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Effect of an Aqueous Chlorine Dioxide Generator and Effect on
Disinfection of Fresh Fruits and Vegetables by Immersion Washing
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Abstract

We investigated the optimum concentration of a NaClO, solution and the amount of gaseous Cl; for production
of high yield and purity of aqueous ClO, by use of a gaseous chlorine-chlorite ClO, generator. This system
producedlower concentrations of chlorine dioxide and is applicable for direct-use in food processing as a cleaner
and sanitizer. The concentration of NaClO; solution and the amount of gaseous Cl, was varied from 0.01-0.1%
and 100-1,000 g/hr, respectively. The concentrations of chlorite, chlorate, FAC (free available chlorine), and chlorine
dioxide that were produced increased with increasing concentration of NaClO, solution and with the amount of
gaseous Cl,. The optimum concentration of NaClO; solution and amount of gaseous Cl, were 0.1% and 900 g/hr
respectively. C10; and FAC produced at these concentrations were 882.0 ppm and 8.0 ppm, with no detection
of chlorite and chlorate. The yield and purity of C10; were 97.0% and 96.0% respectively. Immersion-cleaning experiments
showed that this protocol decreased the level of CFU/g by 10°- to 10*-fold, with a similar effect on fruit.
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ZHAI I ATk D). HE71HE, 53] it wikEolu A4l o
3} 3] fre) Aktel el AHRE 3 §1E 50-200 ppme] F4:
T A AtE 2 o 2 log oycle2 H.a1F o] lTH2).
o) kshed o] Abitel e ol H]E) w)E Be HOZ S
ppm®] o[ Fsted A= 34 ppme] G40} B HAHE
7F2tH3,4). Winniczuk 5(5)2 Lactobacillus plantarum,
Leuconostoc mesenteriodes 2 Saccharomyces cerevisiae ]|
ek #Ha Asf) w25 272} 3.1 ppm, 4.8 ppm 3 14 ppm©]
231 g} 3k o Ao vlE] THMs3 72+-& disinfection
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byproducts(DBPs) 4443 o] ¥4 Z(6), & pH B
ot grUoht A2 BEEe 24 SN E Aol
Bl E wrgel v ke BHE AT SUTHO)
oMl AE SlE W kA T2 nHE W A=
A ge] Aol A1 2] golelx uls FDAZL %)
7 A Aol Mol olatstd AT 383t o] F FHEH FopollA
o Agslo] g #AHo] F7F star UTHEB).
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BHoz Agshm ot A8 Belr} o oA
=AM Ba, 53] dAaA A EAS] A S5-dle A
B 22 ool Agtelo] 8 log cycleol| 4] 4 log cycle <<£2
= d48] gt skt

o|Aksled o] WA L US EPA guidance manual(10)°]]
w2 "R vkAlo)] ule} acid-chlorite, aqueous chlorine-
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chlorine-chlorite, gaseous chlorine-solids chlorite matrix,
electrochemical ¥ acid/peroxide/chlorite ¢ &2 13
Ao dFgA ez AiE = BT = A e skeA
gl§ oA AulrRrt A1, SABe ) oy, U &
&> s E=(F T 2F 4,000 ppm) A H]7F dubEo|n)
& FA 28 Y3 ol4lslE Ay o) Yhar chlorite 7
Tl mE b EAE A EIFele] A-go] ot}
(11). o]4tskd Ao 2HAL-& chlorate] §F o]y} chlorite 2]
Abslel] ols] Ajzsn, FPA o o] &H 1 9l o]akst
B EA719 A WAL AlZARR Zo] 71 9l o) WS-
Frbs s HAasE ¢ e FF vkexds Byske
Aol 71 Fad 2zolLh12).

mpebd A EAgl] o tale A Bea] dalE
FolA A7 WANA ALEF 5 Qi sherd kAol
HFEE nrEacs SRR o i HE7L s ofol
Atk olo] weh HnolNE A E/1E AAgo A
g olAksle g WA S A4t 4922 NaCIO,
B} QO Tl mhE Y E S-S ARSIt B3 YYD
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2K A% Qg AF8E 2E, W), 4E EokE, AL,
B3, AT AL 2 ALE 9 FERAA s, 4
1C, RH 90-95% =21 W7 Hytshia Ado| o] &%
o} T2 v oFol] A3 PCA B A+ DifcoAl(Difco lab.,
USA)S| A& AF&35} o™, NaCl, NaClO,, NaClOs,
NaH,PO., NaH;PO. %5-¢] chemicals-& Sigmail(Sigma Co.,
USA)¢| #-Z, Ton chromatographyol] A}-8-3t watery= <=<5A]
Z 7] (model : Milli-Q plus, Millipore Corp, USA) = A3 A 3k
18Q ©]3} ol £48 AFESIILH1I).

—_—

O|AtSi A A= WlAIRLX] 2 MA

(TS ENTS) T80 2 A23E 21F 71 AA{g]d o
AslE A A7 e E Fg. 13 2t} o]Aksld &
TE &g A U BF7EA] EAAA7]7] Q&) 2¢kA 2] wt
SERS AR EE s om, 54 g ALLEl] 9%
of oo AR E F2ASINTE 194 w3 98
= NaClO, 9} CLhE WHS-A|A S o]Aksled A5 Wh3-A]
717] 913t 202 AL Fd = NaClO,E Y8 e Ad| 3
Aste] AlS-slal, t-8F eIy A E E3) vl FAdel A
NaClO. & g4 slo] AlE3IEE st} AAAEE o|4kst
HA2HE A ASH| ¢8le] 2dA whe-7]o EHAXE B
z2hste] YEg7] 2 HE 9] o|Alsld A E A ASlEE )
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t}. o|u] %9 chloride(Cl) -2 36.0 ppmo| ] o
chlorite®} chlorate+= 73 &5 K] &t}

pH
ol Algld ~2] pH+ pH meter(model 520A, Orion
research Inc., MA, USA)2Z =% 3}% T

Chlorine dioxide (ClO3)

ol Alglad A o) 5%+ portable testing instrument(model
DR-2800, Hach Co., Loveland, USA)E ©| &-3}<q, US EPA
DPD methodZ- 7|3FC.2 3 UV spectrophotometric method
9} DPD titmetric method(13)E H 3]s} EA 319}

Free available chlorine (FAC)

FAC%= DPD ferrous titrimetric method(13)2 T3} 70|
Z281%3c}. Phosphate buffer2} N,N-diethyl-p-phenylenediamine
(DPD) indicator £ & Zt2F 5 mLE 250 mL Z-&} =0
w100 mLe] Al8E E3Fot v} standard ferrous
ammonium sulfate(FAS) A& gl o 7 HO o] oz
W 7kR] A ste] A8 1 mLE 1.0 mge] Cl (CLL)=E
sto] FAC oz Jehigith

Chloride (CI'), chlorite (CIO2) ¥ chlorate (CIOs)
Chloride (Cl), chlorite (C1O;) %! chlorate (ClOs) 7 -
Radziminski 5(14)¢] ¥ o] whe} 125 mL Z-H o] 30
mLe] ojAtsld A E YWl No gasE F o Wt 10205
7} purgingste] ClO,E A A3F Thx ion chromatographic
method(13) = ion chromatography(model Bio LC, Dionex
Corp., CA, USA)E A}g-ste] A48 th A2 column,
guard column %! suppressor<> IonPac AS12A(4*x200 mm),
IonPac AGI2A 2 micromembrane suppressor(model
AMMS I E DionexA}(Dionex Corp., IL, USA) A|&F&
gt Asel EEEARE 23S et
peak?] =o| 2 A H9 chloride, chloraite ¥ chloratee] F2
S FEF AT
% T=
Asld Ao R &2 US EPA  guidance
manual(10) 2 Gordon(15)9)] we} &L {ClO.(mg/L)/
[C1O5 (mg/L)+[ClO5 (mg/L)+ClO5 (mg/L)] x(67.45/83.45)} x
100°.8, % {ClOs(mg/L)/[ClO; (mg/L)+FAC(mg/L)+
ClO5 (mg/L)]} 10022 VFERAQI T ol 714 (67.45/83.45)
= Cl0y & Cl05 9] Ex}2Fvlo|™, free available chlorine
(FAC):= excess chlorine(mg/L) #ka 7-5te] Al4kel] AL_3S
ATt
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Fig. 1. Schematic diagram of gaseous chlorine-chlorite type
ACD(aqueous chlorine dioxide) generator used in this study.
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100-1,000 ghr=. F=9} FU3-S Gelshia o, A%
S 2Ag AR Fig 29 2k A4 09 s5E
hAH o Z B NaClO,9] 5% 4 FUHE= Ch gase] T4
2 Z7o] et 0.01% NaClOo) M= 400 g/hr Cl, gasol) 4]
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Fig. 2. Changes of ClO; concentration generated according to
concentration of NaClO; solution and amounts of gaseous Cl..

NaClO; concentrations were 0.01%(Q), 0.05%(V) and 0.1%([_]). Data represent means
of three replications.
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Fig. 3. Changes of ClO; concentration generated according to
concentration of NaClO; solution and amounts of gaseous Cl..

NaClO, concentrations were 0.01%(O), 0.05%(V) and 0.1%([_]). Data represent means
of three replications.
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Fig. 4. Changes of ClO; concentration generated according to
concentration of NaClO; solution and amounts of gaseous Cl,.

NaClO, concentrations wete 0.01%(O), 0.05%(V) and 0.1%([_]). Data represent means
of three replications,
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gtH, o]4ks}ed A24=9] inorganic byproduct?] chlorite2]
WY MBS 25 A9 Fig 49 2540} Chloritel
low levelol| A = haemolytic anemiaZ- 135} 31 high levelo]]
A& methemoglobing Yo7 <= 9o =g (17) Huj3 &
JAAE DA sH= Aol F g8}, Chlorite:= 0.01% NaClO,
oﬂ;ﬂl—_ Ch gas_J 1&01] 4741040] }3}&&];‘ okol o
0.05% NaClO:o| A= 100 g/hre] Cl, gas 9] 2ol A] 309.2
= WERHI 2, 300 ghre] Cl gas o] 3o A A E
2] 29kt}. 0.10% NaClOo] A= 500 ghre] Cly gas £ 2
o] Al Al AWAE A &= Aoz eI
S, o] Akeld 29 chlorate?] A2 W3S =% &)
A= Fig. 59 28it}. =, chlorate®] YA 22 NaClO,
B 9 Ch g $YY QAD ADDAS 7AAE B
Ao 2 7T 0.01% NaClO:o] A &= <k 6-13 ppm G,
0.05% NaClO.o]| A& 2F 20-39 ppm, 0.1% NaClO,o) A=
2F 32-46 ppme] 0]t} Chloratex= XA A ClO; :
CL2 ¥l&o] HustA =AY, ¥ pH A free
chlorine®] F %7} v]-$- =& 0 chlorate ionS A4 5} A
HEUE) £ AddAE FACY A Fo] =d 0.12%
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Fig. 5. Changes of FAC(free available chlorine) concentration
generated according to concentration of NaClQ; solution and
amounts of gaseous Cl,.

NaClO, concentrations were 0.01%(O), 0.05%(7) and 0.1%([_]), Data represent means
of three replications.
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chlorite type-2 2F 80-92%, recycled aqueous chlorine or
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Fig. 6. Changes in yield of ACD(aqueous chlorine dioxide)
generated according to concentration of NaClO; solution and
amounts of gaseous Cl..

NaClO, concentrations were 0.01%( O), 0.05%( V) and 0.1%([_]). Data represent means
of three replications.
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chlorite, chlorate 2! FAC2] A Al gko] 2} NaClO, 4
Chel F=WHdAN 2 g Yeidiit. =, 001%
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93% G5, 0.05% NaClO,o| A= 900 g/hr Cl, gasol| A]
94.0%, ~18] 1. 0.1% NaClO:0l| A= 8003} 900 g/t Cl, gasol]
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Fig. 7. Changes in purity of ACD(aqueous chlorine dioxide)
generated according to concentration of NaClO; solution and
amounts of gaseous Cl..

NaClO, concentrations were 0.01%( O), 0.05%( V) and 0.1%([_]). Data represent means
of three replications,
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Ex| MEof o5t 2t-MF AF F1}

N AaFe g Eo] &3l olF ¢ 27 vAE
Ak A A8 ool e HYFYU A= Al
AR AABAA o2t Ag o WE AR AL
ST Hads $4% 23 Table 13 A9k} g
< oSt Ao oG Fwrr I EHE o]4tsld Al
A aFot AR 571 $718 5 AA AA 308F
2+2+ 5.2 log CFU/gol| Al 10 ppmel| Al &= 2.4 log CFU/g, 20
ppme]l A= 1.5 log CFUJg, 30 ppmel| A& 10" CFUJg o8&
asiith Al Aol S a7t FEREN S
M ole B2 27| w7t 7P & 9= v Ae®
HeE AT 271 #F5 2.6 log CFU/gel| A 10 ppmol| A=
1%] 208-0] 10' CFU/g ©]3}, 20 ppm} 30 ppmol] A& %%

Bl

1083 2% 10' CFU/g ©]8t2 743} d7)s 2=

Table 1. Changes in viable cell count of some fruits and vegetables

treated with ACD (aqueous chlorine dioxide).

(Unit : logi CFUJg)
ital ClO, Immersion time {min)
Sample gggeal@m)“ 0 10 20 30
10 52@9" 2900 268 24(L9)
gf:ndg“e 20 5249 28 (17 2215 15(L)
30 5249 25(18 20012  ND?
10 26(13) 1405 ND ND
"Fuji” Apple 20 2.6 (1.3) ND ND ND
30 26(13)  ND ND ND
10 36Q25 3425 25@21) ND
Strawberry 20 36(25 27(18 20(12) ND
30 3625 24(6  ND ND
10 46(33) 3424 29022 2620
Cherty tomato 20 46(33) 33023 29(15 19 (15
30 4633 3329 25020 17 (08)
10 49361 30(L3) 29(L6) 28 (19)
Lettuce 20 4936 29(19) 2017 1708
30 4936 23(12) 2007 13 (LD
10 59049 37037 3820 3728
Chicon 20 5949 3929 3728 3527
30 5949 3602 30024 2419
10 4836 39026 29(18 20(L5
Sesame leaf 20 4836 3123 28(L8) 19 (L5)
30 4836 21(15) 20(13) 1809
10 4539 2723 1634 16 (13)
Kale 20 4539 2424 13(12 ND
30 45039 20(12) ND ND

"Data tepresent means (standard deviations) of three measurements.

<10' CFUJg.

% 7}7} 3.6 log CFU/gollA] 10 ppmol| A= 21 A] 308 10'
CFU/g ©]3}, 20 ppmoll A= 2053 10' CFU/g ©]3}, 30
ppmol| Al & 1023 10' CFUJg o|3t2 a3t ¥e B
ntEd A= 2%] 30823 7] 4.6 log CFU/gol|A] o] Aksldd
A wxHE 217 2.6 log CFUJg, 1.9 log CFU/g 2 1.7
log CFU/go 2 7439t 455 HA|1§ 4§ o4tk
Adrof] ot Ftg A B oSl 4] XUt S0t
gt 2 AA A 308F ZH2 49 log CFUJgol| 4] 10 ppmo]
A+ 2.8 log CFUJg, 20 ppmef| 4|+ 1.7 log CFU/g, 30 ppmol
A& 1.3 log CFU/gth X229 A5 % o] &} fAFSte
212] 3083 z}7t 5.9 log CFU/gol| 4] 10 ppmol| A+ 3.7
log CFU/g, 20 ppmol| A= 3.5 log CFU/g, 30 ppmo A&
2.4 log CFUgATtE A Zo] 5ol v]a] FA| 30259 27
dr7t 29 AL 27] 29E9 Aold 9§ Ao=
AoEnh AYe AFolME FHA 305 42 4.8 log
CFU/gol| Al 10 ppmol| 4]+ 2.0 log CFU/g, 20 ppmoij A=
1.9 log CFU/g, 30 ppmoljA] & 1.8 log CFU/g3i T} A Y <]
A= %7] 4.5 log CFU/gol| A 10 ppmoi| A+ 1.6 log
CFU/g, 20 ppm¥} 30 ppmol A= 2% 10' CFU/g o]st&
Aot

Lillard 5(18)-& 7}559] chilling water 2 ©|AFs}d A<
Z ALE-3 A7 5 ppme] o] AelE A7) 34 ppme| HAKT
T3t st} Han 5(19)L Aek A=A 5
ppmo] o|AkslA A4 A& ¢F 1.1-0.8 log CFU/ge] 7t
FIE ERIgh vl Utk Singh F0)2 Fo TS AR
2 3l 10 ppm o]4tslA a4 1083 A2 e =X 15
log CFU/g <+59] 7o E 98 Atk BEasisch 2
A& o] Aul= o]g]gt o] Axle] vz R i
T2 B9 Bl AleE AR, dukdo g 3
Fo A A &3t LRl va] 2 AL T4
uel HE Tt Aafol HsiA ddsr] Wao|H BH
Ax AdEez 27 gl Aoz AdE.

ZZx| MAHEZS o|istHAo S WS

A7l AR Aol ofst A Aos s5E 5%
gk Z 3= Table 29} 29t} Hd=e) 45, AT A
o W& ClO; % ¥3l= 10 ppme ©| 43} H o] A
ClO;&= A 208FRE Fhdted A 30FdA = 89
ppm TFO 2 At W ErES} 97 AH o
72 a9 fAR o, AtEke] JAAA 5 Clo.9| W3}
gro] JulF oz H2 Aoz eyt Alkel A5 e
ZFo] thA Ak AL FH o9 EZ o] thE I - A Fo
Hlg] AJild oz 27] Wil Aoz AZtE QT a2
A A AN A AlzEe] 7o) wE ClO, % ¥Wshe 10
ppm8} ©o]2ksld Aol A ClO= A 10858 7h4astd
2] 3084 89 ppm F£Fo 2 7HAsIIth 20 ppme]
o| Ak} Aol A ClO+= %7] 20 ppmol| A #X] 308-%
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Table 2. Changes in concentrations of chlorine dioxide during
immersion washing of fruits and vegetables at 0-30 ppm of ACD
(aqueous chlorine dioxide)

(Unit : ppm)
Sample Immersion time {min)
0 10 20 30

10.1 ©.)" 100 (0.1) 9.9 (0.1) 89 (0.1)

Madarine orange  20.1 (0.1) 19.3 (04) 179 0.1) 176 (0.6)
30.1 0.1) 276 06 206 (06 261 (0.))

10.0 (0.0) 9.9 (0.1) 9.8 (0.1) 8.7 (04)

"Fuji’ Apple 200 (0.0) 19.9 (0.2) 189 (0.1) 187 (04)
300 (0.0) 28.1 (0.1) 268 (04) 267 (04)

101 ©.1) 100 (0.0) 9.9 (0.1) 9.8 (0.3)

Strawberry 200 0.2) 199 (0.1) 18.5 (0.3) 184 (0.2)
30.0 (0.1) 28.3 (0.4) 274 (05 262 (0.3)

10.0 (0.0) 9.9 (0.1) 8.9 (0.3) 8.3 (02)

Cherry tomato 200 (0.0) 17.1 (04) 149 (0.3) 142 (05)
300 (0.0) 26.6 (0.8) 246 (08) 214 (0.6)

10.0 (0.0)1) 9.9 (0.1) 9.0 (0.1) 89 (0.1)

Leafy lettuce 200 (0.0) 16.6 (0.6) 13.9 (0.1) 11.9 0.1)
30.0 (0.0) 246 (0.8) 208 (04) 17.6 (0.6)

100 (0.0) 9.8 (0.1) 9.3 (0.1) 9.0 (0.1)

Chicon 20.1 (0.1) 17.4 (0.8) 14.6 (0.6) 13.1 (0.1)
30.1 (0.1) 246 (06) 212 (0.3) 179 (0.1)

10.0 (0.1) 7.7 (04) 5.3 (04) 31 0.1

Sesame leaf 201 (0.1) 94 (0.6) 62 (0.3) 4.1 (0.
30.1 (0.1 14.1 (0.1) 6.4 (0.6) 59 (0.1)

100 (0.1) 6.2 (0.3) 4.1 (0.) 34 (0.5)

Kale 20.1 (0.1) 9.0 (0.1 39 (0.1) 4.1 (0.1)
300 0.1) 150 03 100 (L) 7.1 (04)

"Data represent means (siandard deviations) of three measurements.

11.9 ppm 522, 30 ppmol| A+ 7AZEo] 10 ppm 2
20 ppm 2T} 7] CIO.E= %71 30 ppmol| A 302 A& 176
ppm FEO 2 fAaste] Clo, 557 55 48 1 44
T & Al Yepth ol UFEe o) iy &2
2 75 el MEEN s5F 58 55 9
AIZEF ado] Frlkele Aoz daE ). 2] 7
Foll= CO, 7H4a2- 10 ppm ©] 43l 277} HA] 3073
°F 9 ppm, 20 ppm ©]4+3}E A7) 9F 13.1 ppm, 30 ppm
o|AbetE &7t 179 ppm F o] Hawkg Yehy U
AR O, %2 10 ppm oAkt 47} 314 30%-%
2k 3.1 ppm, 20 ppm ©|4t3}d A7} 2k 4.1 ppm, 30 ppm
o]Atsld A7t 5.9 ppm F =9 7HAES Vet A
A9l ClO; ¥ Che 3 Wiste A&dt Ay AL
FAFSHAl A15A4Q1 7HE Ve o], 10 ppm o] 4keled A=

QB et AR A AaEd 241
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