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e

HYIfT# 5 (plant hormone) & f5H
YIRS AR AR B - 108 & AR A7 a2 1R
R ER - IMEIREE TR AT e Y
ARHEZBHEZARCEY » HAEEEE
VB anEE RS o DD RE R A 1 S A A S
2~ FHARELZS E /0L ~ BATEEEAS E -
ELZAL - RIREEHA S © - FHY)E R
% (plant growth regulator, PGR) HIl}Z2$5H
EHVHEEIGEZ RABA THERY
’j’é\‘ °

A EY) 4 RFEERI B4
R AT B HATEN  FERBEEEE
HUEHNREE Z B > HEMVARNGHE
REVERLZ Hid - MBI R EEEHES
fBR 28 R E B M B R ZIR
EALHE O K B A AT UE JEAK UE B2 — AR

NGO R ERBHED TR
(paclobutrazol) ~ & 1 4 K # (2- (I-
naphthyl) acetamide) ~ FHi L K FE 4-
chlorophenoxyacetic acid(4-CPA)) ~ BLIE5R
(uniconazole-P) ~ BHEEINEE (kinetin) ~ JiE 5>
% (forchlorfenuron) ~ % & kb (fluroxypyr-
mepty) 5 7 YA KIHETEIE ST 2
BROE R MR 0.01% o B R B o
(quinclorac) & [REFEAEMK A [EIFHIH L 3%
B 0.1% ~ 8 TEIEY) A4 R A0 ET] < fa iR
Fo 0.001% > 5l fii 2 BE Ay ) I St 36 74
TR R IRE AR R R REE - SR il
MR AER R AL T AR P REE -
JRERAT 3 B it = BE T B A Y AR R A R

Bl i 5 vk S DA 51 5 vk o A B — SE I
pian - B R SE TP BT R Wl
AERFEZEN > ORISR L&
oy el ik @Y HRELIZHE
ST JTIEIRIRE 3 AT 2 SE R - U REAS RUE
BATT ~ W]~ WEEIRA - HerE? A&
ARRITR < 2 BT 2 AR IR R T 2 H L g
VR 53T T3 0 A Hanot 57 A 25 55F
BRI < S/ 7R PSR E R ZE A ] -
LU A Jed A AR O B A R A L g R P B 5
F o RICESE 200 FEEBERH AT ST iA
@~ Oulkar ¢ ALIRAbZ FHERE Ry 2B
W o LAV g AT Bk B B o AT i A B
BER - wESER  EERE 12 MEYE
RFEAEE &R O) F - K525 00
(1, 8,9, 10, 11, 12, 13, 14) @j% yﬁ'féf?é?ﬁ}*ﬁﬂ%
- WBHEARAE A S Z R R
REERER Tk - ZEBRE O TE (1)
FENT ORI AT B AT R - EAER R A AW
R AT e B A P 3 — 2 E AR Tk
LU R [ e g T G ot 2 BE A5

8 MAHP)E S A EIT A S 1 G AR -

FHRHBL I i
—~ ME

(—) FEHENL ~ GKEE - A BRI

1. TR AEHE S, (M 99.8 % » Fluka) »

tad: REEME (FIRE 99 % » RDH)
By AR (P 98 % - Wako)



FoERFBELES (FIE 99.8 % »
Fluka) ~ FHEEFERRE M (R 99% -
SIGMA) ~ iz R8s (FERE 99.9 % »
SIGMA) ~ [RFEFARAE S, (FEEE 97 % -
World Vision) ~ 7 & LA 4B &y (B2
99.3% » Lier) °

- JFIRIETCR A o A it Ry T B ol i R
B - R 23% /KARA ~ TR E
22% FKBRH ~ ZhiER A3 10% JKiEMERy
Bl o~ A L 29.64% FLEI - =& b
61.6% FLF ~ TRIEHE 50% w] MKy 7
(F—) o BRI TR AL R TH 8 R R 2

TV FARETR R 5k 81

61.6% FLHEI ~ ZhEER A3 10% KiETER
)~ 2,4-D 80% KIS MR B~ TRvE
50% WIEMERE R -

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

Germany) °

-H B& (formic acid) Ry 53 A7 ff 5 £

(Merck, Germany) °

.FBEBS 4% (ammonium acetate) Fy o7 7 #%

iX%E (Merck, Germany) °

- EBETFK - WFFEE AR Millipore 22

HIFY Milli Q 7KFH LA ELE - #80.22 pm
millipore #3& » [LEEPH 18.2 MQ-cm

BESL 0 WAL 29.64% FLB - =&

_]R—  FIERIWEE Rz K

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 AN (hydrophilic
polypropylene > GHP) # &8 (PALL
Life Science GHP 13 mm Acrodisc) >
L 13 mm e

8. 0.2 um JEHEMHEZENE (mixed cellulose
esters) #PE MK (ADVANTEC) » H &
47 mm o

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

(72) RN % fi B 65 L

LS k& EE (B3 40~50 kHz)
(BRANSON 5510, USA) -

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

3.5 % K > d = 0.01 mg (METTLER
TOLEDO » XS204, Switzerland) °

4.9 M g M B BB 3% B (WATERS
Premier UPLC MSMYS)

5. SR

6. ZI R AE

7. ERE

-~ htk
(—) Mz me B
BifH A& 0.1% HEEZ 5 mM EEEE

$HKVEWR - FEEY 0.3933 g Fifds Ll 25 Bl 7
JKEEA 1,000 mL =T - AR 900

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

A B : 5 mM EFER#ZHER - FFHY
0.3933 g Pl ek DIFHEETEA 1,000 mL %€ &
A BIAKY 900 mL  FH P fof i e i Vs fie
BRUHEERELE - BEEE®%RE 0.2
pm VY 5 7 0 e O B P

BIARBREE R - a0 (kD) -

(RS ek

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

2. ¥ ¢ 0.3 mL/min

3.3 EARE 5L

4. SHHTIE © S0°C

&K= REBTEBEEEGRY
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 ¢ PR EE 3000 V o
Desolvation gas flow 900 L/hr ~
flow 50 L/hr

Cone

(=) PRUETR bl i 2 e

FEMEFFIN e 255 8 FEY A KR
BB S, 10 mg 43 AIE A 10 mL & =il
o BIAKY 9 mL HEE - DUETE IR 10
R RE > MIERRBDABEERE
GIEE » Fy 1,000 pg/mL GEFFIEHERS » FELL
1 mL ZIEEAE 43 A E=E 1 mL 8 FFEY)4:
RfiZ 1,000 pg/mL FEFRMER - EA
100 mL E&EHHF - DIFREERELIE -
{H A 10 pg/mL 8 FEIEY)4E R AT .2 15
T ERERER » FELL 10 mL SRS IR B Y
HIE S EEFAEHERE 10 mL B A 100 mL &
i DHAREESANE » & 1
ng/mL 8 FEFEY)A: KRR 2 R & R
HEW - ERZEIHE 0 DL 1 mL SR
FEfEEREL 0.1-05-1.0-2.050mL &Z
1 pg/mL BEAEFEEHER S HIEA 10 mL
ErET o DHEBEEARAE » HlE
0.01 ~0.05~0.1>02~0.5 pg/mL ZERE
PRUEREHENR » DL 0.2 um BRI BRI
FEE R i o

(PY) 5% B UC Pt 5

PL S mL ZIERAE S BIEI (=) B
Bz 8 ff 1,000 ug/mL FE Y4 E FEHI

TV RARERIH T3k 83

B E 5mL > A 100 mL E&
P DR EARLE » S 50
ng/mL 8 FEFEY)A: K E 2 1R & B E AR
WG - FLDIZIE R 53 A& 02~ 1~
2~ 4mL [ 50 pg/mL IR A HEEFIENETR -
SPRIEA 10 mL E & DIHECAR
ZIRE > BEEE 1~ 5510~ 20 pg/mL EE
ERUERRYENR - SIAMNIGEREZTHE 4 FEA
B2 YR R I 6 fROKER
B BETER 23% MIRTEE 22% ~ /KA
PERYE R EE A3 10% ~ LB &k
AL 29.64% K= 61.6% ~ A[ERMER
FIRE L R ERTEEL 50%) » 23 HIFEEL 0.25 ¢
B A 50mL EEIET 0 A 40 mL
R - DB IR B E 2 ime o B2
FiR > U ERELE - DMERE &
Y B3t 155~ 1020 50 pg/mL 18 &8
TEAEHE YR 0.05 mL » B A 5 mL E &)
b B P ER SR FECELZ 6
TEY) A R AR S AW > LL 0.2 pm
BUK MR E SR T
BRI ER — 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 58 48 Wt 00 2% i i L i

Sy BIREEY (P9) o6 (Rt R
Bl Bedh (KBTI R R T 32 23% ek
TEE 22% ~ KB E B EEE A3
10% ~ AFE M BREL 29.64% K=&
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bt 61.6% ~ T 3 1 R AR AL R TR e B
50%) 0.05 g * B A 10 mL E & - 58
BmfrEL 6 A - 15 6 4 - H—HEDL
3 EAREAS R 2 0 DIRIERAE 55
L (=) 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
BRAERAIEER - 55 10 408 - DA
HEEE > DUEERIRE 10 28 5
fig » MIEEWR > DFEEARLE b
0.05 png/mL 8 FEIEY)E K FFIH AR
ISR Kz 0.4 ng/mL 8 TEIEY)4: £
B 2 e [ R AR > DL 0.2 pm K
A 2 A ot U R 3k

(FN) i 45 2 B S i

MERERMKETAL - Z/ » X
M 6 {RTE Y AR B IR R SRR EUR
0.05 g ZEMZE 10 mL E2HMIMA 9 mL
HIEE  EEWIRE 10 28 BEE
B DHEEERZEZIE - L 0.2 pm #HK
A 2 PR A e 5 S e P

i o L i
— ~ BRI T

MBI NZE  BHARSE  BHER
o TR SR K BT

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

AN HphEwE BHER
o B MR RS R - R
B A ELDUERE Pt /AR
FLEBE 0T SIRERERT
M, HEEHEE (signal-to-noise ratio, S/N ratio)
BRI 10 » B B IR ~ 26 E e
Wz B e % B I FEAE TN E G R 40 (5%
M)~ GRh) Kk (El—) Fs - DA
TRy X il eI Ry Y e Tl o
Br o AESREUR 8 YA 53R A ol e
PERREL (RY) A 0.997 DLE (F8X) -

= (R

FoMERBATT R s M i 1Y A R
(T SE B U RS 8 MR RGH
Bl et rE o SEERTTI EE REY AR
o B PR Y 4 RS KRR ~ KIS TR
Pl ~ LB R TR B o SRR S A R T
SEFMELT MR A - BB AL B A

tli ymy

[t

RO - 8 WEYERBOAEUAD BRI

G
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




TUER S IRTEEL ~ ARVE PR IR A 5 2
F A3 BB R L =& L
AR TERD BIBE TR SEEE - FRENKY 0.05 g £
FRhnZE 10 mL ERH - T ERE kR

TV RARERIH T4k 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 AFEIT AR s 0.05 pug/mL

FETRINEIRGREE - IR EEIECR RS & 0.4 pg/mL @ IR E ERKEE
KA~ LEREER GG
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> 1279 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> 819 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> 70" 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~ e 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
o e
O 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
qo A 4 A

O e e min O T 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 1T 71— 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 4777 min
2.800 3.000 3.200 3.400 10.500 11.000

-+

B— Exx BEARR BRX FNHERRX FRERX BFFK
SRR 0.1 ng/mL 2 % 56 S E (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 FPARK HE I B8 — BRI SRS TR T B L
g b & HAE UK E R 8 AL
R AT 2 AR 0.001% » DIREZREE

IR TR N HEREME o B AR

%%& » MREERE A S IR IR R
g 1

10°ug * 005g *

)

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

R EE ISR Z IR ¥R EE 0.05 pg/mL #H
EIR PR S 0.001% 2 8 FEIEY)E
R 5 vl R (o] e R Al e R R A

tEYIA RRRE R 5k 87

Z 8 fEERININIREE - 43 BTis R B B
AR P AR EIRCR - KRR S T 8
TR YA R AT 2 SRR FE [ 3 55 7]
By 79.2~113% J% 80.0~108% ~ 7K Ak 71
fedhH 8 FEAE Y AR R 3R 7 e A R [l
R A3 ARy 89.9~114% K 96.1~118% ~ H,
PR AR 8 FEAE YA R AT S ]
YRR Ry 91.7~121% J 76.6~122% ~ T
RMERBS 7 EEY A R
T AR BBy 81.5~107% Kz 76.5~
118% (REER+) -

KT 7 BEDERADHHNERE 23% KBH B EIHER

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 95.3 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% KBH G BIMEE
Table 8. Recoveries of 7 PGRs in 22% quinclorac suspension concentrate
Active ingredient Quinclorac 22% SC

0.05 pg/mL CV (%) 0.4 pg/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% FOAMER BN @2 B
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 pg/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

&kt 7 BEVERADHBNARL 29.64% LB R B
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 Y 101 1 102 1
Quinclorac 97.3 5 100 6

Fluroxypyr-meptyl - - - -

1) Recovery determined by matrix-matched calibration curve

R+— 8 BENERAHEN =L 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 BEVERFAHBNRE 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 pg/mL CV (%)
4-chlorophenoxyacetic acid 98.8 3 99.5 1
Forchlorfenuron 118 1 107 1
Kinetin 1 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
=~ BRI B T ERBEHIER  of quantification, LOQ ) » HEFHAAIT
B .

AHHIE 5 AEBE 38— heil U v i K
o 2 BE R B R Y AR R AR ETRI i bl - R
HERMSTES » AW RER ey 4
) B 7 o2 B B EE L R B T RE B A
HARFEY) A R AR - BOERL 6 MHEYIE
Faf AR et i BE AR b - FREKY 0.05 g &
10 mL 5E S5+ MA@ & FH DU 5 s
BREN > ERERDHEERRLE - D
0.2 pm F/K MR A M EIEEGEE % HRS
BT o 6 PFER S o3 At SR PR B o B R A
YA R SR e R U8 A - HER i 3R
8% HERREEIE R 10 HimfE RN &k
i ERRR BRI E - ORI 8
MEY A KRR S RH=) - ik
gl AG R © DUE R BE [RECR R & R R AR
HERGIRIE 0.05 pg/mL » ARERSLFFHCH 0.05
g MFREEREHE 10 mL FHEE B (Limit

W
{1
TIH]

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

10°pug * 005g *

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

9~ BLE R

f$§w¢ﬁﬁ%6ﬁﬁ%éﬁﬁm
FAR At T T[T KRB - R P AL B 5
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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+0 - 8 BEYERBEHR 0.1 pg/mL JESHRIFEER 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
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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



