148.2 76 30; 19
4 T 161.1  143.17/101 17 15; 18
5 23 2942 707125 33 31;35
6 SR Tk e 373 161.17769.9 23 37; 54
7 FHIR S5 1146 987/58.1 66 31;31
8 B 253 207°/69/165 65 14;27;23

o ONEEE T

22 GIEFMHEML

AMFFERFEE T Thermo Hypersil GOLD (2.1 mmx 100 mm,
1.9 pm). Waters Atlantis T3 (2.1 mmx150 mm,3 pm).
SHISEIDO CAPCELL PAK C;3 BB-H (2.1 mmx150 mm,
3 um). Agilent RRHD SB-Cg (2.1 mmx100 mm, 1.8 um) 4 Ff
IR BRECR, WK 1, @R SR R LRSS . R |
ZRAE T3 FEA LM, 16 Cis BB-H Airh, R RIS
S, 2RI TE, U ETE Cis BB-H I SB-C g #E FiE
BTN/, TE Hypersil GOLD ¥ b, 6B 28 SN 1y 25
Bi, (HIHARA A YRR K N ERET . AR, %
2T RFRIE o FEIY S mmol/L ZBR%E 0.1% FH R /K VA -
2N . 5 mmol /L ZFREE 0.1% P RRKIER-EE. 0.1%HER/K
R-FEE. 0.1%H /K- 4 FhdlG. 45RAMY L
IEVERA R, 454 S mmol/L ZFREE 0.1%H BR/K I RIE N
TRBIARIS, 2 BRI | 6- MRS B R, 1k
BV E TR, WNERYF. 4L, B 5 mmol/L
LIRER 0.1% P BR/K I - LIS A i shAH, Hypersil GOLD 4

AT
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3.E+07

2.3 HaiRBUT AR

3E+07 T3k
= 2o AWRER LEE . B2E ., SRR NSRRI TR
L FOFERIBIEE, S0 BIS 201703 TR &3, |-
el I, A VT B SR I A P B PSR T TR . BRI |
T 1 2 3 4 s 6 7 8 9 10 m o1 o131 15 P EARTIER, Xfe5 LigHEREmIh ST AMaER
- T e M A 5, T FLI N B,
P ot T3 2, - "ERA O TR . 4-FORE O . SRR RS 1
o 20T Wi 3 A8 71N, R BB T2 2 2 IO U 447 s XoF 3k S A ) A R 3T 5
® 2p ST HL B RAE FIRY . R URAE F 3 A R0 22 1% e
HE T AT ) el = A AR, Bt BIS 201703
B T e R L BT THRR. Z8d, #&EEBESRH
:Eizz MPFC-QUEChERS By LA X #E S oA 1okl =0k,
1E108 SBC, H B 2y s) 18] S RE R 2 S 47 g b RO, B 2 iE 2 R 1
g = e G, SRR AR, ik A AR TR
e JEEIY) MPFC-QUEChERS #BIEAHLAL, HUSHIEIR LI,
e | Ty L5 28 FIL AW TR A IR
PN e R 24 ERMMFZLMTEE
o conon SR (matrix effeets, ME)ZE RS 4MHF A< 2520
emsor | ), Bl B AR e ey ) ERG o I IS . L
5 oo | r SR FERE XS i) 1 {3 (B B0, = 25 11 5 3 s o il 7 L/ 4
" | FEFVBRAET R ) RN T 28 R A KR i
J\ J A T WA, PR, WA 2. SRR, 3 FiLR
os00 | k.l — /‘; . M;L . MK e rp ) AR ) JEE T SR B AR RN, R R R L SR
Tl fmin Bk | 3-W5|R 208 | 258 R N ERRIL BRI I TR R A H,
A RINEE R, B SR BiE . O ERA O
L EE A AT 1 E@ﬁﬂﬁ{ﬁﬁhéﬁ, uﬂl%Nﬁﬂ(Y)Xq‘ﬁf‘{iUﬁn(xf’a‘%U‘%ﬁﬁ‘ FFFléJ%
Fig.1 Chromatography of separation effect of different 2 28 Fl PGRs 7£ 20~300 ng/mL 755 Bl P 5 B H &S i iy £
chromatographic columns F R, HEXREE r=0.990, WFE3,
F2 28 MEME KT T B R B R
Table 2 Solvent curve and matrix effects of 28 kinds of PRGs
e e/ AN T IR r AR, SEESAON  ERIEFAN
1 Bt & Y=124719X+4389999 0.9979 0.78 0.54 0.72
2 6-Bl 2 FLIERS Y=39124.5X+9081 0.9975 0.62 0.36 0.54
3 e ik i Y=5948.4X+153493 0.9997 438 3.90 5.43
4 TR Y=80353.7X-7592.7 0.9978 0.59 0.83 0.62
5 EZ Y=204369X+86106.3 0.9967 0.51 0.28 0.11
6 M nele Y=7274.8X+433744 0.9970 8.19 5.72 7.53
7 TR 45 Y=11227.0X+4130.2 0.9983 0.50 0.41 0.64
8 e e Y=40767.1X+33255.5 0.9955 0.49 0.27 0.48
9 I Jl5 1 Pk Y=58114.2X+89416.1 0.9990 0.11 0.09 0.09
10 TG I it Y=89202.9X+135793 0.9999 0.67 0.41 0.60
11 [EZRe Y=77010.3X+490659 0.9965 0.64 0.28 0.55
12 I A e Y=49043.8X+60704.5 0.9965 0.10 0.06 0.60
13 o A Y=30450.2X+38079.7 0.9998 0.63 0.50 0.69
14 WEEPE Y=2016.5X+90370.3 0.9972 0.54 0.82 235
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= 2E)
75 [ast AN 7 R AR r EIEE RN, SRR AR
15 3-M5|WE TR Y=66612.1X+277585 0.9922 0.68 0.43 0.20
16 3-5| k2 R Y=3513.7X+53056.9 0.9987 3.80 1.70 3.97
17 | 2 ik Y=186516X+329794 0.9979 0.24 0.25 0.06
18 75 Lt Y=352335X+2232530 0.9977 0.57 0.24 0.66
19 FKFE Y=22004.9X+4067.0 0.9990 0.68 0.41 2.49
20 EHERN Y=601.5X+35625.4 0.9945 5.59 3.56 2.88
21 2, 4-"HIRE LR Y=4246.2X+10315.5 0.9994 0.54 0.49 0.41
22 4-FARE LR Y=5756.1X-219826 0.9987 0.25 0.16 4.87
23 4-FHARA TR Y=5700X-64436.8 0.9978 2.34 0.37 2.24
24 6-"NILARIERS Y=11927.8X+22695.4 0.9997 0.39 0.26 0.42
25 RER Y=1427.9X-17086.5 0.9957 2.16 1.44 2.00
26 ELiq Y=37585.5X+146988 0.9993 0.84 0.62 0.58
27 WEZR e Y=15187.4X+11084.3 0.9983 0.43 0.48 0.40
28 S O RS Y=5063.04X+12010.4 0.9995 0.94 0.69 0.93
F3 3FERT 28 MEYEKETINEEXR
Table 3 Linear relationship of 28 kinds of PRGs in 3 Kinds of typical matrix
b &£ - B - s - i
LR r LM r LM r
1 R Y=97716.5X+4834.2 0.9994  Y=67765.1X+13145.1  0.9990  Y=89349.2X+149704  0.9998
2 -1 S SIS Y=24166.2X+3665.2 0.9961 Y=13890.9X-6275.8  0.9991  Y=21076.3X+8736.2  0.9973
3 gl Y=26040.2X+501.9 0.9969  Y=23221.4X+27478.3  0.9988  Y=32289.8X+689265  0.9992
4 TR Y=47625.1X+13875 0.9953 Y=67074.7X-2210 0.9942 Y=50201.4X+2017 0.9970
5 EZ Y=104022X+3605.05 0.9987  Y=57655.8X+237708  0.998  Y=22819.2X-33582.7  0.9982
6 S ke Y=59566.1X+3285.7 0.9974  Y=41596.2X+7664.7  0.9993 Y=54767X+250446 0.9971
7 R $45 Y=5607X+778.4 0.9953 Y=4659.2X+29934.8  0.9985 Y=7140.3X+7598.2 0.9956
8 B fHIEs Y=19941.3X+10398.2  0.9957  Y=10882.09X+15485.7  0.9981  Y=19480.7X+61369.8  0.9925
9 W I Ji5 ik Y=63015.6X+2307.1 0.9927 Y=50175.2X+688.2 0.9955  Y=55863.8X+136096  0.9982
10 PG e Y=60120.5X+6118.5 0.9990  Y=36685X+10653.05  0.9989  Y=53513.2X+89422  0.9994
11 [EEE Y=49287.2X+660.03 0.9983 Y=21796.3X+3134.2  0.9987  Y=42626.8X+131707  0.9987
12 IR Y=4690.5X+1166.6 0.9996 Y=2852.1X+6720.3 0.9968  Y=29620.7X+415542  0.9969
13 o7 A e Y=19264.8X+996.4 0.9998  Y=15230.3X+11990.7  0.9996  Y=20943.5X-1249.8  0.9997
14 MEEFt Y=1079.3X+254776 0.9988 Y=1663.5X+34008.3  0.9947 Y=4731.2X+2124.9 0.9978
15 3-M5| TR Y=45456.7X+21669.4  0.9921  Y=28712.8X+699995  0.9953  Y=13541.4X+57208.4  0.9947
16 3-W5| Wk 2, 2 Y=13342.7X+143317  0.9936 Y=5962.1X+744430  0.9938  Y=13935.2X+16107.4  0.9998
17 s A P Y=44846.3X+946132  0.9931 Y=46208.4X+18976  0.9983  Y=104611X+56332.1  0.9985
18 F5 Y=202013X+3013.2 0.9978 Y=84781X+20709.4  0.9982  Y=232772X+11117600  0.9980
19 FKRFE Y=15033.08X+2704760  0.9919  Y=9122.9X+2591030  0.9981  Y=54752.8X+101999  0.9992
20 EE RN Y=3360.7X+1709.6 0.9979  Y=2142.2X+23565.8  0.9983  Y=1733.08X-3084.6  0.9964
21 2,4- " REL R Y=2295.8X+4066.03 0.9980 Y=2065.8X+9519.6 0.9958 Y=1722.8X+1322.8 0.9973
22 4-FARE LR Y=1423.3X+272.8 0.9995 Y=939.6X+68327 0.9951  Y=28023.3X%-37851.4  0.9991
23 4S-HRE LR Y=13365.3X+389.7 0.9985 Y=2132.7X-3324.4 0.9991  Y=12790.7X-8972.2  0.9986
24 6-"1° BE R IS Y=4606.4X+131.6 0.9987 Y=3106.7X-2859.1 0.9996 Y=5062.9X-7309.3 0.9985
25 FAER Y=3078.8X+60.1 0.9995 Y=2063.5X-1861.7 0.9993 Y=2855.3X-212.01 0.9992
26 SR Y=31540X+1960.1 0.9949 Y=23410X+84884.4 0.996  Y=21710.1X+66467.2  0.9996
27 WEDR Y=6490.8X+48611 0.9982 Y=7282.2X+24339.3  0.9976  Y=6009.9X+15722.1  0.9989
28 S A R S Y=4744.1X+91.92 0.9996 Y=3514.5X+249.8 0.9997 Y=4704.2X-7057.9 0.9994
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25 KMUERSEER

AR 1 ARG I 4 pg/kg IREGIRIER
W, TR 13,4 T TR, LI S R 5 L 311 153
A A i FR (limit of detection, LOD), ¥##{EMELt 10:1 15
2 Hir b 5989 € 2 PR (limit of quantitation, LOQ), 4554 L
% 4. XL GB 2763—2019 ( BALZAEFAME BETK
2y RER PR ) T AR IR AT LU, ASEIR I I i
HFRN 0.03~1.22 pg/kg, EHFRN 0.09~4.06 ng/kg, KT
WEIATIR B PR EARUE, T T I2BrAE Al . 3k 4 hid
ATLVEH, HRTIREX T 6-MEa IS | JHefEmg . HIDRES |
PUEIE . WELENT BEE . IR . AR EHERNBRX 8
Fii PRGs I8 ARG E R I, FAr 20 Bl PGRs HOAR 7 i
A1 & AR B35 2 (liquid chromatography, LC). KA E:
(gas chromate graphy, GC). Y €3 - BB 75 (liquid
chromatography tandem mass spectrometry, LC-MS/MS) . <A
@, 3% - BB B T % 7% (gas chromatography-tandem mass

spectrometry, GC-MS/MS), J7ik lWE /8, TCEEIKR T S2hs
DRSS 56 P 9 T AR B o TR R B 256 5 9 ] LA — R [R]
FE 28 F PRGs, #i%d TRMEHE, KAIRT THRIEHCE, 8
i B Bt 2 XU
2.6 EWERSHEEE

1E BT S2F . ER 3 MCER S AR T B
Whn 4. 20, 60 pg/kg 3 MU EE K-/ 28 Fl PGRs ## 17
JAR ISR, Fe BRRE B ISR AR A, AR KO
W 7WRAMER6), 25K S, 5RERY, Ll
FE B SF 2 [ % 61.02%~120.96%, A1 X A% U 25
(relative standard deviation, RSD) A 1.0%~14.6%; &.%f
HOFOOFE B Bk R 61.41%~118.56%, RSD K
0.8%~14.3%; P 5L FE T 1Y -3 2y I 2 60.49%~97.90%,
RSD 4 0.3%~13.9%, ¥AELF| GB/T 27404—2008 (5L
B S P A A S AR AN ) o O kA T R i

R4 HMEYMECFADTIERR
Table 4 Limits of quantitation of 28 kinds of PGRs

Kzt R

AR

PR RE HE PR

=] A TIA A TIA N -3
5 3835 H fugke) Hegke) GB 2763—2019 Ik 3 {wg/ke) INELYiReS

1 B E 0.20 0.67 %1 5009.219 10 GC

2 61 JE RS 0.84 2.81 / / /

3 o G i 0.31 1.02 / / /

4 TR 0.28 0.93 %% GB 23200.32 10 GC-MS/MS
5 R 0.29 0.97 BJS 201703 10 LC-MS/MS
6 Rk s 0.20 0.68 GB 23200.113 10 GC-MS/MS
7 FH IR §4 0.21 0.68 / / /

8 Bfelg 0.92 3.08 / / /

9 M I 5 ik 0.03 0.09 / / /

10 Jpral i3 0.23 0.78 GB 23200.113 10 GC-MS/MS
11 [iEZh=s 0.20 0.68 GB 23200.113 10 GC-MS/MS
12 IR 0.25 0.84 28 GB/T 20770 12 LC-MS/MS
13 I I I 0.72 2.40 GB 23200.113 10 GC-MS/MS
14 ZE P 0.33 1.08 GB 23200.22 200 LC

15 3-M5|WE TR 1.01 3.35 BJS 201703 10 LC-MS/MS
16 3-S5\ 2 1R 0.37 1.23 BJS 201703 10 LC-MS/MS
17 03| A i 0.26 0.85 / / /

18 F5 K 0.13 0.45 GB 23200.113 10 GC-MS/MS
19 FAKRE 0.17 0.56 / / /

20 EERN 1.22 4.06 / / /

21 2, 4-"EHRE LR 0.29 0.96 BJS 201703 10 LC-MS/MS
22 4-FARELR 0.44 1.46 BJS 201703 10 LC-MS/MS
23 4-FRELR 0.63 2.09 BJS 201703 10 LC-MS/MS
24 6-"F FEPRIERS 0.33 1.10 BIS 201703 10 LC-MS/MS
25 REE 0.33 1.09 BJS 201703 10 LC-MS/MS
26 SR 0.07 0.22 BJS 201703 10 LC-MS/MS
27 WE A A 0.04 0.12 BJS 201703 10 LC-MS/MS
28 SIS RIS 0.23 0.75 BJS 201703 10 LC-MS/MS
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Table 5 Recoveries and RSDs of 28 kinds of PGRs in 3 typical matrix (n=7)

75 fet 4 L LB v b
N(ng/kg) EN 78 RSD/% 1%/ % RSD/%  [l#/%  RSD/%
4 64.81 49 65.12 11.7 78.84 11.6
1 B 20 86.76 11.2 83.59 4.6 79.65 6.8
60 91.74 6.7 103.50 43 79.11 3.5
4 97.69 9.0 75.99 3.8 65.20 6.6
2 6-KR L IENS 20 103.09 8.4 79.32 7.8 84.47 6.6
60 120.96 1.7 75.03 11.9 88.09 33
4 84.40 9.0 74.84 3.8 75.98 1.1
3 o B¢ i 20 78.22 7.8 80.84 11.4 82.27 9.1
60 76.58 3.1 86.45 6.3 86.45 6.3
4 74.78 3.0 118.56 11.8 63.77 4.8
4 TR 20 110.25 2.9 113.30 10.6 73.83 9.3
60 105.77 1.1 111.98 3.9 65.84 11.7
4 62.44 13.2 71.68 4.9 96.13 9.7
5 23 20 83.10 6.4 95.50 4.4 70.71 13.2
60 79.66 8.5 111.39 6.6 72.37 8.4
4 68.10 12.1 75.64 12.6 79.69 13.9
6 e Fk s 20 76.70 6.4 102.18 12.1 87.02 7.9
60 64.23 47 106.31 42 80.82 5.9
4 61.67 4.7 73.83 5.7 63.67 3.2
7 R 85 20 61.02 12.0 62.27 7.4 71.76 9.1
60 67.98 8.1 61.92 12.2 74.21 3.9
4 91.49 73 83.39 3.5 68.00 6.6
8 R eI 20 105.26 8.2 78.77 6.9 81.18 53
60 106.34 7.7 81.47 11.6 85.89 9.8
4 78.85 14.6 106.33 7.0 64.15 9.8
9 W I Ji Bk 20 93.41 9.9 101.57 9.9 87.61 9.9
60 80.03 7.1 115.58 1.4 71.20 10.9
4 61.82 52 105.55 4.9 79.84 8.5
10 ol 20 83.05 6.0 97.23 9.6 79.89 6.2
60 81.20 8.2 108.52 5.2 86.16 5.0
4 67.39 7.5 82.09 33 86.70 12.2
11 [IEEE 20 83.89 6.1 95.97 9.1 92.78 8.4
60 80.33 3.7 112.22 9.9 84.05 3.1
4 98.31 42 100.07 10.2 97.90 44
12 IR 20 78.66 12.3 95.98 12.8 76.80 8.2
60 84.84 6.5 114.69 7.1 90.60 7.1
4 72.52 42 89.64 4.0 66.79 6.8
13 S 20 92.07 5.5 89.63 8.5 82.54 8.8
60 92.90 6.5 98.73 23 81.11 6.9
4 70.22 13.7 74.11 9.5 83.97 10.6
14 PZEFE 20 111.30 5.3 75.66 7.4 86.14 5.6
60 107.13 133 117.67 7.8 86.71 4.1
4 93.22 10.4 75.18 11.5 66.34 13.5
15 3-W5| e TR 20 99.72 14.0 74.17 10.3 69.39 9.0
60 90.17 11.6 70.10 1.2 66.57 4.4
4 73.91 1.9 96.84 12.3 70.83 13.5
16 3-W|W 2R 20 111.27 5.5 76.99 9.9 81.91 7.1

60 106.67 34 68.80 33 88.24 6.3
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= 5(8)
N(pg/kg) [l /% RSD/% a1 /% RSD/%  [FlI#/%  RSD/%
4 70.04 7.2 94.11 7.7 68.30 5.9
17 G 20 74.91 13.9 82.37 8.3 70.30 9.9
60 80.04 8.2 101.67 13.4 71.89 1.7
4 68.72 8.6 82.42 6.1 83.01 10.8
18 b 20 86.20 7.8 90.48 10.4 97.33 10.6
60 76.52 1.8 112.56 9.4 88.43 45
4 83.16 5.4 78.34 10.6 60.57 5.8
19 FRE 20 85.30 8.6 114.08 14.2 73.50 4.1
60 86.73 2.9 82.99 12.5 78.49 7.2
4 88.93 3.6 78.74 6.7 84.62 10.6
20 EHE RN 20 89.16 11.8 83.48 6.4 94.59 8.6
60 94.32 3.8 73.03 11.7 91.40 42
4 61.49 6.1 84.82 11.4 80.63 0.3
21 2, 4-"FAARE LR 20 111.07 9.4 62.25 14.1 88.62 4.7
60 117.71 73 89.99 3.5 72.71 0.9
4 73.58 8.7 62.67 6.9 68.33 8.4
22 4-FRE TR 20 84.71 3.1 96.25 5.9 85.29 5.7
60 110.74 8.0 69.41 0.8 86.00 4.6
4 68.68 6.0 75.86 13.0 71.03 8.0
23 4-FRALR 20 71.52 1.0 74.93 8.6 71.12 10.5
60 102.81 1.6 87.89 2.1 92.16 3.2
4 80.41 7.6 70.79 2.7 79.21 10.1
24 6~ FL AR IR 20 92.94 6.1 74.46 2.7 92.96 7.6
60 88.59 3.2 61.41 12.6 78.83 7.8
4 71.60 7.9 83.11 4.0 80.00 6.3
25 IR 20 108.64 4.1 78.83 7.4 84.00 3.9
60 110.38 7.6 103.61 9.5 81.62 8.7
4 69.62 43 99.87 8.4 64.43 49
26 SR 20 96.76 4.7 90.92 7.7 82.31 6.9
60 116.24 5.1 81.58 7.5 80.73 2.5
4 110.90 6.8 97.59 113 60.49 2.8
27 IBE R [ 20 120.01 5.0 85.75 6.2 77.49 3.3
60 118.23 11.4 86.45 7.3 75.81 6.4
4 67.74 5.0 65.59 4.8 83.83 7.3
28 S I R RS 20 98.30 9.7 68.93 3.7 89.98 6.7
60 106.20 1.1 84.57 14.3 72.67 2.8
2.7 SERRAESBYNE IR 10 B KB AKHE Y PRGs, 73 SN AFE 2 K 10k
R A B 380 SRR B, JEr T30 i) 8 Flt PGRs H15 1 it HEff P & 524 0.039 mg/kg, FHURES .

by, BHEs ). DML, a4 ). BEFG3 .
HEEQ2 ), A3k, Fin. WME(E 36 4), IR, ER.
Z. gy, AOKEE SH); ERG . R4 ). FETFE
), R BT 134, B BURGESE T, L H
TR VR, KRR A 5 ), S5RAE 380 HEREGL P
Rl sk 2 . TRIE . 2o sl | PR | JARLmE | nE|MkZ,
B2, 2, 4-“FKEALR . &-FRALMR. 4-FEALHR. 6-

FERERA SHEERT 10 pgke, HAFIRMHRKKAS RN
0.39 mg/kg, FAKREHEAKTEH 0.081 mg/ke.

THRETRT Z B, E 22 HE G ZERE S, Kl Lo HER &
B 4-EAER R, b 3 SNl REe2AmE
B WEMEE B E SRS EEEEM
FEUS201 JIE B 52 50y T A A 45 SR R, 5 AT b v
HA W ek
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