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FEFSFICH N FHEHE A E B EF2022 - 2 FLEEY L EASH S L
Bt ko c AARERT 1217994

YA R ETE R A YRR RARSA LEKRYE - v HEiEYE
FREE o KBRS AR DR i R EE AR B ME R ZE — R 205 - B
REETBHE R - BHARR > Bw# > FilERS > FERE - wmEE - A&
b 7 MY AR RARETRA T L FREEE Ry 0.01% ~ LR b 7 fR & B HE A [F]
FIE Ry 3% B 0.1% ~ 8 FEFEY) A4 KA ET R < bl AR Fy 0.001%  H RijAs s = 42
B S Y RGO - R M T - AR AR
B SR B R R 2 E o AT 5k mIRIRF T A iR g 8 T AE Y AR R AR AT - LK
J s B DL 2 T PR R VA TR - A i IR IR R R L+ P A U0 S5 90 % DA A g A R B
RS TAE % B N EASH] (multiple reaction monitoring, MRM) FEZ M7 » A 15 43
M[FIRF 438 8 REAE ) A R Bl Ef A » /A @i o0 80 0.3 mL/min « AR5347 7M=&
R R U E (R (R ) ¥0]5E 0.997 DLL - $1HEHH A EEI R 2 fE Y4 R R Es
ITENRREAES - SRE (0.4 pg/mL) [EIKCREy 79.2~121% @ {KIREE (0.05 pg/mL) [H]
KRy 76.5~122% © KGRI SUEAERR 0.1 ug/mL » EETEADHT 6 KREAHEHEHRE
fr7e R 2.39~3.46% - LIaRSE 8 FHAHY) A R AFEIRI V7 E EMREs 0.001% - 325
ReIRRRR o FIFA T EA T E 6 MHEYA RINETHIMELE - B RE 8 sy
o Em R E R R AR PR o AEE R BT o0 A B A EE T B ) A R A R 2 T
% ALREEORAHE T E R E M - Bl AR BG5S A S TR E
& ANIELUREET R E TR AR T 8 MR < BN E & - REERET R AT
RF ] S VA PRI AS

s« AP ERGRENE - 2 EONT T AT S E R

BZHI 20225 H 11 H
* SEAEH © E-mail: chhuang@tactri.gov.tw
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e

HYITE#5 (plant hormone) &f5H
YIRS AR AR B - 108 & AR A7 a2 1R
R ER - MR TR AT e Y
ERHEZEHEZARCEY  HAEEEE
VB aNEE RS o DD RE R A 1 o A A S
2~ FHIRELZS E /0L ~ BATEEEAS E -
ELZAL ~ PRIREEHAZESE © - HHY)E R
% (plant growth regulator, PGR) HIl}Z2$5H
EHVHBEEIEZRABALTERY
’E‘ °

A EY) A RFEERI R4
R AT B HATEN  FERBEESEE
HUEHNREE 2 B > HEMVARNGHE
REERLZ s - BB R EEEHES
fBR 28 R E B A B R ZIR
EALHE ) K B A T UE SR HE B2 = AR

NGO R ERBHED R
(paclobutrazol) ~ & 1 4 K # (2- (I-
naphthyl) acetamide) ~ FhHiE K FE 4-
chlorophenoxyacetic acid(4-CPA)) ~ B3R
(uniconazole-P) ~ BHEEINEE (kinetin) ~ jiE 4>
% (forchlorfenuron) ~ % & kb (fluroxypyr-
mepty) 7 YA KIHETEIE ST 2
BROE R MR 0.01% ~ B R B
(quinclorac) & FREFEAEMK A EIFHIH L 3%
B 0.1% ~ 8 FEIEY) A4 & A0 EH] < ha iR
Fo 0.001% > 5l fii it BE T Ay ) I St 3 74
Z RN IR E R R R REE - SRl
MR MR R AL T AR P REE - B
JRERAT 3 B it = BE T B A Y A R AR

Pl i 5 vk S DU 51 5 vk o i B —SE I
pIan - B R SE TP BT R |l
AERFEZEN > DRI A&
oy Rl ik @Y HRELLZ E
ST TR IR 3 AT 2l 3E A - U REAS RUE
BATT > W]~ B - HRE?4 &
ARRITR < 2 BT % AR IR IR T 2 H L g
TR ST T3 0 A Hanot 57 A 8% 55F
o BRI < S/ 7RIS TR E R ZE A ] -
LU A Jed A AR O B A A L g R P B 5
F o RTCESE 200 FEEBERH AT T iA
@~ Oulkar ¢ ALIRAbZ FHERE Ry 20
W - DUBCRH e A A T A s oo AT i 2 P B
BER - ESER  ERE 12 MEYE
RFEAEE &R () F - K525 300
(1, 8,9, 10, 11, 12, 13, 14) @ﬁ% ﬁggﬂgﬁ}*ﬁﬂ%
- WBHE AR A S R R
REERER T - ZEBE O TE (1)
FENTHOAH I AT B AT R - EAEE R A AW
R AT e B A P 3 — 2 E bR ik
LU R [ e g T o it 2 BE A5

8 MAH )L S A EIT A S 1T G AR -

FHRHBL A i
—~ ME

(—) FEHENL ~ GKEE - A BLIE A

1. TR SRAEHE S, (FE 99.8 % » Fluka) »

tad: REGHES (FIRE 99 % » RDH)
By RS (P 98 % » Wako) »



T R RAEAE S, (FE 99.8 % »
Fluka) - BASEBCREHE T, (W 99% »
SIGMA) ~ iFZF AT, (FEE 99.9 % »
SIGMA) ~ PRy EEAE S, (FIRE 97 % »
World Vision) ~ % & LLAZ 4E &y (Fl &
99.3% » Lier) °

- JTIRIENRCR A i A o R T S il e B
Bk ELrEE 23% /KARE - fhoi
22% FKBEH ~ FHEREE A3 10% KIEHER
B~ mE L 29.64% A - =&k
61.6% ZLF ~ TRIEE 50% v
(F—) o BRETHTRR SR TH & B 3

TV FARETRI R 3k 81

61.6% ZLHEI ~ ZhEER A3 10% KiEMER
)~ 2,4-D 80% JKIE MR B~ TRvE
50% WIEMERE (R -

. FHEZ (methanol) 5 HPLC #\ (Merck,

Germany) °

-H & (formic acid) Ry 53 A7 ff 5 €

(Merck, Germany) °

.BEBS 4% (ammonium acetate) By o7 7 #K

X% (Merck, Germany) °

- EBETFK - WFFEE AR E Millipore 22

HIHY Milli Q 7K FHEA#ELS » #80.22 pm
millipore 3&3& » [LEEPH 18.2 MQ-cm

BESL 0 WAL 29.64% FLB - =&

_]R—  FIERIWEE Rz &

Table 1. Pesticide formulation samples for recovery test

Pesticide Pesticide Active Ingredient Year of
Name Formulation (%) Manufacture
Paclobutrazol Suspension concentrate 23 2016
Quinclorac Suspension concentrate 22 2015
Gibberellic acid Water soluble powder 10 2015
Fluroxypyr-meptyl Emulsifiable concentrate 29.64 2015
Triclopyr-butotyl Emulsifiable concentrate 61.6 2015
Quinclorac Wettable powder 50 2016
&R SITAIEE R

Table 2. Pesticide formulation samples for analysis.

Pesticide Pesticide Active Ingredient Year of
Name Formulation (%) Manufacture
Fluroxypyr-meptyl Emulsifiable concentrate 29.64 2016
Triclopyr-butotyl Emulsifiable concentrate 61.6 2016
Gibberellic acid Water soluble powder 10 2016
2,4-D Water soluble powder 80 2016
Quinclorac Wettable powder 50 2016
Gibberellic acid Water soluble powder 10 2015
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7.02 um FH KM B A (hydrophilic
polypropylene > GHP) i JE & (PALL
Life Science GHP 13 mm Acrodisc) > H
L 13 mm e

8. 0.2 um JEHMHEENE (mixed cellulose
esters) WPE MK (ADVANTEC) » H &
47 mm o

9.0.2 um ZE VU LM (polytetrafluoroeth-
ylene, PTFE) &%/ (ADVANTEC) -
B 47 mm o

(72) AN % fi L 6% L

L k& EE (B 40~50 kHz)
(BRANSON 5510, USA) -

2.k % K » d = 0.1 mg (METTLER
TOLEDO » XS204, Switzerland)

3.2 K » d = 0.01 mg (METTLER
TOLEDO » XS204, Switzerland) °

4.8 M g H B BB 3 B (WATERS
Premier UPLC MSMYS)

5. SR

6. SR AE

7. ERE

-~ hk
(—) BhHH Z e B
i A& 0.1% HEEZ 5 mM EEEE

$HIKESTR » FEEY 0.3933 g Fifds Ll 25 B 7
JKEEA 1,000 mL =T - IHAKT 900

mL KB K B R $E IS Rt - DAAIRE K
BRI 1 mL HERIMACERMS - LR
HET /K EREZE - BEHIIHKLL0.2 pm
T 1 R SRR VR B DR R ]

A B : 5 mM EEEZ 8% HER - FFAY
0.3933 g Pl ek DLFHEEZEA 1,000 mL %€ &
A HOAKY 900 mL  FH P fof i e i Vs fife
BRUHEERELE - A% 0.2
pm VY 5 £ 0 e O ke P

BIFRBREE R - a0 (k=) -

(RS ek

1. ¥ © Acquity BEH C18 2.1 x 100 mm,
1.7 pm

2. i ¢ 0.3 mL/min

3.3EARE 5L

4. SHHTIE © S0°C

&K= REBNTBBEEE GG
Table 3. HPLC gradient conditions

Time Flow rate Mobile phase? Mobile phase?
(min) (mL/min) A (%) B (%)

0 0.3 99 1

2 0.3 50 50

8 0.3 30 70

10 0.3 10 90

12 0.3 1 99

13 0.3 1 99

13.5 0.3 99 1

15 0.3 99 1

) Mobile phase A solution: 0.1% formic acid in 5
mM ammonium acetate solution

2 Mobile phase B solution: 5 mM ammonium
acetate methanol



5. Source: 120°C ~ Desolvation temperature:
400°C ~ 78 M ¢ FE B 3000 V -
Desolvation gas flow 900 L/hr ~
flow 50 L/hr

Cone

(=) PRUER b i i 2 i B

FEMEFFIN e 255 8 FEY AR
BB L 10 mg 43 AIE A 10 mL & =il
B BIAK 9 mL HEE - DUETE IR 10
R RE > MIERRBDABEERE
G » Fy 1,000 pg/mL GEFFIEHERS » FELL
1 mL ZIEEAE 4 A EE 1 mL 8 FfEY)4:
RfiZ 1,000 pg/mL FEFRMER - EA
100 mL E&EHF - DIFREEREZIE -
A 10 pg/mL 8 FEIEY)AE R AT .2 15
B RERER » FELL 10 mL SRS IR B Y
HIE SRS 10 mL B A 100 mL &
i DHAREESAANE » & 1
ng/mL 8 FEFEY)A: KRR 2 B & fE A
MW - ERRZEIHE - DL 1 mL SR
FEfEEEL 0.1-05-1.0-2.050mL &Z
1 pg/mL BEAEFEEEER S HIEA 10 mL
EE o DHBEEARAE » HlE
0.01 ~0.05+0.1>02~0.5 pg/mL ZEE
PREREAENR » DL 0.2 um SR M RPN
FEEE i -

(PY) J5% B UC Pk I

PL S mL ZIERE S BIEI (=) B
B2 8 fH 1,000 ug/mL FE Y4 E FEHI

fEYIA FFRE R T3k 83

RS 5 mL» A 100 mL E&
P DR EARLE » S 50
ng/mL 8 FEFEY)A: Kl 2 R & B E AR
WG - FLIZIE R 57 A& 02~ 1~
2~ 4mL It 50 pg/mL IR & HEE/FIENETR -
SPRIEA 10 mL E &I - DIHECAR
ZIRE > BERE 1~ 5510~ 20 pg/mL BE
ERUEIEYENR - SIAMNIGEEZTHE 4 A
B2 YR RIS 6 fROKEH
B BETER 23% MIRTEE 22% ~ /KA
PERY BRI EE A3 10% ~ FLEREE &k
AL 29.64% K= 61.6% ~ A[ERMER
FIRE R R TEED 50%) » 23 HIFEEL 0.25 g
ZHEEME A 50mL EEIMETE 0 A 40 mL
RS - DB IR E R mme o B2
FiR o U ERELE - DMERE &
HY B3t 1>5~10~20 > 50 pg/mL 18 &#
TEAEHE YRS 0.05 mL » B A 5 mL E &)
oho B P ER SR - IR 6
TEY) A R AR S AW > LL 0.2 pm
BUK MRS E R RS S
WIEER — IR S R EEE R E &l
1§ 6 MHAFEBEMEEZ 0.01 ~0.05 >
0.1 0.2~ 0.5 ng/mL KEVCHIR & B ERE
HEYR -

(1) [ 3 2 A 48 Wt 0 2% i i L i

Sy BIREEY (P9) o6 (YA R
Bl Bedh (KBTI R R P32 23% ek
T 22% ~ KB E B EEE A3
10% ~ AR M BREL 29.64% K=&
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Ee 61.6% ~ T 3 1 R AR L R TR e B
50%) 0.05 g * B A 10 mL E & - 58
BmTrEL 6 A - 15 6 4 - H—HED
3 EAREAS R 2 1 DIRIERAE 5
HH (=) BB 1 ng/mL 8 FRIEY) A= K3
B 2 IR A R AATYENR 0.5 mL A A 3
EEERET - 533 BERISHIMA 4 mL
RERAIEER - 55 10 408 - DA
R DUEERIRE 10 o8 5
fig » MIEEWR > DFEEAZELE b
0.05 pg/mL 8 FEIEY)AE R MM AR
ISR Kz 0.4 ng/mL 8 TEIEY)4: £
B 2 e [ R AR » DL 0.2 pm K
A 2 A ot 0 R 5 Y

(FN) i 45 2 B R el 3 i

& RERMKEEAL - 2/~ ZXH
M 6 fRTE Y AR B IR R SRR EUR
0.05 g ZEMZE 10 mL E2MIMA 9 mL
CHIEE  EEWEIRE 10 28 BEE
B DHEEERZEZIE - LL 0.2 pm FHK
A 2 PR A e O S U e P

i o L i
— ~ BRI

MBS BHARSE  BHER
o TR SR @K BT

B mEALL 8 MEEERRERR 5 BRI ¢
0.01~0.05~ 0.1+ 0.2 }2 0.5 pg/mL » B 5 pL

AN HpEwE  BHER
o B MR RS R - R
B AL DUERE ot R R
FLEBE 0T SIRERRNT
M5, L (signal-to-noise ratio, S/N ratio)
BRI 10 » B B IR ~ 26 8 e
Wz B ;e % I FEAE TN E G R a0 (58
M)~ GRh) Kk (El—) Fs - DA
TRy X il eI Ry Y St Tl o
Bt o AESREUR 8 YA 53R ] ol
PEREL (RY) A 0.997 LB (FX) -

= [l eRE

FoERBATT AR s M i 1Y A R
(R SE B U RS 8 MR RGH
Bl et rE - ERTTI EE REYAR
i B PR 4 AL S KRR~ KIS TR
il ~ L R AT B o SRR R T
SEFMETT R R EREE - ABBIE AL B F S

tli smy

Wi

RO - 8 WEYERBOAEUAS BRI

A
Table 4. Retention times for active ingredients
of 8 PGRs
Active ingredient Retention time (min)
4-chlorophenoxyacetic acid 3.65
Forchlorfenuron 4.97
Kinetin 2.96
2-(1-naphthyl)acetamide 3.65
Paclobutrazol 6.59
Uniconazole-P 7.96
Quinclorac 3.19
Fluroxypyr-meptyl 10.81




SUER S IRTEEL ~ ARV PR R A 5 F 2
F A3 ABRRABE A L R =& L
AR TR BIBE HI TR SE 5  FRENKY 0.05 g Z
BRhnZE 10 mL ERH - T ERE kSR

TV FFRE R T3k 85

WA 1 pg/mL E3aRE 8 MiEYIAER
A ETRNE G R EEYERR 0.5 mL ~ iR
WCERAIRIN 4 mL > DIFEERELE
{8 TRAE YA R AFETAIIREE Ry 0.05 png/mL

FETRINEIBGEREE - IR ERIECR RS & 0.4 pg/mL @ IRINREEE ER KB E
KA~ LEREER G
Table 5. MRM parameters
Active ingredient Ton mode MRM transition ~ Dwell time Cone voltage  Collision
(m/z) S) V) energy (eV)
4-chlorophenoxyacetic =~ negative 185>127Y 0.25 24 12
acid 187> 129 0.25 20 16
Forchlorfenuron positive 248> 1299 0.03 25 15
248 > 93 0.03 25 35
Kinetin positive 216> 81Y 0.05 20 17
216> 148 0.05 20 17
2-(1-naphthyl)acetamide positive 186 > 1419 0.15 30 15
186> 115 0.15 16 28
Paclobutrazol positive 294> 1259 0.25 27 38
294> 170 0.25 27 20
Uniconazole-P positive 292> 709 0.25 38 20
292> 125 0.25 38 22
Quinclorac positive 242 > 2249 0.02 25 19
242 > 161 0.02 25 33
Fluroxypyr-meptyl positive 367 >255Y 0.021 12 11
367> 181 0.021 12 32

D qantitative ion

/N 8 BEVMERANBBREREIFRERR

Table 6. Coefficient of determination for calibration curves of 8 PGRs

Active ingredient

Coefficient of determination (R?)

4-chlorophenoxyacetic acid
Forchlorfenuron

Kinetin
2-(1-naphthyl)acetamide
Paclobutrazol
Uniconazole-P

Quinclorac
Fluroxypyr-meptyl

0.9992
0.9979
0.9987
0.9991
0.9993
0.9998
0.9999
0.9999
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4-chlorophenoxyacetic acid

Forchlorfenuron

0.1-20.1-2 F6:MRM of 2 channels,ES- 0.1-20.1-2 F7:MRM of 2 channels,ES+
184.9 > 127 248 > 129
100 1.783e+004 100 1.081e+006
%g /\ %g A
O~ min O min
0.1-20.1-2 F6:MRM of 2 channels,ES- 0.1-20.1-2 F7:MRM of 2 channels,ES+
187 > 129 248 > 93
100 4.693e+003 100 4.729e+005
Yo Yo
Ot e e e e min O min
3.400 3.600 3.800 4.000 4.750 5.000 5.250
kinetin 2-(1-naphthyl)acetamide
20160926hao-016 F5:MRM of 2 channels,ES+ 0.1-20.1-2 F4:MRM of 2 channels,ES+
0.1-20.1-2 216 > 81 186.32 > 141.13
100 9.052e+006 100 4.643e+006
“ v A
O~ min O~ e min
20160926hao-016 F5:MRM of 2 channels,ES+ 0.1-20.1-2 F4:MRM of 2 channels,ES+
0.1-20.1-2 216 > 148 186 > 115.1
100 1.509e+006 100 6.006e+005
Yo Yo
O min Ot min

2.600 2.800 3.000 3.200

3.400 3.600 3.800 4.000

Paclobutrazol Uniconizole
0.1-20.1-2 F10:MRM of 2 channels,ES+ 0.1-20.1-2 F9:MRM of 2 channels,ES+
294.1>125.1 292>70
100 1.766e+005 100 9.133e+005
e o
O e e min O min
0.1-20.1-2 F10:MRM of 2 channels,ES+ 0.1-20.1-2 F9:MRM of 2 channels,ES+
294.1>70.2 292 > 125
100 1.904e+006 100 6.506e+004
2 A v
O e e min O e min

6.400 6.600 6.800 7.000

7.800 8.000 8.200 8.400

Quinclorac Fluroxypyr-meptyl
0.1-20.1-2 F2:MRM of 2 channels,ES+ 0.1-20.1-2 F1:MRM of 4 channels,ES+
242 > 224 367 > 254.9
100 2.730e+005 100 2.261e+006
e e
O min g 1 77— min
0.1-20.1-2 F2:MRM of 2 channels,ES+ 0.1-20.1-2 F1:MRM of 4 channels,ES+
242>161 367>181
100 1.675e+005 100 1.000e+006
4 A .
O e e e min 47— 77— min
2.800 3.000 3.200 3.400 10.500 11.000

—+4

B— ExxX BEARR BRX FNHERRX FRERX 8K/
SRR 0.1 ng/mL 2 % 56 S FE (A HVE S ] -

Fig. 1. Representative mass chromatograms determined through multiple reaction monitoring
(MRM) of standards for 0.1 pg/mL Paclobutrazol, 2-(1-naphthyl)acetamide,

Uniconazole-P, 4-chlorophenoxyacetic acid(4-CPA), Kinetin, Forchlorfenuron,

Quinclorac, and Fluroxypyr-meptyl.



2 AT HPURK HE I B8 — BRI SRS TR T L
g b & HAE SR E R 8 fEYIE
R AT 2 AR 0.001% » DIREZREE

TR TR N HEREME o B AR

%%& » MR R R S IR IR R
g 1

10°pug * 005g *

)

0.05 pg/mL x 10 mL x
100(%)

IR ECR IR 0.05 pg/mL FH
EI PR S 0.001% 2 8 FEIEY)E
R 5 vl R [a] e R Al R R A

TV RFRERI 5k 87

Z 8 fETERNINIRES - S BTis SR B B
AR AR IR » KRR 8
T YA R AT 2 SRR FE [ 3 55 7]
By 79.2~113% J% 80.0~108% ~ 7K M4y 71
o 8 FEAE Y AR R 3R A A R [l
R AT ARy 89.9~114% K 96.1~118% ~ H,
PR AR 8 FEAE YA R AT S [
YR ARy 91.7~121% J 76.6~122% ~ H]
R B 7 EEY A R
T E R BBy 81.5~107% Kz 76.5~
118% (REER+) -

KT 7 BENERADHHNERE 23% KBH B EIHEER

Table 7. Recoveries of 7 PGRs in 23% paclobutrazol suspension concentrate

Active ingredient Paclobutrazol 23% SC

0.05 pg/mL CV(%) 0.4 pg/mL CV(%)
4-chlorophenoxyacetic acid 89.9 12 92.9 2
Forchlorfenuron 108 4 113 1
Kinetin 85.2 6 105 1
2-(1-naphthyl)acetamide 91.2 1 953 2
Paclobutrazol - - - -
Uniconazole-P Y 95.3 2 92.3 2
Quinclorac 86.2 6 110 4
Fluroxypyr-meptyl 106 2 106 1
D Recovery determined by matrix-matched calibration curve
&N\ 7 BEDERAABNIRTE 22% KEBB < BIMEE
Table 8. Recoveries of 7 PGRs in 22% quinclorac suspension concentrate
Active ingredient Quinclorac 22% SC

0.05 pg/mL CV (%) 0.4 ng/mL CV (%)
4-chlorophenoxyacetic acid 95.9 7 104 8
Forchlorfenuron 105 4 101 6
Kinetin 86.8 3 99.5 6
2-(1-naphthyl)acetamide 85.3 3 86.6 3
Paclobutrazol ! 91.5 2 92.1 2
Uniconazole-P D 87.8 5 82.2 5
Quinclorac - - - -
Fluroxypyr-meptyl 80.0 8 79.2 4

D Recovery determined by matrix-matched calibration curve
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RN 8 BEMERADENZHER A3 10% FOAMEREIR @2 BHE
Table 9. Recoveries of 8 PGRs in 10% gibberellic acid water soluble powder

Gibberellic acid 10% SP

Active ingredient

0.05 pg/mL CV (%) 0.4 ng/mL CV (%)
4-chlorophenoxyacetic acid 118 7 114 3
Forchlorfenuron 103 7 107 5
Kinetin 99.5 3 101 2
2-(1-naphthyl)acetamide 99.7 3 102 3
Paclobutrazol 117 5 107 5
Uniconazole-P 1 96.1 3 89.9 4
Quinclorac 113 6 99.4 8
Fluroxypyr-meptyl 110 8 105 5

D Recovery determined by matrix-matched calibration curve

Kkt 7 BEVERADHHNARL 29.64% ALHIK R BIHKE
Table 10. Recoveries of 7 PGRs in 29.64% fluroxypyr-meptyl emulsifiable concentrate

Fluroxypyr-meptyl 29.64% EC

Active ingredient

0.05 pg/mL CV (%) 0.4 pg/mL CV (%)
4-chlorophenoxyacetic acid 105 10 102 3
Forchlorfenuron 122 2 114 3
Kinetin 86.2 1 99.4 2
2-(1-naphthyl)acetamide 102 3 110 1
Paclobutrazol 110 2 111 2
Uniconazole-P D 101 1 102 1
Quinclorac 97.3 5 100 6

Fluroxypyr-meptyl - - - -

1) Recovery determined by matrix-matched calibration curve

K+— 8 BEVERAHEN=FLL 61.6% FLHE TR BIKE
Table 11. Recoveries of 8 PGRs in 61.6% triclopyr-butotyl emulsifiable concentrate

Triclopyr-butotyl 61.6% EC

Active ingredient

0.05 pg/mL CV (%) 0.4 pg/mL CV (%)
4-chlorophenoxyacetic acid 102 7 95.8 0
Forchlorfenuron 116 2 109 2
Kinetin 101 2 121 1
2-(1-naphthyl)acetamide 88.9 1 95.9 2
Paclobutrazol 105 2 104 1
Uniconazole-P 95.9 2 101 2
Quinclorac 98.6 9 91.7 4
Fluroxypyr-meptyl 76.6 7 97.4 11

D Recovery determined by matrix-matched calibration curve
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K+ 7 BEVERAHBNRE 50% RLEMER B G2 [BIHER
Table 12. Recoveries of 7 PGRs in 50% quinclorac wettable powder
o ) Quinclorac 50% WP
Active ingredient
0.05 pg/mL CV (%) 0.4 ng/mL CV (%)
4-chlorophenoxyacetic acid 98.8 3 99.5 1
Forchlorfenuron 118 1 107 1
Kinetin 76.5 3 81.5 2
2-(1-naphthyl)acetamide 88.0 3 94.5 1
Paclobutrazol 108 4 103 2
Uniconazole-P 101 1 102 1
Quinclorac - -
Fluroxypyr-meptyl 93.7 7 92.8 10
D Recovery determined by matrix-matched calibration curve
=~ B TR B TR B HIER  of quantification, LOQ ) » HEFHRAIT
B .

AHHE B A0 BH 38— heEl U7 v i K
o B2 BE R B Y AR R AR TR i bl - R
HERSSTES » AW FeiRER ey 4
) B 7 o2 B B EE L R B T RESB A
HARFEY) A R AR - BOERL 6 MHEYIE
F AR et B BE AR b - FREKY 0.05 g &
10 mL 5E S5 » A @ & FH DU & s
BAREN > ERERDHEERRLE - D
0.2 pm F/K MR A M EIEEGEE % LR
BT o 6 fFEER S s ATt SR PR A o B R
YA R SR ERIAA U8 o3 o+ BRI 31
8% HERREEIER 10 HiEfE s ER &k
i EA R ENR IS EA - FoREHEL 8
MEY A KRR RS RH=) - ik
gl AG IR © DUE R BE [RECR IR & R R AR
HERGIRIE 0.05 pg/mL - ARERSLFFHCH 0.05
g MFREEREE 10 mL FHEE BAMR (Limit

W
{1
TIH]

0.05 pg/mL x 10 mL x
100(%)

10°pg * 005g *

15 8 FHAEYI A R AR 2 7718 EisR Fy
0.001% » FFEEFRR AT EMBIBIRE -

9~ BYE R

f$§w¢ﬁﬁ%6ﬁﬁ%éﬁﬁm
FAR St 1T ol KR - o P AL B 5

HOoMEEYZT# ﬁﬁ%%%%%
fiti + % 6 FEARALZ 0.1 pg/mL FLEVLFCE
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Table 13. Results of analysis for 8 PGRs in pesticide formulation samples

Pesticide formulation sample Year of manufacture Results of analysis of doping 8 PGRs
Fluroxypyr-meptyl 29.64% EC 2016 N.D.
Triclopyr-butotyl 61.6% EC 2016 N.D.
Gibberellic acid 10% SP 2016 N.D.
2,4-D 80% SP 2016 N.D.
Quinclorac 50% WP 2016 N.D.
Gibberellic acid 10% SP 2015 N.D.

k+00 - 8 BEYERFEHR 0.1 pg/mL JESHRIFREER 6 ERITARBEM (Repeatability)
DITRER

Table 14. Analysis results of using six repeat injections of a mixed working standard solution
comprised of 0.1 pg/mL each of 8 PGRs

Active ingredient RSD (%)
4-chlorophenoxyacetic acid 2.39
Forchlorfenuron 2.90
Kinetin 3.35
2-(1-naphthyl)acetamide 2.63
Paclobutrazol 2.97
Uniconazole-P 3.46
Quinclorac 3.32

Fluroxypyr-meptyl 291




B mEAEt 8 MAEYIERHFER - Tk
50 FH ¥ FH Jed A &5 Tk 38 4 (LC-MIS/MIS)
Tl SR B S R S e - REE TR R
o> AT RS S B T A R BE T B D
RS 8 MHYARHFEHLIFE - 6
BRETBATT ~ B~ WRIEA -

{1818

ANt A 7K 36 55 A 53 R
o B RS B = R D Bk B 0 - REEK
AL -

SR

1. EAFEF - S ~ s~ TRER - £
f# 2 2011 « HPLC-MS/MS 2[5 F# i E 5
i 6 FHFEY)AE RANHI R - S0l
FE2E 30 : 128-134 ©

2 TP T B - 2000 - EEraRR
GRK T E - BRET
890020475 B&/\ 5 o

3T ERERES - 2005 - FaiE RS
BB ke ik - it =5
0941484780 57/ E ©

4 ITHEEEZEE - 2012 - REEEHE
LR T E B M
EIRERIE o 2P 1011484881 5%

N

5. 1TEPE ST B8 © 2020 - FEEEREHEH]
MAEREE = BRME RN - BT E
1091489546 5g/ a5 -

A

10.

11

SN

TV FARETRI R 3k 91

AR ~ R - 2015 - FEYE
REAETRRHEBE IR GE =) - L8
TSR © dE5T - 260 H -

. BAETERED < 2019 o £ Ry p e iy

BhHE—Z2EBE SN AL (H)
(MOHWP0055.04) - f & & F &6
1081900612 BRAFHEIE

. Esparza, X., Moyano, E., Cosialls, J. R., and

Galcerana, M. T. 2013. Determination of
naphthalene-derived compounds in apples
by ultra-high performance liquid chromatog-
raphy-tandem mass spectrometry. Anal.
Chim. Acta 782: 28-36.

. Hanot, V., Goscinny, S., and Deridder, M.

2015. A simple multi-residue method for
the determination of pesticides in fruits and
vegetables using a methanolic extraction and
ultra-high-performance liquid chromatog-
raphy-tandem mass spectrometry: Optimiza-
tion and extension of scope. J. Chromatogr.
A 1384: 53-66.

Lu, Q., Wu, J. H,, Yu, Q. W, and Feng, Y.
Q. 2014. Using pollen grains as novel
hydrophilic solid-phase extraction sorbents
for the simultaneous determination of 16
plant growth regulators. J. Chromatogr. A

1367: 39-47.

. Oulkar, D. P., Banerjee, K., Ghaste, M. S.,

Ramteke, S. D., Naik, D. G., Patil ,S. B,,
Jadhav. M. R., and Adsule, P. G. 2011.
Multiresidue analysis of multiclass plant

growth regulators in grapes by liquid



92

12.

13.

RSN 5121

chromatography/tandem mass spectrome-
try. J. AOAC Int. 94: 968-977.

Pang, N. N., Wang, T. L., and Hu J. Y.,
2016. Method validation and dissipation
kinetics of four herbicides in maize and soil
using QuEChERS sample preparation and
liquid chromatography tandem mass
spectrometry. Food Chem. 190: 793-800.
Pu, C. H,, Lin, S. K., Chuang, W. C., and

Shyu, T. H., 2018. Modified QuEChERS

14.

method for 24 plant growth regulators in
grapes using LC-MS/MS. J. Food Drug
Anal. 26: 637-648.

Romero-Gonzalez, R., Garrido Frenich, A.,
Vidal, J. L. 2008.

Multiresidue method for fast determination

and Martinez

of pesticides in fruit juices by ultra

performance  liquid  chromatography
coupled to tandem mass spectrometry.

Talanta 76: 211-225.



TV FFRERIH T3k 93

Development of Multiple Analysis Method
for Plant Growth Regulators in Pesticide

Formulation
Ting-Hao Hsu'!, Pi-Chain Liu', Chen-Hua Huang'*, Chien Chu', Tsyr-Horng Shyu!

Abstract

Hsu, T. H., Liu, P. C., Huang, C. H., Chu, C., Shyu, T. H. 2022. Development of multiple analysis

method for plant growth regulators in pesticide formulation. Taiwan Pestic. Sci. 12: 79-94.

Plant growth regulators (PGR) are plant hormones composed of natural or synthetic
substances that can regulate the growth and development of plants. According to
Subparagraph 2, Article 7, of Pesticide Management Law as well as Schedule 6, Article 3,
of the Pesticide Standard Specification Guidelines, Taiwan, the pesticide tolerance for
doping with the active ingredients paclobutrazol, 2- (1-naphthyl) acetamide, uniconazole-P,
4-chlorophenoxyacetic acid (4-CPA), kinetin, forchlorfenuron, and fluroxypyr-meptyl in
pesticides is 0.01%, the pesticide tolerance for doping with quinclorac is 3% or 0.1%,
depending on different formulation type, and the limit of quantification for doping with the
8 PGRs is 0.001%. As stipulated by the Council of Agriculture, Taiwan, the current method
of analyzing these 8 PGRs doped in a formulated agro-pesticide product first requires
qualifying them individually by GC-MS or LC-MS, then quantifying each according to
specific inspection methods, in which the analysis times are different for each sample.
Therefore, the current method is time consuming with high labor and reagent costs. In this
study, a multiple analysis method was developed to simultaneously analyze the 8 PGRs. The
sample extraction procedure included weighing the sample in a volumetric flask, adding
methanol, ultrasonic vibration and making up the solution to a specific volume with
methanol. Following filtration, the test liquid was analyzed by liquid chromatography-
tandem mass spectrometer(LC-MS/MS) in MRM mode with a flow rate of 0.3 mL/min. This
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method could simultaneously analyze the 8 PGRs in just 15 minutes. The coefficient of
determination of the calibration curves for the 8 PGRs could reach over 0.997. A recovery
test against common formulation types revealed that high (0.4 pg/mL) and low (0.05 pg/mL)
concentration recovery respectively reached between 79.2% to 121% and 76.5% to 122%.
Precision testing was also performed by repeatedly injecting a mixture of the 8 PGRs at 0.1
pg/mL each into the LC-MS/MS six times. The relative standard deviations were
approximately 2.39 to 3.46%, and the limit of quantification of the PGRs achieved 0.001%.
Furthermore, the analysis results for 6 PGR samples were all below the limit of
quantification using this method. Thus, our method using LC-MS/MS is superior to the
current method as qualifying as well as quantifying samples can be simultaneously
performed with high accuracy and precision, which also effectively reduces labor time and

costs, especially costs for solvents.

Key words: plant growth regulators, multiple analysis method, LC-MS/MS



