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Abstract This study was carried out to investigate time-dependent residual characteristics of picarbutrazox
sprayed to shallots with different water volume and dilution time using multi-copter spraying system. Field
trials were performed in a specialty cultivation complex of Cheongju, Chungbuk. The pesticide solution was
prepared in multi-copter’s reservoir at 16-fold diluted (i,e, recommended) concentration of the active ingredient
for one-way application treatment and the 32-fold diluted concentration with doubled water volume for round-
trip application treatment, and then sprayed onto shallot field of 400 m? at three times on a 7-day interval. The
AWS (auto weather stations) was set to measure climatic conditions, such as wind direction and speed, during
the application period. Samples for investigating time-dependent residual characteristics of picarbutrazox in
shallots were collected 0 (after 3 hour), 1, 3, 5, 7, 10 and 13 days after the pesticide application from the
center of tested field, which is expected to have highest residue concentration. At the harvest date (day 13), the
tested field was separated into 18 plots, and samples were taken from each plot to analyze spatial distribution
of picarbutrazox residues in the field. Analyzed residue concentrations of picarbutrazox in shallots decreased
from 1.521 mg/kg (0 days) to 0.020 mg/kg (13 days) for one-way application treatment and from 1.696 mg/kg
(0 days) to 0.029 mg/kg (13 days) for round-trip application treatment. Biological half-lives of picarbutrazox in
shallots were approximately 3 days for both treatments. Additionally, the residual concentration was estimated
to be below 0.01 mg/kg, which is permitting criterion of positive list system, after 14.9 days and 16.5 days for
one-way and round-trip application treatments, respectively. The picarbutrazox residue concentration was higher
in the round-trip application treatment sprayed with a doubled water volume than in the one-way application
treatment and was below its maximum residue limit (3.0 mg/kg) for both treatments. However, there was a
difference of about 22 times between the minimum and maximum residues depending on the sampling plot,
which was considered to be a very important result of ensuring the representativeness of the sample in the
aerial spray residual test.
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Fol MEH AHstel AT 7ol wat S-2vet 7
AAT 59 A 7 AR skl AR T
g AAEAL 19803 1.02 haollA alluict Z7ksted 2000
9 1.37ha® & F7hsllem, 201590]= 1.54 ha® S7}st
ATk 3 204 o) wHU AP E FAHI= 2000
B 40t)7F 19700 F 21-24%0]1 QAT 20093 7-
12%% #astgiet. ol 60cHoF 700] o1 AL ARe]
ZgulE 197060 22 oF 1%} 6%ell4 2009l = 22}
25%%} 26%= S7FsISATt. o9} 22 FAE Y FAA
AP 7HEEA S HoE EAM] 73A] Aol F
7hte] mFEo] #1538 Aol F5& 7hss gt

olget ZAE s|dstr] 9t AFEUE Yl (Internet of
things, IoT) 59| 7]&E o]&st 2=2 A& & PC,
HES, 2rEE 502 At 58S TAaATHA
Y 9L 7Fs ke &ntE # 71eS side] 9
slo] Be A7) MaPE 3 Jrk(Kang et al, 2015; Cha et
al,, 2016; Yi, 2017). 2ntE & 7L A&H o= Bwo}
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9 Pl 4 Gudez 438)) ofgel g A
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Aol 3k AAES SRkl Jrk(Yeo et al., 2016).

Tojs) zie] Avje g mERE Byl Y AEE
Sehsh A7 5 Qe TietelAR thke] Bt oleid
Aee W Ze Rk Uk AR FFUEL A
S5 WAlS A 2 gl vla) Had e vg =
FHo2 B YWS s A 5 JE BeeE

68N 389 TETHEE: A F2 AAE) Bl 3L
BN 713 ofelelshe 4

% 3otk (Seong et al., 2014). ©]& FE3}7] flate] F
AFF7NE ol&g WA EYHATE 72 Tl A
o] §E3HA &2 AdEdA 7AH 222 g vdshs &
3715 @ah=d|(Park et al., 2015) ¥-¢1 &7], duixoz
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4&E AtH(Jin et al, 2008). S| =2t Hlsfo] 732}
TR 22 ZdFe] Al F1l A71E o83 WAIE 4
&aPlelle Fe7t e Aol ARdoltt. o]l tE theke
= W3 A, 4% 24, 94 5ol 2859 wde
EIFEE o83 Wallg WA 4R s Aot A9
o] K

g Sl 71A19] 7H Bk vl A
ZAA Ao, 7141l F37}F 2ot O]%"JO] T AR
8% Y} wdl gy E ok AU} = = wo
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71= 43e] Ath(Yoon et al,, 2011). SARF viE ] &)
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A 5o A2l HeHael AR dAE FoF FATIE
o] ZAISIAT HE|FH ] 75 obA7A] FEFEE ol &
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2ol gk 17 FoFe e o] R e egitt,

et o] A= WEFHE AXI A 55 sl
picarbutrazox®] %3} & HREAHS FHEIL BAA AR
F HstE Akl HEFE &8 24X FoFY A8 F ¢
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© picarbutrazox®] 2™, A|&EoFe] QHAAMETIE
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6711<1 SARFE] (OneTop Al, Topflight Co., LTD, Korea)©]
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Table 1. Pre-harvest intervals of the commercial product of picarbutrazox and its MRL in shallot

Pre-harvest interval

A1”  Formulation Spraying method Spraying dose  Last application day Maximum MRL?
before harvest application time
10% sc Foliar method 1.6L/10a 14 3 3.0

(aerial application)

?Active ingredient, ”Suspension concentrate, “Maximum residue limit

of the test filed

Panoramic view

Spraying pesticide

Sampling

Fig. 1. Scene of filed trial for the pesticide residue in shallot sprayed with agricultural multi-copter.
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Fig. 2. Sampling point in test plot at pre-harvest day.
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99.6%°] 312 SolA EFTot ARSIt A EE
FE3)AL 717182900 ARE-E acetonitrileS MerckAHDarmstadt,
Germany)®] PR (pesticide residue)sHS AME3ISLH,
LCY o]5/do =2 AR-¥ formic acid= Sigma-AldrichAF
(Massachusetts, USA)] #|&& 0] skt AFEek 4
Ao A AM8-E QUEChERS 5% pouch®} d-SPE tube=
AgilentAk(California, USA)®| AlF-& AHE-sIloH, 4w
2719} FE71= 47t sk A dEAKIncheon, Korea)2]
combi-514R A&} Collomix GmbHAH Gaimersheim, Ger-
many)2] VIBA 330 #|&-& AR89t}

EE8Y =H

Picarbutrazox®} TZ-1E ¥FZ& 717+ <F 20.249}F 20.08
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gradient grade acetonitrileZ &4J3}od 100, 50, 25, 10 2 5
mg/Le] working solution®Z ZA|SFATE A 2HA&
EEEAS ZAE] f18k] 1, 2, 10, 20, 40 2 100 ug/L
o] FEZ FHEE acetonitrileS ©]&38l] 3431 oH,
LC-MSMS &4 Aole Al & F&4%0 oste] o
/i) o238t ¢ e SRS A St 74
2] ARE FET SR 29 3Mste] 05, 1, 5, 10, 20
2 50 ug/Le] matrix matched standardE ZA|5I T} ©o]S
LC-MSMSell =931 A2 peak A& ©]8-3}97 calibration
curves APAJste] Aol o]-&-adtt.

AE=oF HMH

Picarbutrazox®} A TZ-1E9] 255 B8 29

mgs A8t 20 mLe] acetonitrile= 8313t 1 000 mg/
Lo stock solutions ZAIEIHCH, o]& &3t & LC

e EaH upt ¢l oA E Park et al. (2017)0]
ola] B AT AT Park et al. (2017)2] R ol o

Table 2. LC-MS/MS conditions for the residual analysis of picarbutrazox and TZ-1E in shallot

|<LC condition> |
Instrument ExionLC™, AB SCIEX, USA
Column Halo Cjg, 2.1 mm L.D. x 150 mm L. (2.7 um particle size)
Flow rate 0.2 mL/min
A: 0.1% formic acid in distilled water
B: 0.1% formic acid in acetonitrile
Time (min) A (%) B (%) (FIL"LV/Vnrl?ItS

0.0 30 70 0.2
Mobile phase 2.0 30 70 0.2

2.1 70 30 0.2

5.0 70 30 0.2

5.1 30 70 0.2

6.0 30 70 0.2
Injection volume 1ulL
}<Mass condition> ‘
Instrument QTRAP 5500 system, AB SCIEX, USA
Ionspray voltage 5500 V Nebulizer gas 50 psi
Curtain gas 20 psi Drying gas 50 psi
Collision gas 10 psi Scan type MRM mode
Drying gas Temp. 500°C Ion source ESI+
’<MRM condition>

. Jon transition
Compound Precursor ion (m/z) — —

Quantitation ion (m/z) CE”(eV) Confirmation ion (m/z) CE(eV)

Picarbutrazox 410.1 310.1 19 80.1 71
TZ-1E 410.7 310.2 19 80.1 75

9Collision energy
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M3} Park et al. (2017)°14 Hl,} B 2y5le] %ﬁ,g
S St gon, HE Sy A v 2t

A& 10gS 50mL conical centrifuge tube (Falcorn™
USA)l 423 A%313 acetonitrile 10 mLS F713+ &
690 pmO.= 1027 J& FZ30th F23 AR 4¢
MgSO,, 1g NaCl, 1g trisodium citrate dohydrate, 0.5 g
disodium hydrogencitrate sesquihydrateE %7}l &0 2
AGapl EE T A%5EA 690 pmOE 557 WEEIgle.
H, o] FEES 3,500 pmOE SE7F QA Bkt A

Al A GaL Fotl S F e TS AASL
3 F71AE e 5 AA HO}"% MgSO, 150 mg,
PSA (primary sencondary amine) 25mg 2 GCB (graphitized
carbon black) 2.5 mg7} 0= d-SPE (dispersive-solid
phase extract) tubeE ARSI CH, & F A4 T
374l 1 mLE d-SPE tubedl] 7182l F 30 %7} vortexing
3 3 o] 2 thA] 12,000 rpm 2 SE7F 94 Balahs WA
o7 AT dalie] F AL acetonitriles ©]-&
sto] 2w FXsh= WAJ O R matrix matchingdt § ©]E
0.2 um syringe filter® o 3}3to] 7]7] 4313t}

717|124 2

Picarbutrazoxi= carbamate ¥ pyridineZl] &= F2}
Tz thEe] amino’|E XTI UL FEHE 7] B
Aol AgE o] e ketone 7-%0]7] wjEo| GC-NPD2}
GC- ECD R BXHo] 7 Ao ® AR amino
71e goll Btshr]| wiwel & A E4sk= GC
sto] EAshs she A2 viAlElA] frhal dety]

‘é‘]o

Ak webA £33k 5 picarbutrazoxe] HHFEFE 457
Aate] AeAF} 77t 93 LC-MS/MSS B4 4H =
AR o, 7171584 248 e 72t BAo) A3

LCE AB SCIEX*HUSA)2] Exion LC™0]$].2 ™, tandem
mass spectrometer= AB SCIEX TRIPLE QUAD™ 5500
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298 ARSI Columne ODS (octadecyl-silica) /¢
columnS! Advance materials technology*H(USA)2] Halo
C]g (2.1mm LD. x 150 mm L., 2.7 pm)& A3t o]
[M+H] ol AL EFXIA717] f18te] formic acid

9} acetonitriled] 212 A7t 0.1%2] 27t =
Xﬂé}oq ARSI O, G AlEe 1 pl¥ FYst
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?l5ted MRM  (multiple reaction monitoring)
Aetsion, ZA 717184 242 Table 291
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M
EA71719 AARE gRIs] flste] gHE 7171
Z79) A 3HA (limit of quantitation, LOQ)2} 4 #3HA|
o] 108 F=2| matrix matched standardE A|=Zs}o] 717}
A8 & Rk peak HA, Eo] 9 HEE A
s Aot w3k Z3h F plcarbutrazox
A}xﬂ TZ- 1Eﬂ P% RS A7) flsto] sle AR
% A &ut A5 A4 5
g/kgO| 5]1:; E_Z,__Q_oﬂ—o_ 3ukE

Z%’ﬂ%k EH

=

Table 3. Average temperature, humidity, wind speed and wind direction measured with AWS during pesticide spraying

Spray date o Plot ' Temlzerature Humudity Wind speed .Win_d
(Dilution rate, time) (°C) (%) (m/s) direction
10. May Picarbutrazox (x16) 8.0 72.1 1.2 ESE?
(14 spraying) Picarbutrazox (x32) 72 76.5 0.8 EY
17. May Picarbutrazox (x16) 16.8 81.2 0.0 -
(24 spraying) Picarbutrazox (x32) 17.0 83.5 0.0 -
24. May Picarbutrazox (x16) 14.1 85.6 0.0 -
(34 spraying) Picarbutrazox (x32) 14.1 84.0 0.0 -

YEast-southeast, “East
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Table 4. Reproducibility test of picarbutrazox and TZ-1E using matrix matched standard with LC-MS/MS

Compound Concentration Peak area RSDY Peak height RSD Retention time RSD
(mg/kg) Mean SD? () Mean SD (%) Mean SD (%)
. 0.005 1,035,657 23,729.51 2.29 238,943  5,635.56 2.36 4.11 0.02 0.53
Picarbutrazox
0.05 9,939,857 291,321.95 293 2247429 62,721.23 2.79 4.10 0.02 0.46
TZ-1E 0.005 66,354 1,353.48 2.04 15,979 309.97 1.94 3.77 0.02 0.57
0.05 626,714 12,054.80 1.92 150,486  2,580.97 1.72 3.76 0.02 0.50
9Standard deviation, ®Relative standard deviation
Table S. Results of recovery test for the picarbutrazox and TZ-1E residue analysis in shallot
Pesticide Fortification Recovery (%) RSDY
(mg/kg) Rep. | Rep. 2 Rep. 3 Mean+SD? (%)
0.005 74.9 76.2 74.6 75.2+0.8 1.1
Picarbutrazox 0.05 89.6 87.4 87.5 88.2+1.2 14
0.25 98.2 88.0 97.2 94.4+5.6 6.0
0.005 91.2 85.3 78.0 84.8+6.6 7.8
TZ-1E 0.05 94.1 92.7 93.2 93.3+0.7 0.7
0.25 100.0 93.4 101.2 98.2+4.2 43
9Standard deviation, ®Relative standard deviation
2471710 HEY o 548 A
23} 5 picarbutraox 2 AR TZ-1EQ] peak W2 U _ iy I —
ol A EFHX}(Relative standard deviation, RSD)Y= :EE o oere
B 3% m|eko] o m, peakd] M5 A7kl tigk RSD= £
0.6% FIFko.2 UER} S8 7)7184 2Aslol B8 2 o5 03
e FET ARG 7HITkL BAHTHTable 4) (Melgar IR o i
et al, 2010). &3} ¥ picarbutrazox$} TZ-1E9| 3|4E&2 ° 2 ays after last spraying 12
Table 59 A vje ko] 74.6-101.2%= fradh Ao& 5
o] Y BAUS olgeld BRorE EAsled ¥
A7k Qe Aoz Bt o .
%1.0
Z1} & picarbutrazox?| ZA|H X g 0.475
Z3} Z picarbutrazox®] ZHF#HS picarbutrazox} TZ-1E i 02 e13  am vors o
o EApgo] 27] o] Mre] Sk AFE st A= 00 : * = 3
o 2 4 () 8 10 12

S}A] ¥ picarbutrazox9t TZ-1EQ] 7HFae] oz 2=
ST Al EEors SRS AT HF ofA Axd
(0 YA}yl £33} F picarbutrazox®] Hat RS Fig, 301
AAE mhe} 7ro] 1.521 mgkgel o, 13UA}e] 27k
0.020 mg/kgol ATk, EgF FEAES Ao ¢ 09t
o] 2 1.696 mgkeolom, 13U7e] ZHF2 0.029
mg/kgl 2 TAMT A2l Hrh £ FRFS B &)
A T AT B oA A gdiY g 16
4-7]3(maximum residue limit, MRL)Q! 3.0 mg/kg P]TES
2 Fldy]e] 24X 7|EE HEFH A8l £k ot
AsHA Al 7Fsd Ao® A=A

%3} F picarbutrazox?] 74A1%] RS ]85t 37

Days after last spraying

Fig. 3. Residual concentration of picarbutrazox in time-
dependent manner sprayed onto shallot with multi-copter.
A;Single spraying at 16-hold solution, B;double spraying at 32-
hold solution.

AE Agsted dofrl &3] FAAS olgst] WIS
AEsiglon, EE e 169 3|43 320 34
AT BT 3R A B oA Ax ol ol
s MRL PO R HEE9)7] wel] fahele] &
Faopel tiat e #AVE gle 2oz Ansdin
F7HAOR, 39 FAAE olele] woF AREst wF
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Table 6. Residual concentration of picarbutrazox in shallot according to sampling point

A
X

PAL=1 s A

Residual concentration (mg/kg)

Plot
Om 20m 40 m 60 m 80 m 100 m Mean
Left (C) 0.026 0.020 0.011 0.022 0.005 0.021 0.018
. Center (B) 0.028 0.011 0.023 0.017 0.014 0.018 0.018
Single spray .
Right (A) 0.017 0.009 0.015 0.011 0.007 0.018 0.013
Mean 0.024 0.013 0.016 0.017 0.009 0.019 0.016
Left (C) 0.042 0.012 0.009 0.016 0.013 0.030 0.020
Center (B) 0.127 0.017 0.036 0.036 0.033 0.049 0.050
Double spray . .
Right (A) 0.154 0.007 0.021 0.018 <LOQ™ 0.016 0.037
Mean 0.108 0.012 0.022 0.023 0.017 0.032 0.036
JLimit of quantitation, When calculating the average value, the LOQ of 0.005 mg/kg is applied.
¥left ®Center "Right A
020
015
E
g 0.10
¢
ODS I l
= Eil
Om 20m 4m 60m 8m 100 m
m0m m20m m40m m60m m80m m100m B

0.12

0.10

0.08

0.06

Residue (mg/kg)

0.04

0.02

0.00
Left

Center

Right

Fig. 4. Residual concentration of picarbutrazox in shallot at single spraying plot according to sampling point. A;Residual
concentration by distance, B; Residual concentration by location.
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TSI A2 Tte] A B IFFS 0.016 mg/kgol A
, FEAYE AT S 0.036 mgkglE o] EH o2
TUe oS AESIFAI Mo S B A
A7 B B RS Bt o)e A 50
5 5o Hzgko] wolRtli= Moon et al. (2016)2]
fAksE Aol ), Bt 7 A e] Al 2R
A AYTE A 0.028 mgkg (39 0 mAR),
0.005 mg/kg (9% 80 m A= 5.6002 #HF =}
Blom, e AX Ao A9 Hd 0.154 mgkg
0m A&), 4 0.007 mgkg (LE2 20 m A%)°
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Fig. 5. Residual concentration of picarbutrazox in shallot at double spraying plot according to sampling point. A;Residual

concentration by distance, B;Residual concentration by location.
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