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Abstract This study was carried out to determine pattern of pesticide drift by unmanned aerial spraying
with agricultural multi-copter. The test pesticides were ametoctradin+dimethomorph 47(27+20)% SC that is
used for protection to shallot from downy mildew disease in Korea. In order to measure the amount of drift,
cellulose patches were placed up the outside of treatment plot in § direction from 3 m to 15m and then
sprayed pesticide. The pesticide solution was prepared in multi-copter’s reservoir at 16-fold diluted (i,g,
recommended) concentration of the active ingredient. The spraying altitude and speed were 2 m and 3 m/s,
respectively. The AWS (auto weather stations) was set to measure climatic conditions, such as wind direction
and speed at intervals of 5 seconds, during the application period. The patches were taken immediately after
spraying pesticides and shallots closest to the patch were collected and then analyzed for the pesticide residues.
The pesticide residue analysis was performed by QuUEChERS method. Average recoveries of ametoctradin and
dimethomorph in patch and shallot were found to be 82.07-105.30%. As a result, ametoctradin and dimethomorph
were drifted to 5 m at a wind speed of 0 m/s. At 2.5 m/s, pesticides were drifted up to 10 m in the forward
direction of the wind, indicating that pesticide drift was determined caused by wind direction and speed.
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HAEo] B2 oS Z3L AUTH(Seong et al., 2014). ©]
£ FEa17] flote] TS o]§¢ FoF A Whyol
A FAGE 7= 23 AANA S AXHEA AR
o2 ALHAA T S ARl E AL, Y T 245 A
ol BLE 7 Itk (Park et al,, 2015). F-¢1857]= A}
o] §535kA] 2 AElox 2F7] 55 o83t vldst
£ 3712 et (Park et al., 2015) T FAM = F
oldly]el =207 UHAUE AN YR FAHEF
HE 35, HallE o @ 9 WA 5ol €831 ot

Fold7|E o] g3t o] WajlE: WA mye nhd
7kt =EE Aol A A dTe S Wk o}
Uzt 2EFA ] Ae Qakslet=E 27 7ositie B

7F 0tH(Jin et al., 2008). =3 &A= AEATE B AA]
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T AEE AFAT B3 521
2ol FoF =& A= A (Farahat et al., 2010; Nuyttens
et al., 2009; Choi et al., 2006)°l|A] A2 F9d FF ==
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IAANE LS F5 AFA LT 235 "l Z9) A
SR eA FeEiglon, s A HS AU (T HTH)CRE
Ao} Qo 273 A] BlE 2l A F APS
AT A2 7o) v (8m W.x 50m L.)°]
Ao, AR TFEL FH AX TR S|A sk At
5 %319} patch® AH AT ol 23] Ao, 1
A A Fol= £ujel patch BF ARE AFsIACH, 2
A} AE Foll= Zpol] o]n] Al Eofo] AEE N7 Wl
patch BF 2 FH At Aol ARS-E 71A= FARFE] (OneTop
Al, Topflight Co., LTD, Korea)o|$oH, =22 #u]4t =
Z<1 DG110002 (Teelet, USA) A3 2712 A= st} 4
AT} AxEEe FETHA 20183 12€9] wE
& “ZHE el WAlS FAFTEA] AR wirE”
N AAIGE FFAE 7150l Fate] 2met 3 misE A s}
How, siF 7|Ae] fa AEZL oF 4molUTt. EEFH
2 QPAAME 71 AN E T HE T xS Z AT
T WA el 3msY] SR AP WAL H|Y
stedl 28T AR A6t slFAIZke] BAMEE &
& Ak W oE dAsision, ¥ A4 ESFe
1,200 mL/min®| {t}. B35k A HEZol|A FoF AE= Fig. |
o A|A1E upe} 7o) YIZ(K-LE 0m A )l Al Zste]
982 Z(K-LE 100m AQ)IH ZALS 283 3 )9
2 o]Fs F 100 m 77HS Xk ek ofAls AA
MM F2 XS o]2 AfEAIZ] At FHE
oA Axshs 3S Hulsh vtgsint. FEAE F
o] 2FE, F5 2 FTHFES ] st CR1000X
series”} 2¥ Cambell ScientificAHUSA)] AHg7]4=4
73] (Auto weather station, AWS)E AR5, &&E
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Fig. 1. Diagram of field trial and sampling point for the pesticide drift test with multi-copter and wind direction at second spraying.
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Ametoctradin®}  dimethomorph 5%-9]
99.79} 99.0%°]%1..™, Dr. Ehrenstofer GmbHAH Germany)
oA Fulete] ARESIATE FHREeF BA ol ARE-E aceto-
nitrileS Merck’\]-(Darmstadt, Germany)?] PR (pesticide
residue)e a2 AMESISIOH, £4717]9 o5 o=2 ARME-
% formic acid= Sigma-AldrichAH(Massachusetts, USA)
o] AFE olgart. ARseF B4 FAM AHEH
QuEChERS % pouch®} d-SPE tube= AgilentA}
(California, USA)®] AFS A&l o™, A4lEE] 719 3
=715 77t shd s ki@ H(Incheon, Korea)2] combi-
514R #ZF3 Collomix GmbHAH Gaimersheim, Germany)
¢] VIBA 330 AlF& AH&-aH3ith

= 7z

EEEY XX

Ametoctradin®} dimethomorph %2 22} ¢F 20.069}
2020 mgs AHFst] 20 mLe]  acetonitrileZ 2313}
1,000 mg/L stock solutionS 4|5} 2.H, ©] S acetonitrile
2 843t 100, 50, 25, 10 2 5 mg/Le] working solution
o2 zAEAT A 28 EFE&HE A8 flst
ol 1, 2, 10, 20, 40 ¥ 100 ug/Le] F=Z HEZ aceto-
olgste] A5 em, LC-MSMS #4 Al
matrix effect® A7st7] f1ste] A4 AE FE2E&4E

nitrileS

0]-&-3}4] matrix matched standardE ZA|SA T} ¢ LC-
MSMSel| FY3le] AL peak BAH LS o]8310] calibration

curves A § FoF RS A FsIiT

=

T

Z3 AlE 10gS 50mL conical centrifuge tube
(Falcorn™, USA)°l &) AZFslL acetonitrile 10 mLS
A7FeE 3 690 ipm O Z 10587+ A& &} F53 A
Eo) 4 g MgSO,, 1 g NaCl, 1 g trisodium citrate dohydrate,
0.5 g disodium hydrogencitrate sesquihydrateE 747} L

Eo7 AL EE F &M 690 pmeE 587 7
gallon, o] FE2ES 3,500 rppmoE SE7F A —E—FA?&

A NS A& A EE AT A= MeS0, 150
mg, PSA (primary sencondary amine) 25mg ¥ GCB
(graphitized carbon black) 2.5mg7}t E°9%+= d-SPE
(dispersive-solid phase extract) tubeE ARSI OH, F=
A4 E2gk 4N 1 mLE d-SPE tubedl] 7}135kal 2F 30
Z7F vortex mix3t T ©]E THA] 12,000 ipmoZ 587+
IR e e R R B A e L e
o 2] FM3sl= WA O F matrix matchingdt F ©]
0.2 um syringe filter2 ©134}3}od Table 19 #|A|SH W
= 717] A8l

Patch®] 73-$- 20 mL2| acetonitriles 3 7Fslod 690 rpme
2 2087 A8 FE3¢ 5 0.2 um syringe filter= & 3}3}aL
acetonitrileZ 24 3|45} = WHOZ matrix matchingd}]
Table 1o AAISF WHORE 7]7] &4 8t3itt.

o

acetonitrileS ©]&

o i ot
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Table 1. LC-MS/MS conditions for the residual analysis of ametoctradin and dimethomorph

}<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 0.3 mL/min
A: 0.1% formic acid in distilled water
Mobile phase B: 0.1% formic acid in acetonitrile
A:B=(50:50, v/v)
Injection volume 1uL
}<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> ‘
. Ion transition
Compound Precursor ion (m/z) — - —
Quantitation ion (m/z) CE?(eV) Confirmation ion (m/z) CE(eV)
Ametoctradin 276.2 149.1 51 176.2 49
Dimethomorph 388.1 301.1 27 165.2 45

ICollision energy

of
5t ¥ ametoctradin?} dimethomorph?] 717152154 <] )
o i

dAds el flsted A (limit of quantitation,
3

ametoctradin®} dimethomorph®] ZHfF EAHS AF3817]
flste] Brg AIFS FAEAT. 3 F A
T AP AR AA FE71 0.005, 0.05 F 0.25 mg/
kgol H=E T8N 39T X251, Patche] 73
F22] patcholl 0.05, 0.5 2 2.5 mg/kge] EFE4S 1 mL
A e T gyE BAYE o]&sto] BAEI F5Ee
A @ tin] Stz 3488 AHEsIl o, FAO(2016)
& Faratal 24 e A3HdS wdaisint.

= %-1_. =
o] ATt 23} A¥A] HF w9t FLE= 717 17.6°CSH
653%Z 13} ATAHT} L5 Zolx] 3l 5= Yoo
. 25m/s FL0F BaFo] Bt}

EM717|9] e & 38

Patch®} 3} ametoctradin®] peak T2 4 Fo]o] Ak
A2} (Relative standard deviation, RSD)= Table 291 #|A|
gk upef o] B 1.7% Wl 0 ™, peak®] -5 A7H
o gk RSD= 0.2% P]%Fo|31t}. Dimethomorph®] 73-9-
peak F%], =o| ¥ vF-E A|7H] RSDe EF 3.3% W9k
o= SgE 77184 M sk AEA e &
Aol 7hssittal AAEATH(Melgar et al., 2010). 3t
patch®} Z3} 5 ametoctradin®] H+t 358 717} 84.89-
99.47%%}F 87.34-101.82%°1%1.2.H, dimethomorph®] 74-%-
717k 82.07-105.30%%F 85.10-104.74%= SHsH A9
A gairial AE QAT

HIME £ 2o

Patch % ametoctradin®] ZHfit-4] A= Table 4] A
Algk mlel 7o) F&o] 0m/sd W 3m A HolM <LOQ-
29.96 pgel HAEHAUSH, 5m A5 e] A4 <LOQ-2.38 ug
o] AZ= Ut} Dimethomorph®] patch 5 A& %2 3 me}t
5m AFANA 22 <L0Q-20.75 pgdt <LOQ-2.06 ugl =
ametoctradin?t A2 AXEHU7] W2ol FRAGH A=
go] fAkeh 3o R BItk(Table 5). ©]9F 7o) F&0]
719 Qle M= AEFA ]9)9] AR A FoFo] A
ZH A= olF 717l gk HlAtolgtal W)= oY
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Table 2. Reproducibility test of ametoctradin and dimethomorph for instrumental analysis using matrix matched standard in matrices

of cellulose patch and shallot with LC-MS/MS

Pesticid Matri Concentration Peak area RSDY Peak height RSD  Retention time RSD
esticide atrix
(mg/kg) Mean SD¥ (%) Mean SD (%) Mean SD (%)
Patch 0.005 1,254,143 10,383  0.83 278,528 4,624 1.66 3.17 0.00 0.00
atc
) 0.05 10,572,857 147,616  1.40 2,333,857 35,536 1.52 3.16 0.01 0.17
Ametoctaradin
Shallot 0.005 1,041,000 13,038 1.25 223,029 2,591 1.11 3.17 0.01 0.17
allo
0.05 9,497,429 66,098 0.70 2,093,286 19,508 0.93 3.17 0.00 0.12
(E)?2.71 (E)0.00 (E)0.00
0.005 775,957 14,460 1.86 177,366 3,201 1.80
(Z)?2.99 (Z)0.01 (Z)0.18
Patch
(E)2.71  (E)0.00 (E)0.00
0.05 6,911,429 204,028 295 1,583,029 51,349 324
. (2)2.99  (Z2)0.00 (Z)0.00
Dimethomorph
(E)2.71  (E)0.00 (E)0.18
0.005 650,886 7,603  1.17 151,081 2,540 1.68
(2271  (2)0.00 (Z)0.14
Shallot
(E)2.71  (E)0.00 (E)0.16
0.05 6,024,286 42,205 0.70 1,376,614 10,315 0.75
(2)299 (2)0.00 (Z2)0.13
“Standard deviation, ®Relative standard deviation, “Peaks of dimethomorph were found to be (E)- and (Z)-dimethomorph form
Table 3. Results of recovery test for the ametoctradin and dimethomorph residue analysis in cellulose patch and shallot
. . Fortification Mean recovery RSD”
Pesticide Matrix (me/ke) SDY, %) %)
0.005 84.89 £2.87 3.38
Patch 0.05 91.97+1.21 1.31
i 0.25 99.47 +0.86 0.87
Ametoctadin
0.005 87.34+1.67 1.92
Shallot 0.05 101.12+1.74 1.72
0.25 101.82 +2.36 2.32
0.005 82.07+3.89 4.73
Patch 0.05 97.06 + 1.36 1.40
i 0.25 105.30 +2.12 2.01
Dimethomorph
0.005 85.10+ 1.69 1.98
Shallot 0.05 104.74 £2.12 2.02
0.25 103.94 +2.39 2.23
9Standard deviation, ®Relative standard deviation
& Zlow A ukshd AR A Ee 8 ol TS doke ARl A AxEes o 5 ik
EZo|A] s HEE ol9l2 Fofol HAbHA) Fevks 2 e MEA FE e o] 93] 92 Sl A o
& o) Wolth, £@ WEFHE MgA $AxA 8 & Rolth MAEs) o] Aolz wAske ShREA
st=dlojd] EA= 71419 EE51 o] AT el gl 2 Qlaf WlEA A e 7Yl Fofo] AxEAS T
71wl s Az vigdst= Zlo] AR =7Fs st AE WA 4 glok AR 2.5 mise] FEelA = ameto-
o}, wiebA] w]Ake] geku ) oversprayd 7hsAlol © =T ctradin?} dimethomorph =5 wleke] AHIgko 2 10m A
3 BAEAT S W ATE el pHeer @ A/ MAEe B1sk0w, A vl ametoctradin
Ao FAE Q) 3} dimethomorph ZH2} 1.399} 1.24 uge] At
T3} Kilgore et al. (1964)2F Marshall et al. (1963)2] H3L %3} 5 ametoctradin®] FHrsoFS EA S A3 A A

o slsp ZEP} SASHEA BUSKE S downwash)
AFe STM7E 4TS Ak &)

10
sH%0] WA 4L 5

]

(G H, T, K, L, My A<l 3 m A& A 0.021-0.360
mg/kg] AEEUSH, I, O, P, Q, R, S2] 5m Al
0.012-0.028 mg/kge] HZ= AT}, Dimethomorph®] %% G,
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Table 4. Drift amount of ametoctradin caused by unmanned aerial spray on cellulose patch

Amount of ametoctradin (ug/78.5 cm?)

Point Trial 1 (0 m/s”) Trial 2 (2.5 m/s®, NW?)

Distance from spraying plot Distance from spraying plot

3m Sm 7m 10 m 15m 3m S5m 7m 10 m
A 2 - - - - 28.74 7.91 2.64 -
B 1.60 - - - - 2.79 - - -
C 3.92 - - - - 1.76 - - -
D 3.08 - - - - - - - -
E - - - - - - - - -
F 1.52 - - - - - - - -
G - - - - - - - - -
H - - - - - - - - -
I - - - - - 14.61 13.93 3.58 -
] - - - - - - - - -

K - - - - - 25.88 11.66 2.68 1.39
L - - - - - - - - -
M - - - - - 4.67 1.43 1.15 -
N 2.56 - - - - 2.34 - - -
(0] 3.94 - - - - 4.73 2.81 - -
P 6.09 1.23 - - - 223 - - -
Q 1.96 1.59 - - - 422 1.67 - -
R 29.96 2.38 - - - 2.82 - - -
S 4.36 - - - - - - - -
T - - - - - - - - -

9<LOQ (limit of quantitation), ®Wind speed, “Northwesterly wind
Table 5. Drift amount of dimethomorph caused by unmanned aerial spray on cellulose patch
Amount of dimethomorph (ng/78.5 cm?)

Point Trial 1 (0 m/s") Trial 2 (2.5 m/s”, NW?)

Distance from spraying plot Distance from spraying plot

3m Sm 7m 10 m 15m 3m Sm 7m 10m
A - - - - - 19.6 5.79 1.95 -
B 1.12 - - - - 2.13 - - -
C 3.00 - - - - 1.32 - - -
D 2.37 - - - - - - - -
E - - - - - - - - -
F 1.20 - - - - - - - -
G - - - - - - - - -
H - - - - - - - - -
I - - - - - 11.55 10.72 3.32 -
] - - - - - - - - -

K - - - - - 20.76 5.24 247 1.24
L - - - - - - - - -
M - - - - - 3.53 1.23 - -
N 225 - - - - 2.13 - - -
(¢} 3.54 - - - - 3.77 2.61 - -
P 4.50 1.07 - - - 2.06 - - -
Q 1.71 1.38 - - - 3.31 1.56 - -
R 20.75 2.06 - - - 2.70 - - -
S 3.07 - - - - - - - -
T - - - - - - - - -

9<L0Q (limit of quantitation), Wind speed, “Northwesterly wind
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Table 6. Drift amount of ametoctradin and dimethomorph caused by unmanned aerial spray under wind speed of 0 m/s on shallot

Ametoctradin residue (mg/kg)

Dimethomorph residue (mg/kg)

Point Distance from spraying plot Distance from spraying plot
3m Sm 7m 10 m I15m 3m S5m 7m 10m I5m
A 0.024 - - - - 0.020 - - - -
B 0.035 - - - - 0.032 - - - -
C 0.151 - - - - 0.148 - - - -
D 0.058 - - - - 0.056 - - - -
E 0.033 - - - - 0.034 - - - -
F 0.025 - - - - 0.025 - - - -
G -2 - - - - - - - - -
I 0.021 0.018 - - - 0.023 0.024 - - -
J - - - - - 0.013 - - - -
N 0.043 - - - - 0.032 - - - -
(¢} 0.042 0.015 - - - 0.034 0.013 - - -
P 0.067 0.012 - - - 0.056 0.012 - - -
Q 0.360 0.020 - - - 0.302 0.020 - - -
R 0.335 0.024 - - - 0.307 0.021 - - -
S 0.043 0.028 - - - 0.037 0.026 - - -
9<L0Q (limit of quantitation)
H, K, L, M A-E A8k 3m A-NA 0.013-0.307 mg/ B Gt TR NE UA ot BEA|9] FRol
kgol AEHNeH, 5m olddE AgME 1, O, P, Q, R, e vk s W = QIodTh s Sz, o
S A -ellA 0.012-0.026 mgkgel AEEo] FAZ Axe o AY % BEA T HRS AZATIAY ST < S
ametoctradin?} dimethomorph®] 7H7 ES FALSIA T © Uk HE xslele AR Foko] vjAk BEAS
(Table 6). Tk A7 48T Ao R AdE
LAY 2 FAHEFH 52 o83 TR o 23 patchd] FHFE TS FE(mgkg)R A& ¢l
H]4He Craig et al. (1998)0] Rargh upe} 7o) F& F3 3L F(pg)o =t A ) gle A4S aEEi e A
DT, BEQR 2719 e B 2] e AR A ABEHE ol§F 1A 2 A4k patche] A}
th 53] RUAUT/IE ol8slel B A¥F A% vl AR AES B9 whRe] e B2 g
o) gupro = 20 m AW Fofol MR, qF oA WEAel MAFL ZYste] B AU THY 1)
S 2= 10m AF7R] HAFE AT B (Park et al, 2007)  patch’t E82 F 9 Zlo2 IAHI
FAY/NZ ke BTN A5 vk FYFOE 30
mAE7A sofe] nlaEgon, Aoz 0m A¥  ZtAbS| 2
7HA] B2 AT} B 3 (Jin et al., 2008)9} 7o] gAY &
ofe] HakS T4 B Fo] F87 alola AE T 2 A7e FENETH S A wHAIE A
e HEAR AR ARBEA, 3k, o ol MEALY (AN E: PI3426032020)2] Aol <)s) FaiE]
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