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Relationship between Ozone Concentration and Contact Time
for Residual Pesticides Removal from Strawberry and Tomato
using Plasma Active Species
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Plasma Technology Research Center, National Fusion Research Institute, Gunsan-si 54004, Korea
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Abstract The ozone is powerful reactive species to decompose the pesticide residues on the strawberry and
tomato surfaces. Dielectric barrier discharge (DBD) was used as a plasma generating source using oxygen gas
to generate ozone. The experiment was carried out by changing the contact time and the ozone concentration
in order to confirm the ability to remove the residual pesticides. 20 species highly used pesticides were
coated on the surface of strawberries and tomatoes. Reasonable 4 pesticide species were analyzed among the
20 species. The average pesticide removal rates on tomato and strawberry are 14%, 23%, respectively. The
strawberry is sensitive to ozone concentration, on the other hand contact time affects more to tomato than
strawberry.
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RS FEA S, Fall 5o £A7E 2 4 dok(Kaushik 7K Zekzet A e ARsoks AlAske 2840l
et al., 2009). WA FA A= FE AdE 2Y F de A W
%3}21:} AYe 78 § A=Y HFeks A= Holw ofof thsf ofe] Ma At FPEAARE et
2 higte] & o]‘jr 718k ollA EetzrkE A TH Fekzut A W, FES R0 woF 28a 7
7]‘?4_ 0, 0,', 0;, OH*, NOY NO9} 22 4Fst 545 7t T3] B FAEC] e v Yo R AFder & g
© AT EC] TEofA = o] Fole f71EH vkl FAZE Aok w2 Aelxe STkt F4F T 2
2 B4R ¥oMETh 53] 0] A oY Al & &9 T HEAR bE AE sopd REeF AA
Zzuks IAAA THE F e A EA4F|AL o of tigt A+E Fstarat sict.
QFE o)&dl I TS AASRe ATte Fs] HEE
o] YtH(Wang et al., 2019; Bai et al., 2010; Souza et al., Mz o iy
2018; Dorraki et al., 2016; Zhou et al., 2018).
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Fig. 1. (A) Residual pesticide removal plasma system including gas distribution system and (B) Cylinder type DBD plasma source
structure diagram.



Sctx0t Z9Es olget 27 H EnfE9

Table 1. Operation conditions of cylindrical source

X250
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0, Intermittent discharge conditions Plasma generating condition
concentration  Discharge cycle  Discharge time Voltage Frequency Instantaneous Power ~ Total power
(uL/L) ©® ©) (KVyy) (kHz) (W) (mW)
1 100 0.1 24 5 6.71+£0.12 6.7
80 3.5 1.5 24 1 0.95+0.02 407
Table 2. The concentrations of test pesticides according to crop
Pesticide Formula Concentration(mg/kg)
Strawberry Tomato
Acetamiprid CioH; CIN, 50 500
Azoxystrobin C»H;7N;05 75 500
Boscalid C,sH,CLN,O 75 500
Carbendazim CyHoN;0, 50 500
Chlorpyrifos CoH,,CI;NO;PS 50 300
Fenhexamid C;H;,CLNO, 50 500
Fludioxonil C,H¢F>2N,O, 50 250
Fluopyram C6H;,CIF¢N,O 30 400
Fluquinconazole C,sHsCLFN;O 75 500
Imicyafos C,;H,N,O,PS 70 700
Kresoxim-methyl CsHo2NO, 75 500
Prochloraz C,sH,C15N;0, 50 350
Procymidone C;H;,CLNO, 50 500
pyraclostrobin C,oH;sCIN;0, 50 250
Pyridaben C,oH»;CIN,OS 75 500
Pyrimethanil C,H3N; 15 50
Spiromesifen Cy;H;,0, 30 300
Tetraconazole C;H;,CLFN;0 15 100
Thiacloprid C,0HyCIN,S 30 100
Triflumizole C,5H,5CIF;N;0 25 150
7t 2% ATTA BN gk Ak Foxth T 0TS FUW] ) 22 FVIGHANRRO, An
HAl-S- Q3 39t $27](TREK 20/20C-HS, Trek Inc.)2t seros)= ARSI
Ele %*£7I(AFG3021C Tektronix)S AHE-&FIT Zglzn) ubg e $A WS 7187 Wb HEAS AL
Dol Eebaoh YN AHESl] ofe] Bre) 92 4 STk LulLel A% 100200 0134 W BHs Y
A1 919 A% ) Y ARG, A% Al A ok 2 24k Sl 80 uLL)
zee Sehach WA YHel FHE TFES @ AT 35Eeh LsEY W sy AL Fukee
#& 7A%37](Clean Dry Air, CDA)9} EF3) o8] Fx9] 2z} 24 kVpp, 1 kHzo|t}.
eFo® WEo| 7 4% Aulel TFSUTH £ Aol
£ IEE, $FE, ATE 2E3 4 CDAY 4579 S0l MA 4l Ay diH
7l RS A4ekFig. 1 (B). A AHE Bk thlE AF ok & 2058 4%
Zehxrle] 548 7] S8 AEEE F8 8ae Sen] Table 23 22 FER 33 SR S|4sto] A}
ANA S ly B4F0) Uk 1A B 23S 89Tk wok) 2] A% FEE seRMIAEA
A4S L] ZEE(P6015A, Tektronix), & (RDA, 2019)& Farsted 7= 2H+5% 1 mgkg, EVE

HAFHBI(110A, Pearson)S AME-Sl] Qa2 a
B-L, Tektronix)& &3] 43It 7k~ 244%

= 0.5 mgkg’t F=S
8L 7]FC 2 Table 29
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FEHL7E 15~75 mgkg, EFFEE 50~500 mgkgd! A
ANg Azsle] Wrle} EvlEES HAEA ARAL, ©]
w2t e F skl AREe AA7IEAA oF 1 mgke,
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QuEChERS ¥} Agilent*t®] LC-MSMSE A&t
]E 10 goll 1% acetic acid®] 23 acetonitrileS 3715}
3 QuEChERS #%7](1600 mini-G, SPEX sample Prep,
Metuchen, USA)E ©]&3ld 1,300 ppmOE 287 FZ3}
Attt 2% EN Extraction kit (4 g MgSO,, 1g NaCl, 1g
NaCitrate, 0.5 g disodium citrate sesquihydratey2 3 7}3}3L
A 2715 olgs) 1,300 pmeE 30%7F AEd &
3,500 pmOE SE@ACYESH 94 Ha)algit). ARls 4
' 8mLS 15mLe EN-General d-SPE tube (900 mg
MgSO,, 150 mg PSA (primary secondary amine))el| 715}

127F "S5 3,500 pmoll A 527F 442 S9iTt. o
¥ 02um syringe filterS F3AIZ1 A 500 uLe}

acetonitrile 500 uLE £33+ & LC-MS/MSZE 7]7] B3}
At LC-MS/MSe] #4271 Table 33 2t

3]

gtx0of HdlH M7, stEty SM

A4 Aol 792 Fig. 2¢9F 72¢] DBDWAS] FeHE
o™ 2.16 nF2] Dummy 717]1& ©]€3}¢] Lissajou
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LEST ¥ HEAIZ THE 205
2 97] 5 FEt —Er-sﬂér% Fig. 4ol A|As}
9}t ERIE = Fenhexamid®] ZHHF#HS 80ul/L =9
I 602 A2lgt A3 27] = 0.56 mg/kgol Al
e & 717} 0.31 mg/kg, 0.24 mgkg O %7 25k o)
H] 717} 44%¢9) 56%°] FoFo] AAEE €<l
Z Triflumizole®] ZHF3-& 80 ul/L =9 2
60% A2 e A3 27] T 0.063 mgkeollA 2 3 7t
0.021 mg/kg, 0.022 mgkge 2 27| ZF= thv] 2+ 66
64%2] sFo] AARES RIS 2y, vk oz A

A7 AN <o Qe $HS AT S o] Aasieh,

F
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e

248 98 59 My
£ 93] RE dge 38 W Susian 2 43
20
j=

USA)] dufx] EAkA (One -way ANOVA)E /\]“9“
st BAs o, §oidL p<0.05 514 Duncan’s
multiple range testZ 7533 th.

Table 3. Instrumental conditions for the pesticide residues analysis in test crops with LC-MS/MS and MRM condition

Instrument Agilent 1200 HPLC with Agilent 6410 triple-quadrupole MS, USA
Column YMC-Pack Pro C18 RS 150 L. x 3 mm L.D. S-3 um, 8 nm, YMC, Japan
. A : Water with 0.1% Formic acid and 5 mM Ammonium formate
Mobile phase . L. .
B : Acetonitrile with 0.1% Formic acid and 5 mM Ammonium formate
Time (min) A (%) B (%)
0 50 50
3 20 80
. . 8 10 90
Gradient Time T 5 95
14 5 95
17 50 50
21 50 50
Flow rate 0.4 mL/min lonspray voltage 4,000 V
Column oven temp. 40°C Nebulizer gas pressure 40 psi
Injection volume 5uL Gas flow 10 L/min
Ionization mode ESI Positive Gas temp. 300°C
Scan type MRM Run time 10 min
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Table 3. continued
Pesticide Ionization Precursor ion Product ion Collision energy
L Positive 223.1 126 20
Acetamiprid .
Positive 223.1 56.2 20
. Positive 404.2 371.3 10
2 Azoxystrobin .
Positive 404.2 3434 20
. Positive 342.7 306.6 20
3 Boscalid .
Positive 342.7 139.9 25
) Positive 191.8 159.4 20
4 Carbendazim .
Positive 191.8 131.8 30
. Positive 351.4 199.2 25
5 Chlorpyrifos .
Positive 3514 96.7 25
. Positive 302.2 55 50
6 Fenhexamid .
Positive 302.2 97.3 30
. . Positive 266.1 229 21
7 Fludioxonil o
Positive 266.1 158.3 47
Positive 397.1 207.9 25
8 Fluopyram .
Positive 397.1 144.9 50
. Positive 376 307 30
9 Fluquinconazole .
Positive 376 108.1 69
. Positive 305.1 235 14
10 Imicyafos o
Positive 305.1 201 16
. Positive 313.9 266.6 5
11 Kresoxim-methyl .
Positive 313.9 221.2 8
Positive 375.5 308 10
12 Prochloraz .
Positive 375.5 70 20
. Positive 223.7 51 85
13 Procymidone o
Positive 223.7 40.9 10
. Positive 387.6 193.3 5
14 Pyraclostrobin .
Positive 387.6 162.6 25
) Positive 365.2 147.1 28
15 Pyridaben .
Positive 365.2 309.1 12
. . Positive 199.4 180.7 45
16 Pyrimethanil o
Positive 199.4 76.8 50
. . Positive 388.2 273.0 8
17 Spiromesifen .
Positive 388.2 255.0 28
Positive 371.9 159 28
18 Tetraconazole .
Positive 371.9 70 28
. . Positive 252.7 185.2 10
19 Thiacloprid o
Positive 252.7 125.5 15
) . Positive 345.7 277.7 5
20 Triflumizole .
Positive 345.7 72.8 10
EntE ZFwoke] A9 A AL -5% Bt U Uyo= prochloraz, pyridaben 55 A|&stal THA] 4L 8ol &
7] ZFsofe] Ag nRHAE AAE] 5% Bt B

91 boscalid, carbendazim, chlorpyrifos, kresoxim-methyl,

7
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Fig. 2. Voltage, current waveforms when generating (A) 1 uL/L ozone, (B) 80 uL/L ozone and Lesaju when generating (C) 1 uL/L

ozone, (D) 80 uL/L ozone according to plasma conditions.
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Fig. 3. O; concentration graph of (A) 1 uL/L, (B) 80 uL/L according to plasma conditions.

Q2= 7<% acetamiprid, carbendazim, chlorpyrifos, fen-
hexamid, fludioxonil, fluquinconaole, imicyafos, kresoxim-
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A 5 T AR FHOR EAsH
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o) 452 HUF F YUTE WP o] 43 ths) 2EBw
H, H1E3AE, 2= G 245

fluopyram 5
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Fig. 4. Comparison of Residual Pesticide Removal Rate of (A)
Tomato and (B) Strawberry by Plasma (* indicates significant
difference from control group p<0.05).
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