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Abstract Chlorine dioxide (ClO,) known as an eco-friendly food additive was used to reduce pesticide
residues from the apple and perilla leaf. The experimental conditions were established with treatment
concentrations of aqueous ClO, at 0, 10, 25, 50, 100 mg/L (apple), 0, 5, 10 25, 50 mg/L (perilla leaf) and
treatment time for 0, 1, 5, 10, 20 min. As a result, effects of reduction for pesticides residues were improved
as increase of treatment time and concentration on ClO,. Especially, the rate of reduction on apple for
acetamiprid and dinotefuran at apple were 80.5%, 90.6% and higher rate of degradation than other pesticides,
because, two pesticides have the chemical properties of low log P and high solubility in water. On the perilla
leaf, the reduction of azoxystrobin and carbendazim, which have the bonds that were easy to oxidize were
greatest at 91.0% and 90.4% respectively. These results showed that CIO, treatments is available method to
reduce the pesticide residues on fresh fruits and vegetables.
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Table 1. Chemical property on studied pesticides
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1
1,000 mg/L stock solution-

No. P.esticide 1 Substance Mode of logP . Solubility Molqcular Target
(Classified group)” Group action in water (mg/L) weight sample
1 Acetamiprid (1) Neonicotinoid Sys 0.80 4250 222.7 Apple
2 Difenoconazole (3) Triazole sys 44 15 406.3 Apple
3 Dinotefuran (1) Neonicotinoid sys -0.549 39800 202.2 Apple
4 Etofenprox (3) Pyrethroid non-sys 6.9 0.022 376.5 Apple
5 Fludioxonil (2) Phenylpyrrole non-sys 4.12 1.8 248.2 Apple
6 Tebuconazole (2) Triazole sys 3.7 36 307.8 Apple
7 Azoxystrobin (2) Strobilurin Sys 2.5 6 403.4 Perilla leaf
8 Carbendazim (2) Benzimidazole sys 1.51 29 191.2 Perilla leaf
9 Clothianidin (1) Neonicotinoid sys 0.7 304 249.7 Perilla leaf
10 Imidacloprid (1) Neonicotinoid Sys 0.57 610 255.7 Perilla leaf
11 Isoprothiolane (2) ~ Phosphorothiolate sys 2.8 48.5 290.4 Both
12 Pyraclostrobin (2) Strobilurin sys 3.99 1.9 387.8 Both

Y According to log P of Table 5, the pesticides were classified to three groups



Table 2. The amount of using studied pesticides on the experiment
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Samples Pesticide Amount of Use (g)  Active ingredient (%) Formulation

Acetamiprid 50 8 WP"

Difenoconazole 50 10 WP

Dinotefuran 20 10 SG?

Apple Etofenprox 50 10 WP
Fludioxonil 20 20 N
Isoprothiolane 30 12 GRY

Pyraclostrobin 40 11 SC

Tebuconazole 30 20 SC

Azoxystrobin 10 21.7 SC

Carbendazim 2 60 WP

Perilla leaf Clothianidin 10 8 WP
Imidacloprid 10 WP

Isoprothiolane 12 GR

Pyraclostrobin 6 11 SC

) Wettable powder

? Water soluble granule
% Suspension concentrate
 Granule

Kemidas(Korea, Suwon)ol|l4] ufjate] AR5}, 2t &oF
2 acetonitrile(ACN)Z 8]43}e] 10 mg/Le] &% working
solutiong A|Z3}5it}. FAel] ARS-3F Bull acetonitrile, acetic
acid (100%) % formic acide (>98% purity)= MerckA}
(Darmstadt, Germany)®] HPLC GradeE AFE3I9A,
ammonium acetate (99% purity)= Sigma Aldrich (St,
Louis, MS, USA)IA Fste] ARSI 32 SR+
MilliporeAFe] Milli-Q-system (Bedford, USA)S A3}

Az}t QUECHhERS A2 AleF 2 #|FLS Sigma
Aldrich (St. Louis, USA)IA] -l s}t
Atzt & S F 5% X2
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A& 10g8 15mLe 1% acetic acidE& X33 ACNES
&3}sle] QUEChERS FZ7](1600 MiniG, SPEX sample
Prep, Metuchen, USA)E ©]-8-3t4 1300 rpmellA] 227+ 3
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Table 3. Analytical condition of LC-MS/MS
Instrument AB SCIEX 3200
Injection volume Sul

Flow 0.3 ml/min

Stop time 21 min

lon source ESI

Scan type Schedule MRM

column YMC-Pack pro C18 RS (100 x 3.0 mmI.D. Sum, 8 nm)
column temp. 40°C
Ionspray voltage 4500 V
Drying gas pressure 50 psi
gas temp. 450°C
Gradient Time A :0.1% Formic acid and 5 nM B : 0.1% Formic acid and 5nM ammonium

(min) ammonium formate in Water formate in ACN
0 50 50
3 20 80
8 10 90
11 95
14 95
17 50 50
21 50 50

1 g NaCitrate, 0.5 g disodiumcitratesesquihydrate)2 3713}
93 QUEChERS FZ71E ol&a] 1300 rpmellX 3037
BEOIE F 3,500 rpm, SE(4°CyEet AR St A
59 8mLE #3l] 15mL EN-General kit (900 mg MgSO,
150 mg primary secondary amine (PSA))l F7Fet & 1&
7k EEolE F 3500 pm, ST 27104 YAlEE sieith.
0.2 um syringe filtero] A7 A5 500 pLek ACN
500 uLE £33+ 5 LC-MSMSZ 717154 315K Table 3).
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Table 4. Groups of pesticide residue tested according to log P.

Group Classification criteria of pesticides
1 LogP <1
2 1 <LogP<4
3 LogP>4
SHEM & 22y
BE AP Eo R FyHgon dddd= R S
Z2 I (R version 3. 4. 1)E o|&3to] A7k 194
¢l Aol H7}sl7] 1AM Tukey’s HSD HAE 2451
TAREA S, p<0.059 B o7 Zpol7t Q= o'
Wtsldiet. olikstd i Aol mE WRFeF Aast
= A 8E%] log PE ©]831o] Table 49F 22 7|5S 4
&3] 23 sliX sl
Z% o 28

AbZE & M9l N EsY sl 2

A 2 A9l e] 3148 A¥R= Table 5, 69F 2Tk ARt
A& 0.1 mg/kg (70.1-113.9%), 0.5 mg/kg (72.3-96.1%)°] %1
o}, EAYME 0.1 mgkg (83.4-118.2%), 0.5 mg/kg (91.5-
112.0%)°131tk. RSD #& EF 20% o2 874
AZE VER T

T2
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Table 5. Recovery results in apples
Spiking level
No. Pesticide 0.1 mg/kg 0.5 mg/kg
Recovery (#RSD)(%) Recovery (+RSD)(%)
1 Acetamiprid 78.5+5.5 89.0+6.8
2 Difenoconazole 80.7+4.6 86.0£3.6
3 Dinotefuran 91.349.3 86.2+1.9
4 Etofenprox 113.9+14.3 96.1+4.3
5 Fludioxonil 79.3+£2.5 86.6+2.7
6 Isoprothiolane 74.4+15.9 79.9£5.0
7 Pyraclostrobin 74.247.6 94.1£5.1
8 Tebuconazole 70.1£10.4 72.3£7.2
Table 6. Recovery results in perilla leaves
Spiking level
No. Pesticide 0.1 mg/kg 0.5 mg/kg
Recovery (£RSD)(%) Recovery (+RSD)(%)
1 Azoxystrobin 101.7+10.9 105.4+5.4
2 Carbendazim 101.7+£3.9 91.5+15.1
3 Clothianidin 105.8+7.6 97.4+2.4
4 Imidacloprid 83.4+6.5 98.149.4
5 Isoprothiolane 118.2+18.3 107.3+8.1
6 Pyraclostrobin 90.3+14.3 112.0+2.5
o|Mat¥d a5 0|88 At & RS ML 7Y AHE ol &3 A7 59 log PS} solubility in
A F ANdE 271 5EE 036-1.36 mgkeol et waterst ARIATE A Uehdr] gtk (Zhao et al,
NAA mE A %%1thi$§ﬂﬂdWA] 2014). Lozowicka et al. (2016)¢] AT-HE @710 aceta-
9 i 2710 W AEel EORT A F RS miprid® SR 9 0EFE ADAT S o AN
ko] o] ks 4% ﬂﬂﬂﬂx‘%ﬁﬂquFglﬁ 2 ) 50%e1Y Bl ARl] B AT 60.1%2 Vs
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solubility in water?} log Pgte] e J&FS F7] wiol

(Kong et al,, 2012), log PRI2E I15S vrola Ais
1A sk 3ATt.

ARGl AlEESF & 25120 acetamiprid 2 dinotefuran
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BE AgAr|ZbellA FA g8 o]4kst e i A2l Alolol

A FeF el Zol7t YR (p<0.05), dinotefuranS *]2]A]
7k 12l E AT oAkl AT 10 mg/LolA= 9
291 ZJo|7} uAMX]U}(p>0 05), 5% o|ZHEE FA 2ot
ojptstd 4 ATl ol ztel7h ATt
(p<0.05). Acetamiprid®} dinotefuran®] F-2]GellA A|7F
(1, 5, 10, 205) AZEIE 40.9-63.5%, 66.6-79.4%°11
3, olitstd g 100 mg/L AelolA AlZPE AZtadhe
67.9-80.5%, 78.5-90.6%°|ATt. 1& 1 52 solubility in
water7t 3L log P9 gho] W 5A4& 7Hq E3% 3130
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prothiolane % tebuconazole®] #4272} o4kt 4 A
2T Atolellx] fFeH Q1 Aol 7t AN (p<0.05), pyraclos-
trobine L& A 2| A7 ol A] o] Akeld Ad 25 mg/L o) A
& o FATFE FH zfe] 7t ]oi‘:‘r(p<0 05). &
2 *5%F isoprothiolane, pyraclostrobin % tebuconazole2]
2AIZE 20204 ATk oitstA A 100 mg/Le] A
AES vase o, FAETA 32.3%, 9.0%, 12.4%
o|3L o|xtsld A 100 mg/L A FAME= 78.9%, 47.0%,
68.1%=2 F+ A7 AE 2olE 46.6%, 38.0%, 55.7%
oA TH(p<0.05). L= 29| FS I 10 Wlel FAle7-et
o|xslA A A7k A7HE Afel7t #A| UEhs=T, o
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Fig. 1. Reduction effects of (A) acetamiprid, (B) difenoconazole, (C) dinotefuran, (D) etofenprox, (E) fludioxonil, (F) isoprothiolane,
(G) pyraclostrobin and (H) tebuconazole by different condition according to time (0, 1, 5, 10, 20 min) and concentration (e: 0 mg/L,

0:10mg/L, ¥:25mg/L, A : 50 mg/L, m: 100 mg/L) in apples.
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ofo] o gEet AR L& A % ER et
2t oj ] A7HEo] A et ACE AlgEY. 2
o] HIFEA FF F fludioxonile F-H 2] TFolA 10%
ollfe] AZER etofenprox HTF 27| Uebgth F Foko
A2 fludioxonik W33, etofenprox= TSHA| =4
Ado e ZE9 & zpo|Z ol A7HEo] thEA)

1= B |
HeRE o gD, 25 190 He ot

T H
tloe] A48 9 A7ra szt xfolFHel gk A7t
%f Ao g FEr). Difenoconazole 15 3 S 5 7
S ARES BAE, 3184 54 F solubility in water
7} 3L log PRto] Eof =l & MlA =R ko, HFold
4 54 e AEAW FAREH7) et a2y
difenoconazole®] oJ2FslH A 2] 2 FA 2] Alo]
tf AZEL 38.6% ©]%T}. (Lauana Pellanda et al., 2018)
o] FZ 5 LEFE 0|83 difenoconazoled] AZrE I} -
HoAola 94 0-10mg/L, 9.5-110.5%7F As0S
m 95% o]’de] A7HEe] AThaL BHIselth eEe A3Y
g AR A FEA A SE0 2 Y AAE Ak 2t
Tz Lzt o) ZF*@} o] o] AAE L, o] FAkS} o]
o] &k} Akshit-8-g $HoH(Chiron et al., 2000) leenoco-
nazoled EAIsE o|F AT Akshkgo]l A dojd
A7) wjEell, AFSHAQ] o4kt Aol ofal Aksiek-g-ste] A
AEo] B A ot =4 Rt A0 dAdE
Al T ol aTE AEE W v B AT F
7t we} FoF A7FEo] wobsith & Ao ARE Fal
AR & o2kl A 100 mg/L, 203 A2 w), A7as)
7} 7P =R AR LR thE Aot oA’ Afo]
7} 5 IGofA] o)A A aTE 219
270 Azsid

h(p<0.05). % JATE 9
olo
Ao FeHEr)

]Iloll OH'
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b3

H FAE Al ks E g S

FsY Masy
271§ %EE 23.2-71.4 mg/kgo]
EAAE
FE7F AolA,
| &olste] & AtellA
MOH H] 8}

1o]] OIAPﬁ}?.?iérE
ok 22 sk A

9142) Zol7}

AATHp<0.05).

I% 159 clothianidin?} imidacloprid®] F-12]+ %
oltstH AT 50 mg/LE A SRS W, AP, 5,
10, 20%) 5 A7ELS clothianidin®lA] 0.0-29.5%, 39.8-
53.8%0] 3L imidacloprid= 4.0-30.6%, 34.7-49.1%% F+ &
o m PAel st ol uslgat AT Alelo] fo149)
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Fig. 2. Reduction effects (A) azoxystrobin, (B) carbendazime, (C) clothianidin, (D) imidacloprid, (E) isoprothiolane and (F)
pyraclostrobin by different condition according to time (0, 1, 5, 10, 20 min) and concentration (e: 0 mg/L, o: 5 mg/L, ¥: 10 mg/L, A:25

mg/L, m: 50 mg/L) in perillia leaves.

2] 7F AATHp<0.05). Yakup et al. (2017)2] S04 clo-
thianiding FE2A 5-1087F H2|P& o Agaszrt
AUAA R 0 EFZ 258 Bt AHYPS | 88~98% oY
A7yt It BAEETh B A4 clothianidind]
A FAE e} o Akstd 4 AT Atolel] Hf AZHE A}l
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S S Ueiith 2y B Ao o)Akl ag X
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HoE QFF} 22 S EA 28] sof w2 Al
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A 2 A FR Ato] FE sl AtsiRkgo] AgsiAl
dojupA] Kab7] whde EFES A2d Bourgin et al.
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