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Abstract Seven plant growth regulators applied with simultaneous determination are 2,4-dichlorophenoxyacetic
acid, 6-benzylaminopurine, forchlorfenuron, gibberellin A;, paclobutrazol, thidiazuron and uniconazole. This

study aimed to determine analytical method for the residual pesticide of seven plant growth regulators in
agricultural products using modified QUEChERS method with ultra-performance liquid chromatography

tandem mass-spectrometry (UPLC-MS/MS). The modified QUEChERS corresponds to the EN 15662 procedure

and differs in the process of extracting 30 mL acetonitrile containing 1% formic acid in 5.0 g sample. As a
result of method validation applied with three samples (mustard greens, grapes and bean sprouts), the

matched calibration showed a good linearity within 5 concentration levels (r*>0.99). The limit of quantifi-
cation (LOQ) ranged from 0.6 to 9.2 ng mL™". The recovery at three spiked concentrations (10 ng mL™', 50 ng

-1
mL™ and 75 ng mL™) ranged from 72.3% to 105.5% and relative standard deviations (RSD) were between
0.2% and 9.3%. As a result of applying the method to 68 samples collected from local markets, paclobutrazol
was detected in 20 vegetables at the range of 0.02-2.31 mg kg™ and other compounds were not detected
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Age] Ae))5S A AlsiEr] Agake olZ o) Al Z71EIR0BI(KCPA, 2019), AR 2T 4]
wope] WA S (KMGL, 2019), 274, 254, A2 BAZ2EA ) 997 4480l 2024970 85%= o
Aok o] Ao FATY, st 1 71 A7 5 He 5 AEAEREA Y] AR S7HEAL th(Mordor
AERTA2A glole ok F83 AR & &AL Aok Intelligence, 2019).
(Kang, 2()01). A]UA§7<]—17<4;<1] l.:ok_q A}_&E;ﬁoﬂ U}ﬂ- %ie%ﬁ]
A =l 71 558 w2 AA 153F, A3 189 RS ERAR PR F k. HEsEede AEA
2, AzA 139%, ABAAZHA 19505 (MFDS, 2019), | A5l 2R 127l fA1E 34 sEROR &
2l (auxins), A&7 (cytokinis), X H] & (gibberellins) L]
3 o€l (ethylene) TAA|7}F ). HlZ22AI= A& A
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Foll H 2 HELR qdAAA, A
ZAAA, AAZRA], A A A 2 EFETHRDA, 2020).

AEAGAA FAME AFAAAR AHL U=
paclobutrazol> 2008 109 &AM W= BAJol =
AR B7F A weke R FAEAY Aot E tE A%
AAA uniconazole> FA7IA] o] ZHRS]E7|F0]
HSs5E oA f55iE o A& JTH(Kim
et al., 2013). o]9]o= 20119 5¥ FEEAAN TS T
o AYAZZ1A|¢] forchlorfenurons F=34A ARE-3le] 4=
dho] Z213E, 2014 109 HAZ XL olx = Anf 717F
o] F2 FuEol AE7|DFS] 6-benzylaminopurine AHE-
S HEstke 5 B EA 0 ok 2HRde 2 kAl
gelo] g ajtt,

TS 24-D 234 AF0) HX= Y& (Bukowska, 2006)
S AEAZEATE A7k AR AR s T
AL AFsk= AF7F RE T 91O B2 (Erin et al., 2008;
Wang et al., 2011; Wang et al., 2019) 2 EZZEAE &
X402 MY F de HFEF FAEAHo] nEEY

oF 30, £ F9l FAHEe] A7 A} 2AP} o] FojHo)

=
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Table 1. Analysis method of korean food standards codex
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k. elueks @A BRSO SATEE 2ol
AT $4 7Fsd Goe] A%H 02 Hojslz 9o

=

A B zEA o] T A ol tigk A7t st
2 AollM e dA7A o= AV & 27t =
2 A EA2EA 7% 24-dichlorophenoxyacetic acid, 6-
benzylaminopurine, forchlorfenuron, paclobutrazol, gibberellin
A,, thidiazuron 2 uniconazoles A& sle] ZHHSAM T

BANE AR A4S Fystaat sisith
A HEFH F 24D F 7% AEAGEA o
THIE A2 Table 13} 29™ gibberellins 27>
ot 6-BAPE= AA A freAlst A4S 2

3] QuEChERS (quick, easy, cheap, effective, rugged and
safe) W2 A2 F71-8ARE, el A2 2 R
=0l 7hssto] B w2 thARke E40 Bl 3§
HaL Qo] FAITHMIE FEHORE A3 AAeygolet &

4= ATHKim, 2015; Kim et al., 2016; Zhang et al., 2019).

Compound

name 2,4-D? 6-BAPY Forchlorfenuron Paclobutrazol Thidiazuron Uniconazole
‘ extraction ‘ ‘ extraction ‘ ‘ extraction ‘ ‘ extraction ‘ ‘ extraction ‘ ‘ extraction
‘ concentration ‘ concentration ‘ ’ ‘ concentration ‘
liquid-liquid liquid-liquid liquid-liquid liquid-liquid liquid-liquid liquid-liquid
partition*3 partition*2 partition partition*2 partition partition*2
°°‘.‘°e§ tra- concentration concentration concentration*2 concentration copce: tra-
tion*2 tion*2
‘ hydrolysis ‘ ‘ N-methylation ‘ ‘ purification ‘ ‘ purification ‘ ‘ purification ‘ ‘ purification
‘ concentration ‘ ‘concentration ‘ concentration concentration ‘concentration
liquid-liquid | | liquid-liquid | |neh-performance high-performance) | 1 omatog-
P .. iquid chromatog- | |gas chromatography |liquid chromatog-
partition*2 partition h h raphy
. raphy raphy
Analysis ‘ concentration ‘ concentration
process r—"
esterification gas chromatog-
raphy

liquid-liquid
partition*2

concentration

purification

concentration

gas chromatogra-
phy

92,4-D : 2,4-dichlorophenoxyacetic acid
® 6-BAP : 6-benzylaminopurine
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liquid chromatography (LC)E 55l 9& 4 et £
71718] A mEt Hreo HAE 9= 5}‘:}
A58 FINTI7) S8l TEsl 9

so] BastEE AAE IRIsh|71A] XV‘VJ”—
Jh& au} LC-MSMS= 5518 A 2] glo] wge] &

Holgte A 7besl =2 fwe 5ol48 AlFsinz
A& §3AQ1 B & 4= 9lo(Pan et al., 2010).
b LC-MS/MSE ©]-8-3 QUEChERSH 412 ©hA|7H
Qe FAITHIE A0 7hsstal AlE A AgAde] SE
H ARl & ¢ glom, ] AR ERIE Tt
alo] 2]kA oA AN g FoF &§E=dES A A= (PLS,
positive list system)oll 2 3at A2 Q Wrgoltal &

B A
=
T /\}\T;]'

A7}ER1E gas chromatography (GC)H
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®5F forchlorfenuron (°% 98.7%), 2,4-dichloropheno-
xyacetic acid (%= 99.5%) 2 thidiazuron (=% 99.5%)
Chem Service Inc. (West Chester, PA, USA)9IX, paclo-

Table 2. Analytical conditions of LC-MS/MS
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butrazol (T= 99.9%), gibberellin A; (=% 98.6%)= HPC
Standard GmbH (Cunnersdorf, Germany)°ll*], uniconazole
(=% 98.0%)> Toronto Research Chemicals (Toronto,
Ontario, Canada)ollA] T3tATH E2Y NS s
£ 559 methanol (== >99.8%)(Kanto Chemical Co., Inc.,
Tokyo, Japan)Z 3|Ajste] Al 23813 7]171848 58
< acetonitrileZ 8413} (.5-100 ng mL™ oA A&
&

Acetonitrile (TI= > 99.9%)> FFEHE SFLC=Z Carlo
Erba Reagents S.A.S. (Milano, Italy) A|F2S ARESIHL
formic acid (=% >98%)= Kanto Chemical Co., Inc.
(Tokyo, Japan) A& AH&-3I1TE. QUEChERS EN 1566
AeE 93l 13 FEA] AR KSO-8909 7]1E(4.0g
MgSO,, 1.0 g NaCl, 1.0 g sodium citrate tribasic dihydrate
(SCTD), 0.5 g sodium citrate dibasic sesquihydrate (SCDS))
S el QuRdE sdel WelEae A
KS0-9508 7]E(0.15 g endcapped C18 sorbent (C18E), 0.9 g
MgSO,, 0.15 g primary/secondary amine (PSA))= Pheno-
menex Inc. (California, USA) A& A3} Th LC/MS-
MSE o % &=

252, methanol 28] formic acid

= LC/MS 5+<] Fisher Chemical (Geel, Belgium)Al &2,
ammonium formate (== >99.0%)= Sigma Aldrich Inc.
(St. Louis, MO, USA) Al &S A3ttt

24717 & =X

AA g 3golA A5 EWE (robot coupe blixer 5 plus,
Vincennes, France)?} ¥41%2]7] sorvall ST16 (Thermo
Fisher Scientific Inc., Osterode, Germany)S AM-3}3 T,

Injection volume 2 uL
Mobile phase A: water containing 0.1% formic acid and 5SmM ammonium acetate
p B: methanol containing 0.1% formic acid and SmM ammonium acetate
] . Flow rate
V) V)
Time (min) Y%A %B (mL min")
0.0 90.0 10.0 0.3
UPLC 0.5 90.0 10.0 0.3
gradient condition 5.0 45.0 35.0 0.3
7.0 45.0 55.0 0.3
9.0 5.0 95.0 0.3
12.0 5.0 95.0 0.3
12.1 90.0 10.0 0.3
Ion source type Heated ESI
Pos. ion spray voltage (V) 3500
Neg. ion spray voltage (V) 3000
.. Sheath gas (units) 40
MS conditions Aux gas (units) 15
Sweep gas (units) 1
Ion transfer tube temperature (°C) 325
Vaporizer temperature (°C) 350
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HAZH 2 ultra performance liquid chromatography
(UPLC)E= Thermo Fisher Scientificrk9] vanquish column
compartment H (Germering, Germany)S ARE-3}SIt). MS/
MSE 7] £5- o] 23} (electrospray ionization, ESI) %48
ol§sh= TSQ ¥HE 2% A=A A7EA7]E Thermo
Fisher Scientific*H(San Jose, CA, USA)E 0|83t} A8
2 Thermo Fisher ScientificAl2] accucore aQ (2.1 x

100 mm, 2.1 um, USA)Z ARS-8I9AL, AHXEE 30°CE
AT Al gk 4 2712 Table 29F 2T}
LC-MSMS 0|28 =7

AEAGZAA 75 AR LC-MS/MS FHAx21S do}
7] 8 1pg mL'2 2AS z7te] ZFES 10l
min” &2 FASA. AT FHoR FYHE Eo]
ergstd AL AmntEagor 9l § FAYE ol
3} T positive?} negative 2712 I3 A<
precusor iong A F AT Tof|A collision energy?te

HASHAA e7F £& 2719] product ionS A8 SFA T}

AlE HXE
AEE EWGE FdsHl Zol 5.0g2 FHsto 1
formic acid’} 2718 acetonitrile 30 mLE ¥ 287k A
SIATE o371l extraction kits 6.5 g& Hal 2%7F A4
S50 FIL 4°C, 5% W7 & EFEE 4000 pmlE 5%
7+ QAR Sh 459 6 mLE F38le dSPE kits 1.2 g
& ¥ 3027 AEs] gkl 4°C, 58 4§ 4000
AAEE &deh A5 dS 0.2 um nylon

&84 H5S DG SANTE (2017)9F ICH (20055 &
2 3lo] Y3t v A & I (matrix effect, ME), 2414
(linearity), &3 (limit of detection, LOD), “g%3HAl
(limit of quantification, LOQ), &4 (accuracy)} 424
(precisionyS B 7}51THDG SANTE, 2017; ICH, 2005),

A= 594 FE9 solvent calibration®} matrix-
matched calibartiong A&t BRI, vld a3+= o
=3 7Fo] Axkstth

(slope of matrix matched calibration —

ME (%) = slope of solvent calibration) % 100
slope of solvent calibration
Az} Al FAIR 59 TE7F HES &
FEZEN S H7lsle] 53] vHe A9 3)AA ydHe &
FRAS} Aol 719718 ol§3t] Ttk LOD=

-

rio

. ZIRIA .
OO

Ofol

0N - S01Al . AIRS

— = =

3.3SD/SZ LOQ=10SD/S 422 AAFIHTHSD : 39
A yaHe] FAAL S - A 71e7]).

A3 AUde FAFE 394 FE(10ng mL™,
50ng mL™' and 75 ng mL™") 50l HEE EFEFEY
< HUtste] 33] vk AP sl o EEHAE 3
71kt 388 Hrte T3l thdk matrix matched
calibration 27 7}] &2 T3} o] Akt

measured concentration by matrix

Recovery (%) = matched calibration x 100

spiked concentration

Zdn g o
LC-MSMS 2MZ=H

HFEAE o] g3l BARIF 75 AEFAEAA ] o]
ARPEIYLS Fig. 13 2132 MS/MSS] H A8l | 245
£ Table 33} 72t}

FE80f vl

10 g9 A& 10 mL acetonitrile®] F&-&u]2 AM&5 &
QuUEChERSH-& FHo] Be ¥x 5 o At A
dog 4#A tH(Brithish Standard, 2008). AT 9
Al AF g FEFHFol H2 AT 7F Al
Sl vjs] FF gulgo] o] ago] o 4 Uk Al
S5A e FE8v7F 22 ¥ QUEChERSHY HT} 5.0¢
S 30mLo FE5E HHoR HAsl] #2888 P
Al71aL, g g ol g Ed @ 72] Hlle] H= matrix effect
FAE A Fe] Moz Zo|TA} S th(Patel, 2011).

A kAl Ro] 39 QUEChERSHONA AA 8= aceto-
nitrile T} 1% formic acid’} X3 acetonitrile ©]-&-35}]
FEUS 4T a8 A t= Hivt $of(EURL-
SRM, 2015) -+ 7] W& Aaf Folle A=, #Y
F e EEE, TR e FUER AFs 3=
== ik s =

acetonitrile®} 1% formic acidE &3t acetonitrile®] 3
Z88S v 24, dFE 1% formic acid7} 71
acetonitrile F&4 HEE FEI S YeRUL &3
2,4-dichlorophenoxyacetic acidi= acetonitrileS &1 2
ARERS o) AR 3.79%, £X 5.33%, FUE 1.83%%
o 22885 YehiIth vbE 1% formic acid7} E3F
¥ acetonitrile® FE3}HS ¢ A 102.26%,
81.31%, TUE 100.01%2 F=E&5 Yepith
gibberellin A;= acetonitriles FE8Z AREIS
E ATgA F=2HR 2ot 1% formic acid?} EEE
acetonitrile® FZ3IS W AR 100.56%, E= 85.94%,

£ 18
Bt

it
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Fig. 1. Selected reaction monitoring (SRM) analyzed with 5 ng mL™" concentration of plant growth regulator standards.

Table 3. Optimized selected reaction monitoring (SRM) transitions of the seven plant growth regulators

Compound name Formula (n}g]) Polarity Prec(lllrrjg)r on Q;:)al?zﬁ]/mzlgm ?5;) C(i)glflir(r;a}l;l)on (CVE) L(es;‘”
2,4-DY C:H,Cl,054 6.68  negative 218.9 160.9 12 125 27 38
6-BAPY C,H;N; 536  negative 224.1 133 22 106 33 71
Forchlorfenuron C,H;,CIN;O 7.44 positive 248.1 128.9 18 93.1 35 55
GAy® CoHy,04 451  negative 345.1 239.2 15 143.1 29 68
Paclobutrazol C,5H,,CIN;O 8.84  positive 294.1 70.1 22 125 38 60
Thidiazuron CoHgN,OS 6.10  negative 218.9 100 10 71 32 38
Uniconazole C,sH;sCIN;O 9.37 positive 292.1 70 26 125 30 72

¥ CE : collision energy

® RF Lens : radio frequency lens
92,4-D : 2,4-dichlorophenoxyacetic acid
9 6-BAP : 6-benzylaminopurine

9 GA,; : gibberellin A,

TU=E 98.29%= FsHl E FEES EUTH(Table
4). 2 EZ 1% formic acidE 713t acetonitriles F58

M= AEsa G54 A5 AT,

A5 AEAREA o gt sjdad= Table 59 2
o}, v e BAS 77 (matrix matched calibration)2] H
AE ARG =9 79 0.5-100 ng mL™ H LA,

X5 1-100ng mL™" LA g1 A3, 24F
(determination coefficient, R?}= 55 0.99 o]’go]ATh.

A

LC-MS/MSEA-2 A& AJ&o| u}g} matrix-effects ¥
Aoz A AdrkPatel, 2011). ol= BAE 34 712
of 23t A4, Thild 9 Fo| FA §E= o] dFEA
7] HE7Y Tdsle o] o] Fadle o]29Al
(suppression)e} HHN 2 F7lel= ©]2/d% (enhancement) &
Aol Yehd 4= dtH(Moon et al., 2020). ¥ AP0l
£ i@ a7t A€ forchlorfenuron®] 21.4%% ©]
LoAat ZA Jepten the© =2 yniconazole©)
11.6%9] o] 2AE BAI 1 9] JE-S TA JF2 B4
e Aog Ut viE InoME o5 E A}
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Table 4. Comparison of extraction efficiency for the seven plant growth regulators with two solvents”

Mustard Leaf Grape Bean Sprout
Compound name 5 -

ACN 1% FA/ACN® ACN 1% FA/ACN ACN 1% FA/ACN
2,4-DY 379+ 15.6 10226+ 1.3 533+£72 81.31£0.4 1.83+11.8 100.01£1.0
6-BAPY 7325+1.3 75.01+£0.3 86.94+ 1.8 98.07+0.4 79.71+2.3 81.03+2.3
Forchlorfenuron 90.98 +2.3 9589+ 1.1 87.74£0.7 93.93+0.2 90.16 +£2.0 95.17+0.9
GA;" - 100.56 + 1.4 - 85.94+£5.6 - 98.29+ 0.6
Paclobutrazol 70.97 £ 8.0 101.53+ 1.0 94.07+0.6 95.99 +0.8 79.50 £ 5.6 106.03 + 3.1
Thidiazuron 96.10 + 1.4 103.95+0.7 82.66 £ 0.6 97.82+0.7 81.06 +2.0 83.12+£0.6
Uniconazole 90.75+1.2 97.56 +0.7 90.99 +0.2 93.10+0.8 8748+ 1.1 9431+£1.8

9 Average of extracion efficiency=RSD, n=3, 50 ng mL™
® ACN : acetonitrile

9 1% FA/ACN : 1% formic acid in acetonitrile

92,4-D : 2 ,4-dichlorophenoxyacetic acid

9 6-BAP : 6-benzylaminopurine

D GA, : gibberellin A,

Table 5. Matrix-effect (ME) and determination coefficient (r?) of the seven plant growth regulators in mustard leaf, grape and bean
sprout

Mustard Leaf Grape Bean Sprout
Compound — — —
name ME Determination ME Determination ME Determination
(%) coefficient (%) (%) coefficient (%) (%) coefficient (%)
2,4-D? 0.5 0.9994% 15.1 0.9985 -3.3 0.9996
6-BAPY -1.2 0.9998 -3.2 0.9971 0.3 0.9981
Forchlorfenuron 214 0.9956 3.6 0.9985 3.2 0.9932
GAY -0.35 0.9991 16.9 0.9973 2.1 0.9993
Paclobutrazol -0.8 0.9954 -0.1 0.9997 2.9 0.9999
Thidiazuron 1.9 0.9951 2.8 0.9953 -2.0 0.9996
Uniconazole -11.6 0.9997 0.8 0.9998 0.0 0.9998

92,4-D : 2,4-dichlorophenoxyacetic acid
® Result of matrix-matched calibration

9 6-BAP : 6-benzylaminopurine

9 GA; : gibberellin A,

Table 6. Matrix matched linear range, LOD and LOQ of the seven plant growth regulators in mustard leaf, grape and bean sprout

Mustard Leaf Grape Bean Sprout
Compound name Linear LOD? LOQ Linear LOD LOQ Linear LOD LOQ
onpy (gmLh) (ngmLh)  HEE S (gml) (ngml?) WS (ngmL?) (g mL)
(ngmL™) (ngmL™) (ngmL™)
2,4-D° 0.5-100 0.9 2.6 1-100 2.1 6.3 0.5-100 1.2 3.7
6-BAPY 0.5-100 1.1 35 1-100 1.9 5.8 0.5-100 0.9 2.6
Forchlorfenuron 0.5-100 0.2 0.6 1-100 0.8 24 0.5-100 0.2 0.7
GAYY 0.5-100 1.3 4.0 1-100 3.0 9.2 0.5-100 1.8 5.5
Paclobutrazol 0.5-100 1.8 54 1-100 0.9 2.6 0.5-100 1.7 5.1
Thidiazuron 0.5-100 0.3 0.9 1-100 1.0 3.1 0.5-100 0.5 1.4
Uniconazole 0.5-100 0.6 1.7 1-100 0.7 2.0 0.5-100 2.6 7.8

JLOD : limit of detection

» LOQ : limit of quantification

92,4-D : 2,4-dichlorophenoxyacetic acid
9 6-BAP : 6-benzylaminopurine

9 GA; : gibberellin A;

GA= 16.9%, 2,4-DE 15.1%=2 Yelt, FUEo = o] <+20 ZAL FE w=Esii oy Aol A forchlor-
2450l o]2oA| g AE Hole AEo] gl Hog & fenuron®] 21.4%%] ©]%A| (suppression)e Hof A
o1=3ltt. 9] A= SANTE 7o =2elol| A A|A)E ME(%) matrix matched calibration®® F<1&Ath. Kim et al
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Table 7. Recovery of the seven plant growth regulators in mustard leaf, grape and bean sprout

237

Spiked conc.
Compound name (ng mL"") Mustard Leaf Grape Bean Sprouts

. 10 86.5+ 3.59 76.7+3.4 79.0+£2.0

24 Dichlorophenoxy 50 788+3.8 723439 728+ 3.4
75 84.44+1.8 781422 78.0+2.0

10 86.1 £2.1 103.8+7.5 91.7+72

6-Benzylaminopurine 50 783+2.8 93.6+89 89.2+4.0
75 80.7+3.0 943+13 96.3+4.5

10 972+1.1 893+24 919+1.6

Forchlorfenuron 50 90.9+0.2 88.2+2.2 90.0+1.9
75 96.0+0.8 92.4+0.4 96.1+0.9

10 90.0+9.3 73.7+63 84.0+54

Gibberellin A; 50 80.8+3.7 74.8 + 4.1 763 +4.9
75 85.8+3.0 819+1.5 81.4+2.1

10 1055+ 1.6 92.1+2.0 94.7+0.7

Paclobutrazol 50 101.2+5.2 91.7+1.1 932+1.5
75 102.6 £2.5 96.2+0.7 97.5+1.5

10 939+1.1 859427 90.3+23

Thidiazuron 50 94.0+0.6 92.1+1.6 91.3+0.9
75 95.8+0.9 96.1+0.9 943 +0.7

10 1052+1.8 923+24 933+2.0

Uniconazole 50 96.0 +£ 0.8 88.8+ 1.6 91.0+2.0
75 1004+1.7 93.6+0.8 953+ 1.0

» Recovery £ RSD, n=3

A o2 Rlgk Ao g A7

] A& 278k 7] A (matrix matched calibration)2] 241
4 W9l AR} FUES 0.5-100 ng mL o™, EE=9]
Ho= 1-100 ng mL'olt}, AESAE A& elM 0.2-
1.8ng mL™, ¥% 0.7-3.0 ng mL™" FYE 0.2-2.6 ng mL™
o], AHIAE AL 0.6-54ng mL!, & 2.0-
92ng mL™, U= 0.7-7.8 ng mL™& YERITHTable 6).

A8 (accuracy)9t YU % (repeatabilityy= A& 3THA
o] 3rgn AHEFAAE T8l AFs. s
1247 ¢] J 9ol A BE Aol A7t st &
sl 39 FEE A9k 35S 39
2 3WHE BA% 43, AFE 10ng mL'E AR
-105.5%, X% 73.7-103.8%, FE 79.0-94.7% ©]Ath.
T 50ng mL'= AR 78.3-101.2%, L% 72.3-
93.6%, & 72.8-93.2% WA IFE 75ng mL'e
AR 80.7-102.6%, E= 78.1-96.2%, FUH=E 78.0-97.5%
2 et i EFH2 R A s % 10 ng mL'olA Azt
A 1.19.3%, L% 2.0-7.5%, TUE 0.7-72% BAA} 5
P55 50ng mL'olA AR 02-52%, X 1.1-8.9%,
FUE 0.9-49% ©Ah. LFE 75ng mL oA A
0.8-3.0%, L= 0.4-2.2%, TUE 0.7-4.5% ©]ATH Table 7).
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Algh, FUE SFUE0A

AAAE 1374 F 1174904 paclobutrazole] 0.05-2.31
mg kg FEE HAEFHUT ALL 134 T 740A 0.12-
1.10mg kg =2 Rt Aygs 127 5 279
A1 0.02 mg kg, 0.44 mg kg™ HAEHUL F3A7] 2E
o] 7Fsslal AE7IE SulgleleE oldo] U= paclo-
butrazolo] THF3H =M E AEE e AL AZA G 4
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1= uniconazoleZ IA % A HAE HEE AF
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butrazol®] Alg-o] =7}t Wt uniconazole AFE©] A
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Table 8. Residues of the seven plant growth regulators in agricultural products

Ai‘: (():(lelf;ral No. of sample No. of detection l?gggzg Efgﬁ;el; (n]\l/;?)
Mustard leaf 13 11 Paclobutrazol 0.05-2.31 3.0
Kale 13 7 Paclobutrazol 0.12-1.10" 2.09
Celery 12 Paclobutrazol 0.02, 0.44% 0.59
Grape 11 - - - -
Apple 5 - - - -
Soybean sprout 11 - - - -
Greenbean sprout 3 - - - -
Total 68 20 Paclobutrazol 0.02-2.31

? MRL : maximum residue limit

® For paclobutrazol in kale, the limit of detection is 0.3 ng mL™" and limit of quantitation is 1.0 ng mL™".

° Based on leafy vegetables

9 For paclobutrazol in celery, the limit of detection is 0.4 ng mL™ and limit of quantitation is 1.3 ng mL™".

© Based on stalk and stem vegetables
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