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HE., L5k A KRBT A28 R T RIAR, £-2H ik R AEE AT 87 & AT B R IR, R I8 SR
By FMK FFARLERIAR YR IRER DO AERAEETRZER, 22 B THEEAER
Wi R e S SO A KR A SRR Pk S S | B2 — RS RBEATA AW A TR A R
FREG AL E R IRL AT EARE I, it B AR A KR A o ATl R AR X B W IR kR L
Rk ek e REFE AL RSO AE SRR BAAERG &, mAK AR bf e g F RS EARES
FATAL IR ZVNRBRFER T EAE, BN , KR EZHHWE K AT RO FERSBREAKEO0~4 Z R, LM
TR G KM T SRR AR &8 — B B Tk % (HPLC-MS/MS) A A & AKA th TR Fo 45 3 /B 70 B S0 5 I R R 4
Al AR a9 A KAD A odrml X K, 2ok, oM A KBTS SHIEL TR A A
&3k ik R AA EE- IR R i (GC-MS) BEATA M JUFP T8 A7 X 3 A A th IR 8 X AR K8k . A48
EAEESRAME > E G- RS A %, AP, G- RSB A OB ERTIKE 107 mg/ kg, 122,81 T
KA AR BT AEMES . AR ERE R, FHEAE IEFKIRF L R LR o1 Bk ERIK,
* T E23E FekAR PR S & KA AR 8] M6 AT R P A kAR, KRR AR FR R R ET
A & KR R PR E M 0 AR SR AR T A AL B ROK G AL A KA R oA ik
KR M AEKAT AN, BAEFER; RRFR; HRURME#EX,; GiE-Fikk; HHR
2.
(1) BElA83EB SRR BT A A KA % A a9 AT 4 22 77 % QuEChERS 77 3% 2 5w A 695 L3 K
(2) &0RAEE— B FEFiE % (HPLC-MS/MS) A4 A KB A R F A ey ol XE AR ER T RHK,
REAL S R B IR P A4 A KGR T A a9 AR
(3) ZRINHMAKAT AN ARRRRERBEALL PR Y ERRS AR RAEL T EXEZRZEAIAEK
WA B AR A 6 AT K,

hE9ZS . S482.8; 0657.7; 0657.63 XERARIRAD : A

L) HE R IR TR E SO RIRAFAE BN T b
A Gt FEAR AR 7 v A I A 2 b
WA S TR RAR 75 TF A4S R L S i 3 1d
FRE DR R A KA B R
2015 G 7 a2 A TR AR ) A R 15

FEE PR RS S BUA 22 16 12350 FE4lk
ATz T EESA R E A A K
PHTFEL L E K 2 —,2010—2016 4E[A] -2 i
N 65x10 kg/ A A 2021 4E 5, h EIEE
T 1175 AMEY AR TR =S H Yk
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PR T R P A A i K IR LR A
ATk T AN (1 7=, i EL N 1 HA e 3R 85
BRER IR AR A AR A R SR B O R
BIARAEAETHE 259 0y KZEREAN N 146 3G 25k
Mg R R 2RI E R [ AR AR A AR KRR, P
61 L SEIERS (1 & & i 3k 0. S0mg/kg™ R, 7E
IR I rp ks 2R AR R R, B
TR T KK T K AR RS K 8 45y K AR
7R HbRE SRR, W EAE 4. 56 ~20. T9ng/L
ZIA], A S TR LU AR A AR A AE T e
B 20 R HEAT R, A S R 3k 0. 17 ~
8.90mg/kg F1 0. 19~4. 00mg/ kg, S34b, 4a K EHB o AH
Py KRS AR A i, BB A R3S & kR
W R A K gt G g R A 00 e A S 3R B 4T R O
FEAEAMERTE Y WA R 2 B T R R
BN, R B R A 7K 7 ) 5 ) 005 8 TR 4 3 /N BV
JEFN T2 A0 IR BE , 7K fift Rl 7= 4 ol 2 47 T R 0 3k
IREE RS REt Y LEAR R R
VAR ) AR A R T8 B R S SR IR A
A e B, — 2 A% PR %) 3 W R AR
FH S XA A A A 4T 700 R AT 7 1 A E AT, DA A
WLk P Al AL A AR L AT, AT R
FEALFE AR @I (GC) FNAAH 3 — 533 1 H 2
(GC-MS) ™' = Ak Ak W AR o3 (HPLC/
UPLC) 1 1= %0/ 48 o 550 0 AH € 3% — J8 B 5 3% %
(HPLC/UPLC-MS/MS) " 8 T a3k i (1C) 1'%
SIEIEREDL(SP) Y AN B vk ATk (CE) Y
FEIRE 38 1 ( ELISA ) ') R fh 2 A% g k1) 45
Hodr, fy TR A KT DU R I S A R R I
HAg K, aE > DU 3 - B Y B
H A A B L2 g A 4 M R A, 7R A
AT A A TR 7 44T PR B 9 SCRik e o B R A
70% (435N 32. 84% il 36. 82%) , FAE 2000 4,
Hau %57 SR RO €3 — Fi 1 557 R 3 3 K o i 32 )
FETE TR, Bom ke ik B L E) 5. 50
mg/kg, Liu 2 VK56 R 5 HPLC - MS BEH,
TS5 A e B A B -A37 A AR 1 O i, b i R

21 MR S R M

Table 1  Classification and function of plant growth regulators'*

[ IRBEIR  W5| Wk £ TR MR TR W5 TR  1-28 &
MR 2-25 2 1R %5 6 PR YERI Y AL K R 4T T
LN 25 5 S s G 5 D SR T v A A KR R
K 4 Vi B g v, 7E 2. 93 ~ 10. 85mg/kg Z ], 2022
AT AR I 25 T D R ROBOR € 33 5 B 2% R U G
DS, AGI T A v Pk AR v 2 SR A W A K
PAIH, 13min WL T BARYIIY 24253 85, 7E 10%
BRI it ARG T R AR A A TR T SR A R R

ARSCRAEE T A Ak A A 19 46 31 245 3 5 FT K
A B P A 5 T S VR A ik o v LR A 0 A K A
T FH B [ AR 2 B YRR 2 B S i Ak 3 s DA %
o ARSCVROR 2 3 — o 3 16 P 3 TR w3 A5 AH i vk 4
SIRTIIREC AR R, 25 AR A8 0 )
() F SRS D8 BE ) B L (B) 7 i) v e O 45 B A
WA TR TR RERR 25 1 B ST R SR IH A0 T A R
IREAR AL s Bl FHYE I, DA A TH T A AR
PR FR ATAL AN A BT IR BRI S A R A
AT 53T | B8 e Ab AT Je 1E Al 5 iR 3
PRUESCIR S A

1 R A KT3I A
L1 AR 3 M
ARIEAE A AR 19 0 B PE BRI AL, o] LUK Heo
= RS A A P R A R Al h) AR 9y 2
KAEGER (% 1), MR RINERZ 2 M,
4N, Chen 55 & SR N 745 85 2 1T LAKE 0 25 B A<
A HEMH I AT B ARIE R, Guzman 457 0 K
R IS TR AR B R AL 5 BE A e < LSO b
i ) T BB MR EA T T RS A5 R R I AR AL A
J , SRS RE NV 60 K BT e AR B T4
o AMARES AN V&R B LR B T
AR ST 2 W], 5t 5 R M1 & M RE 06 fie 1 2R 52 B Ak
Lal 451 S WEHEAN R B 2550 , ey ] (AL 10
B 34% . For IREEER | AR LA K 22550 R A i
J& E R AT L Iz A AR 75

K7/l QU RERl

Ik TEH ST
PR SRR R A A FERE A RE RER MR ORI SOl R B A
SERCZE R, DT A AR 4 1) IO : -
. X ’ Al 7 O W i s
HEA HE A 57 Hedt (R PER 5 % PR | 7 3 L v R 4
R RIEGR A AR TR K, AR AR SRR 2o RSO T T B
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1.2 SRRk R VS T A2 g5 i R AR
PET
TR A A A R R Ak 2 2 R R B A o
W 2 PR, KBRS R A= K 5 K 4
20°C Ze AT K HH IR AR BEAE 0. 02 ~ 8g/ L Z 1] ; [] 45 ¥R,
JET, SARRIK R BE &3k 1000g/ L, 37 i T HiAth
R AT L A A P A R
VK AT C BB 0~ 4 22 8], 3¢ W H ELAT #5m f i
PERIZEANE . 5341, A A KR 5 500 A9 B R A A
(RE S-S N S SPVE N 1 A g A
FERR S TR PR 2B A T ) & A R I Y A E T
SR | AR AR A KR R A K

TR A R AR R 2 RS RE
1.3 HWAK MR AEE

FEA A R 50 T e R A 2y, 2 A
PEHITAEY, I n] e Ak B T 2R i nl ot A R T
IKRGE, ET R PR 22 0 ARG RRE N, 25
AT L) o 200 P S A ORI T3 st
SRR A AR IR T s S
LA KR DY N2 R R EE T LR R 2
AR LT 2 38 3 KPR 5 R AR i 2 20 5
Sh BRERT 2,4- THAR LT, 2 W E R S 4]
SRR T S e LT A LA O s
o R R XU

Al

22 s WA AR TR A 2 A5 R 2O T R
Table 2 Chemical formula, structural formula and common physical and chemical properties of the typical plant growth regulators
A=K - LG s B KRR IEEEE-K .
T R Tl , ‘ \ - o U e
W52 (C) (C) (g/cm’) (/L) WY
TRTFIR C1oH,, 04 227 628.60+55 1.50£0.10 20°C: 5.00 0.01 HO@OH
07 "OH
OH
W\ 7,12 C,oHyNO, 165~ 169 415 1.36 20 ; 8.00 1.43 Qﬂ
B
THP K - @\ OH AN
SR €1, HyoCIN; 0 170 308.40 1.42 22°C; 0.04 3.83 |
{2k 1210 3 N)\N A a
%o
IR C,H,ClO,P 70~72 333.40 1.57 23°C; 1000 —1.42 z
el 2Hg 3 : Cl/\/P\OH
Cl
2,4- R
- CsHgCl,04 140.5 160 1.56 20°C ; 0.89 2.59 o oH
Z -
Cl [¢]
He CH,
H
JBE v R Cy5Hy 0, 163 458.70 1.19 20°C: 3~5 1.70 o
OH H OH
cH, ©
CH,
YK
Eni bl
5 PR CoH, 0, 133 300 .25 20T 0.40 2.41
B ] 25C; 2.50
FEOR CyHg0, 68~73 298 0.94 1.39
100°C ; 20
3 CsHCLN  239-~243 260. 30 1.22 20°C ; 0.74 0.93
YK
HELEF]
LR CisHyCIN;O 165~ 166 460. 90 1.19 20°C: 0.03 2.99
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2 AN ERBE Y bR o A TR 5 o b

KAk 57k

M TRES 2 58 K2 B TR R, R &
T P A B vk TR DS R e v, (E
i AT A B AR T o A e A A A A TA
(1) 70% , H A 2R 25 5 29 50% 1 22 8 U8 T 11l
ARBETOT B HE ST PR | R RS B4 i AL B
2, A SO S A HT R I SOR e B, H R R
HRRE A A R R ) 1 PR A I A 2 A3 Sy e
(3R 3) EAREL AL G CREE TR 1845 ) R
BELTRE S ORI GhAE FREE ), FHIC P B i
A BT A Z2 X RS [RDE A R PR 56 T
2.1 [EIEIETRES

P T A A TR 70 %) [P 2 3 o T A SRR
NERBHRN 49655 o BB IRAR A A R A A H
A P [R5 7T AR 38 S R o vt LA
SRR AE AR ) TS R b A T AL B R T
I3 RGP R ER 73, Hirp, QuEChERS 52
I )32 Y [ AR TR it A B 9

(1) $2H

R ICHR U — P 22 M (4 1] 2 RO | T i
T I A S PP R A R Y TR A SR, O AT DABC S
FRPEASCHEA TR R P R IR o e A
ST IR i e AR DU 0 ) A BB AS R R 4
JRIBURFTE] 7, A 5 70 A HGE o 3 KA B
FO AR A, AT LR s AR DR AR A AR )
FERERELIE T BRI I S0 PR 2% O
AR I SO A AT LA R, 0 R DR it v AL 2
KRN EAT B R0 B il B A IBOR D o
S A sty AL 00 A 04 0 ) A 3k R e LA
FH AP A RO AR 9 TR RE R R
THBRES

(2) ¥k

[ A 25 BUCE AR BAT IR R R D 0 S 2 L
SRR #1570 HT, LA A A BON S0, %
W R A B T VR 22 T R AR AR IO 1, AL [
FRBAE I REPE ISTAR AR IR, 23 BT AR AR R 4 1 Bl

3 YA IR Y300 53 B DU T RS TR S RN A FORE Bl 6 TR i AL B 5 7
Table 3 Common pretreatment methods of solid matrix samples and liquid matrix samples for the analysis and test of the plant growth
regulators
el ME YT T il R AL BE T 1 FRHGH] (%) 275 30K
AR Lt KGR A ERER HFERK, O -
HEAY WL 7, BT 22 N e TBBAE L H e 92.00~104.70 | [41]
TRAER JBLTE TR SN TR X 4 S L TR WK
R A-TREFE TR HIRIR 2, 4- —HARE LM -
T \ N NCAN N . - 2 ey ~
Rk SR SN SRR IV 6— st QuEChERS LIB-CNEHW | 70.10~116. 20 [42]
MG S| TR AR | oA i A ZF i
Ifil 725 " EI N R NS R AR N R 2 L N LU LIE-K-HR
- P S B RS 2 4-— LR QuEChERS - 75.10~115. 00 [43]
. | AR LR 6- WA LS I T R, |, S - W ke
I w257 AR S AR AR IR (4 0.5% k) 71.90~113. 80 [44]
4-FBRE LR 2-ZR LR I LR IV TR |
. 4-HEE LR 2,3,5- SRR 4- 1K A e -
L ZHR 2. 4 L. 2. 4,5 - = K A R [ AH A I T 96.30~102. 10 [20]
LR \2,6- IR LR
REEIR R S I IR IS 5 — i RE 4B TP 4K
Wi HYETER | KB 60— W IENRIENS 4- TR LR W | B - EAR A P sz 92.50~103. 50 [45]
o TR SRk 4~ A SR AL IR HEPR
S
TRENR ML 7 B ML IS 8t 7 _*j;_’:* o _— .
L gﬁﬁﬁ;égé% PRI IR TR 8L | ey s e 96.10~104.40 | [26]
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MIZERAED | BB IR, A8 25 i
22 TRV A A 1 VR RFE 791 0810 7 B A AN A L
AR E B Scholl #E & LR &
W7 B ARG B FRRG A& T R Ak A BB R
PERR AL BN K R 200 45 0 mT FH A R A 3 JoRE o
H AR A T

Ak, QUEChERS J5i: R Pkl (BT A%, AT
SRR AR R, A 1 25 35 TR o b R A A
TR I Y e )32 A AR B 1 iy
i I BCE R AL <N B2 B 2B KR ) R T
ERHT 02 P A 43 AR A R, R G 3 ) W 7
BRI S RS R T as &, N
(OB e A NS N AR (=B 9 ki3-S RS
TR E BN R L SCR AR AR S5 ), 5
T WA IR PR B A, Be B 40% N
IR WAL FHRE 5, R AL T QuECKERS A , i
R it AR DGR AT AT IR B 70% ~ 120%
2.2 WEEIEFRES

KA B FH I RS 37 RO A A R R RS
W B RS I T, H R, RO AR U R A S
R RO E . X T ARG LR, R &R Al
SRR SR R R B IE 2 BOK A R VN T
1, A A A, T R B | 2 AR N ) 45 2 K
A ML R A B Gt ik ORn 22 355 25 H Ay KGR A AL )
AR R AR PR A X 5, (H 5 2R NG 2 e S
B A8 (IEEBE- KA L R 50> 10) M L, 15
J& T 5 1) JE 6, PR I, 26 BOGRIAS A ] DL
Pt A AT R S TR A SN T K R A L
TR, ORI 2 B0 2 ORI 2R B 22 (B 4
T A3 HE A A A R 70 R A I I e il L
1t HPLC 8{ HPLC-MS/MS B, 4 £ T 241
PEHURNAL S AT b B B e, i T — e R A
P T R 22 BN 5 B R DN I T AT AT
AEARAR TR TR A 443 5 A 0 5 0 40 A )
iy,

I

3 AR KA Bl B AR

TS AR A AR TR AR R R BE AT 34
GHBER, H¥EBoK B REUNT 4 SEKER M,
D] b LA i Ak P 7 B PRl 4 A 0L AR HPLC/
UPLC-MS/MS B R H & Tz 09 20 A il ik H R
R , Rl A T R0 A SRR AR B RS | 25

— 258 —

B S R G ) B A A R AR A T R O AR U
JERAR B R [R] =4, 26 e B = A T M )
BT, DX S0 88 0 A6 B 25K 4 g, Xl & HPLC/
UPLC-MS/MS # 0 AR Z RN 2 — ., H4b,#H453
R AR B SR, TR A
GC B GC-MS #4753 A, (HFE (A GC A I B
FCEB Y A W A R R Y ) € R T 25 BN ) W
WS T B AT TAT A AR B DA T T A 55 Y
FAEE AW AR A T A O K B R 32 B
HPLC/UPLC - MS/MS!"7-*) HPLC/UPLC'* | GC -
MsHesel gete) 1t sptt | ELISAM® | CEM |
Bk AR IR B AL G J2 AT ik ) 4
3.1 ST A i v R R A A % 105 B G R

il -k Tk

B RORAR 0,33 v (HPLC ) ELA 4841 17 B0 M
JE R oM JE I A A AL BRA R Oy (B A A, v
TR A A PR A R AT (R SR
i B J5T LU A A Bt 3K PR R )35 P N R RE
=, HAEE S ARG . 5 GC ARTE], S 4 v A
WOR S UERAFE  HPLC W 5 B B , BA HE T
AFRTETAE AR S T | SR R R R T R ) AT
e O

H AT, A0 40 A7 A < 08 7 700 K e B i i
(20°C ) 7E 0. 50~ 10g/L, . [ 4R 53 it 5 A i R A b |
7E IR K P A 5% BE B X6k o b AR A
PR SR A RIS 248 R A AR A A A R 5 R Y
FE- KA R EAE 0. 50 ~ 4, FE KR P,
HPLC/UPLC 1 HPLC/UPLC - MS/MS JL-Fi& H F
P AT FE ) A R Y A B A . {H 2 HPLC/UPLC
F1 HPLC/UPLC-MS/MS “# #% FH T4 I S % o Al )
AT IR B LU SRR, 1T H AR KA
A CIE 9D . IXATREAE T H AR PR AR )
AT R A SRS I R AR P S B AE R K AN
Hi T KA A SR KA r i 53 B A L L A TR
e

i3 HPLC/UPLC Hl HPLC/UPLC-MS/MS #
A8 AN TR ERSE A JB F 50 3 R 40 A R 08 7] P s B
KAEP AR R LN 3% 4 s, YA
K835 70 £E 48 ] HPLC/UPLC Hl HPLC/UPLC-MS/
MS I B, H P 85 [ g R 4y R R 70, 40% ~
110. 00% F1 69. 10% ~ 116. 00% , v, ¥4 H 9 A
TR 700 A IS R A%, 491 an 7K A R 1) el iR A
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Table 4  Analysis conditions of high performance liquid chromatography/ultra—high performance liquid chromatography and liquid

chromatography—tandem mass spectrometry and detection limits of some plant growth regulators

I I ; @ik \ KR (3 R [l i % 5%
WikEAR | PGRs Fh2 T -
WA T T2 FaRas R mg/kg; K ng/L) (%) SCHk
IR 0. 60
W5 R 0.20
Jila% < ZR MR Agilent 1260 Waters Atlantis T, 0.20 70.40~107. 20 [74]
SEE R 1.90
JE g 5.10
HPLC izt uv
Waters Alliance Capcell PAK
13 EZ U 0.80x1072 98.30~102. 10 75
* i 2695 C18 MG I [75]
Shimadzu Li—Chrospher
i Sk 0.40 90. 00~92. 00 76
ki IR LC6A 100 RP-8 [76]
# R TBE S 1.90x1072 86.20~95. 00
L) SR Agilent Poroshell 120 0.50x107 85.00~90. 50
UPLC " e srent orosie DAD i [44]
Al M5 R 1290—infinity EC-C18 1.90x1072 101.20~110. 00
W |2,4-THEE LR 7.60x1072 96. 60~ 103. 80
PR ) Waters Allianc 0.80x1072 98.0~102.0
il THEEE e A ypersil APS-2 [77]
¥ 2690 . 0.02 112.0~116.0
HPLC- i
N . Agilent Poroshell
MS/MS | e K LC-20A grent Toroshe 107 84.00~87.00 | [78]
120 SB-C18
4 Bz Acquity HSS T, 30 86.90~115. 40
— —_— Waters Corp [79]
+ 4 A column 50 81.30~108. 20
K K Waters TQ-S 0.26x1072 69.10~97.30 | [80]
1 I i R
UPLC- i EE W Aeaui o
" VA . aters Acquity
MS/MS a8 =8 — Agilent 1290 0.09~2.51 85.40~95.30 81
— I sren UPLC BEH C18 (81]
AET
. X Varian = H PO
+ 4 Jhe it i Agilent 1200 o 0.80x1072 89.40~103. 30 82
" stien VF-5ms i [82]
UPLC- ZORB-AX 1R 5T B
7 HEE Agilent 1290 N 1~10 91. 20~ 106. 40 9
HRMS kix TR aren RRHD SB-C18 | J&i¥ 9]

69. 10%~97. 30%"* , = B H B K f e itk S 5,
WA, HEST GC i s, HPLC 5 %5 B 1 i o B o T
o A BREEAR 0, F GC AT HPLC 43 51460 -+
ey 20 , GC K HBRA 10mg/kg'™™ T HPLC
K PR AT IR % 0. 80x 10 mg/kg' ™ . [AlAf, HPLC 5
Jo i B FH A Ay H PR — 2B B AR, T A 4= 2 rp
W omp sk R s A PR TT 35 10 mg/kg ™

BT Ll R A R TR R A - Rk
RS IREE 5 8 K i | AR R W B fif A R B AT
R AR AR MR B ) Y, A 38 i HPLC/
UPLC 5 HPLC/UPLC-MS/MS # R #EA7H M, 15
1, Zhang 25206 LC-MS 585 F-BE(QIT) Al KA
] (TOF ) FEAR L5 A, it 25 B 1R 10 7K fidt 7= W) S W) R
i B K i Bl 7 ) s 5 0 TR RN 2 S AR A PR EAT T
oIl

3.2 S MR Ok - RIS L

SAHETED (GC) HA A 5 de 9 i I A,
HAMEAE - BB (GC-MS) By — i £
MR A HE GC M GC-MS ZFE S 55 T4k
SRS XA VR BERAR & . 34, 2 R TR
WA K R 500 4 B AR 2 R R A R R (A0 N
400°C 18 7 T RN g |k £, PR 5, Bl 7% 2 3 R L1 51
MR B PRI A R 45 ), DR 8 - A 0 A A 81 05 5] 1 <A
TR 22 (2 2) , RS g, filn, 2= 8
AL F GC-MS A + 18 R 28 A s, T 4R
HTHEA AT AR AR AL B, (5 157 0 9 S5 2 Ak B A5 4 o0 T
MIRTEER . Sy A AT A Ak S I 34 BE A% B 354k & W 1
Ay R RIS E M (A TS

GC I GC—MSHG WA [F] BR 55 A 52 vh (9350 70 Al
AR R A HH B R DRI Bl an R 5 s, ]
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Table 5  Analysis conditions of gas chromatography and gas chromatography —mass spectrometry and detection limits of some plant

growth regulators

| B s \ EIE ‘ 1R Eifes
DM HA o PGRs fli2¢ LioRUEAS Sk
gt HI5 A (mg/kg) (%)
J¥i i g
it EZy (U Agilent 7890B HP-5 E4EH 10.0 80. 60~97. 10 [23]
JERI I
Wik
- 2,4-"HHE LW 12.0
j“/_j
Ge 1-Z2 L1 . FID 23.0
AR o Agilent 7890A HP-5 EMEH: 83. 00~ 96. 00 [83]
Bl W5k 212 15.0
. I T R 18.0
[if=¥i4
pINN i i i Varian CP-3800 CP 7625 / 79.00~107.00 | [84]
+4 EA A Agilent 7890A HP-5 BAEH NPD 0.03 72.50~108.80 | [85]
YA A LR
- 2,4-"HARA LR
5N e Agilent
» -2 HP-5MS 1.50x107% |70.00~127.00 | [86]
S N 7890A/5975C X
GC-MS W5|Wk 2, TR Ji
n5| TR
e ipgidits Agilent 6890-5975B HP-5MS 0.10x107% | 83.00~98.50 [87]
EZ3 GCMS-QP2010 | VF-1701 L4045 HE 0.42x107% | 106.0~124.0 [88]

DI A AR R RIAE T GC Rl GC-MS Al
Bf, S 2 80 i % 430 R 72, 50% ~ 108. 80% Al
70.00% ~127.00%, N T #E—LREARK H R, GC %
5 CREIR , DAl Al A A A A 7B B Y
FSEIN BT 3 v G T S 4 2 50 e s Ak s
SR A K AT, R GC ARG I B A SRR Sy
0.03mg/kg"™ |1 GC 5 5 1% B 5 46t PR I =
0.42x10*mg/kg" *'
3.3 Bk

B A5 (10) BT LC i 2™ Al i TH
DR ALY A KT, 040, Muhammad 25
FIH 1C 856 5H AR T 10 FrE b ZE2mn
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HIGHLIGHTS

(1) The most widely used pretreatment methods for the detection of plant growth regulators are solid phase
extraction or liquid —liquid extraction, and the most widely used purification technique is the QuEChERS
method.

(2) The most widely used analytical test technique for plant growth regulators is high performance liquid
chromatography—tandem mass spectrometry ( HPLC-MS/MS) , which could be used for the detection of plant
growth regulators in different environmental media such as fruits, vegetables and fertilizers.

(3) Considering the quick natural attenuation ability of plant growth regulators and the higher toxicity of their
intermediates, future research should focus on the analysis and test method of the trace plant growth regulators

and its intermediates.

ABSTRACT

Plant growth regulators ( PGRs) are defined as naturally occurring or artificially synthesized compounds. The
functions of PGRs mainly include accelerating or delaying seed germination, breaking plant dormancy, stimulating
or reducing bud elongation, inducing flowering and fruiting, and affecting the aging process. The application of
PGRs has effectively promoted the growth of plants. However, the application concentration of PGRs is more than
one millionth. The large amount of abuse and misuse of PGRs in the process of use not only reduces the yield of
crops, but also exacerbates their residues in the environment, especially in agricultural products such as fruits and
vegetables. So, they are detected in many environmental media like fruits, vegetables, and water. In addition,
most PGRs are toxic, and some of them will undergo adsorption, desorption, hydrolysis, photolysis, microbial
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degradation, and other environmental behaviors after entering the soil. The decomposition products produced by this
process are more toxic. In order to comprehensively understand the current status of PGRs pretreatment, analysis
and test method, the common pretreatment methods of solid phase extraction and liquid—liquid extraction for typical
PGRs in solid substrates such as fruits and vegetables, fertilizers and soil, and in liquid substrates such as water,
edible oil and nutrient solution are summarized in this paper, as well as the analysis and testing techniques such as
high—performance liquid chromatography ( HPLC) and ultra—high performance liquid chromatography ( UPLC).
Moreover, to reduce the detection limit, high — performance liquid chromatography —tandem mass spectrometry
(HPLC-MS/MS) is also frequently used. At the same time, considering the strong natural attenuation ability of
PGRs and the high toxicity of their intermediates, the advantages, disadvantages and applicability of different
testing techniques are systematically summarized, taking into account the special structure and nature of PGRs, in
order to fully understand the current status of pretreatment and analytical testing of PGRs and provide literature
support for subsequent research on analytical testing, migration transformation, pollution evaluation and treatment of
PGRs.

Due to many impurities in the sample that can interfere with the detection, the appropriate pretreatment
method can improve the accuracy of the test results. However, the sample pretreatment process accounts for more
than 70% of the total analysis and test work, and about 50% of the error in the final test results comes from
pretreatment. Therefore, establishing a fast, simple, and stable pretreatment method can effectively improve the
efficiency and accuracy of analysis and detection. At present, the forms of environmental media detected for PGRs
are mainly divided into two types: solid matrix samples (such as fruits, vegetables, fertilizers and soil, etc. ) and
liquid matrix samples (water, oil and nutrient solution, etc. ). The related pretreatment methods are also mostly
targeted at these two different forms of environmental media.

Solid substrates involving PGRs mainly include fruits and vegetables, fertilizers and soil. Among them, fruits
and vegetables are the most frequently detected solid substrates of PGRs, and some PGRs have also been detected
in fertilizers, soil and other substrates. The pretreatment process of solid matrix samples can be divided into two
parts: extraction and purification. Among them, solid phase extraction is the most commonly used extraction
technology, and QuEChERS method is the most widely used purification method.

Water, edible oil, and nutrient solution are the most frequently detected liquid substrates of PGRs. At
present, liquid-liquid extraction is the most commonly used extraction method for liquid matrix. For the selection of
extractants, the octanol-water partition coefficient of PGRs such as gibberellic acid and ethephon is less than 1,
which is a strong polar compound and can be extracted by hydrophilic organic solvents such as methanol, ethanol
and acetone; the polarity of most other PGRs such as forchlorfenuron and paclobutrazol is relatively weak, but it
still belongs to the category of strong polarity compared with other kinds of compounds such as benzene and
chloroethane (n—octanol—water partition coefficient>10). Therefore, the extractant can not only use methanol, but
also use polar organic solvents such as ethyl acetate and chloroform that are insoluble in water. Although liquid—
liquid extraction requires a lot of extractants, the high—water solubility of most PGRs makes them often directly
detected by HPLC-MS/MS, which eliminates the complex pretreatment steps such as extraction and purification.
In addition, because some PGRs have poor chromatographic characteristics or are not easily detected, the
derivatization is also required to convert the components into derivatives suitable for analysis.

Analytical and testing technologies mainly include gas chromatography ( GC), gas chromatography — mass
spectrometry ( GC-MS), HPLC/UPLC, HPLC-MS/MS, ion chromatography (IC), spectrophotometry ( SP),
capillary electrophoresis ( CE ), enzyme — linked immunosorbent assay ( ELISA) and electrochemical sensor
method.

At present, the solubility of most PGRs in water (20°C) is 0. 50—-10g/L, and the octanol —water partition
coefficient of most PGRs is 0—4, with strong hydrophilicity. Therefore, HPLC —MS/MS are applicable to the
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detection of almost all PGRs. However, HPLC—MS/MS are often used to detect the residues of PGRs in fruits and
vegetables, followed by soil and fertilizer, while there are few related studies in natural water. This may be due to
the rapid natural decay rate of PGRs in the natural environment, resulting in extremely small amounts of residues in
natural water bodies such as surface water and groundwater that cannot be directly detected.

GC has the advantages of low cost and easy maintenance, and GC—MS has become a conventional testing
technology. However, GC—MS are greatly affected by sample matrix interference and require high pretreatment
methods. In addition, due to the influence of the physical and chemical properties of different PGRs ( such as
abscisic acid and indole acetic acid with a boiling point over 400°C , or forchlorfenuron and cinnamic acid with
hydroxyl and carboxyl groups), most PGRs have poor gas chromatographic characteristics and are not easily
detected.

The order of detection limits of PGRs is GC>HPLC > chromatography — mass spectrometry, and the lowest
instrumental detection limit of chromatography —mass spectrometry is 10 mg/kg. However, the higher solubility
and the larger natural attenuation rate of most PGRs lead to the lower detection concentrations in complex
environmental substrates such as soil and water, so there is still an urgent need to solve the problem of analytical
testing of trace PGRs and its intermediates.

In future, PGRs analysis and test method will focus on the analysis and detection of trace PGRs and their

intermediates, as well as the development of new materials and technology—based methodologies.

KEY WORDS:; plant growth regulators; solid phase extraction; liquid—liquid extraction; high performance liquid

chromatography ; chromatography—mass spectrometry; detection limit
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