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Chang Jo Kim, RaeKeun Lee, Xiu Yuan, Min Kim, Hee Jeong Shin, Leesun Kim,
Kee Sung Kyung', Hyun Ho Noh*

Residual Agrochemical Assessment Division, National Institute of Agricultural Sciences, Wanju 55365, Korea
'Department of Environmental and Biological Chemistry, College of Agriculture, Life and Environment Science,

Chungbuk National University, Cheongju 28644, Korea
(Received on May 14, 2022. Revised on May 30, 2022. Accepted on June 8, 2022)

Abstract This study was carried out to survey residual pattern of pesticides drifted in surrounding crops by
agricultural unmanned aerial vehicle (UAV) and to study the applicability of maize as a anti-drift crop.
Azoxystrobin, dinotefuran, etofenprox, hexaconazole, and metaflumizone were sprayed onto rice in Seocheon
and Boryeong with agricultural UAV. The field crops nearby rice paddy sprayed by agricultural UAV were
collected considering distance from sprayed area and the windbreak around sprayed area. Pearson’s
correlation analysis and risk assessment were implemented for studying the correlations of residues of
pesticides with factors of collected field crops (p <0.05) and safety investigation of residual pesticides,
respectively. To investigate the applicability of maize as an anti-drift crop, the drift reduction rate (%) was
estimated by measuring the coverages (%) of WSPs placed according to distance (m) and altitude (m) on
treatment plot and untreated control plot after unmanned multi-copter and helicopter spray. Each residue of
pesticides had a negative correlation with distance from sprayed area except the metaflumizone which was
not detected in most samples (p <0.05). The residue of pesticides in collected sites tended to be affected by
presence of windbreak and crop species around sprayed area. And %acceptable daily intake found to be
0.00002-0.08276%. Maize grown around treatment plot reduced 63.65-92.07% of drift with 0-10 m in length
and 0.5-1 m in height with unmanned multi-copter and helicopter spray. Thus, it was confirmed that growing
crop with well developed canopy such as maize could capture airborne spray drift by aerial application.

Key words agricultural UAV, drift, residual characteristic, anti-drift crop

M B (Unmanned Aerial Vehicle, UAV)7} o}A]oiat olujg}
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£ A (Damalas and Eleftherohorinos, 2011; Lan and Chen,
2018)5S |4 4 Uth(Tsouros et al., 2019; Faical et
al,, 2017). wbA] 1980 =5-E] 2020 7F4] =il 7iQ15 7
7HE 2 AAEA S AAGA, A0 E 7 7 dib] A
HAE STk e fElueke] Z-$-(KOSTAT, 2020a;
KOSTAT, 2020b) UAVE ©]&-3F WA A] =5Ask] 3
< 7% 5 B4 7ol 7Hs3HOECD, 2011).
SR FYE UAVE o438 FoF AxA] FoF Axd

o] WAETH Wang et al., 2018). £3], $-2luate
20199 1958 FoFe] s Aselat skl 8=
A7) 5-E (Positive List System, PLS)0] A A3 ol u}
2} ZFE9l] 2735 87]5(Maximum Residue Limit, MRL)®]
AR A Fe FFS dE7IES] 0.01 mgkgs A&
S}l Qlt}. olel whet vl Fok odo R I Al7f
FERom, 53] ik Fok HikElo] T AhEo
FHFate] PLS 715E 23 527t A 7= A4 =9
SEEAHEY T PRI e AF s F
5ok b 2ALE BEl BEE T ARk RS
&71% 3 PLS €871% 23 A 449 £AE Fsky
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Ao A AR FEEA ¥ FRle] dFdhe A
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g 718 7ol AUth(Park et al, 2020). WA FY
UAVE ©]&3 5o 23 F Q12 2= thgh vt £
REug o] Hgsl.

gk AT SO WA ARt fls = R
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Azoxystrobin (=, >99.2%), dinotefuran (==, >95.6%),
etofenprox (%, >99.1%) 2 hexaconazole (=%, >98.7%)
¥ FF2 Dr. Ehrenstofer GmbHA} (Augsburg, Germany)l]
A 7918193, (E)-metaflumizone (%, >98.0%)% (Z)-
metaflumizone (£=, >99.0%)> FUJIFILM Wako Chmical
Corporation (Osaka, Japan)ollA] +93led A3 TH &
21|91 acetonitrile> Merk (Darmstadt, Germany)2| liquid
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Fig. 1. A land registration map for spraying pesticides onto rice with agricultural UAV. A; Seocheon, B; Boryeong. Sprayed areas

were colored with green in map.

chromatography (LC) #4]°] 7F&$t LiChrosolv® 55
ARESIATE 05 2= WasserlabAH(de Navarra, Spain)
9] Autwomatic Plus 1424155 o] &3l 32 SH/HTE A
Z3te] ARE3I99H, methanol> Merk (Darmstadt, Ger-
many)?] LCSHS ARSIATE olsdel H7FE formic
acid (==, >98.0%)2} ammonium formate (5=, >99.0%)=
Merk (Darmstadt, Germany)#| &2 AR5t} QUEChERS

EN packet} dispersive-SPE tube= Agilent Technoligies
(California, US)e] AEL AM&alith. #27]% SPEX
SamplePrep (Metuchen, US)2] 2010 Geno/Grinder® #| &2
ARE-3F3ATE. Vortex mixere Scientific industry (New York,
US)9] Vortex-Genie 2 Al &S AT, AR 7]E o
& 74812k (F+)(Incheon, Korea)2] Combi-514R A|F-2 AHE-
st
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Fig. 2. The scenes of locations in which the field crops were collected nearby rice paddy after agricultural UAV spraying. A-1~24;

Seocheon, B-1~20; Boryeong.



EEEY =H|
BFEAS ZA5E7] 98] azoxystrobin ©F 10.08 mg,

dinotefuran <F

conazole °f

10.46 mg, etofenprox <
10.13 mg, (E)-metaflumizone

ok

10.09 mg, hexa-
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1020 mg 2

Fp(Zea mays L) O

107

Irso EAH
upfgk AJE 10gS 50mL  conical centrifuge tube
(Falcorn™, US)ll A% 5 acetonitrile 10 mLE %7}

[e)
1,300 ppme.= 587F

k-3
s

FEoleh. F23 AR 4¢

(Z)-metaflumizone °F 10.10 mgS AHF & 77 10 mLe]
acetonitrilecl] 83314 1,000 mg/Le] stock solutionS 24|
SFA ). Stock solution acetonitrile® 343} 1, 10, 50,
100 mg/Le] working solution®& ZA|gt & o5 A
acetonitrile® 3]43}e] 10, 20, 40, 100, 200, 400 xg/Le] 7

A A G BFENS 2A A

magnesium sulfate, 1g sodium chloride, 1g trisodium
citrate dihydrate, 0.5 g disodium hydrogencitrate sesquihydrate
(QUEChERS EN extraction packety 7} = 1,300 rpmell
A SEZE KRGO, o] £ 3,500 rpmellA] 57 A4 &
sk AAE 8] 44N 1 mLE 150 mg magnesium

ol
A

sulfate, 25 mg primary secondary amine (PSA)°] &

Table 1. LC-MC/MS condition for the residual analysis of azoxystrobin, dinotefuran, etofenprox, hexaconazole, and metaflumizone

in collected samples

<LC condition>

Instrument ExionLC™, AB SCIEX, USA
Column Halo C18, 2.1 mm L.D. x 100 mm L. (2.7 um particle size)
Flow rate 0.3 mL/min
. A: 5 mM ammonium formate + 0.1% formic acid in distilled water
Mobile phase . L
B: 5 mM ammonium formate + 0.1% formic acid in methanol
Time (min) A (%) A (%)
0.0 30 70
2.0 30 70
2.5 15 85
Mobile phase 4.5 15 85
4.7 5 95
5.0 5 95
6.5 30 70
8.5 30 70
Injection volume 1 uL
<Mass condition>
Instrument QTRAP 5500 system, AB SCIEX, USA
Ionspray voltage 5,500 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> ‘
Precursor ion — lon transition —
Compound (m/z) Quantitation ion CE? Confirmation ion CE
(m/z) V) (m/z) V)
Azoxystrobin 404.1 372.1 4 344.1 10
Dinotefuran 203.2 129.1 8 114.1 10
Etofenprox 394.2 177.1 18 107.0 12
Hexaconazole 314.1 70.1 6 159.0 12
Metaflumizone 507.0 178.0 10 287.2 10

ICollision energy
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dispersive-SPE (d-SPE) tube®ll 23 vortex mixerS ©|-&3}
o] 30%7F wHF 12,000 rpmollA] 557+ 94 )&k
Q4] Byst AN syringe filter (PTFE, 13 mm, 0.22
pm)E 3} - acetonitrile ©]-8-3F1 50:50 (v/v)=E matrix
matchingdt ¥ Table 1°] A|AF LC-MSMS #Hx710®

o B =]
Aok s

A
A #F3HA (Limit of quantitation, LOQ)E matrix-matched
standard®] signal WH] noise®] B]7} A ZvFETZ A} 10 ©]
Aol F=Z A3 ™ (Mekonen S et al., 2016), PLS
AE7]ES I A A T = ol
matrix-matched standardE #2435t 4] 52| (ng) Tl
H] peak W29 3]AA 202 ANEH HAFE Adet
Ak gk SggE st BAMS AlY ke LOQ ¥
10 LOQ EollA 358 AES 73 & FAO(2016)° A
Al 7)ol et e AEAES Adsidith

2 "ot

FFEAA vl ogk ZHREeF AEFe] MRL %
PLS 7|2 23 sakol el dLA 354 F(estimated
daily intake, EDI)3} %acceptable daily intake (%ADI)E 4t
Z3o] oHAdE H7hEdt EDIE A(1)E B3l 4319
3, AR Al e AFAH TS IR <2019
W 0195 A ”(KHIDI, 2019)5 39t} 714597}
obd Sl Aol A9 Sl HrtellA AlLlaiint.

%ADI= 2(2)5 Fa AHEatlal, A= Al dash 9Y
433|518 H(acceptable daily intake, ADI)} &<l 2 A%
BAF(55 kere A7 FHEAATY T dYAF
518 (MOLEG, 2021)3 2JFo]ekaedA] “?lA12 84
E 38197 3 EAZA(MFDS, 2019)E F2sk3it) =
g, LOQ WIRKQl woke] A flaiAd W/ &3 e Ha
B7rd = 7] wEel RS LOQ23! 0.005 me/kgs
28319 THWHO, 2009).

EDI (mg/kg bw/day)= {Residual concentration (mg/kg)

x daily food intake (g/person/day)} / 1,000 @)
%ADI = (EDI/ADI) x 100 )
S R
FEAel] B9 UAVE ol gale] 5oF 4 A 4

bl =2
Ao RRE o|AAY Y HolE Eol9 22 Al
H 2 5 vkl mhE gk woke] b
o] AABAE ZAKsl7] S8l SPSS (ver. 26, IBM Corpo-
ration, USA) AZEH ]S AM83} Pearson “JTHEA
(Pearson’s correlation analysis)g A5 THp < 0.05).

S MA o HM MUE Y 2y
Tl SRARE Al S5 Aol mE gk Foke
HAF A7 7S A Slste] 2AES SHE Y
sk A FHEAY Foldy Tl AT gz
T B Al FE B S Y 1RAE A7) st
of 2the] 71AIE o]&dte] TAlo AEa e, 72 Hy
42 75mo]

Aek. =5 7l AN dubdog ARREHI e
XR11002 (TeeJet technologies, Switzerland)®] ARE-=SITH.
G =22 Fine ¥ Mediumol] al@shs YA4L A s,
ol A A H 27 (Volume Mean Diameter, VMD)°] 106~
340 umel A& P hal B EATHASABE, 2009).

S5 (Zea mays Lye BW71eF 5Lk Al =of A
W= AaL, S A2 Fig. 33 2ol 741 WEFH %
| FE o A £& vejste] 7RI TR & SH
°F 50cm 7HAS=Z 2% A4St Hgk 7] (Water
Sensitive Paper, WSP, Teelet technologies, Switzerland)=
4m ZHAo2 °F 0.5 2 I m ¥olol AX|slon, AHe
A 30 cm ¥O|Z FEEHE 2 1,2,3,5 7% 10mdl] A
A&t

oh ) WEEE @ WFEs] YETEG NYLEs
“sof ALG FAFTY] S bl Fao] 22
=)

2 15 km/he] =2 HleYsle] o
(NAS, 2020), UAV 55 5] AME% & sl 1.6L/
10a 2 A¥XHAE Jste] S 35] vHE 239t o
o 5] 7= 9F 1.2~1.8 melL, WSPE 27 (DS-
360W, Epson, China)& ©]-8-3t1 1,200 dpiZ 27 ¥ Kim
et al. (2017)8] W3} 7] Imagel 1.50 (US National
Institutes of Health, Maryland, US) ZZI13-S o]&&}o]
WSP W3] tjv] XYz} F2 HA(ZX&)S A=
T3 AT 2 ET WSP 3 AEE E¥8S 2(3)
g T SF A nE vAATES AMESt WEE
S ZA 9] AL kS BT

d

M o

Drift reduction rate (%)= {(Total coverage of WSP in
control plot — Total coverage of WSP in treatment plot)/
Total coverage of WSP in control plot} x 100 3)

azoxystrobin, hexaconazole, dinotefuran,
etofenprox % metaflumizone®] LOQ= 0.01 mg/kg®] 2L,
57| F= ©]2] matrix-matched standards £2493+ 23} A
A 20.99 oo E & AXAAFS e MAE
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Shp(Zea mays L)E 0|88t HIM XL

Fig. 3. Scenes of field trials for the applicability test of maize as an anti-drift crop with unmanned multi-copter and helicopter
spraying. A; aerial shot of untreated control plot (left) and treatment plot (right) with unmanned helicopter, B; aerial shot of untreated
control plot (left) and treatment plot (right) with unmanned multi-copter

I HEAoA AfFH S ZHE F azoxystrobin, dinotefuran,
etofenprox, hexaconazole ¥ metaflumizone®] 3]58-2 72.89
~-115.84% W9loleH, RSD= EF 10.55% olatz &
HE A2 Adeiivta A=

olZ72[ofl mE vt 5

AHAE N F FTEE T FRFES Table 200 A
Alatlom, olAAZ Y MRl AAAAE FHEV]
9]8ted Pearson AHEAS AAgH A= Table 39 A4

31T} Azoxystrobin, dinotefuran, etofenprox % hexacona-

zole®] ZHrE olAAZe} F3 FAAAE Uepli= A
o7 B w(p<0.05), FTAE AJo2HE oA}
71l we} mjakgo] Hadle AoR wAE o=
Bueno et al. (2017)9] A7-olx] ARE-SF H)AbF o] S Bd2
german drift model, dutch drift model ¥ IMAGS} #2¥
HAbES 249 A B FAIyo] AEAHoRTH
A7t S71skl wt vlhkge] Az AT Barel A
stk SHAIRE metaflumizone®] 7% TiF-ES] Alg]
LOQ ©J3l& HZE o] o|AAZ S} JAAAE Atsl] of
iy AdE o o] metaflumizone®] o] 3% 1



Table 2. The residues of the azoxystrobin, dinotefuran, etofenprox, hexaconazole, and metaflumizone in collected samples according to distance and windbreak

. Distance from Windbreak Residue (mean+SDY, mg/kg)
Location No. Crop . - - -
sprayed area (m)  (height, m) Azoxystrobin Dinotefuran Etofenprox Hexaconazole ~ Metaflumizone
1 Chili 3.0 Shadi £(1.0) 0.02+0.00 - 0.05+0.00 <LOQ <LOQ
ili r ing net (1.
PePPe 10.0 acdingne <LOQ - 0.02+0.00 <LOQ <LOQ
. 3.0 - 0.20+0.01 - 0.40+0.01 <LOQ 0.04+0.00
2 Chili pepper
4.0 - 0.03+0.00 - 0.07+0.00 <LOQ <LOQ
. 5.0 - 0.02+0.00 - 0.04+0.00 <LOQ <LOQ
3 Chili pepper
6.2 - <LOQ - 0.02+0.00 <LOQ <LOQ
. 3.5 - 0.02+0.00 - 0.0340.01 <LOQ <LOQ
4 Chili pepper
6.5 - <LOQ - <LOQ <LOQ <LOQ
. 2.0 - 0.03+0.00 - 0.03+0.00 <LOQ <LOQ
Chili pepper
5 12.0 - 0.07+0.00 - <LOQ <LOQ <LOQ
Welsh onion 0.5 - 0.14+0.00 - 0.1£0.01 <LOQ 0.02+0.00
45 0.1740.01 - <LO <LO <LO
6 Chili pepper Maize (2.0) Q Q Q
11.5 0.2440.01 - <LOQ <LOQ <LOQ
. 7.0 - <LOQ - <LOQ <LOQ <LOQ
7 Chili pepper
12.0 - <LOQ - <LOQ <LOQ <LOQ
3.2 - <LOQ - <LOQ <LOQ <LOQ
Boryeong g Chili pepper 9.2 - <LOQ - <LOQ <LOQ <LOQ
3.2 Maize (2.7) <LOQ - <LOQ <LOQ <LOQ
Welsh onion 22 - <LOQ - <LOQ <LOQ <LOQ
. 1.5 - 0.02+0.00 - 0.05+0.00 <LOQ <LOQ
9 Chili pepper
11.5 - <LOQ - <LOQ <LOQ <LOQ
. 3.5 - <LOQ - 0.01+0.00 <LOQ <LOQ
10 Chili pepper
10.0 - <LOQ - <LOQ <LOQ <LOQ
- 54 Tree (2.0) 0.14+0.00 - 0.01£0.00 <LOQ <LOQ
11 Chili pepper
54 - 0.23+0.00 - <LOQ <LOQ <LOQ
. 2.0 - <LOQ - <LOQ <LOQ <LOQ
12 Chili pepper
6.0 - <LOQ - <LOQ <LOQ <LOQ
13 Perilla leaves 8.5 - 2.0440.01 - 5.60+0.17 <LOQ 1.58+0.09
14 Chili pepper 1.0 - 0.05+0.01 - 0.05+0.02 <LOQ <LOQ
15 Chili pepper 2.0 In vinyl house <LOQ - <LOQ <LOQ <LOQ
3.0 - <LOQ - <LOQ <LOQ <LOQ
16 Chili pepper 10.0 - <LOQ - <LOQ <LOQ <LOQ
4.0 Maize (2.0) <LOQ - <LOQ <LOQ <LOQ
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Table 2. continued

- Distance from Windbreak Residue (mean+SD?, mg/kg)
Location No. Crop . - - -
sprayed area (m)  (height, m) Azoxystrobin Dinotefuran Etofenprox Hexaconazole ~ Metaflumizone
17 Chili pepper 3.0 Maize (2.5) 0.37+0.02 - 0.01+0.00 <LOQ <LOQ
. 3.0 - 0.37+0.01 - 0.38+0.03 <LOQ 0.07+0.00
Chili pepper
18 45.5 - <LOQ - 0.01+0.00 <LOQ <LOQ
3.0 - 0.04+0.00 - 0.04+0.00 <LOQ 0.01+0.00
Eggplant
45.5 - <LOQ - <LOQ <LOQ <LOQ
4.0 - 0.16+0.00 - 0.21+0.00 <LOQ 0.02+0.00
Boryeong 4.0 Tree (2.5) <LOQ - <LOQ <LOQ <LOQ
. 5.0 - 0.04+0.00 - 0.06+0.00 <LOQ <LOQ
19 Chili pepper
7.0 - 0.02+0.00 - 0.02+0.00 <LOQ <LOQ
9.0 - <LOQ - <LOQ <LOQ <LOQ
10.0 - <LOQ - <LOQ <LOQ <LOQ
. 1.5 - 0.18+0.02 - 0.19+0.01 <LOQ 0.02+0.00
20 Chili pepper
10.0 - 0.01+0.00 - 0.02+0.00 <LOQ <LOQ
6.6 <LO <LO <LO <LO -
1 Lotus leaves Tree (1.8) Q Q Q Q
26.6 <LOQ <LOQ <LOQ <LOQ -
2 Soybean leaves 0.8 - 1.08+0.01° 0.56+0.02" 4.60+0.11" 0.1120.00" -
3.0 - 1.89+0.01" 1.79+0.14" 4.88+0.20" 0.37+0.01" -
3 Soybean leaves . . . .
7.0 - 1.37+0.08 0.70+0.04 2.14£0.27 0.16+0.02 -
4 Maize 1.5 - <LOQ <LOQ <LOQ <LOQ -
Soybean leaves 1.2 - 1.81+0.02° 1.22+0.06" 4.47+0.10° 0.29+0.01" -
5 Tomato 11.8 - <LOQ <LOQ <LOQ <LOQ -
Soybean leaves 5.5 - 0.85+0.06" 0.35+0.03" 1.33+0.13" 0.07+0.00" -
Seoch 6 Pumpkin leaves 6.0 - 0.02+0.00" 0.02+0.00 0.03+0.00 0.01+0.00" -
eocheon
. Pumpkin 7.0 - <LOQ <LOQ <LOQ <LOQ -
Pumpkin leaves 7.0 - 0.06+0.00" 0.05+0.00 0.10+0.00 <LOQ -
3.5 - 0.15+0.01 0.10+0.00 0.15£0.01 0.02+0.00 -
g Chili pepper 5.9 - <LOQ <LOQ <LOQ <LOQ -
2.09 - 0.02+0.00 0.06+0.00 <LOQ <LOQ -
Welsh onion 2.6 - 0.73£0.01 0.39+0.01 0.55+0.01 0.05+0.01 -
9 Soybean leaves 4.1 - 0.15+0.00" 0.05+0.00" 0.19+0.017 0.020.00" -
Perilla leaves 0.5 - 0.34+0.01 0.25+0.01 0.50+0.02 0.02+0.00 -
10 6.0 - 0.19+0.00" 0.05+0.00" 0.24+0.00" 0.02+0.00" -
Soybean leaves
20.0 - <LOQ <LOQ <LOQ <LOQ -

L



Table 2. continued

. Distance from Windbreak Residue (mean+SD?, mg/kg)
Location No. Crop - - - -
sprayed area (m)  (height, m) Azoxystrobin Dinotefuran Etofenprox Hexaconazole ~ Metaflumizone
. 3.0 - <LOQ <LOQ <LOQ <LOQ -
Chili pepper
11 20.0 ; <LOQ <LOQ 0.01=0.00 <LOQ -
Soybean leaves 0.5 - 1.55+0.01" 0.95+0.07" 3.09+0.09" 0.23+0.00" -
- 45 ; <LOQ <LOQ 0.0120.00 <LOQ -
12 Chili pepper
10.0 - <LOQ <LOQ <LOQ <LOQ -
0.5 - 2.344+0.02" 0.90+0.07 8.22+0.13" 0.78+0.07 -
13 Soybean leaves . . . .
4.5 - 0.79+0.03 0.05+0.00 0.95+0.03 0.07+0.00 -
7.5 - 0.29+0.01 0.03+0.00 0.0320.01 <LOQ -
14 Chili pepper 22.5 - 0.53+0.04 <LOQ <LOQ <LOQ -
75 Maize (2.0) 0.18+0.01 <LOQ <LOQ <LOQ -
Soybean leaves 55 - 1.44+0.04" 0.25+0.03" 2.46+0.08" 0.19+0.01 -
- 12.0 ; <LOQ <LOQ <LOQ <LOQ -
15 Chili pepper
22.0 - <LOQ <LOQ <LOQ <LOQ -
16 Pumpkin leaves 12.5 - 0.08+0.01° 0.03+0.00 0.10£0.01 <LOQ -
17 Chili pepper 11.0 - <LOQ <LOQ <LOQ <LOQ -
Seocheon 0.5 - 1.30+0.06" 0.27+0.00" 2.46+0.14" 0.14+0.01" -
18 Soybean leaves . . . .
3.0 - 0.80+0.01 0.13+0.01 1.15+0.04 0.07+0.00 -
Maize 0.5 - <LOQ <LOQ <LOQ <LOQ ;
19 Maize leaves 0.5 - 1.42+0.00" 1.48+0.09" 2.84+0.26" 0.13+0.00" -
Perilla leaves 25 Maize (2.0), 0.19£0.01 0.12£0.01 0.46£0.01 0.02:0.00 -
shading net (1.0)
i 1.8 ) . 0.14+0.01 0.05+0.00° 0.12+0.00" 0.010.00° -
20 Giant butterbur In vinyl house” R
6.0 0.02+0.00 <LOQ 0.02£0.00 <LOQ -
. 3.0 - <LOQ <LOQ 0.01+0.00 <LOQ -
21 Chili pepper
6.5 - <LOQ <LOQ <LOQ <LOQ -
. 55 - 0.31+0.01 0.20+0.01 0.65+0.03 0.01+0.00 -
22 Perilla leaves
9.5 - 0.02+0.00 0.02+0.00 0.08+0.00 <LOQ -
. 55 - 0.46+0.02 0.3+0.01 1.07+0.02 0.02+0.00 -
23 Perilla leaves
9.5 ; <LOQ <LOQ 0.05+0.00 <LOQ -
. 9.5 - <LOQ <LOQ <LOQ <LOQ -
24 Chili pepper
19.5 ; <LOQ <LOQ <LOQ <LOQ -

“Distance from the side of sprayed area, “About 20 cm of side window of vinyl house was opened during spraying pesticide with agricultural UAV, “Standard deviation, “The residue of pesticides

exceeded MRL or PLS uniform standard
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Table 3. Pearson’s correlation Coefficient between each residue of sprayed pesticides and variables of collected samples

Correlation coefficient

Variable - - :
Azoxystrobin Dinotefuran Etofenprox Hexaconazole Metaflumizone

Distance” -0.232° -0.396 -0.219° -0.204° 0.013

Height” -0.113 -0.130 -0.136 -0.108 -0.078

“Distance from sprayed area (m), Height of windbreak (m), “Correlation is significant at the 0.05 level
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Table 4. Dietary risk assessment for the pesticide that exceeded MRL or PLS uniform standard in collected samples
Distance from . Food dail a
Commodity sprayed area  Pesticide MII,{II“SM gﬁ;l/(li(ue intake g EDP ADD %ADI?
(m) ) (g/person/day) (M&ke bw/day) (mekg bw/day)
Azoxystrobin 1.08 0.03 0.00003 0.2 0.000
08 Dinotefuran 0.01 0.56 0.00002 0.02 0.002
' Etofenprox ' 4.60 0.00014 0.03 0.008
Hexaconazole 0.11 0.00000 0.005 0.001
Azoxystrobin 1.89 0.00006 0.2 0.001
3.0 Dinotefuran 0.01 1.79 0.00005 0.02 0.005
Etofenprox 4.88 0.00015 0.03 0.009
Hexaconazole 0.37 0.00001 0.005 0.004
Azoxystrobin 1.37 0.00004 0.2 0.000
Soybean 70 Dinotefuran 0.01 0.70 0.00002 0.02 0.002
leaves Etofenprox 2.14 0.00006 0.03 0.004
Hexaconazole 0.16 0.00000 0.005 0.002
Azoxystrobin 1.81 0.00005 0.2 0.000
12 Dinotefuran 0.01 1.22 0.00004 0.02 0.003
Etofenprox 4.47 0.00013 0.03 0.008
Hexaconazole 0.29 0.00001 0.005 0.003
Azoxystrobin 0.85 0.00003 0.2 0.000
55 Dinotefuran 0.01 0.35 0.00001 0.02 0.001
Etofenprox 1.33 0.00004 0.03 0.002
Hexaconazole 0.07 0.00000 0.005 0.001
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Table 4. continued
Commodity 2;35;:;;2 er(z:g] Pesticide MII,{]}SOT Eﬁ;ﬁue Foi(r)l(:af:ly EDIY ADI” o, ADI®
(m) 2) (g/person/day) (mg/kg bw/day) (mg/kg bw/day)
Azoxystrobin 0.15 0.00000 0.2 0.000
Al Dinotefuran 0.01 0.05 0.00000 0.02 0.000
Etofenprox 0.19 0.00001 0.03 0.000
Hexaconazole 0.02 0.00000 0.005 0.000
Azoxystrobin 0.19 0.00001 0.2 0.000
Dinotefuran 0.05 0.00000 0.02 0.000
60 Etofenprox 0.01 0.24 0.00001 0.03 0.000
Hexaconazole 0.02 0.00000 0.005 0.000
Azoxystrobin 1.55 0.00005 0.2 0.000
05 Dinotefuran 0.01 0.95 0.00003 0.02 0.003
Etofenprox 3.09 0.00009 0.03 0.006
Hexaconazole 0.23 0.00001 0.005 0.002
Azoxystrobin 2.34 0.00007 0.2 0.001
05 Dinotefuran 0.01 0.90 0.00003 0.02 0.002
Etofenprox 8.22 0.00025 0.03 0.015
Soybean Hexaconazole 0.78 0.00002 0.005 0.009
leaves Azoxystrobin 0.79 0.00002 0.2 0.000
Dinotefuran 0.05 0.00000 0.02 0.000
4 Etofenprox 0.01 0.95 0.00003 0.03 0.002
Hexaconazole 0.07 0.00000 0.005 0.001
Azoxystrobin 1.44 0.00004 0.2 0.000
5s Dinotefuran 0.01 0.25 0.00001 0.02 0.001
Etofenprox 2.46 0.00007 0.03 0.004
Hexaconazole 0.19 0.00001 0.005 0.002
Azoxystrobin 1.30 0.00004 0.2 0.000
05 Dinotefuran 0.01 0.27 0.00001 0.02 0.001
Etofenprox 2.46 0.00007 0.03 0.004
Hexaconazole 0.14 0.00000 0.005 0.002
Azoxystrobin 0.80 0.00002 0.2 0.000
Dinotefuran 0.13 0.00000 0.02 0.000
30 Etofenprox 0.01 1.15 0.00003 0.03 0.002
Hexaconazole 0.07 0.00000 0.005 0.001
6.0 Azoxystrobin 0.02 0.00000 0.2 0.000
Pumpkin Hexaconazole 0.01 0.01 0.110 0.00000 0.005 0.001
leaves 7.0 Azoxystrobin 0.06 0.00001 0.2 0.000
12.5 Azoxystrobin 0.08 0.00001 0.2 0.000
Dinotefuran 10.0 0.05 0.00002 0.02 0.002
Giant 1.8 Etofenprox 0.12 0.00005 0.03 0.003
butturbur Hexaconazole 0.01 0.01 0370 0.00000 0.005 0.002
6.0 Etofenprox 0.02 0.00001 0.03 0.000

“Estimated daily intake (mg/kg bw/day) = [ {Residual concentration (mg/kg) * daily food intake (g/person/day)}/55 kg (Average body weight
of Korean adults)]/1,000, ®Acceptable daily intake, “%Acceptable daily intake = (EDI/ADI) x 100



Table 5. The WSP coverages of spraying solution with multi-copter and helicopter

Coverage (Mean+SD, n=3, %)

UAV Trrlz%rlltt Positior:) Distance from spraying area (m) - Height from. ground (m) -
plot of WSP Point 1 Point 2 Point 3
1 2 3 5 7 10 0.5 1 0.5 1 0.5 1
a’ - - - - - - - - - - - -
b’ - - - - - - - - - - 0.13+0.22 -
Maise ¢ - - - - - - - - 0.07+0.12 - 0.23+0.39  0.06+0.10
& 053024 028+0.13 0.07+0.12 - - - 027+0.14 028+0.14 035+0.19 0.63+1.09 0.06+0.11 0.19+0.21
¢ 133£0.09 075026 048+0.04 0.15£026 0.14025 0.11£020 0.59+039 244+1.99 0.59+039 0.93+0.68 022+0.11 0.24+0.08
Unmanned £ 0.63£031 0.65£024 035£0.10 0.04£0.07 0.05+0.09 - 0.63+0.81  0.58+0.55 0.43£0.06 0.57+031 021+0.18 0.62+0.55
multi-copter a  135£121 045040 - - - - 0.85£1.18  1.00£1.65 1.71£1.50 1.34+1.92 138+121 2.1442.17
b 0.46+0.44 - - - - - 1.60£1.50  1.15£1.99  1.17+1.03  0.93+1.37 1.88+2.14 1.53+2.41
Contral € 0.39:+0.68 - - - - - 0.58+0.58 021+0.19 0.71£0.73 - 0.25+0.43 -
d  270£0.77 2.15+0.62 1.84+0.68 0.50£0.54 026£029 0.07+0.13 4.64+339 2894276 4474280 3.77+3.54 3.63+242 2.50+1.36
e 3444487 099+1.16 0.75+0.83 025+044 0.12+021 0.05+0.09 3.88+5.04 7.12+552 2804295 1774246 2.63+234 2.03+2.13
£ 200+1.82 146£190 0.99+£1.72 0.32+0.56 0.20+0.35 - 037+033  0.56+0.32 1.53+2.65 1.89+2.54 1.73+1.73 2.66+3.87
a  0.09+0.16 - - - - - - - - - - -
b 0.09+0.15 - - - - - - - - - - -
C’ - - - - - - - - - - - -
Maise & 0.03+0.05 - - - - - - - - - - -
¢ 035031 022+020 0.06+0.11 - - - - 0.04£0.07  0.09+0.16 - 0.09+0.16 -
£ 025£026 033£030 0.15£0.15 - - - 0.1120.19  0.17+0.15 - - 0.11£0.11  0.11£0.10
g 0.160.19 020£026 0.07+0.09 - - - 0.03:0.05 0.04£0.07 0.07+0.12 - 0.13£0.09 0.24+0.21
Unmanned b’ - - - - - - - - - - - -
helicopter a 0524033  0.06+0.11 - - - - 0.3140.40 - 0.18£032  0.05+0.09 0.18+0.31 -
b 020£0.18 0.08+0.14 - - - - 0.16+0.28 - - - 0.45+0.78  0.28+0.49
¢ 031£027 0.05£0.09 - - - - 040+0.17 024033 0.74+0.89 028+0.32 0.43+0.42 0.73+0.8
Contral d  030£051 028+027 0.04+0.07 - - - 0.40+0.37  0.130.16  0.18+0.31 10.55+1827 0.33+0.15 0.14+0.15
e 062+0.88 0.64+0.71 0.52+0.74 033£0.57 022+024 0.06£0.11 0.76£0.79 035£0.51 1.18+2.05 048+0.83 0.79+0.72 0.70+1.21
f 073023 044+0.11 0.16£0.14 0.11+0.10  0.05+0.08 - 0.58+023 0.38+0.53 128+141 024021 032+042 0.03+0.05
g 056£0.63 03804  02+035 0.08+0.14 0.03£0.05 - 0.13£022  0.05£0.09 0.18+0.31 0.08+0.14 0.16£0.17 0.10+0.16
h - - - - - - 0.13£0.22 - - - - 0.03+0.05

9The each section of the set of WSPs in treatment plots of Fig. 3, Spraying solution was not detected in WSP
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Fig. 4. The drift reduction rate (%) by planting maize in two rows with unmanned multi-copter and helicopter spraying
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Folgts a2 99| H[LEF BUHTE ¥ FT5(Zea mays L)E
o| &gt H|tt MZ

=

o o] AtE FFAEA AT FEe] ek RUERS Bl ¥A 1R BAS sk, gk
| A2 S 284 vt At AE A8 7FeAS B Y8 Y AR RUEE O
AT E HEA] ol FRl8kg7| = AE S azoxystrobin, dinotefuran, etofenprox, hexaconazole 3! metaflumizone

o|ATE AlEE A 1o T AEE U E AFs e, Axgdn AEAFH A o)AAL, FolE

AR 58 71535 v 5L Ttk ARE EEsIh A 4 A3 Pearson AdHEA S
S AXE okl R AIF AF 29 7ke] AREAIE BRI (p < 0.05), Y814 B B ARee <t

Ae 2T EE S5 AN BE BeA U1 A7 B9E Bk S B8 ol HEIgHst 39

FHE ol &3 = AX § tix7 ] S55E AAE Ao Al 9zl ¥ A EXES vlaste] HlGt
AZES Ak v 2 BUER A3 AR Fore] BliREe oA AZ e 1A AadAE Bl
H(p <0.05), FolE A oo} 2HEe] FeA B0 wet vlak AR5 DefAe AES BTk gk HAkt
FHE vl 2 A&k %acceptable daily intake= 0.00002-0.08276%2-2 UEPSTE S3AER] FHd| S45E
i 73 72l HElFE 3 defFEE o83 A2 thR ] Bt oF 63.65-92.07%2] WA S-S Ko
Spel 7o) Qlo] FAEkaL 77t E o] AR FoF] HlLkS A0 A & UL FE AT
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