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Effect of Aqueous Chlorine Dioxide Treatment on
the Decomposition of Pesticide Residues
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Abstract

This study was conducted to examine the effect of aqueous chlorine dioxide treatment as a washing method
on removal of pesticide residues. Three pesticides of chlorpyrifos, diazinon, and metalaxyl, which are commonly
used in vegetable crops, were treated with 10, 50, and 100 ppm of aqueous chlorine dioxide and decomposition
of the pesticides was determined using gas chromatography. Three pesticides used in this study were decomposed
by aqueous chlorine dioxide treatment and removal rate was proportional to treatment time as well as
concentration of aqueous chlorine dioxide. In particular, 100 ppm of aqueous chlorine dioxide treatment decreased
the pesticides efficiently. In addition, lettuce was treated by dipping in distilled water and 100 ppm aqueous
chlorine dioxide, respectively, and was compared regarding removal efficiency of the pesticides. The results
revealed that washing with 100 ppm aqueous chlorine dioxide for 10 min was the most effective for removing
the pesticides. These results suggest that aqueous chlorine dioxide can be used as a washing method of fresh

produce to remove the residual of pesticides.
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Fig. 1. Chemical structure of pesticides. (a) chlorpyrifos (b) diazinon (c¢) metalaxyl.

ot XF AZAHALE ZIASY]) 93 T ¥FEZLS Dr.
Ehrenstorfer GmbH(Augsburg, Germany)2 A& Al&

3} al, acetonitrile, acetone, n-hexane2 HPLC£(]J.T.
Baker, Phillipsburg, NJ, USA)S A}&-3}91 3L, SPE-Florisil
£ Phenomenex(8B-S013-JCH, Torrance, CA, USA) A=

2 AHgseh
O|AtEt A0 K=
ojatt A AElE Y o)4tst 44+ Chlorine di-
oxide generator system(CH-O Inc., Olympia, Washington,
USA)E ol g3l AlZsIEom(12), o8t FEE
iodometry standard method(13)E A}-8-3}od A 23} AT}

x|
H Aqto] AFE-H chlorpyrifos, diazinon, metalaxyl®] 3
TAFAS A7) A8l 24 e EFEAS chlorpyr-

ifos, diazinon®] 7% 0.005, 0.1, 0.2, 0.5, 1 pg/mL«] T

metalaxyl®] 2% 0.1, 0.2, 05, 1, 2 pg/mLe 3] 35}
o 1 ugS GC/NPD(Agilent 6890, Santa Clara California,
USA)d| Y35l 2+ A E peak? heightoll &35l EF7
FX-S 233 A ok Chlorpyrifos, diazinon, metalaxyle] &
FAEA AAAE 8] XS EFLYY 5 Y peak
] height k0.2 ate 2435 23}, 3 F9] Fof X7 43
F7F 0999 ©]’¢& YeEl A=, GC/NPD 2 &< &9
el S 913 GC/MSD(Varian CP-3800, California, USA)

Table 1. GC/NPD and GC/MSD operation condition

27L& Table 13 2t}

ojptEtdAo| T2k Bolls &Y

Nalgene bottledl distilled water®} 10, 50, 100 ppm<] ©]
23t 4 898 200 mLol 100 ppm -2 3] F chlorpyrifos,
diazinon, metalalaxyl €< 200 pL& #7}3}o] Fefe] HE
=7 0.1 ppme] HEE AT & AT AIZHO, 3, 5,
7,10, 20, 30 min) 7+A 0.2 25 mL¥ Fdte] FoF B B4
< GC-NPDE #4938t}

AF0Me TSt 2
FFE 44 AH87E w0 el A2 9 chlorpyrifos,

diazinon, metalaxyl &9 B2 F2A 1& 5% & Ao
FHA JAAAZ F Aol AERAIFHG. 281 IZ2AZ
AE 50 g2 distilled water$} w5 o]zl A £
4 Lol 53, 10 &<t 22 I A8t Al A8t 45 th
A 25 g& # 8l acetonitrile 100 mLol] ¥ 312 2 7](Omni
International, Waterbury, CT, USA)i 387t 743} 3t
o3t S 18 Fo IE3 F 4°C, 6,000 rpme 2 3E3F
A E 23} acetonitrileF oA 10 mLE FH3A 53 &
35 mL 20% acetone/n-hexane®l| £33}, FLO florisil
cartridgedl] loadingd}e] S ® 7 mL €98 A Aavbs

& o] 83t vlAM FF3 F acetone 2.5 mLo| THA] =<1
A|8EE GC-NPDZ ZA 34t}

GC/NPD

GC/MSD

Instrument Agilent 6890N

Column

Inlet temperature
Column flow
Injection volume

DB-17MS capillary column
(30 mx0.2 mm (i.d) x0.25 yum)

VARIAN CP-3800/Saturn 2200
VEF-5MS capillary column
(30 mx0.2 mm (i.d)x0.25 pm)

250°C
1.0 mL/min
1 uL
51
He (1 mL/min)

SIM mode
Chlorpyrifos (m/z): 97, 199, 258, 314
Diazinon (m/z): 137, 153, 179, 304
Metalaxyl (m/z): 45, 160, 192, 206

150°C (2 min hold) — 15°C/min — 200°C (0 min hold) —10°C/min — 280°C (10 min hold)

Split ratio 31
Carrier gas N2 (1.0 mL/min)
Temperature: 325°C
Detector H, flow: 3.0 mL/min
Air flow: 60 mL/min
Oven

Post run: 300°C (2 min hold)
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Table 2. Recovery, LOD, and LOQ of the analytical method
Pesticides Fortification (mg/kg) Recovery =RSD (%)Y LOD? (mg/kg) LOQ” (mg/kg)
Chlorpyrifos 0o T 0005 001
Diazinon o PG 0005 001
Metalaxyl 8? 8§§§?§é 0.1 0.3

YMean values+ standard deviations. “Limits of detection.

S22, A&, dEsHH =8

B Ao A ALE-H chlorpyrifos, diazinon, metalaxyl®]
ZFsdEAY ] W AFES S8 Y8 o] A
EHA e FFel 37k w2 01, 05 mg/kg 2 22

ke Amel BATHD FUsHA 33) WwEst 43
3lad Table 29 Vel ATt A ZE3HA (limits of detection,
LOD)¢t A #&H7 (limits of quantification, LOQ)E 373 6}
7] 9138 ZF FoF AR dhA AL 53] ulE ] A
HoE OEF 22 AL o]&sto T AT
LOD=33x(FFAx/ A3 71&7])
LOQ=10x (FFAx/HAZF Y 71&7])

SHEAM
AY A7 Fod A82 SAS program(14)& AHE-3t
o] p<0.05 5|4 Duncan’s multiple range test *¥-<
ALg3te BAIAEE ST A 2= o+ 1T EA}
2 Yerh
T

SEE ﬂ‘j/]‘)ﬂ"i/] T=7} 002 ppmii =
o] 72%9] FoF Bl &S EAn HAzte] 208 B Al
AZESHA vwre 2 YEgth Diazinon® 45, 7] &<
0.12 ppmol| A} 2] A 7ko] 5 A)= 100 ppm ©|AHE A A4
A7 AL %o 257} 001 ppme] 5 do] 6% &
S BHAT AP 7R Fode A BF B AESA
ke 2 YeldS @{?_] & 4 AATh laur metalaxyl<]

ILimits of quantification.

Ha2g AY F% 50 ppmZ}F 100 ppmol A= 5 3]
AojM Z o] E HolR| egkon, 3717 Fok etal-

axyle] A7t 7 we Bl &S B oj4tsl Y
o AAAM F71A0A FFo] Hdolrlo|=A FH T #3
& SHA B} ulEF sty gehET

Kim 5(15)¢] s 2489 FU=o 2&F5 A
AT A A, Tkl Ao a2 F3xAo] P=0 23,
S=P A3l C=0 2% o2 7 o] gaddu e
g, 2 230 Al&H FF A% diazinon, chlorpyrifos©=
S=P 2&< 7}A3L 3 metalaxylS C=0Z2¢<S 71A 1
Ko, B AFA FE o]ikstA iy Ao o3 E3) =
< W w9 E3E& 2H9 dXFS RAEh wabA
AAEAR] olatst A 2] EFHE L EFoE FARE A
Baetes AoE AdEEY, &S
g AstA N Foke] o]F AT A&t ks E

< = SIEES] NS 9 SR A 5 uds
o2 4R ATH16-18).

SF0IMe MAHLHo| ME RS2t MA

o

Fofo]l ASHA @2 A8 FFe AAH o2 FoF 3
FTE LGN F AEEYEY nE T ElES A
A3} (Fig. 3), o]4F8tgd 44 100 ppmo- 2 10% 23 3%
7t BE Fofd i) v B3 =T froHow v &
AL & F A= o] AL Fig. 20149 AFole L3+
) E-& ®ol= Aolt} Chlorpyrifose] 7%~ 100 ppm ©]4+3}
A 108 A A §7%2 AASS AT diazinond
A= 73%9] AAEE HYoH metalaxyld B$E 79%
o] AAES ATk

AF S Ao 2R Fobel 27 AEE wob
2 Aot AYAT, RE okl thal B AH vt
NN AL E ALET AH Y] FoF YR AAG 79
Hoz mn} 9l A A

o
A ) FF5
t RS 7S W, 44 LL Ash el A 510)
A ARt APAS BF7] AsiMe ol d i Al
A 27t AFe] A Sl A g sts S AlAL
o} gh FoF AEE AlF S QoA 37HA woF T =
ol Eﬂﬂ &8l o] 7 A2 chlorpyn'fos7} 7V Eol FoF
o FgAo] Al Ao} vl
°] /i% A F el 27k Foke A
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Fig. 2. Decomposition of pesticides by aqueous chlorine di—
oxide treatment. Bars represent standard error. (a) chlorpyrifos
(b) diazinon (c) metalaxyl. @: distilled water l: 10 ppm ¢: 50
ppm A 100 ppm.
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Fig. 3. Decomposition of pesticide residues in lettuce by vari-
ous washing treatments. [J: Control, : Water (5 min), [
Water (10 min) ClO2 100 ppm (5 min), ®: ClO2 100 ppm (10
min).
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® ATE o N dAF Heisk 4NN AR5} A
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100 ppm ©J4tstFAFE ANAaFo] £3] 2ol FU4U
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