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Effects of Ozonated Water Treatment on Pesticide Residues and
Catechin Content in Green Tea Leaves

Kyunghee Jung, Ilwon Seo, Hgung Nam, and Han-Seung Shin*
Department of Food Science and Technology and Institute of Lotus Functional Food Ingredient, Dongguk University

Abstract This study examined the effects of treating green tea leaves with ozonated water by evaluating pesticide residue
levels and catechin content. The pesticide residue levels of tea leaves treated with carbendazim, captain, diazinon, fenthim,
dichlorvos, and chlorpyrifos ranged from 43.2 to 48.2 ppm. For leaves treated by soaking or watering with tap water, or
with 0.25 ppm of ozone water for 30 min. Pesticide residue levels were reduced by 24.0-30.2%, 30.3-33.6%, 52.4-70.5%,
and 65.5-80.2%, respectively. No magjor differences in catechin content were observed in the leaves according to the
soaking and rinsing treatments using ozonated or tap water.
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5.0 ppm, chlorpyrifos?] 74-%- 3.0 ppm ©]3tZ Atz )
A ArAl R A A= cabendazime Al Ael], 7k
T, A, §17 HelE dodle Roew dEA UrhE).

ARss AAsE PHORE UV, 2313 585 ol&s=
A7t ol FAR A e, 1 T 2ELS A AbsRg o
Agem AF Adoll Bol o] &L gink. o|n] Qe HFE T
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Fig. 1. Sructuresof pesticides.
S Lois, MO, USA)E ARSSICE 7HHI7) Heals 919k 2 A0k w9 9498 279 54 9 087 A48 § 4
A2k (-)-epicatechin(EC), (-)-epicatechingallate(ECG), (+)-epgal- 2oA] AZAAT 2 & 0EF e A SREE Y 5
locatechin(EGC), (-)-epigdlocatechin-3-galae(EGCG)2-2 57338 S FAEATE L& Al BEA|ke] oEFIATE
452131\ K(Tokyo Kassi Kogyo Co. Tokyo, Jpan)e] A1%-& ol ol83w, 2isclel 29e NESE $418 0 APAE Fg
3t o™, HPLC #418 Alek2 acdone, acetonitrile, n-hexane, 29} 2t eEFY AW EY FA AMYge £ F A
dichloromethane, benzene, methanol, ethyl acetate, ethylether= T F AR ST 73 HEE H32 50 gi e 8EL
JT. BakerAH(Canton, MA, USA)9| AIE-S AME-3Hth FAoislsl £ 025 ppme2 30%7F Asti 3 Ae 5345 0
activated charcod= Sigma*H(S. Louis, MO, USA)2] A|ES ARS- B £20EFE 025 ppme] LE2FE F43ITh
Aot 2 2= IPC B6(Alltech Inc, Nicholasville, KY, USA)
2 cdlulose microcrystdlingMerck Co., Darmstadt, Germany)<- ARsete| M1t 38 &3
AMEBIITE 0FEpe] AP f1e 2F = 9FS W] (Boryung ZRsore]l BANHE 71E ool RN sdsith
Pharm., Seoul, Kored)s AMg-slo] AR, §E0EFEE A AMEE £ 23} SRTE millipore filter® A ste] A
<& T UE|(Ebara Jtsugyo Co., Ltd., Tokyo, Jepan)Z =73t Th. S35 A Y. AFALS captane  hexaneol], chlorpyrifos, diazinon,

=2 - of

275 7E4 HPLC(Hewlett-Packard 1050, Pdo Alto, CA,
USA), 7HEIZ1sHE 248 HPLC(P680, Dionex, Sunnyvae, CA,
USA), GC-ECD9} GC-NPD(Hewlett-Packard)S 2183131 th.

dichlorvos 2 fenthion2 acetonedl], carbendazime methanolel] Z+
7t 8312170 sock solutionS: ARE-3ke] A sh3iTh.
Captan> A5 50 g& 70% acetone® & F=, 7E=3l] &

doJFo) A hexane T2 &7 F &<, column A 5 hexane

sofll ol3t mxielel 29 ¥ =Xz o2 g3l GCECDE R4St A2 Table 19} 2
FToke] 2dS fgt ¥FE Ao T cabendazimal) captanS t}. Carbendazim =x}2! 50 goll methanol 100 mL¥ o2 208
g ol T2 FhS methanolo] = F 200 ppmo=E 3] 7k 28] AgFEate] o Hsisint. o] o3l 10 mLe] 1.0
N . - Symbol Application
2 ‘1 '112 ' 1 Waterworks
\\ \.\ | “— O: 2 Tap
TN \.\u~ r— B 8. 3 Water pipe
[ 1 == o ] 4 0O, suction spray nozzle
N ,’f \\ G )'_l—— ) 5 Turbine room
/ . — 6 Turbine
/ S 6 . / Ve G Electronic dynamo
'3 'S5 . e '10- Air 7 03 generation power supply
’ iogw ater 8 Power generation primary switch
] 9 0, generation second switch
P 10 0; generation electrode (SDS)
11 05 generation electrode (glass pipe)
12 03 gas pipe

Fig. 2. Soaking or watering system of ozonated water generator.




=2}0] 9 FF A A3t 267

Table 1. Conditions of GC and HPL C for analysis of peticides

Table 2. Recovery of pesticidesin green tea leaves

HP-5 (5% diphenyl-and 95% dimethyl
polysiloxane), 15 mL (L) x 0.53 mm (¢)
% 2.65 um (film thickness)

Initial temp. 230°C for 1 min, 10°C/minto
Columntemp. 280°C
Maintained for 10 min

Injector temp.  240°C
Detector temp. 300°C

Flow rate 125 mL/min
Injectionvol.  0.5puL

Split ratio 1:9

HP-5 (5% diphenyl-and 95% dimethyl pol-
ysiloxane), 15 mL (L) x 0.5 3 mm (o) x
2.65 um (film thickness)

Initial temp. 180°C for 2 min, 5°C/minto
Columntemp. 240°C
Maintained for 15 min

Injector temp.  230°C
Detector temp. 250°C

Flow rate 10.0 mL/min
Injectionvol.  0.5puL

Split ratio 1:9

GC-ECD Column

GC-NPD Column

HPLC  Column p-Bondapak Cg
Mobil phase  40% acetonitrile containing 1% |PC By
Wavelength 282 nm
How rate 0.7 mL/min

Injectionvol. 20uL

M HCIS 718k 1% 494 100 mLg vHA 7hsted 4°CollA] 2
AlZE EAEAT olE BAFE %A 100 mLe dichlo
romegthane®. 2 23] WH 333131 NaOHE ARE3le] pHE 7.7-
80% ZA3}t}. o] 100 mLe] dichloromethanes 713ke] 23]
FE3 &, FFIEFOR B3] A0CHA TEAIZL F,
N, gs2 2R3 71 F9ES 4 mLe methandZ &3 A1 A
HPLC(Hewlett-Packard 1050)2 #4138}tk #7194 A2A)¢l
chlorpyrifos, diazinon, dichlorvos 2 fenthione] #44& AJE 50 g
Aol 300 mLe| 70% acdtone®. 2 X2 &3 1 o7
S} APColA 7Y, BT o]E BAFRE A 5% A3
2= 400 mLe}F 20% dichlorometnane®] benzene £ 200 mLO =
G F71805S B35k FFRNEFOR 9, T5
AZE F hexanee 2 LA AT Ol 5 go] FHFAVEF
3+ 10 go| E43kE charcod, cdlulose microcrysaling] S35
(110, ww)zt 5 go] FFEHhEES benzened| 717 AEAIA
o ® AL column(15x 30 cm)ell 919] hexane £31&S F
Y&t 250 mLe] BA| bezeneC ® B9 3 mLY fEoE £=
N F 749 AX3 acetoneC E o] GC-NPDE 24311t
& 232 FAAE 100 g& 50 g o E S I & 79
[e]

% 99 e $U% WHos
EASh e ok kel A S v A ke
=92 E AG F 5 Arhe] e %63 A SHITHTable 2.

Catechin &8 ¢Ist MX2|2} 717[2M
AEQL =S sl 2 F 5 ge 100 mL EEkse]

Pegticide Recovery (%)
Captan 884
Carbendazim 2.1
Diazinon 86.4
Chlorpyrifos 90.2
Fenthion 89.1
Dichlorvos 825

Table 3. The operating conditions of HPLC for analysis of
catechin

Item Method

Column 300x39mMmC,

Mobile phase Time (min) 10min ~ 25min

(vIv) : gradient 0,059 TFA in acetonitrile ~ 12% 25%
0.05% TFA in water 88% 75%

Flow rate 1mL/min

Column temp. Room temp.

Detector UV 280 nm

Chart speed 2mm/min

Andyticd time  25min

L
& 2Z3c). Sekaas AL A3 B2 Unx BHS
2E §9L 150 mm AR E o] &-3le] At T AN F 50
A7z 7)ol #H3le] chloroform 50 mLE Y3 £50] &
B

>
=
< FEGTh o] & 9A] 33] WHESEIGAL catechine] &4
|NS rotay vacuum evaporators ©|-&-&te] 7ME33t 045

um millipore2 ojz}sle] BAgdoz A-gao)
EFgANo7 EC, EGC, ECG EGCG 7}z 5 mg2 10 mL
FZekaTe ¥y EE 3AS 9w v, TRl ] &
HollA Z}zt 04 mg¥ FHI F, shbe] 2 mL §RFETAEC ¥
3ER RAME BFe] EFRRFLY0F ARSI 77184
o A3 HPLCE= DionexAhe] PE8OAIES AME-3lom 4
27L& Table 37 Zth. 74 & =2t 9 9] catechin &3 %
SAoz A FFHA(Fg ) o83t 3

FN

SA
2

S|
~

2|

A3 data= 33] WHES Zlolm Z AET 7k FAITE
Windowsg Sigma-Sa 2.0(Jandd Co., San Rafad, CA,
USA)E ol&3tith. 2zt #7ke] 44 ¥ oneway andysis
of variance(ANOVA)S A13Jslom feo4d2 21847 p<0.05
oA oJulE FostAT.

e
fo rn 2
Ar

i

Z0FWT 025 ppmel QFESo] 3087 FAs] 2t
oFe] Bl &S ZANSIItH(Table 4, 5). o] A& A3 5
e Al =2 ARSI e ARFAIQ] captan, car-
bendazim=}- 2+5A<1 diazinon, chlorpyrifos, fenthion, dichlorvose]
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10.0FF=g VAL ZE0 nm
5.5
- & -ECO -18.841
7.5
3 -EQCO - 10.379
5.2+
5.0
2 JEC-9.703
2.5
2.5
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Fig. 3. HPLC chromatogram ((-)-epicatechin (EC), (-)-epicatechingallate (ECG), (+)-epgallocatechin (EGC), and (-)-epgallocatechin-3-

gailate (EGCG).

Table 4. Effect of soaking in water on the contents of pesticide residue from green tea leaves'

Pesticict Pegticide residue of Soaking in ozone water Soaking in tap water
icide
greentealeaves (0pM)  pedticideresidue (ppm)  Degradationrate (%) — Pesticideresidue (ppm)  Degradation rate (%)

Captan 47.5+5.6 16.89+3.2* 64.5* 33.2+34 30.2
Carbendazim 46.2+6.2 19.31+2.1* 58.2* 335%5.3 274
Diazinon 43.8+8.2 15.20+1.8* 65.3* 33.316.1 240
Chlorpyrifos 47.3+4.6 13.95+1.7* 70.5* 34.7+4.9 26.7
Fenthion 48.2+5.0 22.94+2.9* 52.4* 36.4+6.3 244
Dichlorvos 44.0£7.2 14.74+2.5* 66.5* 31.5+2.5 28.2

!Data represent the mean of three analyses per treatment (n=3).
*Indicates significant different (p<0.05) from the control.

Table 5. Effect of watering using ozone water on the contents of pesticide residue from green tea leaves'

Pesticid Pesticide residue of Watering using ozone water Watering using tap water
icide
greentealeaves (PPM)  pegticideresidue (ppm) Degradationrate (%)  Pedticideresidue(ppm)  Degradation rate (%)

Captan 475+4.6 13.59+2.1* 71.4* 324124 317
Carbendazim 46.2+7.2 15.94+1.7* 65.5% 34118 26.2
Diazinon 43.85.6 9.64+1.0* 78.0* 30.4+2.4 305
Chlorpyrifos 47.3£7.0 7.47+0.6* 84.2¢ 322424 320
Fenthion 48.2+3.6 12.05+0.7* 75.0% 337431 30.3
Dichlorvos 44.046.2 8.71+0.8* 80.2 29.2425 336

Data represent the mean of three analyses per treatment (n=3).
*|Indicates significant different (p<0.05) from the control.

oh gyt FEEC 93 captane] TS 302%= 7HY =%,
71217 (organophosphate insecticide)?! diazinons?} fenthione] &
&e oF 24%= 7PF Wodth 2 ¢] cabendazim, chlorpyrifos,
dichlorvos®] 3882 oF 27-28%30th. ©Eol 23k o)A
7P w3 LEEE YR 59 JREE2 chlorpyrifes2 24
T 1395 ppmel 2 B8-S 705%33th Dichlorvos?] LP=E
14.74 ppmOEA E3]8-2 66.5%, diazinonS 15.20 ppmz} 65.3%,
captan 16.89 ppmOZE 64.5%2] #al&S BT} 60% Wk

B8-S B cabendazime} fenthione zHzte] 99w 7} 1931
ppm, 2294 ppme.E E3&2 58.2%, 524%3 T} 2o 93k
FE Hal&e I 58] 24-30%0]3, LEFE 52-71%
ATH ZAHY e Fsted A W olA, Table 59 o]
HE &0 93k dichlorvose] #381&2 336%=E 7P =%,
chlorpyrifos®} captan®] L FE=E 9F 32 ppme. g H]53 $3 2
HAN, &2 oF 3296t} /71217 (organophosphate insecti-
cide)?l diazinon} fenthion®] 382 <F 30%= T3l &
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Cabendazime] E&&S oF 2620% 7P Wtth, 9&5d 9 Hlwste] F4ollx] gt #—Ex“ o 2.0%F F3)go 57};&; 2
g oA chlorpyrifose] L EEE 747 ppme.Z 84.2%°] 7} EFME 7329714 &S B 9 £SEET 9ES

Z =o B8-S B3, dichlorvos?] 29%E 871 ppmeEA] o] &3t FAEA HAFHT F47F o EFFo|geH, O‘H}
2382 80.2%, fenthionS 12.05 ppm, 75.0%, captans 1359 TRERD QEFE o83 FFA Al 7P w34t 2
ppme] HEe} 714%°] ®H&S eI Diazinon 9.64 deolom FRAAE gy FoA AlRe oF U 24
ppme] 2PEE E3&-S 780%3th. Cabendazime 15.94 ppm o] A& FFo] ZApe] FHREek AA o aFe]r] o

b R4
o7 odust AP B9, 655%0 HAlEE 9ESF FLE olgt F5Hrh
ol g8 FEet HalloAM 7Y we 848 BT F5 ¢
o ZEREeF Hallg2 gt FREC] 26-:34%°]3L, 2ETE 66% =& ¥ F+ F catechin & Hs}
84%3th A5t vV R dRE FRERT 0E5 og & =3 9 ¢ catechin 33l mxE 9E4 AYEHS
oF HallEol 20 ool & &S HYth Yolr 7] flted 1 W 34 F =3 Y50 gl YFF=(025
B Aol Hel 4, F FANE BRoA Ait $EE ppm)e] ©EFE HF 8l catechin 35 ZASS 2A5190H
BHU} QEFE o83 m3) Ao FAZE © a3eldn) oF o A= Tale 6, 73 o) 9252 AR89 49 EGCY
2 715 ASAIRA sk ole Al Fgsle] Atshgnt £do] oF 60 ppmeE 7P ELS caechin F4&S B3oH
< WIS SE NS 9 S99 s 5 uge v EC, EGCG ECG7} z}z} ¢F 51, 28, 45 ppme] 1% At
S Yoyl Zog YHATN(13-15). 1HEE JdWpEERT E UehIQlt) o] Azks Rt $EER XS 7R} caechin
2EFE A B2 o AFed Balgo]l ¥ =4 VRt QRS9 TGl 27 A YERAINE BF EFHAH0.9-4.9%)
Aoz AdEL FUE Au) T AFsd gk nAEs oF el —txﬁﬁmi v«Vm zto) 7k it
A g3 ek AFolA diazinon, chlorpyrifos, fenthions wE o= RS ALE up AR gl FEER
S=P AS 7R 1o, dichlorvoss P=0 A%, cabendazim e %TED} D}i =S A4S (09579 HolAT 94
2 C=0 A% sl 2= 93l B2 4 I, 53] cqptan Q Xpol= gidrh. %ﬁéﬁﬂ ZdollA B ) 53 F-EE
94 Balgo] 2 AL 219 C=0 2L 7KL 7] o] 2.7%)7F AR A(He 3.2%)5.th caechin AR5 74 4
a‘r SIATH12). 2ol Bl B ATela] 2ESFE o83 35 7t A UEigTh ol eE4U) w2 Y HHe F=uM F
Fo] FAHoR 1Y =& BIlE&S B AL chlopyrifos oF BMYAd & AKX m 3k Y UE 2nEs 9Fge v
Ml, cptane 659 T AR 5 45X S Be&S B A FHoj EH‘:“H =21 9 W A8 caechin 3] A0
Ak 2y 9o AFAZe} RVIAR benzimidizoleA ) olaf ZA WH3lx & Ao FAddrt. Pak 5(16)2 972
cabendazime] #s&0] e TR0 &3 ol& cabendazime] Ho M BFE FAT 49 AlH 2027A= FHaAt St
C=02%<S 3L o} coptancll ) ©F9) AkalHo| PIFS stz Al7be] YA SFa ezt YA §sith ol oF
e Cc=0ZA%e 7 A7) wiEelgt ddE) 27} 202 Eot wj2EWS zEwA FHd 2o guk A4
Aol g A7 2435 BuL o), dit FEEH 3HiF WE 2E47T 2 F4EA Qo 208 o|FREHE I
QEF FAFFY BT 2 2olS Bk FH gt T3 JERA] ekt
FEE] S 24-30%, LEF) BF 52-70%2] Ee &S 2 =2} 9 Ul catechin 3 W3l mXE 2E4 2@ o
Ao vlal] Folla dwt FEE] S 7 e ET 26-33%, g AT AIE HolR| gAY Oh F(17) % o We E4d

Table 6. Effect of soaking in water on the contents of catechin from green tea leaves'

Catechin Catechin contents of Watering in ozone water Watering in tap water
greentealeaves (U9/9) Catechin content (ug/g) Degradationrate (%)  Catechin content (ug/g)  Degradation rate (%)

(HEGC 1574+ 78 1514+ 90 4.9% 1539+ 62 2.2%

(EC 6326+246 6275+276 0.9% 6290+220 0.6%

(-EGCG 848+ 35 820+ 42 3.3% 823+ 47 3.0%

(ECG 1315+ 69 1270110 3.5% 1282+ 70 2.5%

!Data represent the mean of three analyses per treatment (n=3).
*Indicates significant different (p<0.05) from the control

Table 7. Effect of watering using ozone water on the contents of catechin from green tea leaves'

Catechin Catechin contents of Watering in ozone water Watering in tap water
greentealeaves (W9/9) CATechin content (ug/g) Degradationrate(%)  Catechin content (ug/g)  Degradation rate (%)

(HEGC 1574+ 78 1539+ 57 2.2% 1546+114 1.8%

(EC 6326+246 6220+220 17% 6195+259 2.0%

(EGCG 848+ 35 840+ 67 0.9% 828+ 61 2.4%

(-ECG 1315+ 69 1240+128 5.7% 12714117 3.3%

Data represent the mean of three analyses per treatment (n=3).
*|Indicates significant different (p<0.05) from the control.
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