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SUMMARY

I. Title

Development of the continuous sterilization—-washing system for HACCP application on

fresh—cut foodstuffs which uses a complex electrolysis method.

II. Object and necessity of R&D
In recent years, the consumption of fresh food is increased, so secure of food’s
safety from microbial contamination about raw material is urgently needed.
Therefore, this research is development of continuous sterilization—-washing
system applied HACCP that received credit from FDA and complex sterilization
electrolytic device. Also, there is a verification of microorganism about the
product after sterilization—-washing. Thus, we obtain sterilization system’s safety
and product’s validation, estimate performance of system, and field application

by construction of full-scale device.

II. Contents and scope of R&D
1. Development of individual process technology and optimization
O Development of electrode material for process of agricultural produce
O Constitution of electrolyzer and secure of system’s design factor
O Development of micro bubble generator
2. Estimation of unit machine process technology and process design of
continuous system
O Development of transfer device in the system
O Selection of method for sterilization and washing and optimization
O Estimation of design and produce for recycle system of washing water
3. Estimation of Safety and performance for individual process technology
O Estimation of safety for sterilization system
O Estimation of system’s sterilization performance
O Test for removal properties of system’s pesticide residue
4. Estimation on field and development of sterilization-washing device
O Development of sterilizer and antiseptic formation device for field
application
O Monitoring of continuous residual chlorine and development of control

module technology



O Construction of full-scale equipment and estimation of field application
O Technical advice about counter plan of onsite deduction variable

5. Evaluation of characteristics for sterilization—washing device and acquisition
of certification
O Research of end article’s storability and evaluation of quality properties
(attainment of goal through application of expert)
O Validation about continuous sterilization device

O Acquisition of certification of all-in—-one system

IV. Result of R&D

O Development of individual process technology and Optimization

- To increase disinfective and sterilizing power through development of
Electrode material that optimized for agricultural food process, development
optimum system for electrolyzer, and introduction of micro bubble
generator.

O Estimation of unit machine process technology and continuous system’s

process design

— Selection of transfer method that optimized for sterilization and washing and
estimate the properties depending on selection method. Also, we designed
continuous sterilization washing system.

— Selection of washing water recycling system by water level control method

O Evaluation of safety and performance about individual process technology

- Estimation system’s safety through residual research of residual chlorine
like chlorine disinfection byproduct.

— Assessment of sterilizing power about 5 culture of Korean Food Standards
Codex’s subject and deduction of optimum sterilization condition.

— Estimation removal property of pesticide residue about pesticide of product

O Development of sterilization—-washing device and field evaluation

— Development of sterilization and washing generator for field application and
construction of continuous residual chlorine’s monitoring method for
estimation method’s construction of residual chlorine’s 200ppm(margin of
error £20ppm) concentration.

— Construction of full-scale equipment and fulfillment of estimation for field
application with application for participated enterprise.

O Properties evaluation of Sterilization—-washing device and acquisition of



certification
— Research about packaging method of end article and storability of product,
Evaluation of quality properties

— Securing of validation about continuous sterilization device

V. R&D result and application plan

We development continuous sterilization-washing system applied HACCP with
securing food’s microbiological safety through development of process that optimized
for sterilization—washing of fresh food and development of complex sterilization making
apparatus.
It is sterilization—-washing system that is possible to industrialize immediately by using
optimum process through participation of fresh food processing enterprises and
processed goods export business and field evaluation. Also, it can be applied for
various health functional product processes like natural oil that using agricultural
products, flavoring of cosmetics, and raw material of drug and food. It also can be
utilized as a product industrialization equipment and antioxidants, anti—inflammatory,

and anti—obesity material from fruits and byproducts.
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AMopae] AEARI S 1FHE TIHS <. 2-4>9F o] 20039 12,2663 Eo|glon o] F FAEok
Ao TS 3443 Eo® 2.7%7F AECHE 7heEItE 2006\ d 0l oFA o] 12,1741 2
2 Aoy AEok FRlge] 597TE SR FUkste] AESH o]gH& 4.9%% SUMSE AoR
UeEbtt(EE35%, 2008).
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Wl A E

Rk zl\‘?:} = E ofx

el gk AE A el gk AE A :1.-1]: j~ji

P g sgwm TUY wg Fgg TRE T TRE
2 EA * 3,101 7.1 220 197 3.7 62 3,298 282
*—] R HH 3 7,390 0.4 29 285 1.0 3 7,675 32
A 1,270 2.2 28 23 8.7 2 1,293 30
A 11,761 2.3 277 13.3 13.3 67 12,266 344

AT EMARER, TS AR

2ebA)7] mtol, Aol NaOCIE- <49l pHﬂ TRALFEC] e Ue % &Eﬂr«] Apol7h A3
ThaL jith o] A | AEVE R AMERE, &k, Aol oA Bl i vdEe] T sl Wk 1 '
e v=2H, dER A7kl o WA ARG H0) WV Ae] Kol Adaapt Fuhal ¢
ok

5,9
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A7 9) AT AN FAH g
(o] 2A-AH A H0w)
. AZEWY 7zY R B
. Z‘j%l?/] 7]_%5—/‘3%7}(73%/\} H]Iﬂ_) l ,/] T —OW(SEM), 8
EDX) ¥ A7158H E4HE E
- ¥HEAYY} : SEM, EDX
15_21\1-/\1% - ’ H Aol =u]lER 3 FEIZA XA
1 = - . ﬂ“‘l‘/]'_lHEE aLs a4l Y
A o - A7serd 7|2 &A% 7 1 LSV, CV . ) _ )
8 . Aage dee Fr AR5 AwE
A%se | A% 7A%A [ IC TOC, TDS. o 5 (pH, &%, TDS, TOC S)e°l Hist 3
T - ey °r 1o
AS2A o Age) og Fa9 AdsgEs oAy LT T °
At A ERHE B3 A n
a A =
S L Asaseuuns Bu anedd @
. A O3 AF FEHGIEAR) e
%51?1 7&"1‘7‘0 Q‘E
. AAN AT T ARZAE vEO
o BAA AF AHeH7t 9 Lab Testd = 3 Hu$dE gn
asme | T AT AAG/EAL dal2) e FAYE i wAT Qx5 Walz
1__0 a-
Sgom e AASHEREE W@ ASEH D A e mE ASAREARES W
N 2el &% 7% Bt A5HED 9 7z AREEH(GAEE
AANA e Ay e e HE AdEA A AT
3} _ - - - -
HE 27 8= (H, &, TDS W] wee AAEE Axae] samss 494
=477} o] GEALMEZ Tt Aun
N
e vlolIENE MgE wEE AN(eZe =SFYEE, ewua, Al|EE)
o A/FE, A ETEA, FARE T PR FA BE SHFE
75 . WEI (R R, dUsEy 7
o mlolARME EHREAY 2AF 9 AE E(SoleMAE Ay Fo BAw
SOIELEN L eo)emaer mBay), ArsEsg) | W A4
2 alrqy ’ ’
E;ﬂemg A vlo]l ZZWE WAz wE EAE He =2 W A|AEl A wE EAR}
=
(74, wZ9A), FEAE, Bl (DAL SAANDNEZH—FEEEA 2
74 5) )
. HA wlo|ARWE MAgAx] AAHe HA vio|azmE wAgRe] AAw
= =
Armela |0 A R A AHsha olgae] de AFEOl wE HH olgd g A
of AE | Ao WA, maA B 5 Awd gw
JEAA o AgaEAe Aol Ae APe e A 9 Qoo YA/ EEY L
e g 7R ALY AL 9 A
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NEAGANE whgon WAgH g
AEA AYFA RS ok 2k

Ef+rlol Lz 1)
Axgel AYFE o

& H Aoyl th gt
Akl (7 7/ Ak

EERECESE

At 2 EF S o]
azWE WYNE Fhstel 2%
601: Ak

A28 AL PLC & AAF=E 5
StAl AlAES] ZFRHAQ O] HAL

QA AFGLA] WAL A,

AR gs | AF B AEE A 2 A AAEL SRS B 80% HAFas, W
AFAREA |0 A2E AEAS B3 gAY S4¥h A sm/day,  A¥F,  LABE
AR | Ay BEa5e] d@ oA +20ppm 2APS] FHOE A4 g
M TEEFEE, B 2L AP, A8 w
g, s Ee] oApEs 5 A7\ A AA el e WAFE
o« h Azl g it % ARkl ok S49skE Axsel doly g
7} 5457 9 FA4549%7) 93 il
o AzE HAF AR G W xR AxE AhaE QA dug ¢
7= 8 theket xxo® AHIFS Zaste] <t
A% A28 T
- AFA2F AP TEEABE
2= 200ppm ©o]stelA 22 ] +20ppm }

DI oud zame 7y PP, =g s4skel DPD MAMYoR %
Rl cee FALEEE FAw, WA 7
BUEY |+ A1aAd sw muEg aAeag DO T0TE U

E A, AVAE A A, dwas T S R
- ’ ’ AA e ot ks TEIHOE
VENE o gmegge o 4B A1 A © 0 ST
dk(shut off 7] % alarm 7]547%)
« HACCP 489 &4 Avtx &3 +
= 3 Z AFAR=E A A AF=] al

/\]ﬁ_t] —v(5m /dayu, = 1 —vxﬂ go OX] = HACCP Zﬂ%—@é ?j 2 }\E]'H‘E Xo]'j]%

ST ARdardERErRdaTEe A L el Tasha
;g']ﬂ]?-:r_l— iﬂ{% }\]/\Eﬂj]) h_l'L'—'To}' 4 =] 17]?:—](1\/[ }')Oﬂ =170 O}'J— il
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OO]:

oo el Ahol=(Cl)o]

s

1 o]E= E(H.0) ¥ "} 2 A4k (NaOCL, HOCD o2 AgEw, ol A

FA7Y A~ (Hy) 7F 24

S|
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=
T
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A7 W

-
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oj¢} o] 4 (NaCh &

Al A

S

pH 8~109] Atotd AU ES (NaOCD o] EA4 =1
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(4)
(5)
(6)

H,O+ M[|+ Cl_—>M[CIOH |+ H" +2¢~

H,0+M[AQOH 1+ a —A,+M[+ O, +3H " +4e”

R+ M[CIOH |>M[+ RO+ H "+ +e¢
A,+20H —H,0+0Cl +d~

A, +H,0->HOC+a +H"

HOCO—H"+0C~
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3
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2 —,+2e

600" +3H,0—6e —3/20,+6H +4C +200;

== elA,
2H,0+2e —H, +20H "
OQ™ + HyO+2¢ —Cl~ +20H"
FAN 9F, FakstEiel oA A At AFEAM ST JleERAENE AHE
Afo] ol A ‘JrEP‘H_rE‘r. oo} o] F=H H7|ststd wkgof wet AksiAlso] A H T

H,0+M[OH ]+ A,—»M[+ A0, +3H +2A" +e~
O,+M[OH |->M[]+ O, + H +¢~

H,0+ M[OH | >M][]+ H,O0,+ H +¢~

<E. 3-1> A7kt dbgulAYS

1at &o|5st g2
H:O + M[] + CI” — M[CIOHT] + H" + 28~
&= HeQ + M[] — M[OHT] + H* + &~
(Anode)
23 EO|EtE BiE
BOCIT + 3H:0 - Be” — 3/20: + 6H" + 4CI” + 2CI0s~
12 HJlzte ghg
2H30T + 287 — Hp + 2H.0
== 2H0 + 26 — Hez + 20H
(Cathode)
2% HJ|&tet gtg
OCI” + H:0 + 2¢” — CI” + 20H"
S0 A Ot o
R+ MOH] — M[] + RO + H* + &
R + M[CIOH] — M[] + RO + H" + CI' + &
HoO + M[OH™] — M[] + Oz + 3H" + 3e”
fulgeid=le=, H:O + MICIOH™] + CI" — Clz + M[] + Op + 3H" + 4e”
(Oxidation
reactions) H30AH o™ R
R+ 0+ 2H — RO + H:0 - 2¢”
R+ Clz — RClI +CI" — &~
R+ OH — RO + H" + 2¢”
RCl + OH” = RO + CI" + H” + &~
EEus
(Equilibrium | Clz + 20H — Hz0 + OCI™ + CI”
eaction)
M[] : M= HHEe 24 AMOIE, Rt 2J14 22
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£ 2344 (Cly, 02, ClO2, O3, Hy02)
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Il o o -
et FAAA o|2RE dart BATE 34
llfige, .0, + H - L
Y [ & Eal s anEe 2t By 428
. gy (- w 2}t] Z(active hydroxyl radical) 379.
it cous, ¥
g i er
¢ [ @I g dsl &N ol Aa ool =4 &
5 N e, £~2 _
a il oot Rash FAS B2E AA GaolLo@
14 : —
'”,'.J.'.'ul'l';l. N, FEH das AL oju §EH=
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M AF AAYA AES] Aess vlwsty] 98k o2 A= In—Situ, Ex—Situ 23}
Service Life Times &3 A=9 U4 2 A5 5H7HE AT MY AFS 517
H e o9& AlxE A& AFRE o o]F X OoR St AT OE = o]9 vy

AN AES v RS,

(1) AsA=x WH

[2%. 3-2]& & 7|s/dolA Axd EFAtstE A9 Alx Ay W dA- g =0 of
A zrekstAl yeERlth 2 Aol AFESE A=2] Ti_plate$t Abs=31e] A 2E S A
7171 98l =% 99%°] Titaniume SAND_#46°% BLASTING#Z o2 A= s
T 36%° E5E 7M. fAkgdor 60.0CE5eA 30+ &<t Q]i]é}oﬂ A= B4
(Roughness) 8] 255 dAsA dsiqth olgdA 25& xdsk= ol Ti—AAA #
el TR E Fu AbstET AFsE ] W H (Morphology) 7F ©ebA H 4@@94 Az 7}
L7 g27] wEolth Ti—AAAS] W dAg £ Aol 2535 o]&sto] oF 10w1t
Cleaning®S 33k th. RuCls - 6H.02F SnCly - xH20, IrClg - 6H20, TaCl;9 E3l=+=
2 IPA(Isopropylene Alcohol) & F3fA|AA 7ol EAZ9 FAS X24E3ste] A=
= AlFsh7] ek T AbskE EAS Alxeinh Alxd AtskE 3% & Abgste] A=
e ¥ S5t Fol dojd wizbA] 400C xo®E IHAYES v sl o

23k Tol Askmelr] Atsh=E dgte] golstis b)) st nE daddes 9
stolom, mHel ot Il doAEs AT 2ugth HEE AW sl 288

© ® = Brushing, Spraying, Dipping, Electrostatic ¢ o&] 7Fx] ®¥o] l=d oy
= H2EE SAdids @A Farideds As Al
Electrostatic ZEHHE Al2sto] d=S Axstgch &3

AR B Ao F37]#%2 Know—how®Z T2
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Titanium A F4] 2(Titanium- Grl,2}
Z=H| QC: A= 718 A% Alg Ala

r
A EH 3] 2] F4)(HCI etching/60T )
= 2= sand blasting, A5 Etching 2H¢]
& 9l Hx R A & 2h¢] - Tap water M3 - g Ml 3
MA 2 A= 287 AY - DGAA - 84 A3

COATING #=F z:g =49l Electrostastic coating(Auto}
Dry and AT 3=z F A9 2.
Heating Aae] 2y =(400~-500T)
Layer or
Finish
Final M2 A E AHEY
heating
HE QC HI QU - H3 COATING 24 ME =7}

okl
o
ot
ul
b

(2) A=9 7==4%87}

(7 In—Situ 4

In—SitudX > A= Edeo] g =S kst Wolnt. A=dhs2 A8 es A
FaWA doju= AbsEedbgo] o Mg oR Al &S S5k slo] oA
o o3 EAFIE & 4 Qv o]y 3 In-Situ EAWY T dxA Aguyo] =34
475 (Cyclic Voltammetry, CV) olth, @8 HdYAFHE A5 W = da3d oW
oA ojw gt §kg-o] dojutal Q=rHE THE ARA cw gof & = Qle WO stuolth 1
qEg CVe A7|ststa oz &4dQl abshskel shehgo] d=yhge “27|Ey” o2 {f§&



stof, & A7isterd S 2@k o] g8t Ut /‘]fﬂii DA = AF—-d9=A
S AR FA (cyclic voltammogram) ©| 2 F2+=4], o]Z-S A FAY] gz Aks)
g serFe B3 JRE Frhes FoA BE ofF ij—ﬂ‘é%jﬂr ks

2 AT AHEE AT AL dE v‘i—i AL o] g3le] Ar7FAE De—aeration ¥ 150ml
0.5M HeSO4E MY AFgstl o, Fxrd=ozs /A3 (Ag/AgCld=hH) S AFE-3HA
3, e d=9%2+= Pt meshd =& /\}%o}ﬂ SRt FE o NFS = Edr). At A=+

& BE KCIo *3 F8MoA Ag/AgClA= HAYE Z=542AF(SHE) 7|Fo®2 ghakshd

+0.222 V vs. SHE ([ClI"] = 1.005€)
+0.199 V vs. SHE (&3} KCIF&9)

AzE AT oy 74H FAel A oF 200mV/sec FAEER ok A WS
(+0.3V(0.0V) ~+1.3V) oA oF 53 A% As| A% (Electro—cleaning) & 23}
A= AAA d7)stes Ass BY] fste] Abast At SAEE AS] Fod
+1.3V~—O.4V°ﬂ/\1 Potentiostat(VersaSTAT3) FAZ FAFSE 0.02~0.2V/seco.2 319
- FAPH S AFE-3Fo] Cyclic Voltammogram (C—V) & S48 o, A= A E
= FA ]——, 0.02~0.2 V/seco.Z +0.3V~+1.3VellA 4% A3t (Votalmmetric Charge:
Q®) S vHlwste] FAAt ofgfel [1¥. 3-3]1 dF9 In—Situ A4S 93 A|FFA T
A9 A A Aol

In—Situ®] EA4AIE o2 433 Cyclic Votommogram®l| thdt Al A= op3 2ot ¢
A (329 3-4]le Irg @502 stof Alxd A=59 C-V Adrola [1d. 3-5l= H3A

3l

P

stES ARESto] AlxzsE A= didt C-V Aoty "X Kol Valve w50 %
A= &d FjabstsS AR =3} wlasiA potential Z7|7F A9, HE Hgstd A
SHhge doeyivty & 4 Qlth Ir¥k coating ¥o]x A= @Ado] Wil B AALE Bt
A3 Bds HE v old S-S aH S5% 7 A5 d4s FA 2 F 8
owl, o7l Valve dolafHe 4 vl& & Axste Jlo] A9 S =4 + e
wetol gl ks o] Xtk

gido] =2 279 A=S 7FA 3L Scan Rate® ZAstAA AAst A9 &Ao] vehy
=4 dotr gty (18, 3-6]4 A7|38A EAS B9 Fa9 Aa Wyl W
4] Scan Rate 0.02~0.2V/sec? FAISEE 7HA 21 5743 Cyclic Voltammogram®] e

At $E7F S7FEE Voltammogram®] A77F AX=d o] 22 A= &4do] FolAl= 4
& 9wttt o714 P13} P29] 9A¢ P38} P49 A= A5 EW ] Oxyiridium group?)
Abgt—gt g o] (Redox Transient), = Ir(IID/Ir IV) 2+ Ir AV)/Ir (VD ol 2]8t ZAojt}, o] A&
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FEES Aol det A
(a) ZH5 5% T AHSF
T EEED)
At | S | ¥ | Emr] | A | P | e | B
pH 755 | 744 | 7.28 | 7.04 | 481 | 635 | 6.24 | 4.55
TDS(mg/L) | 19.6 | 14.1 | 180 | 194 [ 253 | 18.3 5.1 31.5
ORP(mV) | 118.1 | 127.9 | 118.7 | 146.3 | 327.7 | 256.9 | 261.4 | 306.6
TOC(mg/L)| 2.81 | 0.18 | 3.27 | 14.69 | 395.0 | 226.3 | 17.47 | 196.5
(b) At A5aol] 5% e AlF 5
s detted
At | d | E= | "] [ A | W | R | Y]
pH 8.09 | 7.88 | 7.89 | 791 | 7.87 | 7.95 | 7.94 | 6.85
TDS(mg/L) | 410 | 408 | 413 | 410 | 254 | 415 | 328 | 364
ORP(mV) | 764.3 | 775.7 | 781.8 | 771.4 | 752.1 | 710.9 | 742.7 | 794.1
TOC(mg/L) | 38.76 | 25.71 | 8.80 | 14.61 | 419.9 | 320.7 | 21.03 | 221.0
[Cl(mg/L) | 82 91 95 96 74 55 96 47
() Tl 1A% §H& A HS
T3 EEED)
Abzh | S | ¥ | wmr] | A | S | ¥ | B
pH 731 | 724 | 7.7 | 613 | 456 | 6.60 | 594 | 4.44
TDS(mg/L) | 19.7 | 14.9 | 181 | 243 | 41.0 | 348 | 69 | 532
ORP(mV) | 111.6 | 151.4 | 150.4 | 239.4 | 372.2 | 252.1 | 296.3 | 303.7
TOC(mg/L) 191 | 404 | 4262 | 873.3 | 475.1 | 29.59 | 384.3
() AEassrel 147 FE & MHSF
T A
Abeh | g | ¥= | owr] [ A | d | EE | Y]
pH 758 | 753 | 752 | 743 | 726 | 755 | 759 | 4.89
TDS(mg/L) | 410 | 407 | 412 | 412 | 241 224 | 248 | 301
ORP(mV) | 801.1 | 765.8 | 792.1 | 793.7 | 805.9 | 665.8 | 790.7 | 712.5
TOC(mg/L) | 48.97 | 30.02 | 13.50 | 36.51 | 952.6 | 36.00 | 42.06 | 635.9
[Clo](mg/L) | 86 82 84 88 33 26 101 18
(e) Tr=roll 20A1ZF et Al 2
T EEED)
At | S | ¥ | Emr] | A | d | e | B
pH 6.84 | 6.92 | 6.94 | 445 | 449 | 653 | 4.33 | 4.07
TDS(mg/L) | 22.0 | 18.1 | 21.9 | 206 | 107.9 | 114.1 | 22.2 | 214
ORP(mV) | 111.6 | 151.4 | 150.4 | 239.4 | 330.5 | 218.5 | 298.3 | 292.0
TOC(mg/L) | 0.37 | 20.87 | 16.35 | 1,240 | 1,765 | 1471 | 163.2 | 1465
(f) Aol 20417F 3l gh Al 4
s el
At | dg | E= | "] [ A | W | R | Y]
pH 752 | 751 | 7.48 | 479 [ 516 | 7.12 | 7.61 | 451
TDS(mg/L) | 312 | 302 | 311 | 381 286 | 407 | 337 | 540
ORP(mV) | 837.3 | 836.3 | 832.0 | 455.4 | 440.5 | 319.6 | 794.0 | 413.6
TOC(mg/L) 47.86 | 55.57 | 454.1 1,422
[Cllmg/L) | 69 57 50 16 20 14 57 13
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Ab3t G 5| B

A}

A}

A}

Na || 2.31 | 1.86 | 2.06 | 2.00

19.72

1.74

2.15

13.09

NHgf 0.52 | 0.79 | 0.87 | 3.10

N.D

0.73

0.69

0.56

3.84

0.38

K || 5.09 | 6.63 | 6.17 |1232.8

1.36

1.36

0.09

13.54

132.7

131.618.91

214.9

6.47

8.50

23.30

Mg || 1.53 | 1.10 | 1.30 | 9.18

0.08

0.20

0.03

0.55

2.49

1.99

0.62

12.46

0.20

0.26

0.20

1.06

Ca | 6.78 1 0.09 | 6.10 |1

7.87

0.41

0.51

0.12

1.60

4.30

2.32

3.09

17.42

0.40

0.44

0.34

1.10

F [ 0.020.05| N.D | 0.61

N.D

N.D

N.D

N.D

N.D

0.50

0.06

0.73

3.92

3.92

N.D

4.10

Cl || 3.85| 2.57 | 2.50 | 5.05

24.93

32.91

28.07

29.09

2.03

5.26

1.08

4.55

18.20

19.60

19.28

19.49

o
o

i
Y

e

Chloroform

N.D

N.D

N.D

Trichloroacetonitrile

N.D

N.D

N.D

Dichlobromomethane

19.52

N.D

N.D

N.D

N.D

N.D

N.D

Dichloroacetonitrile

N.D

N.D

N.D

N.D

N.D

N.D

N.D

N.D

N.D

N.D

N.D

N.D

N.D

Dibromochloromethane

0.23

0.35

0.08

N.D

N.D

N.D

N.D

N.D

N.D

378.7

N.D

N.D

N.D

Bromoform

0.66

1.54

N.D

N.D

N.D

N.D

N.D

N.D

N.D

961.4

N.D

N.D

N.D

Dibromoacetonitrile

0.53

0.56

N.D

N.D

N.D

N.D

N.D

N.D

N.D

284.6

N.D

N.D

N.D
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<E. 3-7> mlolazwE Tto] EAAFT A3
w=o] ag o % A T = = ERFAAIZE
F9=%F | (kgf/cm?) (L/min) (Lux) (min® sec’)
ZNe(&=E X) 1.2~2.0 6 860~930
N 5.5 4.8 18~20 7° 05’
L=t o P = 4.8 5.3 23~24 6° 54’
f 4.5 5.2 25 6° 38
N 5.2 5.4 35~36 7° 06’
Hl 72 = 5.1 5.4 32~33 6° 15’
] 4.9 5.6 38~39 6° 37
EN 3.5 9.2 125~135 1° 26’
Aol E& = 2.5 8.3 175~190 1° 05’
] 1.2 7.8 280~312 1° 05
ALl 22 EN 5.3 5.0 25~26 7° 27
+ o892 o 4.6 5.4 27~28 6° 43
R EES N 4.6 5.3 15~18 7° 23
FASER s 4.2 4.5 20~21 7° 12
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[719. 3—43] HELOS Particle Size Analysis(Sympatec) A &3],




Unknowns
X190 = 24.50 um
X6 = 30.19 ym

225

Xs0 =50.92 um
Xgy = 74.97 pm

Xop = 82.66 pm
Xgg = 113.47 um

SMD =38.65 um

Sv =0.17 m¥cm?®

VMD =52.67 um
S =1741.45 cm?/g

2.00
1.75

Param. 1 Param. 2 x(50 %) x(50 %) -
? ?
s Techwin 5 MB-A 2219 50.92

1.50

-
[= TN
o o

£ 075
0.50
0.25

Density distribution q3*

0.00

Unknowns
X0 =20.80 pm

X1 =27.85 um

20

05 1.0 5 10

particle size / ?

50 100 500 1000

(a) Venturi Type

Xsp = 45.74 pm Xpp = 78.96 pm

o = 120.54 pm

SMD = 33.82 um

Xgg = 70.18 pm Sy =0.21 m?*/em®

VMD =48.85 pm

Sm =2126.38 cm®/g

1.8
16

3

Param.1 Param. 2 x(50 %) x(50 %)
? ?

Techwin 5 MB-C 1487 45.74

T 14
Qo

Density distributi

oo .. o =
o ko ko

(=]
=y

Unknowns
X130 = 24.05 pm
X5 = 29.12 um

0.5 1.0 5 10

particle size / 7

(b) Orifice Type

50 100 500 1000

Xs50 = 55.89 nm
Xgs = 100.76 pm

Xop = 128.26 um

oo = 368.47 um

SMD =43.92 um

Sv =0.14 m¥em?

VMD =73.61 nm

Sm =1372.01 cm?/g

1.6

1.4

.
[N}

Param. 1 Param. 2 x(50 %) x(50 %)
? ?

2041  55.89

Techwin 5 C+A

Q0 o =
» o o
TTTT

Density distribution g3*
B
TT 11

o o
(=T ]

o
.y

0.5 1.0 5 10
particle size / ?

50 100

(c) Cyclone Type + Orifice Type
[29. 3—44] HolA F3]de] o3t nfolamHE A7,
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B E AL S BAPN
(1) AR5 ABE 42 FHE

(2%, 3-49]= AHs AZE FXE vebd Zolth, [13. 3—49] oA Yebd upe}l 7o)
AAe AL A= 249 FxE A Ao AFH AN B wiEFE A
A ZEE & 5 AES AAslh s 2719 2 Alolell= 3xH(EEE 22 AlF 7] (A4
T AR ESRH U2 EFE dUEE F e Iy 2740 %Lﬂﬂ(ﬂ vt dE= AH
B Al Y] 2= 3Y 59 o2ds FAT A

Ao AEYL 7] YsiA LEE 2% A5y, AZL () 2z} = SXP A A 7=] ol A
HiﬂL AAFE AHF AL FAZ o] F A7t

I e Afolls AXHAY 2710 AlHF AR FA oM dHPd AHFE 12 =

2x} A GA R olFEA 712, vEeF 12k B 22F ARAA ] F97F Hed Agols Bx
EHAR o|FA A dHPE AHFE AGAT. £F, 14 B 23 AHEA L AFHF7F
A= 7

H58 A Bnx B3 A 22 AFFE 12 BE 23 AHZAZE A
- O
o=

—
SEE
—" = — ‘u'lE‘I —
_u.IE.I
&+ L]
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B goy) mo() B k= B
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(2) AHF A FA o AHF 55E

[19. 3-50]+= AHT At ZA AlHs 5555 WEbd Zlojtt. [1d". 3-50]° 1
ERdl miel o] AlH e A A= AHs LS AA, 2 2vf, 2¥A 9 5] HER
TAE A, AlFTIRRE des wiEsE AEPEY 13 AlHxE Ee SHaE olEA
71 AAlolth AlH e A FA Y s5Fs B 3AH(EE 22h) ARAAA (FAA] s EA
Aol BT MiEes MEO % HEZD = Tt A EY ZAR FdEn 4
g MEre 2HY

= 1A A xR o|FAZE Afole WREG) I MHE(v)E AT AH el
Al B (i) ok HE(O) " ME(v) & F8ke] 13 AlFx 2 o] FE
e AEIQ Bl BB G I EEGv)E T Aol BB (i) 9}
jfqi(H) gl WHE (v)E T8 A7t 28R olFsd
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AHE AEd AN B A FB F L FEY Fol AT AR god F3
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depelel o2 & AASL, e FA 0

Az AA g At wuel e fe zgow A
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<¥%. 3-8> Comparison of physicochemical properties of electrolyzed water

manufactured from various concentrations of sodium chloride.

con. of avaliable
Current(A) Voltage ) ) pH ORP(mV)
NaCl(%) chlorine(mg/L)

0.001 2 55 242115 7.94 781.9
0.05 2 35 50.5+£0.6 8.29 774.3
0.2 2 3 99.510.1 84 766.3
0.3 2 2.7 201.2+1.3 895 743.7

Ab, @7 X%, BUE FFAEAIR () oA Fralete] Al E el AREEsith A1 E
A AlEe FAZE dAs 2s Adete] AREeal FAl= AR 237.8 £ 2.9g, ©@FF 97.8
+ 1.3g, ®7] 90.6 £ 3.3g, X% 100.3 = 0.8g o]t} 2FFH AAAL 2 FoA & A
TFAISEaL Sl 57FA] ¥ bacillus, staphylococcus, E. coli, vibrio, Enterobacters & Fh
of Wgale] BystaA A wFE ARG, o] W W wiA = AFFAA PR o w
gt A S AAESTH

1o

WA 5744 et AR AolRAUEFEFY FRALEESS WA w2 Ay 9
G5 gotr ] flste] b ol uiEl 7] F5E brothell A Hoigh wo] FAAR o
271975 S, GASNE A AT AtV ERTE Yol AdE s A
Ak 1 Ay <3 3-9>o- 8k o]l ¥ bacillustro] THE w3k HlwE] E oo
FTREALEE7E A2 oF 50 mg/LolMs o] v goix= d3E Bl ol v
ATAES] AFsle AR e FaAE FEolA At Al bacillus#tel digh FoE 3t
ofof g Rog Yzt R,

o= Al AFS] WadAE HAAAEE AEd 197F E. coli O157;H7(35.5%),

Salmonella(27.4%), E. coli(6.5%), Cryptosoridium (6.5%), Shigella(6.5%),
Hepatitis(3.2%), Cyclospora(3.1%), 7]¥} Staphylococcus aureus, L. monocytogenes,
Clostridium spp. V. choleraeso] Z} 1.6%4d% A3ttt & Ays W LAl

bacillustrell $JeJA 5.7 Log CFU/mLY 5 ©]8e] Ahtol QoA Fa89sh 5% 9 50
mg/Le A7l Aol ARG EFT A 33 o) HFstd ol BT AMEste= dyE B

ATt
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<. 3—9> A comparison of bactericadal effects on bacteria strains treated with

electrolyzed water.

Bacterial Surviving bacterial population after exposeing(Log CFU/mL) EO water property
species O mrin 3min 5min 10 rin 15 i Avahafg ;th‘me pH &R\i ﬁiﬁcmf'
77 47 44 43 47
67 40 33 36 36
57 0 0 0 0
47 0 0 0 0
1.8 31 2.3 20 27
. 108 30 33 33
Bacillus 98 0 0 0
28 0 0 0
78 0
12.0 26 2.3 26
110
10.0
90
20
1.9
109
99
28
78
Staphylococcu ﬁg 23
s 10.0
90
20
12.1
1.1
101
91
81
127
117
107
97
87
12.2
Enterobacter 1.2
10.2
92
82
12.4
114
104
94
24
1.9
109
99
29
7.9
12.2
E. coli 1.2
10.2
92
82
12.2
1.2
10.2
92
82
98
28
78
68
_ 92
Vibrio 22
72
62
97
87
77
67

505 8.29 774.5 23

99.5 840 766.4 23

=3
=3

201.2 8.95 7437 23

o o oo
o o oo

o
w
)
w

505 8.29 774.5 23

o o o o

99.5 840 766.4 23

201.2 8.95 7437 23

oo o ool oo

[}
w
w
3
w
o]
o
oo

505 8.29 774.5 23

99.5 840 766.4 23

201.2 8.95 7437 23

coc oco ol o ool oo

b
o
w
o
w
w
o
D

505 8.29 774.5 23

99.5 840 766.4 23

201.2 8.95 7437 23

505 8.29 774.5 23

99.5 840 766.4 23

201.2 8.95 7437 23

cocooloccoolococ o oloc o ool oo oo © ol




(2) HFA "ol gk 3

23]
o)
L
=l
)
o
N

A AL A7)Es] zbotd Aty AR 9 mlolazmE AAAFA7E A%E o=
s AxS F ompolaEME A E FRE AV|EAGA ) vlelazwES BN A A
B2 Fdxe] HFoko] Aatshis Al Ao
A AI AT s e fstel HdiEWe] WA rAdE eds AR
Nutrient broth KA #jA]e] E. colies HE 8t 714 8.270.26 X 102 #jx|o] &<
|4 °F 5mm = E71E FTaA

247b A2 wxoty Alg(AA), ©S7HEAAA),
=%

(FAD = oF 10&3F A & 5 wjAelA Zefste] SMA] QbellA oF 1A d= A
) 7

EE5A Oﬂ /‘]:‘?4712 &2st shower® 2, A34E§ sonicatorg Zgstel AAs 253 AlH
WA a3 epHre g 7| 2P 02 A|AEE microbubble X E o] &3t wio] AR
Ha WA O R sto] 7} WA el tfste] 33, 53 AEE & HLS FElste] SHHIA] oA

Azt 5 o]g3td
WA xHE] vy EFE AFt st 1 213k shaking 1ncubator°ﬂ"1 JJr‘” of AA7F vA] &%
= 18 A% &5 F 1 95 EMBHA o wj&Fete] 55 S5

o

O
m
-

7 A <. 310> 9f o] FrgE AREE AU wE vAAES] s
298 A7l AN BHAdxEdel brothet F Eol ol i FololA F4
brothe} &7 HolAd ve= Aow AN Aol axirt & 2537 74
B taE Holw Utk ¥ AP Aotdisio] wE AA 7 matrixel A A il
A de Adow FHT|deA AT AotdiAUEFES AYEA A o= FEEA
100 mg/L, 150mg/L, 200mg/Le Al @A §%E 2% 5 U wsox ZA=R 7 F
100mg/L ¢t 200mg/Lo] F 7k w55 AdAste] mlola 2w &3 7|28 Aot At ER
T Bl dues Bz sk w3 Fdne] 2VwsE L9A7IE Aol
A Ha 6.1 Logd mAES LAAA Frel flo] 1 ol sEAES kA kit
ol e RE APS o AR <. 3-10>014 9k o]l HT|EE Apeld A EFF

A FEol wet whe FA 9 vl AmH & iﬁw%oﬂ wtep 25 A ate] Aol
Ao &  fslen #AY TR FHsA Fada 100me/Lo) Aot AhtE
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<#. 3—10> Change of total microbial counts of fruits during immersion cleaning in

different cleaning method.

Cell number(log cfu/g)

Washing Washing method .Conta{:t Sweet
water time(min) Apple . Strawberry Grape
persimmaon
- Initial - 52£1.2 46£1.0 6.1£16 56£1.3
(contamination)
Dipping 3 35+0.8 3.3+0.8 4.1£0.9 36+05
5 3.6+0.5 3.2+0.7 42+0.8 3.7+0.6
showing 3 35+0.6 2.3+0.5 3.5+0.8 3.3+09
Tap water 5 21208 2.6£0.6 2.8+1.0 3.1:0.8
Microbubble 3 3.7+0.4 3.6+0.5 3.9+0.7 3.4+0.8
5 3.2+0.3 3.7+0.7 3.5+0.8 2.9+0.6
Sonication 3 22105 4.1+05 2.9+0.7 3.8+0.6
5 1.620.4 2.8+0.6 2.6+0.6 2.4+07
Dioping 3 N.D N.D N.D N.D
E.O water 5 N.D N.D N.D N.D
101 mg/L . 3 N.D N.D N.D N.D
Microbubble 5 N.D N.D N.D N.D
Dioping 3 N.D N.D N.D N.D
E.O water 5 N.D N.D N.D N.D
0 ML Merobublie . N b b ND

* E.O water : available chlorine 186 mg/L, pH 8.9, ORP 756.4 mV
available chlorine 181 mg/L, pH 8.4, ORP 778.4 mV

(3) B Awe] og 7, ALF wY e B

vl obuel AT At Bl A Y] flete] Abd, WeEviE, £, A<, A
T, yu el e dsE7E TSt L= AT esTAEA gl st Al
Fdol AHgaA L AY A AlEE FAVE dAs AS AEste] ARESRITE 13] Sl A

st JE9o FAl= AR 218.8%£2.9, WEERIE 92+X13 g X% 1256%15 g A
310.8 g, A5 5.1£0.3 g, "lYHIF 5.7£0.9 g o]tk & Ao AYF 0T AT
7] 98l AFEE 5+ E. coli KCTC 1467, Bacillus cereus KCTC 3674¢°]w 34 ¥
StA T AEAAAE A FFRtol 33] A vkt ARGkt AlE= 94 18L/min]
EE2 A= FxE 13 A A% Clean beach(BC—11, JEIO TECH, Korea) °ll
AZAAG. x5 ZF A5Q o At F ool AR e 291717 918k
E.coli®} B.cereusE NB(Nutrient broth, Difco, USA)el|l ®i¢f &, 7] 2@+l 105~106
o] HEH HFAUL, o] HFH ARE A AXRAA pAEdd ed® ARE ARSI

o

=]
FEE W A7 R FAA A% FEGG A7) R 5T vho] Am LAY

= op



4

thgo= Atdy = ARESE W HA 9 mpol AR WE TR Aol
Ate Aol yetuAl ok 7 AP B °F 1~2 log CFU/ge] wAE 4 a3& Uy
i AT

ArEe] gk Al <3 3-13, 14 15>0)4 8 Zo] wholazuiioe] 7hsEA] kil 7]
TalTsE ol&d deIA A ZdME FEYE FE7F 100mg/LYEw oA =
E.coli®} B. cereus =5 2~3 log CFU/g® 4 &35 YeRd dHbdH A 4ox = E.colif
B U FE AQst A A Aeazte] A42F 133 5ikel] ndEe] HEHA &

% L AL AR FS IR AN 5] v Ee] HE
HA s 1em fENA SE 200mgLe RAG Be BA AP HAL 12
of PlgEol PEHA ot AxelHE AUM FFE Az 1RTe] VYR &
A re ure eUuiRE ARk 3Rure] o] AEEA ot

O vlolazwEo] 7hed AV #
E.coli¢} B. cereus 25 274 log CFU/g9 A 7Y
Hs2dh At a7 yEbRARE A A
of mAEe] HEHA &9kem B. cereust A, AF, uYulF B A AIZE 125k v
Aol AEEHA ol A7|RaT T Aol vla] &2 AHeAlgke] a2l Abgto]l | Ao
2 Ueteth fFEdA w5 P 200mg/L]l 7|&els wholaz wES A ALy} i A
2 AIZE 1 wke] WA Eo] HEW A kST

ojg} #e AR Eﬂ]i o]l AW Eo] ZhEd AV A EHo] A Tt
Hdeld= I mdprb AVl de AA G ¥ Zol7E o olojHE Al &
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<#. 3—11> Comparison of physicochemical properties of Electrolysis water of 100

mg/L chlorinated water by treated microbubble.

Treatment EO 100" MB + EO 100?
Sample time
. AC” ORP AC” ORP
(min) pH pH
(mg/L) (mV) (mg/L) (mV)
Initial value 102 863 754.8 102 862 754.9
Apple 1 102 862 755.1 102 861 755.2
5 101 862 755.1 102 861 755.2
Initial value 106 863 754.9 105 858 768.2
Grape 1 106 863 768.5 105 858 768.3
5 104 863 768.4 105 858 768.3
Initial value 103 861 768.8 103 8.60 768.9
Cherry
1 103 861 768.5 102 861 768.7
tomato
5 103 8.60 768.4 102 861 768.7
Initial value 99 847 768.8 101 852 768.2
Sesame leaf 1 99 847 768.5 101 851 768.1
5 99 8.49 768.4 100 853 768.2
Initial value 101 864 768.8 102 850 771.2
Lettuce 1 101 85 768.5 101 850 7711
5 100 85 768.4 101 850 771.2
Initial value 97 8.46 769.3 98 847 769.2
Mini-cabbage 1 97 847 769.3 98 847 769.2
5 9% 847 769.3 98 8.46 769.1

1) EO 100 : Electrolysis water of 100 mg/L chlorinated water
2) MB + EO 100 : Electrolysis water of 100 mg/L chlorinated water treated

microbubble

3) AC : Avaliable chlorine
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<¥%. 3—12> Comparison of physicochemical properties of Electrolysis water of 200

mg/L chlorinated water by treated microbubble

Treatment EO 200" MB + EO 2007
Sample time
(min) AC) oH ORP AC) oH ORP
(mg/L) (mV) (mg/L) (mV)

Initial value 198 8.87 744.8 201 8.87 744.5
Apple 1 198 8.87 744.7 200 8.87 7444
5 198 8.88 744.4 201 8.88 744.5
Initial value 201 8.89 743.8 202 8.89 744.2
Grape 1 201 8.89 743.5 202 8.87 744.1
5 201 8.89 743.4 202 8.87 744.1
Initial value 204 8.90 742.8 196 8.84 743.9
Cherry tomato 1 203 8.90 742.6 196 8.83 743.8
5 203 8.90 742.5 196 8.84 743.9
Initial value 195 8.84 747.9 205 8.92 743.9
Sesame leaf 1 194 8.84 747.9 205 8.92 743.8
5 194 8.82 747.7 205 891 743.8
Initial value 202 891 743.1 201 8.89 743.5
Lettuce 1 201 8.90 742.9 201 8.87 743.6
5 201 8.90 742.9 201 8.88 743.6
Initial value 203 8.92 742.8 204 8.93 742.5
Mini-cabbage 1 203 893 742.7 204 8.93 742.4
5 203 8.92 742.7 204 891 742.4

1) EO 200 : Electrolysis water of 200 mg/L chlorinated water
2) MB + EO 200 : Electrolysis water of 200 mg/L chlorinated water treated

microbubble system

3) AC : Avaliable chlorine
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<%. 3—13> Sterilization effect of tap water and tap water treated microbubble on the surface of fresh fruits and vegetables

Treatment Sample
) ] Treatment ] (Log CFU/g)
Microorganism time ;
method Cherry Sesame Mini—cabb
(min) Apple Grape Lettuce
tomato leaf age
NTV ~ 5.90 6.27 5.66 6.04 551 6.30
1 5.37 4.95 5.00 497 497 543
T.W? 3 5.925 4.95 4.86 3.81 492 5.38
E.coli 5 5.18 403 472 375 411 479
KCTC 1467 1 492 450 518 417 420 5.32
TW + MB” 3 4.87 4.35 5.03 3.98 4.04 5.07
5 497 3.97 3.97 3.37 3.64 5.02
NT - 5.30 5.49 5.27 5.18 5.83 5.64
1 457 4.62 493 4.06 4.69 458
T.W? 3 455 448 4.82 3.75 459 457
B. cereus

KCTC 367 5 4.96 443 475 3.69 454 4.30
1 4.65 455 441 3.72 4.60 467
TW + MB” 3 450 431 441 3.63 437 452
5 4.98 407 433 3.54 418 4.9

1) NT : Not treated
2) T.W : Tap water
3) T.W + MB : Tap water + Microbubble
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<%. 3—14> Sterilization effect of electrolysis water on the surface of fresh fruits and vegetables

Chlorine Treatment (L SaIgE‘IS/ )
. . . - 0g g
Microorganism concentration time Cherry Sesame Mini—cabba
(mg/L) (min) Apple Grape Lettuce
tomato leaf ge
NTV 5.90 6.27 5.66 6.04 551 6.30
1 4.00 3.22 460 ND? 2.80 3.00
E0100° 3 3.59 3.08 391 ND 2.58 2.74
E.coli 5 311 281 333 ND ND 124
KCTC 1467
1 ND ND ND ND ND 2.09
E0200” 3 ND ND ND ND ND ND
5 ND ND ND ND ND ND
NT 5.30 5.49 5.27 5.18 5.83 5.64
1 3.56 2.92 418 193 1.15 1.85
EO100 3 3.20 277 3.90 1.90 1.15 1.7
B. cereus 5 9257 9232 3.40 115 ND ND
KCTC 3467 1 ND? ND ND ND ND ND
E0200 3 ND ND ND ND ND ND
5 ND ND ND ND ND ND

1) NT : Not treated

2) ND : Not determined

3) EO100 : Electrolysis water of 100 mg/L chlorinated water
4) EO200 : Electrolysis water of 200 mg/L chlorinated water
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<#. 3—15> Sterilization effect of electrolysis water treated microbubble on the surface of fresh fruits and vegetables

M . Chlorine Treatment Sample
lcrof: A concentration time Che(rLr§g CI;Ue/i)a me Mini—-cabba
(mg /L) (min) Apple Grape tomato leaf Lettuce g

NT 2.90 6.27 0.66 6.04 0.51 6.30

1 2.76 3.15 4.65 ND ND 2.46

FEOI00+MB 3 2.70 2.98 4.01 ND ND 191

E.coli 5) 2.66 2.74 3.86 ND ND ND

KCTC 1467 1 ND ND ND ND ND ND

FEO200+-MB 3 ND ND ND ND ND ND

5) ND ND ND ND ND ND

NTV 2.30 249 0.27 0.18 0.83 0.64

1 2.75 2.14 3.13 ND ND ND

EOI00+MB 3 202 2.02 2.98 ND ND ND

B cereus 5) 1.92 1.24 2.72 ND ND ND

KCTC 3467 1 ND ND ND ND ND ND

FEO200+-MB 3 ND ND ND ND ND ND

5) ND ND ND ND ND ND

1) NT : Not treated

2) ND : Not determined

3) EO100+MB : Electrolysis water of 100 mg/L chlorinated water treated microbubble system
4) EO200+MB : Electrolysis water of 200 mg/L chlorinated water treated microbubble system
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=9 Fe° kx&vﬂ%ﬂ—r"]zﬂ‘ﬁoﬂ w}‘j/]r Ald L EE AENETT =2 654
Aln) 22 38A] (Chloropyrifos:25%), BFid 5314 (Chlorothalonil:75%), #] 2.8 A
Al (Endosulfan: 35%), o34 (EPN: 45%), "] XL (Fenitrothion:50%), Z~7] )
2 8HA| (Procymidone: 50%) & &ALl A Falieto] AFE-SF3ith o] Foks ARE-Sf
o] <. 3-16>9 AHg7IEEeel weh AR v thidakdel dhste] 1023 FA
A7 F 55 Qkolq Ax3st Hde skl 299 HFUANERE ARG

A o] e AFEok Xﬂﬂ% Ask7] flstel Sarel 3, 5% A A #d 3
A7) R ol 2 PEFS 100, 200 mg/LE wlo] A2MBRAE A5G A7) 65

= QNS
o] 3, 5% 747+ Ae]F AL T Qo T 5713 ijsa},,i

] &)

10
)
o
=)
ne
o
=
:(I)g

b FZ319h o 7)e] NaCl 20ge Y1 1087+ shaking &

T —20C Ysdel 1M A F A5 20 mlE FAsk] W33 dEF7]
]

o] hexane(20% acetone) 2mlel &3t o, G2 kst olgA AA
H ABE AFEZAAGH et GC/ECD, GC/NPDE 3 #4319} sekAl A& A
Abe- ol o} o] A4t 3 o, Endosulfans a—, 8-, —sulfate® &3 FX=Z 4
AbsEA T

W 455 tidEEed AfFeR 6F9 sk A4 HsLE Endosulfan,
8.2mg/kg, Procymidon, 13.3mg/kg, Chlorprifos, 16.7mg/kg, Chlorothanlonil,
16.0mg/kg, EPN, 10.6 mg/kg, Fenitrothion 13.3mg/kg?] $+F 02 2AAA o]gdA
eAd Hds AEER o] volaARMES 7hEE Jlol| tigt AFsekAAE Ads A
Y oSk 1 A <R 3-17>elM el 2ol Abke] A Tl EPNeol Ha
7.3%, ChlorothanlonilolA H1l 69.2%2] #F5okAa &S H
MG EFFIME FA49 Endosulfan®] 7 W& 63.9%5 XA
Ql Chlorothanloniloll Al #1 96.9% 2 F7Fs<F AAES HH

o
-

x2
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9, ZF5olA4 EPNo| #HA 2.8%, ChlorothanlonilelAl #Hil 53.5%2 %t
= Hla, @71 Ao ARG EFFolAE ARl Chlorprifos7t 74
61.7%5 ®Aa, F7194A 3FA¢l Chlorothanlonilelld Hi 92.6% 9 #Fs
oF AAEES HIT =79 A=, SHFFolA EPNol HA 8.8%, Procymidon©l A
H1 40.3%9 FFEFAAES B, AVEE Aot AAUEFFoME Al
Endosulfan7} 7+ 15%% 40.1%= B33, 71947 3kA1<1 Chlorothanlonilell A 3

ﬂ]-X]E}ELE XE9 A= EFFolA EPNol #HA 8.4%, ProcymidonolAd
35.3%% FFFEIFAAES EHAJ3, HA7ESH Aol RAYEFTFAANE FA
Endosulfan’} 7F& @2 4.5%5 H¥ 1, 571944 43A2 Chlorothanloniloll A =

R

2

3 90.6%8 AFEF AAEE BTk AV APRAIERFY FAYL FE

of wep = ApolE Holx ekgtth

Chlorothalonil , Procymidone 7944 weko=z E  F71eA
Fenitrothion? EPNel|l HJ&l] & AAES BT ol t& A7AE
A sk AgAdol7] wiel =l F&, AF7F oyl A9 AAEe] wHA W
B zle=® AZHe s AP 5ol wet FstAlQl Chlorthalonil,
Procymidon, Chlorpyrifos $9¢] &2 #A|A&S X971, Endosulfane F7]1942A &<k
S5 fFAZM Fenitrothion, EPN 5% 3 & soksrt 932 AAES B3t »t
olAZWMER FEAF AAE 90%0ld AA T F Ao, {UIAA A 835k
AGol FAA A AAE HA 34592 S AAE HeloH, THFT FA Gl
A HaL 2.8%HTHE B Tk AAES Holal it

<#. 3—16> The characteristics of pesticides

Commor name standarq MRL" ADI’ Soil Half-life
comsumption  (mg/kg) (mg/kg/day) (day)

Chlorprifos 20g/20L 0.0172.0 0.01 30
Chlorothanlonil 25g/20L 0.0577.0 0.03 30
Endosulfan 40ml/20L 0.172.0 0.006 20
EPN 20ml/20L 0.0570.2 - 15
Fenitrothion 20ml/20L 0.0276.0 0.00 o4
Procymidon 20g/20L 0.1710.0 0.1 7

*MRL (Maximum Residue Limit), ADI(Acceptable Daily Intake)

- 100 -



<¥. 3-17> The average of revoval efficiency of pesticides washed by

microbubble and dipping with fruits

Wash washing Removal efficiency (%)
Fruits solution . . .
Method . . Endosulfan procymidone chloropyrifos  chlorothanlonil EPN
& time (min)
Dipping DW—Sm%n 23.8 25.6 46.8 43.2 7.4
DW-5min 45.4 51.4 58.6 09.2 111
Apple ' EO100-3min 717 72.0 84.5 96.9 93.5
Micro EO100-5min 64.8 81.0 76.0 91.4 88.4
bubble EO200-3min 63.9 80.6 69.9 88.7 86.4
EO200-5min 71.8 83 65.1 84.8 84.3
Dipping DW-3min 20.2 23.4 38.6 31.1 2.8
DW-5min 35.8 47.1 42.8 53.5 45.9
Sweet EO100-3min 06.6 61.9 62.6 89.2 85.3
persimmon Micro EO100-5min 72.1 76.9 74.9 85.4 87.7
bubble EO200-3min 67.2 78.9 61.7 89.4 83.1
EO200-5min 75.3 83.7 71.2 92.6 90.4
Dipping DW—Sm%n 17.2 30.2 30.3 10.3 88
DW-5min 21.2 40.3 38.2 22.3 15.3
Strawberry ' EO100-3min 43.2 56.4 40.5 89.3 50.2
Micro EO100-5min 46.4 68.4 50.2 91.2 60.4
bubble EO200-3min 40.1 60.2 49.2 89.3 53.2
EO200-5min 51.3 06.2 60.1 91.2 65.3
Dipping DW—Sm%n 16.3 27.3 25.3 10.3 8.4
DW-5min 28.3 35.3 31.2 116 11.3
Grape ' EOlOO—Sm%n 34.5 49.3 40.3 80.5 49.2
Micro EO100-5min 41.4 55.8 54.3 83.2 56.4
bubble EO200-3min 38.6 54.2 43.3 83.2 50.3
EO200-5min 50.3 63.3 55.3 90.6 69.8
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—#—Endosulfan(%) =~procymidone(%) =d—chloropyrifos =s=chlorothanlonil =#=EPN  =@—Fenitrothion
100
90 -
o | Apple
70 1
60
50
20 1

30 4

removal efficiency(%)

20

10 4

Q

DW-3min DW-5min EO100-3min EQ100-5min E0100-3min E0100-5min

Dipping Micro bubble

90 4

80 Sweet persimmon
70

60

50

40

30

removal efficiency(%)

20 1

10

DW-3min DW-5min EQ100-3min E0100-5min EQ100-3min EQ100-5min

Dipping Micro bubble

=t=Endosulfan(%) =@=procymidone(%) =s—chloropyrifos =s=chlorothanlonil =#=EPN  =#=Fenitrothion

100 4

Q0

i Stawberry

80 -

70 +

60 -

50

40 -

30 4

removal efficiency(%)

20 4

10

o

DW-3min DW-5min EQ100-3min E0100-5min ‘ E0100-3min ‘ EO100-5min
Dipping Micro bubble

100 4
90 | /
80 - Grape
70 -

60

50

40

30 4

removal efficiency(%)

20 4

10 1

o
DW-3min ‘ DW-5min EO100-3min EO100-5min EO100-3min EO100-5min

Dipping Micro bubble

[7¥. 3—52] Changes of removal efficiency of pesticides washed micorbubble

system.
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(2) BEA2YY A2F FREFHAASY B2

B ATl AL A aE A%, vV iE, dFoln SAEA R () A Fe
99 ARG ABaRen TU F o AFVE AU AN AFTA S
o BRRRHENEAUNl  wme  A¥S  Agsar. o A

(phenthoate:47.5%), @l¥v}o]A = (Fenthion:50%), < X&FA}o] = (methidathion:40%),
A 28 A (Endosulfan:35%), ©]3 Al (EPN: 45%), "] (Fenitrothion:50%), tt3d
(Chlorothalonil:75%), 2~u]& X (procymidone :50%), 1% (chlorotha:25%)%& &<k
GAbOlA Frufste] ARGl o] EokE AREEte] AREVIEE R wet AR v
it del diete] 1023 JAAAD £ F= <QboA HAE sk 2LFd ARE A

ST
/H]fd‘j“ﬁ of W& AFsek AAE dAFetr] At Sl 3, 5% HA AR A9
2

0, 200 mg/LE vlo|AZHEZAE 7Hedt 7|24
[e;

ﬂg
L
[
sl
-
S

AE T QoA ZHE =275 dxslon o] il s
FoF AFH =4S st A= 9F 100g acetonitie 100mlE 7}l homogenizer &
2,000 rpmO. 2 1#7F vt F=3FE o37]9) NaCl 20g2 €31 10%7F shaking 3t

% —20C Wade] 1A A 3 A5 20 mlE FHoto] AFIAEsF7|A 556t
o] hexane(20% acetone) 2mloll &3t o, A4S ATt o] HA WA g
¥ AEE AFTHaAEYel wet GC/ECD, GC/NPDE A& A5kl wAAE A
AR kAd ) FdskAl AL ™, Endosulfans a—, f—, —sulfate® T3t FH=

Az 3FE gzl Az 9Fe] FoFs A48 FHdEE  Phenthoate,
9.5mg/kg, Fenthion, 10.0mg/kg, methidathion, 8.0mg/kg, Endosulfan, 7.0mg/kg,
EPN, 9.0 mg/kg, Fenitrothion 10.0mg/kg, Chlorothalonil 15.0mg/kg, procymidone
10.0mg/kg, chlorothai= 5.0mg/kg®] FFO2 2AAA oA o¢d #dS AaE=
sto] mpol A Z W Hof thst IFsokAAE S 8 skl

AT <G 3-18>0 M8k o] ALl A g FA A 7.4~66.2% AAE
= Helow A|ET mlo]laZMEA AR A= 69.8~98.9%9 FkAAES HS
L, AFe A FEF ZJAANNA 2.8~59.3%2] AAEES HoH mlo]laE2WEo| THE
AT E 65.1~95.2%2 FAIAES BTk vYuFe] Bees FET
HA ol 8.8~41.9%2 AAES HJAOHW wolarwEo] ZhEd AVEd ol
48.2~91.29 FFAAES KT

SOk #del wE AAES AuEW HdRe wiZIAIE Chlorothalonil
Procy— midone 719474 sFo 2 & {7194 59kl FenitrothionZ} EPNe]
vl =2 AAEs BAo sk A¥e SA wel F3kAQl Chlorthalonil,
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hd}

Procymidon, Chlorpyrifos ¢ < AAES X1, Endosulfans F7]1944 &<
©2 #FAZA Fenitrothion, EPN 53 §7] U& st W2 AAES 23k
Ao el o] mpolazmER 845k A= 90%°1d AA & 5 oy,
A A A skt AFol FAQN Ao AAE HA 48.2%% ¥ AFHE KON, F

T HA G HURA 2.8%H = W ok AAES Holal Utk

=

A

4

<3#. 3-18> The average of revoval efficiency of pesticides washed by

microbubble and dipping with vegetables

Removal efficiency(%)

Wash washing
as . hl
Vegetables Method solution Endos Phenth fenthio methid Fenitr pr.ocy chlorp crioro
etho &t (min) ] . midon ) thanlo EPN
tme (min)  yifan  oate n athion othion yrifos .
e ni
DW-3min 31.7 298 304 31.1 304 27.4 456 41.7 7.4
Dipping
DW-5min 48.2 459 435 46.8 423 506 581 66.2 11.1
EO100-3min 71.7 698 71.1 709 72.1 748 86.5 989 935
Sesame leaf
Micro EO100-5min 745 734 753 76.2 778 852 79.3 944 884
bubble  E0200-3min  71.1 70.1 70.1 69.9 70.3 79.2 749 89.3 86.4
EO200-5min 782 79.3 752 758 76.1 857 73.1 859 84.3
DW-3min 21.7 209 27.1 257 243 243 378 325 2.8
Dipping
DW-5min 35.2 342 36.2 348 275 453 46.8 59.3 459
EO100-3min 71.6 735 74.2 727 73.2 651 67.4 924 853
Lettuce
Micro EO100-5min 774 78.2 79.3 786 79.2 793 79.4 874 877
bubble  E0200-3min 73.5 76.1 73.2 758 743 80.2 66.3 923 83.1
EO200-5min 79.8 79.1 784 786 776 854 758 952 904
DW-3min 182 194 174 185 20.1 323 336 17.2 8.8
Dipping
DW-5min 22.6 23.1 215 233 246 419 41.2 28.3 15.3
EO100-3min 52.2 51.4 53.7 557 547 59.1 385 89.3 502
Mini-cabbage
Micro EO100-5min 56.3 57.8 57.1 60.1 59.9 704 48.2 91.2 604
bubble  E0200-3min 50.3 53.3 52.3 542 534 605 53.2 89.3 542
EO200-5min 57.2 59.8 579 61.3 57.9 676 67.1 91.2 67.3
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<3. 3—19> Change of free and total chlorine concentration to dipping time

Fruit Concentration of Dipping time Free chlorine Total chlorine
E.O water (min) (mg/kg) (mg/kg)
initial 0 0.06 0.09
5 0.07 0.09
100mg/L 10 0.18 0.23
Apple 20 013 0.21
5 012 0.19
200mg/L 10 0.26 0.41
20 0.15 0.20
initial 0 0.08 0.10
5 0.09 0.10
Sweet 100mg/L 10 013 0.22
. 20 0.11 0.19
persimmon 5 014 017
200mg/L 10 0.3 0.39
20 0.18 0.23
initial 0 0.06 0.07
5 0.16 0.20
100mg/L 10 0.27 0.31
Strawberry 20 0.23 0.3
5 0.18 0.21
200mg/L 10 0.2 0.27
20 0.18 0.25
initial 0 0.08 0.09
5 0.15 0.23
100mg/L 10 0.21 0.34
Grape 20 0.31 041
5 0.19 0.28
200mg/L 10 0.25 0.4
20 0.46 0.62
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<3. 3—20> Changes in

concentration of chlorine with different kinds of washing

treatment.
Fruits  Removal method Time Free chlorine Total chlorine Tap water Fruit weight (g)
or cycle (mg/kg) (mg/kg) volume
contamination” - 0.14 0.20 - 264.5
Shower 1 min 0.05 0.07 264.0
(continuty) 3 min 0.04 0.05 18.7 L/min 253.0
Y 5 min 002 003 292.0
D
Apple 1 cycle 0.05 0.09 247.0
(imesrhrfﬁwtteerme) 3 cycle 004 006 18.7 L/min 2555
5 cycle 0.03 0.04 272.0
1 min 0.09 0.13 286.0
Dipping 3 min 0.06 0.10 900 ml 2785
5 min 0.05 0.07 256.5
contamination - 0.16 0.21 - 139.5
Shower 1 min 0.05 0.07 141.0
(continuty) 3 min 0.04 0.05 18.7 L/min 1405
Sweet v 5 min 0.02 0.03 138.0
o 1 cycle 0.05 0.10 141.0
perisim
mon (imesrhrfﬁwtteerme) 3 cycle 0.04 0.07 187 L/min 142.0
5 cycle 0.03 0.05 1395
1 min 0.09 0.12 1415
Dipping 3 min 0.07 0.11 450 ml 143.0
5 min 0.06 0.08 139.0
contamination - 0.13 0.14 - 93.5
Shower 1 min 0.05 0.05 91.0
(continuty) 3 min 0.03 0.05 41 L/min 96.0
v 5 min 0.02 0.05 975
Strawb 1 cycle 0.09 0.09 96.0
Shower .
erry (intermittence) 3 cycle 0.06 0.06 4.1 L/min 955
5 cycle 0.03 0.05 95.5
1 min 0.08 0.09 100.0
Dipping 3 min 0.07 0.08 300 ml 95.0
5 min 0.07 0.08 1115
contamination - 0.28 0.42 - 103.0
Shower 1 min 0.16 0.22 995
(continuty) 3 min 0.12 0.22 18.7 L/min 985
Y 5 min 011 015 98.0
Grape 1 cycle 0.12 0.20 1005
(intesrhrgiwtt‘jme) 3 cycle 012 016 18.7 L/min 1005
5 cycle 0.10 0.11 100.0
1 min 0.18 0.26 101.0
Dipping 3 min 0.12 0.20 300 ml 103.0
5 min 0.13 0.20 1015

- 109 -



0.3 -

E 0.25 - Free chlorine Apple
= m Total chlorine
E 0.2 -
a4 mpusy
o
© 01 -
0.05 -
o | I _;__.I.___.I_____-__:_____I______I | I B
initial 1min 3 min 5 min 1cycle 3cycle 5cycle 1 min 3 min 5 min
shower (continuty) shower (intermittence) Dipping
0.3 -
;:" 0.25 - Sweet persimmon
E 02 -
g pas
o
s 0.1
al 1.2 1
L | H = N
initial 1 min 3 min 5 min 1cycle 3 cycle 5 cycle 1 min 3 min 5 min
shower (continuty) shower (intermittence) Dipping
0.3
;‘5_" 0.25 - Strawberry
E 02
g 045
o
S o1 I
0.05 -
o .M 'H ~H .= I H .m I I I__
initial 1 min 3 min 5 min 1cycle Jcycle 5 cycle 1 min 3 min 5 min
shower (continuty) shower (intermittence) Dipping
0.3 5
2 025 - Grape
=
£ 02 -
g o015 -
]
= 0.1 -
0.05 -
o | . BN EEN e . W\ | .
initial 1 min 3 min 5 min 1cycle 3 cycle 5 cycle 1 min 3 min 5 min
shower (continuty) shower (intermittence) Dipping

[29. 3—54] Changes in concentration of chlorine with different kinds

washing treatment.
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[18]. 3—55] structure of trihalomethanes.

<3. 3—21> Regulatory limits for trihalomethanes(THMs)

WHO USA EU .
DBP’s Japan Korea Australia
ug/L ug/L ug/L
Chloroform 200 - 60 80 - -
Bromodichlorom 60 B 30 30 _ _
ethane
Dibromochloro 100 ~ 100 100 _ _
methane
Bromoform 100 - 90 - - -
Total - 100 100 100 0.1 025

trihalomethane
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<%. 3—22> Changes in concentration of THMs of surface fruits during dipping

time in different solutions.

Fruits Dipping Dipping Concentration (ug/L)
solution time (min) chloroform BDCM DBCM Bromoform THMs
D.W 60 6.5 0 0 0 6.5
5 6.2 0 0 0 6.2
(20(1)?;12 ) 30 5.7 0 0 0 5.7
Appel 60 5.8 0 0 0 5.8
5 95 0 0 0 95
(40(552/” 30 11.1 0 0 0 11.1
60 10.8 0 0 0 10.8
D.W 60 195 0 0 0 195
£O o 182 0 0 o 185
Sweet  (200mg/L) 60 196 0 0 0 196
persimmon 5 22.9 0 0 0 22.9
( 40(%1(; ) 30 23.8 0 0 0 23.8
60 35.9 0 0 0 35.9
D.W 60 26.1 0 0 0 26.1
5 23 0 0 0 23
(20(552/” 30 18.8 0 0 0 18.8
Strawberry 60 21.3 0 0 0 21.3
EO 5 24.3 0 0 0 24.3
(400mg/L) 30 39.7 0 0 0 39.7
60 32.1 0 0 0 32.1
D.W 60 22.5 0 0 0 22.5
EO 5 15.1 0 0 0 15.1
(200mg/L) 30 182 0 0 0 182
Grape 60 15.1 0 0 0 15.1
EO 5 18.1 0 0 0 18.1
(400mg/L) 30 33.6 0 0 0 33.6
60 32.1 0 0 0 32.1

- 113 -



200 mg /L dipping

W 400 mg/L dipping

18.0 -
. 160 -
T 140 -
= 120 -
ol
§ 10,00
w B0 -+
=
E 6.0
4.0 -
val B 1l
0.0 _— _— - - £ L) £ ) | | s
pg = = L © L L3 L2 © L L L © L L &
© E E = 42 E = = 42 E E E ‘E E E E
s Ln o =] o Ln o =] ] Ln o =] & Ln o o)
C o [} O gl =} ") gl =} ™) M =}
S
apple sweet persimmon strawberry grape

[7¥. 3—-56] Changes in concentration of THMs of surface fruits during

dipping time in different solutions.

(th A712el=2 Ao H5 Al A7

3 AHEFES (200, 400 mg/L)el 5, 30,

60 & &t A FA of 3wl HAT § Ao HF F AolARAHEFTF
76] 1

™=

,%
T
=
w
(o3
(g -
o
il
(17
ed
s
N
o
_o|L-
2
[
ofo
e
12
o
>
Ert
Fu
_O|L-
2
rios

W T A RTIEE AR wet ALY ES
% 20mL cap vialell WY& HA3EHAA headspace GC/MS ol 93te] 717184 313t}
LAY <GE3-23>0lM ek o] A HFARbe] whE wstellA 200 mg/Le A
71838 zpold A EFHSo) A chloroform®e] 60.3~687.0 ug/L, BDCM, 2.9~31.7
ug/L, DBCMe] 5.1~ 28.6 ug/L, % THM= 69.4~747.3 ug/Le] AZ 3t 400
mg/Le A7]&E8 Aot ARAGEFESANA  chloroform®] 72.6~737.1 ug/L, BDCM,
5.9~147.1 ug/L, DBCM?] 0~6.8 ug/L, & THM<> 102.2~901.6 ug/Le=Z HA=HS
o AEFAIG wet 3L JE5SE Apold AU EFTE Sk S Holal gloH,
Ab @A o] wjzme R ARG xHe] thAh AFAY Aot AU ERSS
HAF7F golgk #dol SlojA = THMso] t ol BAH= Za & + Aon, Aoty
DAMEFTY w59 Ut wet va Frkete A¥de Holal Slvh A
=5 FAV|FoZ 300 ug/LE qFAIEF 1ew 1 TDI(tolerable daily intake)+=
WHO®IA 10 ug/kg of body weightZ A= 3ty o] d HdS et Aolax
AUGEFETE I Wk A2 S 9l dele]l H = Slo] g Hojop & o]

.

=

- 114 -



<%. 3—23> Changes in concentration of THMs of solution during dipping time

in different solutions.

EO

) Dipping Concentration of E.O water after Dipping
water Fruits . .
Conc. Time(min) chloroform BDCM DBCM Bromoform THMs
Initial - 32.1 3.0 4.6 0.0 39.7
5 60.3 29 6.2 0.0 69.4
Apple 30 71.1 5.3 94 0.0 80.8
60 934 89 13.0 0.0 115.3
Sweet 5 68.2 3.2 51 0.0 76.5
200 persimm 30 82.0 4.8 7.7 0.0 94.5
on 60 101.2 71 10.7 0.0 119.0
mg/kg
Strawber 5 132.0 8.6 13.1 0.0 153.7
30 330.1 16.9 176 0.0 364.6
y 60 687.0 317 28.6 0.0 747.3
5 203.6 114 12.4 0.0 227.4
Grape 30 417.9 16.6 14.6 0.0 449.1
60 H68.5 24.0 21.8 0.0 614.3
Initial - 66.6 6.8 10.0 0.0 834
5 72.6 11.9 17.7 0.0 102.2
Apple 30 118.8 14.6 17.1 0.0 150.5
60 105.5 14.4 23.7 5.2 148.8
Sweet 5 814 59 16.3 0.0 103.6
400 persimm 30 120.1 12.9 16.8 0.0 149.8
ma/ke on 60 101.2 12.6 249 4.8 1435
Strawber 5 604.8 12.9 24.6 5.2 647.5
30 737.1 76.4 2.1 6.0 901.6
y 60 486.8 147.1 142.6 6.8 783.3
5 4147 45.1 62.3 55 527.6
Grape 30 H98.5 68.0 82.0 59 754.4
60 486.6 42.0 51.3 5.4 585.3
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[79. 3—57] Changes in concentration of THMs of solutions during dipping

time in different solutions.
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<%. 3—24> Changes in pH, ORP and Free chlorine of solutions during dipping

time in different solutions.

E.O water Dipping Character of E.O water

Conc.(mg/kg) Fruits Time(min) pH ORP(mV) chlor?rfee(emg /1)
Tnitial - 8.95 742.1 200.2
5 8.62 795.7 200.1
Apple 30 8.37 796.2 198.4
60 8.32 801.2 197.2
Sweet 5 8.63 785.3 199.2
. 30 8.49 785.4 198.4
200 persimmon 60 8.36 802.2 197.8
5 8.53 785.3 198.2
Strawberry 30 8.12 821.4 157.4
60 7.83 841.7 147.2
5 8.24 820.4 192.3
Grape 30 8.18 831.2 178.3
60 8.02 839.7 154.8
Initial - 9.23 723.5 399.3
5 9.03 782.4 394.5
Apple 30 8.72 802.1 393.2
60 8.67 820.3 391.2
Sweet 5 9.01 800.4 395.1
400 . 30 8.68 802.3 394.2
persimmon 60 8.69 820.1 392.1
5 8.83 795.7 350.2
Strawberry 30 8.52 796.4 318.3
60 8.38 822.1 252.2
5 8.78 798.2 367.5
Grape 30 8.51 803.6 348.7
60 8.42 823.1 341.2
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n o o|lwm o o
m T m B
Sweet Strawberry
persimman
200ppm
£ BT AE B B B
E E E E E E
n o o|lw o o
m B Mmoo E

Sweet Strawberry
persimmaon

200ppm

[2¥. 3—58] Changes in pH,

time in different solutions.
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chlorine of solutions during dipping
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@ kA

dubgASH e Anse] R £R 24 gaW guidaAE F4se] aRds

ol vlelshs /Aol WA, (19, 3-6119 2t
o

aupaFe P TR RS ARE 2

AZ(e-5) { Naze-5)

[71%. 3-61] 2nty A=

@ DPD H] A2

DPDH| Ao w]=r9]  ASTM(American society of testing and materials)
Method 408.E o <& & WHoln Felxtwdis) dFALE AT 44y
= Az A A4l N N-diethyl-p—phenylendiamine (DPD) &} &&F8dS Yo 4

Ol FEE 6.3~6.6% XA & =3 Hkgete] BHFEA(LEDH ) Z 510nmolA &
=

o

FEE SHs] FEldFEAs s5E S ol
T3 ZAFALE SV YAAE FLoleFES 5.1AAEE F431 potassium
iodide® F7l2 Yol FHEE =435t 73th 45¥ Colorimetric WY& AF E+=
I AMEUAAME =2 s 5, AGEE Alesttt. DPD A A9 f8]dael
ola} AtstE I, EAste fa el vlElsi Ao ® WetA H=dH, Mo s
SAste SA 78 v T 94 FEE AArEn AFs] AR A #4719 4
7l AT AL fA fes Bt HAaske Aok An|e) o AL A E EHY
st AAY S AlFstel @A 7P &3 EAROE KBl
@ A7

A7) sheA Addo]l fd 3-S5 WA Y AFALAA 9 o]E o] &3 SHAEA
of #3t ZAoR ol FoA dYH= AFHFe St AET Fol 2% F
el AFrda & (Cl, HOCL OCI)E S4dte IFdAMzA, I7rds #8
< 9%t A= (working electrode) ¥+ A=A, B2 (reference electrode) o &
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A, 71F 8= (reference electrode)
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=
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<
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Pyel DPDY 3 AEE7

)

ATE 4%

H
L

1
e

L

EEEEEE

ZFo}ed AU E H (NaOCl)

ahed

°o]-&

A S
==
WA AIA, 10ppm ~ 250ppme ZTTE I

80ml/min, 274t

[e)
A

’

80mA/cm?
8000ppm

o
=

A4 A
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T 3
B o] AbgR AREL 24717)9) AR <G 3-25> 3}
<3, 3-25> IR SV ARS
. QLI EE
sagy | TOEHIER L ge gy DPD H] 434
A=
Z:;ﬁl:ﬂ_ﬁq
v 50,000 ©]4 20~300 0~500 0~2
(mg/L)
total & f total & f
A | total chlorine total chlorine o , ree ol , ree
chlorine chlorine
A ZAF - DOAKAA USA USA
HANNA HACH
2d9 - RC—-27P
(HI 95771C) (DR 4000)
] A — H| = u}H}2] 525nm 530nm

3) A¢ 43 9 v

7h HeZgEFE A A 93t =
2.5wt% 2 3wt% NaCl=Z

<. 3-26> HRIAMUEF

T ol A5t B eIAUEFAGN & St dald e kel wE AA
gkl Apol= £3~30ppmAE®E e O™, S £3~19ppm FEE LERE
ARl o8 AFdh 5
NaCl 25wt % 3 wt%
HEU pPpm ppm
50 55 52.7
100 131 106.5
150 165 160.3
200 214 2141
250 269 244

o
i)
=

SEE 2y8iA Aotd AU EE 8000ppm= AT
I
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(W) Zegtz2ag=H3 DPD B A

el Wl

Ao AFE Zet2 12 HS dE TOADKKAF AlF o2 Aol Algs £3
SAste Zom SHANT SA] UAER AT 7hsd Ao, AlokS ARESHA] fdot
H] &4 7 9l Abgo] FhastthE o] o] gl

ZHHMA+= 20~300mg/L °]al, *%EF 5~40TC, pH 8~10, #A7d=&
30~50mS/m(300~900uS/cm) o] ol A AF&g &= Qlth,
ole] EetZ 1=} DPD B MLAE ARg-eto] 3wt% NaCls o] &3k d7]Eael ¢
dl NaOCl ¢F 8000ppm= AAd3s+ = o|AS == 50, 100, 150, 200ppm,
250ppm O ® 3| g & AFALFS S sto] vlwsith

ZEE2 Y ZH Y DPD Bl Ao Abg-3E AR50 oF2 50mle AMEEHSla, EEE

o] % IFHaL 42 3ulel A
T LEpE e o
24~248ppm 7FA] =}o|7F it =
SA717] Abkel VIR Bt

o & Rt
RE, DPD Bl ook S48k

s

O]C]

H+

H. 3-63]Z X HANNAS} HACH E+F

A
| _[l (
ol
off
=
£

B ke

LS

2 el ofg] ®ellA
AA S 5
alo] A2 NaOClo A7 A E&
ztol & HE = A

AAZET £1~30ppm zto]lE HolHA |
3wt% NaCl¥ w R?=0.99 o|4o =z M3y

I

LRt
<3 3-27> 3 wi% NaCl= o] &8F d7]2slel <o Cl. 57%.
Zz ey DPD H] 42
ppm
12 27 3% B HANNA | HACH
50 133 134 136 134 51 51
100 227 234 236 232 93 98
150 344 348 348 347 142 140
200 446 451 446 448 186 189
250 523 536 539 533 230 220
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250

R*=0.9956

i R*=0.9956
150
E
=8
=
100 b HANNA
=@=HACH
50

0 50 100 150 200 250 300

=8k [ppm]

[Z1%l. 3—63] DPD ®]A%

1>
|}V
o
&
&
(&l

e Ash: IRAasE 4T T e 71V gol BaHosley, 1sx: w4
= =471717F %x %o} TDS(Total Dissolved Solids),

ORP (Oxidation Reduction Potential), Conductivity$} 2 & SAYHEZ A

HAE Fot] AFHE sEE AdSF57eA Ay gkt

32 3 wt% NaCls o]&3to] d7]atsl gt NaOCl 8000ppm= ©|&3to] =2 3

A3te] 10ppmell#l 250ppm 744 ¥HEo] TDS, ORP, Conductivitys 73kl 1 gk

LHERIL
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. 3-28> TDS, EC, ORP vs. #ZHd A 55

TDS Conductivity ORP
PP (mg/L) (uS/cm) RmV =y
10 37.1 70.7 3714 1718
20 74.6 140.8 4344 234
30 109.7 206 480.5 2814
40 140.4 278 587.7 386.4
50 184.2 344 690 492.8
60 217 403 756.7 555.1
70 251 467 829.6 624.5
80 293 543 828.3 629.5
90 327 604 846 647.3
100 364 673 852.3 653.7
110 554 - - -
120 598 - - -
130 651 - - -
140 703 - - -
150 752 - - -
160 792 - - -
170 843 - - -
180 900 - - -
190 945 - - -
200 991 - - -
210 1040 - - -
220 1094 - - -
230 1133 - - -
240 1189 - - -
250 1224 - - -
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1400

1200
Rl= 02304

E 1000
]
T,
w
o |
—_
[
o I
= 8O0 | Flm 3307
=
.E. R =0.9306
B " ——TD5
e
-"'-.]__ BOD = BC
R
‘E —f— OF.F
@
2  aoo
-

200

o
0 50 100 150 200 250 300

Ppm

[Z19. 3-64] TDS, ORP, EC%} FFdAihsre A7
@ UV-—Vis spectrophotometers ©] &3 F7FA4L 5 4

e A ESES SRR d4se 10, 20, 30, 40, 50ppme] A
potassium iodideE A 7}ste] 7FA4A el 400~600nm WY AW Auto
wet 54 S AT
el 292 eEEE FPEE YEd Zle® 409~412nm F9olM e Fd=
el AR AaEsE 70ppmoldelr s S35 oS HojudA S4o] =7kst2
HH O 2= ZF9 4 70ppm O] stel ARt = )

o] JoHe FFEE Tz 1 Ay 12 7187 el y=0.056%CE
Bhllom, 11EEe] Aot MU EFS A5k wl kel 7940.8ppme] aL, Afobdd
NS 1064 3lAste] SAsE & UV S4A] 7740.239ppm .= YEFLH

A o= XéEPJ B Holup Fegt gror RIV|E oew JoR ddEn
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U=

<. 3-29> %+ A TEE 3%
w7
ppm (nm) 409 410 411 412
10 0.651 0.632 0.514 0.596
20 1.256 1.220 1.183 1.148
30 1.742 1.693 1.640 1.588
40 2.208 2.137 2.076 2.000
50 2.886 2.796 2.658 2.569
Lo Aol AAMGEFS 3|45kl 20, 40, 80, 100, 150, 200, 250, 300, 400,
500ppm2] ZHFA A % &HE potassium iodide F7Fgle] UV 9992l 190~400nm
HE A A ste] FA43TE 240nm o] 8ke] oA HEFE I A= NaCle o
ol o3tk ZolH, 290nm PGS FTHOE FFALTEI S e w2t AW 3

g #x wlEst] F7eke e B, IRAL

b Eebgatsinh o 24, #FAL FE 900ppm
=93 & 9t ol7el gou, o] 573
21t
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(219, 3—-66] #FFAA2S] UV-Vis spectrophotometer.

i
.

® pH ABAE o g8 ARAL FE 27
pH Al®AZ o] &34 50, 100, 120, 150, 170, 200ppm?] FFH4: &

AN A7) RS Aok Aot AEFS 242
E. 330> AVNRAFG kS AARIEFE €
BN

o
=
st AFPLFES 247 FPSHRL, oW ARAL

of

=
a.

<3 3-30> A7l ek AlekE NaOCle A

X 7|83l NaoCl A 2ENaOCl

& ™ 2tlppm] A& Ltppm]
50 55 49.6
100 110 97.8
120 126 109.2
150 165 138.96
170 187 161.65
200 200 194.27
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k&9l [, 3-67, 68]2 2%F%2] pH AEAZE A3 2S5 YEld Zow shte
ADVANTECAFUJAPAN) Q]  chlorine test paper® HJAHFdrs: SHAHY7}

25~200ppm ©]3, t& 3l MICRO(U.S.A) 9] CHLORINE pHydrionl % FFHFYAa
SAWHS17F 10~200ppmeoltt. 2F72 pH AlAAE o] &8l A7]2sl4} Alekg Aot
FRAMIEFS 77 S4ske] vlw ekl

ADVANTECAFS] pH AlgAE Alge] ©@7iM uiz2 Fo7 #Fld wli= 50ppm,
100ppm, 200ppm oA pH Al@A 9] AMWHEE oJ=AL o] HYAT, 120ppm,
150ppm, 170ppmeolA= A T-Eo] =& sttt vk MICROAMS] pH A A= B
S5 HelelA e o] ol At
o4, pH A& A= dAolA utz FAet7]el ks Frlo] AT, MuistzE Fa
2 FEE SABIVE olele do® Aol A&7F ofHh oM F, A Aok
oA -t pH AlAA SAWAS FAGsta, 547 ddstr] of g FA 4o
Atk

N E 3§ i
Ghiurme 25-200PPW
Miin mema wmee  em e
Fr Ao e
J

A7) 284 Al €F-g NaOCl

[1". 3-67] pH A EAE ol &3 FFda % 54 1.
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O %A aRgas RUHY 23

71ES] A& ARdAEF 54 FA

= £& 2% 897b 10ppm olFo|nE M
200ppm 7H4] AH8SHE Aobd AAFERS ) Sgolis AehA vk AT Hpobe
AFEFSE WY X Y B o s AESS AgseE 200ppm %
o gl d%ow HFst FAs B, RS A ol AN SN2 &
4 Aol 34 4% ARe] 2000pm o1 FEAN A%ow ZHo| s ¥
A% Anstsich. A FH ] Ae (13, 3-69] o ek,

(1) A% AFPxd BUEY F2 74
A% ARP2F ZUEY A 2 z}owiw} oA A AR P
%74 9l uxagee) gHel 2 74 RRow vk ¢ ﬂoPOﬂMME = oEn e

A 200ppm ©]%4+e] &9& lppm ©lske] felet 410l Sppm olstE W F&
HACH CL 17 CHLORINE ANALYZER #x]ojt}, o] ZFx|]o] 7|EApekS ofel] o} 2
=
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3—31> HACH CL 17 &= A%
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(2) Aot abEFS 84 B

12 #4959 4l 5ppm

1¢] 8%+ 200ppm ©]7e] &9

B4 54 4=

HaATGE

#Fol

W

©%}
@

bz
T —

of7bm, 1 kel A

o] FE7F SO Al ®lrh 7] A

1 Ags ©=

3]

&
d &

L —
L

b2y
T —

= ol
- -

3l A

F Hlgol Bl

[e)
T

@9

B
gt

H)
gl

™

0
B
gt

fol 54 %

S

z4

%S 12.5ml/min®.

AT ©2 #9071 §7] ®oke] AWnr} FolAd

dd® 871 O= gof7kaL, o]R2 vtz =29l Hj

I AdE ©

3]
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3H 3L
T —
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S
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—4—0-+100ppm

e

[T
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Ir3 E

[wdd]5 &
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YEF(100ppm) A48 A3

A

10

Al ZHmin]
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6. A& A8 ddisA BYEA NS B JH B

My 53 A asdA e ddAzZgA e} IFda

A58 ]
o5 &hteol AuE F3ete] A AlH 2EFH o AXAHO] FAXNEFES A A

=329 dses Hrrstr]l faEl ZAAE Thsste] AR sEE EYEY

ol dx A FaRT|EeA 309 ERF skl 3AI%F ThsstEA ARAAE FE

100ppm, 200ppm= RUYEHHS 3+ A& [17. 3-76]° YElth B

309 <ot #HAAEE 100ppm, 200ppm2] A kel WE F%
el

F A9, MAAME ZAFdirss 17t

e
s}
=
©
N

S
9

¢

NaCCl Conc.[ppm]
=
(==

=2
Ln

10 15 20 25 ETH

TS MAFel A8 St asgxo sdy dg89x8 Fx 2@ Axze] 7o
o AlAE] dRdedS B3 AR B AUHE 3 Ay ARE dAFE 34.7A
2 s, A2 13.7V, Aot ARAPYEHRS 8000150 mg—Cly/L7F A= AL,

3]
olufo] AFEEL < 80%, AYHFS 12.95 kWh/kg—Cly, & YElHT oA S 5
2 8Mste] zbotd AU ER 100ppm, 200ppme 2AHH$] £0.9ppmOZ LA
15L/min® 4.32kg—Cly/day ¢l A<

T2 Aol AAe HFAd 52 Adgdw 9 Aol #st g0z o}

o} go] Mzsigion, dxd HdasmgA 8l AHxzs [19. 3-78]3 L
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O A& PLC
- A xdoly AT o o] Tk
— A A AR s AREARe] #9) o) ﬁﬂ?ﬂéﬁﬂ
— BA Aadel 4ol @ AEsh] ¥
— AVESA FEE oF & A ghol % Q‘B %%QE% Ag oz Alofst
=

— At E 0~200ppm HE WA A&

TaHe AR ¢fol nldstE®, & Aol Vs AAgHEe dde A
AR 7 TEHT. AAF FAS 9% PR (29, 3-7713 o] FAAL, A
9l

Fold APEFE] FYA AL R B FFY

=
(FFANT e FRFALANZ)7F o, Anje] fR g9l {4
A

— FEFA - AYFBE GheTH WAL A3 A9 AFF Ga T4
& B e Aok e A5 AgEE Aoy

— fulaAel  APsFe waksht £A0 Wk Ao 9 &
DG Mol AelrFel W] A oS FYshd EFSHE AR
Qarh §AHE Aol AgHE Aol WA

- ARGaAC  ADFFR GreTFl Wt Ao AFARFEE T
FO% dho] FUFL Aol WA

- BguldAel ¢ ARPLSYY Ay FHNE A A BF e

sfof Qo] FAFS Aol sH: B

[l
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=
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=
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3]

£ FAAR A4

EvtE
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=

J2] Foll A= 7

A
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)

LN

A=
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=
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(1) AEel =

Hi
T
o7
B

e

r2
o
Hin

—

0

P 3EMAT)

0y
ol
of
K

N

5

0 A%

o NF £3
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(2) A8

O AAAF 2 A=
Aol ARERE AR Sl AR gow 179 FAZE oF 20g]l WWeEvk

EE
600x500x300 mm THo] £H A YA AHE (stainless steel) Ed O] (tray) ol oF
10kges ¥ & 7|8l Ad3ds 3HA &2 gxz249 dA7|&Ese fFadass
100, 200 mg/Lell A T mlo]azZu|E A|AdHoe] A3 HESERES Ao T

st 10712 ol 49 TSl 4 0 10T 247 AFSAA 7Y FU o] %e
SAwsE 245

_10('
ox
it

kit l:H
rlr mEa

g
1A (CR—400, KONICA MINOLTA SENSING, INC., Japan) & Al§-&}o]
L(lightness) a(redness), b(yellowness) #t= S743t%lal, TA S dads
7Z]=d 223 0.1N NaOH9 A% )& T4 dd=Foez gA819 1, 9o+ &
SAUT/TAL-1, ATAGO, JAPAN)E Abg3ste]  FH4sk%lx, pHi=  pH
meter (B19502, THERMO SCIENTIFIC, 47}%) & AF&-3}o]

= AR Fa SAsIAoH, FAE, Gk, pHE #AF3 FI95 AFgsto] 54513
ok 2Ela mAEAES A5 59 0.1mlE HE F 7 #F A

en
37 T W7ol 24413F <k wiF 5 2 A2 colony s AlSFSE3AT

A3 A
Pl Pl
- -

O A=z

FA 2, A8 (100, 200 mg/L) o2 28 379 AlfFes Uirol 7 9 16
N FAES F2FH7I(VS-9111H-30, uHlAdHsr, digtnl=ho] 4+0.3 T
10£0.2 Coll RAsAA AL A5},
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<
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(3) A4

,._ﬁmo
Nl
v
Hn
K
ol

ol

A @5 (CFU/g)

=
WW
)
2
Al A
FECY
Ho A
HE A
= =
;Tﬂ
=
i
=
Ro R
T~
CCL
T ol
ETIRE
,mu%mo
T
— AW
NS

0

el

0

olp

ND ND ND

ND’

7o | %o
ojp | ojp
o | zo
ofn | olm
gl|a
Z\| &
al|a
Z\| =
=)
Bl<
SAks
oM oM
SNl X!
&
<t

0

el

0

olp

ND ND

320

ND

on

Not

]

Z

=y
7

0

el

0

olp

ND

ND

ND

treated

et

0

el

0

olp

480 ND ND

1650
3220

ND

on

0

el

0

olp

300 ND ND

720

ND

on

10C

0

el

0

olp

ND

ND

on

0

el

0

olp

ND

ND

ND

0

el

0

olp

ND

ND

ND

ND

on

0

el

0

olp

ND

ND

ND

ND

on

4

0

el

0

olp

ND

ND

ND

ND

on

0

el

0

olp

ND

ND

ND

ND

100

0

el

0

olp

100 ND ND
150

070

ND

ND

on

0

el

o
ojn

210 ND ND

420

ND

on

10C

0

el

0

olp

ND

ND

on

0

el

0

olp

ND

ND

A2t

0

el

0

olp

ND

ND

ND

ND

on

0

el

0

olp

ND

ND

ND

ND

on

4

0

el

0

olp

ND

ND

ND

ND
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0

el

0

olp

ND

ND

ND

ND

200

0

el

0

olp

ND

ND

ND

ND

on

0

el

0

olp

ND

ND

ND

ND

on

10C

0

el

0

olp

ND

ND

ND

ND

on

{101 CFU/g

* 5 ND;
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O olseH 4 =74
A7+ 5 E A5
A% AR
3 TE o A% (Hunter) _ Fe
] SR B4 § T ) pH
A ] (mg/L) L a b (Brix)
7] 434+2.0  356+08  31.0£0.7 44.0 5.8 4.31
AT 24 394+1.8  324+46  306+0.9 45.0 5.8 4.28
5y 38715  31.8£28 267+14 44.0 57 4.25
§ 74 40.0£15  294+11 252+1.3 45.0 5.8 4.16
A - .
7] 434+2.0  356+08  31.0£0.7 44.0 5.8 4.31
ot 24 409+2.2 37957 32743 45.0 57 4.22
5y 37.7¢48  406+29  34.0+5.8 45.0 57 4.18
74 344+£16 381128 33.2%bH.3 51.0 57 411
7] 434+2.0  356+08  31.0£0.7 44.0 5.8 431
AT 24 41.4+6.0 328+34 34760 44.0 5.8 4.3
5y 42214  369+22  366+3.2 45.0 5.8 4.28
100 74 452+35 34727  405+6.7 45.0 57 4.25
7] 434+2.0  356+08  31.0£0.7 44.0 5.8 4.31
0c 24 44045 34321 342481 45.0 57 4.24
5y 41.9€03  312+13 272+0.2 45.0 57 4.22
o) 7 74 440+33  344+13 36.3+5.8 45.0 57 4.19
7] 434+2.0  356+08  31.0£0.7 44.0 5.8 4.31
AT 24 431x45  380£6.1 34425 44.0 5.8 4.32
5y 42.8+26  3059+20 31.4£2.8 44.0 5.8 4.3
200 74 41214  3L1£16 257+3.3 44.0 5.8 4.29
7] 434+2.0  356+08  31.0£0.7 44.0 5.8 4.31
0c 24 384+26 33343  269+37 45.0 5.8 4.3
5y 40.2+09  3b60+24  286+39 45.0 5.8 4.29
74 41927 35113 329+6.8 44.0 5.8 4.28
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7L AFA]

R

2 &5 u vpo]azEwEo] 7IEdE HA7|ES4 200 mg/L AR

10Tl A A el
o] 2 oy glo, wfo]m =W E] JhEE A7 200 mg/L A

i

)
pal

4C<eF 10TCeA

=

100 mg/L A+

stol £57]
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M) ﬂuMﬁHEE]@L o PR oTAﬂeWEﬂH@%V;m]mM_oMix_ﬁ B N
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<. 3-31> 7|EAFY B g vl
B9 &) Akt 57 Ank A ikt 571 sletobE
(ZFAF System) (E}A} System) (Z}old 22N EFS)
- A A o - AbEA7E F2del <]
- ARAFA ] w4 o o ° s
Aol | - AR gkl ;E@é - AFFAlo] sEx4 tf} S| AL G (FEE
(A 82F A (B szl wEk YA slo} AbgAb] Wl F
=eme ee ko]l 53 =7t E8¢7)
- H a3 227} 29 A 22}
VA sezd Agee) | @AEE TAEA) sl s
LR A e
TP A ;ﬂ_/\ = H R
PALIAF | GaoCls vho] mm ) NaOCl or HOCI NaOCl
73 A4 1,489 1,670 3,000
(€1/ton) (27152 28) (7154 28) (E7154 A&
- A s Bz E 9B #F3, EF 5 AdgAaEo] olye YEE
At o] FE3] oo A 4= it}
- AAFANE T HAHE Ao FEE Bud A R = Q)
- Azl §28& ZIAA AT or AFAEo] ZUEA ga 952A
= of W Ao 2AY Tl AREGHFTHTTYE T
e - AFAofe e FrAoR FrAAWsl w2 YAFEe] W) gl
- nfol A=W E 9 Algo 7 HAAES AS A7, AFRVHE AT &
[e))]
AT
- WZE e oe A A FEE AfrEo] 2dd 4= gl
- duk HAG o R ALRIMSE AL, AFAFRHS AE AAE Adu|o)t)
I RNEEQE e HE /120
WA |2
NE L R&DH
= S HACy  oolw A Hs e 489
THAE C E D A A A A
AL = B B = B D D
BAH C C C B B ¢ D
A D 28 B.2Y C.EE5 D.%% E.0IP %Y
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9. A& AAdAo] A 84 AT (Validation)

7h He
of HiAxE “(F) HIAY oA Az offje] AFel thst 7R o

ARWE AdgA Y] Fade AT Aot

O A& : Validation report of micro bubble & electrolysis system sterilization
duiE : TW-E-0201

AR 9] €4 1 800x650x1590(FA)), 355x355x890 (2~FF)

Alg 71z 2 2011, 1~2011.3

A9 (Validation method)

— Sterilization validation by using medium to EN 550 [11/1994] =&

O O O O

4. = A
(F) BAgda Azg slolaweE A7RaA AsuY AF FEAS AL
o) AbgAle] AFFARA Agol Qo] FEAS WAl At

ef Aol dfek Al AdA

(D) A= F+x

O =78
No. Al | % H 3L
1 FAY Zpold A7 4.3%kg/ Y 200ppm, 151/min
2 ol 2 WE A7 10um 12L/min
3 SEHA 106L
4 PLCAHs AJoj(H A 2=28)
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stol £4 AF W FAA FAI

S
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}o] 2.6~3%9
3

°©

w=d 34
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el

ol 0.8%9 z}old 24 JEFH

S
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il

D EAE AEES
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ato] ti7|so® v

[}

7]

QLN

=

=
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S
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4 of] 4]
ks
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M

f

S

S
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=
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Rl
el ol A

Aold %9 0~200ppm2]

C 94

15L/min
e vlo]Z2 WE A7) ; lhp HE

=

o 7] Fgl7] .
D
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o mAFe] V]

3to] FU|ATE =
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=
=
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O #E| 42

LA, AF, UEF

rir

CAbhe WEERLEL B4 2R, ER:

e COMPORT
NO. Parts Mat'L Component Remark
) KSM ISO 8257-1,2
1 s PMMA, PVC -
KSM ISO 11833-2
2 & =FA C-PVC, PVC KSM 3401 -
3 S AgE PE KSF 4814 -
4 7t H= STS-304 KSB ISO 6301 -

O =t/ A=Al Aol 713 &

e BAF : EZT AT 750

o oA F 1 XA} AFY Ve

%
r
.
o
i3
)

[e]
0

[e]
0

i1}

)

ol

%
r
.
o
i3
)
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(2) Bio—burden Test
O Ay

“él'%jol%j” OE‘I]:I]l_}\]

gy - e e

O 54 9 Aga : sxgstgdAdATd o]leF d74d
O 54347
NO. Products LOT NO. Result Manufacturer
1 Ab 3} 110120 9.1x10°/CFU (F) AYdFE=
2 W Enl g 110120 8.9x10°/CFU (F) AYdFE=
3 e 110120 8.8x10°/CFU (F) AYdFE=
4 R 110120 9.3x10°/CFU (F) mYdFT=Ex
5 s 110120 8.1x10°/CFU (F) 2YdFex
6 SRR ES 110120 9.3x10°/CFU (F) 2YdFex
(% ®H¥ 1 : “Report of bio—burden on products")
uf, Abt7) e} Adn] o] Ay
(1) At719] 4Rt 14
O Advl++4 9 254
g & 2 At A 4 % 1 4
A A 4.3%kg/ < 151/min, 200ppm
Z-el b (210 2R) 176 bar 1.5bar
FHARANE FEF) 0715 L/min 15 L/min
FHA (98 F2F) 507500 mlL/min 380 ml./min
=8l 2 PM-150PM 20 L/min(F3H5%)
DC 3 A Ze}o] 60A-20V 50A-16V
AFEWHE(FE F24) | HPW-154(N/C) ON/OFF
AEdE(AfE £55) | HDA-032L ON/OFF
ApE 8 (FE L) HTV-0502-0 ON/OFF
A ek CNPA-1002 40mI./min
= ] BT-1435 1051
bR (W B L) SSA-2522 12 L/min
7B Z 7P-25 on/off
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O A7) M5 0 TW-E-0201

O ANg= : 200L x 3%

O AW A|A : ALL Stainless Steel
O %#7] : PLC AsA <]

O Qb v A]

O =39 #94 10~30T

O =RS « bbar

O XHZsH E 5+

O Frequency T3+ : 60Hz
(O Voltage ZE : 220V

(2) 53 At7)e =
O Akt7] 4!
o 7174+ 1 750x600x900H
o AAH 1 750x600x500H
e ~a8 A : 355x355x890H
A F 94 0 2700x700x850H
|o] 4l (Control Pannel) :
e PLCE ZhEHo] #Agxely AFgor 4ol 7hs
o AE|A] Ao
e B2 Ad”e] 3ol ¥ #gsty] A

(3) 2719 54
O PLC= Aoz AEZHY A4+ 0~200ppm B¢ ol A
O Aot art YEFH vl 7|25 FAld A 4 A%

& W AREeES A7 A

(4) 3 A=+ (Operation Instruction)
O A€ on

O 294 Aoz A

O A 5% setting. (0~200ppm)

O (At 24 854

O &5 A SAA > s 28 e Y HA
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(5) Awt7]e] #sde

_____ —=— Air or Special Gas %

—e—e—o——o = NaOCI, olA7|Z=

. (3) * -
N I ———
_ | | oo == =T 01
-0 » (/T_\l =T B
N/
28 MEx

2
\27
pu P 1Y
(2)
I, ¥ )
sus  zows s D M/B g RSl
fe £
P N
(1) &7 \2y (‘2) ol
=+ k="l ~ 4‘:5‘;_; —&3))-
s BRY ws oxlge dRel o= =
Hymm
@ 23w E A @ || =7 79
@ e 34 (2.8%) ® | & gA
® bt 2ER AY | ® | 37 7Y 2 HE A

(6) &n] AAA 275 = A
O Add & 220V7F 349 A,
O &n] F99 371 = 2.
O BHIF9 2 =o] HAtEA o2 A
(O 15L/min ©]%9] x4 2k

(7) A7) A FYAFS (Safety Rules)

O 2gonyE $48 & o Adrlt WE 4Fo] 9uH UYL o AF
S Abgsted obtd BAE 9tk g AR BelE glskel Axel AT )
A 5P edwe] 2851 FARER sl of AFS Ages) A LE A

g F83 olafetie® W fahe wholth

(O o] An)9 A-A= AE £07 HAHE A= €
O Ad= AAA glel= A9ds Aztsty &4 Tdd
Eisy

O BFFAFN FUR AT TS ool FAR AN Bt By o ¥ 2 FAHT,

- 157 -



O AR/ Aol Axtofof sl AgaA e Wi A A9AE offdrh,

O Avl Abg Aol Wn, B 35 48 52 s

O 2#7 3% & W 428 £, Steelolt} Aol FRE BAS AFHAE aw
o,

O 437 AHg Ael Wn, B 3F 48 52 Fold

(8) Ayt AW (Instruction of Sterilization)

A7 e 7o A A9 AL FEZ ddd 9l B A9

HHE _l;ﬂvr]ﬂ 01:173 Ag/\—]y]_x] x]_EOE X]Sgﬁﬁ}

=
0 A FEg A0 G ol S WAL AHE R et

(9) vl gl ]
O gl : ALg Aol ul g obul g} ol WS Hxqck,
e 37, &4 0 JE JUE Gl

An 288 ol s RE 29029 AVIE0] FH o AFsHA

.« AL A5 ok
2 sl

O AW B Uy g7e] 4a. PEo| dALAE FAs

O vhe e ARG B e $2E gobdnt

O AR Fol A A 27o] WA U4 F=AF elgtt

O A i F4go] wolx A gt

O 23930 2% (maker U4 AFPo] F23] QA $44 gk
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o 2917 49>

< < s
g e e &
= s o o
b= o | B bo —_—
5 ~| T N " n
3 Xl 1= A o
2 |z AR | ) = %
A | A Fop | ® gl o T
==
o7 | oF RN | M| P = fiy
we | W~ | ~ | oF = =2
| A o | | ow | T o | w4 | ™
R el /| MR | e T | W
A G TR T o
B B
B B ~ | ol
oF ‘of ok 7 ME
= | Uk u- | || AL R = |
e o | B | 0 I s
m | W I = 5
= | 4k AT R | T n
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YYYY/MM/DD HH: MM: S5

rir

o Sl Ad7] WielM AlBEAN dr)7F dAE Z
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Al Performance qualification — Physical &34 &2 213}

At S8 BAAAY FA el A@wct.

(1) G4

O AA A& 2 45

No. Al F B LOT NO. A& FA(g) Az
1 Ab 110220 218.812.9 MAL
2 WEERE 110220 9.2%£1.3 MAL
3 ¥ 110220 125.6£1.5 MAL
4 A 110220 4.3%£0.8 MAL
5) Chn 110220 5.1+0.3 MAL
6 Ll 110220 5.7£0.9 MAL
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=
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R
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m] RESULT OF MEASUREMENT (Unit:mg/L) SA423 —: 244 (& ¢
; 100mg/L)# Y, A& JA A A7|E6F &4
Al ZE 102 20& 30% 405 60+
°F e I I P R
D 101 100 98 97 98
@ 102 98 98 98 100
® 98 103 100 101 96
MAX (mg/L) 102 103 100 101 100
MIN (mg/L) 98 98 98 97 96
RSD(%) 2.2 3.2 0.7 2.2 2.0
A3t o A7) R A A ABAE ZolPAAMUEFEFY FEE AarFoA &A%
A} A A AFfEEHAF (3.2 )% ol AAHES st
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m RESULT OF MEASUREMENT (Unitmg/L) A 43 -: AAA (8 94
; 200mg/L)#AY, A JA A A7 &85 =A

A Zk 10% 10% 30+ 40+ 60
914 24 =4 24 =4 =42
@ 202 198 200 198 200
@ 200 197 203 199 201
€ 198 200 202 199 200
MAX (mg/L) 202 200 203 199 201
MIN (mg/L) 198 297 200 198 200
RSD(%) 1.0 0.6 0.6 0.1 0.1
o0 ANFAFANA AHE AlARMIEF ) FEE ARRIA ZAD
3 Aol A AR EEAA (06 )% ool AAHL FAsTH
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m RESULT OF MEASUREMENT (Unit:mg/L) FA443% @ #&

100mg/L : &4, A& AA F 53

A1 ZE Initial value 14 5%
A 7 =42 (mg/L) =42 (mg/L) =42 (mg/L)
At 102 101 102
WS EulE 105 104 105
X% 104 104 104
) 101 101 101
& 9 100 100
vl 100 100 100
MAX (mg/L) 105 104 105
MIN (mg/L) 9 100 100
RSD(%) 2 2 2
& 94 % : 100 mg/L
2 25 1 1085T
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@ RESULT OF MEASUREMENT (Unit:mg/L) 323 : # Ada - 200
mg/L : 39, A& JAA & A
Al ZE Initial value 1% 5%
2] 72 =2 3 (mg/L) A2 (mg/L) =42 (mg/L)
Al 201 201 200
WS EulE 198 199 200
X% 203 202 201
A 202 202 201
& 200 200 201
RBEY E 204 202 201
MAX (mg/L) 204 202 201
MIN (mg/L) 198 199 200
RSD(%) 1 0.6 0.2
O 78 94 5% 200 mg/L
@ Mtz 2% 1 1045C
@ HJFAZE 1 1, 3,5 &
@ Worst area : A T

- 165 -




o}, A&t F4 A& (Performance qualification — Microbiological)
(D) "MAE 24

(7B Information of Microorganism
» Manufacturer : Korea Biological Resource Center

» Organism : E.coli KCTC 1467

(2) A3 ¥

> AVEs whola® wWEV|A AVIEdaE AAdsEA & 947 100mge/L,

H A
200mg/Lo] HE= 23 5, Z4ze] ARE e FAARAT vlelaz WE Aee
ol WE A BAE AEAA volaR Hes AY 5 AIRE ¥ 5% st A

2,

(3) Location of Microorganism in products (worst case)

O #LF A e EokE, A
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a3

(4) Test result of Sterilization 2H+f2 3

Al 238 JISH A
STERILIZER PROCESS RECORD Al
DATE OF STERILIZATION : (2011 )d ODL<€E (20)¢
L A7) ABARY D A5
% A R I R ’t & 4 H
1 AY &4 220V7F FFsi AL 5 HF O )
2 29 A AEoR Az 29A AE A A (O
3 AA FE setting(07200ppm) Concentration (100, 200)ppm
R e . E Wsg Zl
4 B el (as wa) 82w (E“l\j T A e e
B & Microbubble 24 = Ws
5 YA 222604 (Microbubble) &4 3hth ! O] . M;O ubble 74 M s
6 A sk Eelgin Ja % HAolH= Fe ( O )
< HA & Ay A E d3 39
7 2% AME F %A A (Mlerobubble) B/ @), (1 ]i TR s e
E ke I El E 3
8 2E5F AR T A A (g 2A) HA g ;j(T ‘Mfmbubble v i
2.8 # =
i A LOT NO. I g (71) H] al
1 Apple 12
2 Cherry tomato 24
3 Grape 24
4 Sesame leaf 12
5 Lettuce 12
6 Mini—cabbage 12

3. FEdAEsE

: (100£1.2, 200£0.8 mg/L)
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Bio—-burden Test | 324 2011.01.20
A A o] &
Microorganism (F.coli KCTC 1467)
ok =
- G SR e
ampie 13 2 3 3 3 (CFU/g)
Azt 9.2 x 10° 88 x 10° 9.4 x 10° 91 x 10°
WS EnE 9.0 x 10° 87 x 10° 89 x 10° 89 x 10°
T 88 x 10° 87 x 10° 89 x 10° 88 x 10°
79 9.2 x 10° 95 x 10° 9.4 x 10° 9.3 x 10°
= 84 x 10° 78 x 10° 81 x 10° 81 x 10°
)1 Hlj 3 9.5 x 10° 9.1 x 10° 9.4 x 10° 9.4 x 10°
49 =4
D AE A WeEAE Y2 OAY AF uy ]S
2) W} A ¥ : EMB agar
3) M= 2 AIZE 0 37C 24hr
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Sterilization Test | =732 2011.01.20
FaEdA 5 (100mg/L) i
A4 o] &
Microorganism (E.coli KCTC 1467)
E
W ¥ ) = I
Sampl
ampie 13 2 3 3 3 (CFU/g)
A} 3} 2.1 x 10 3.4 x 10° 14 x 10* 2.0 x 10?
WS EnE 3.2 x 10° 2.8 x 10° 29 x 10° 29 x 10?
T 45 x 10° 2.7 x 10° 3.8 x 10° 36 x 10°
7 Q) ND" ND ND ND
A ND ND ND ND
IR ES ND ND ND ND
A&

) A :
2) 78 94 & 100 mg/L
3) AAIzE 5
3) #) A ¥ : EMB agar

)

ke B AIZE 0 37°C 24hr

x : ND; <10 CFU/g
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Sterilization Test | =424 2011.01.20
FEdAE 5 (200mg/L) i
244 o] &%
Microorganism ( E.coli KCTC 1467)
gl ok 7] = I
o1 LT
Sampl
e 13 2 3 3 3 (CFU/g)
AFt ND" ND ND ND
e el E ND ND ND ND
A ND ND ND ND
A% ND ND ND ND
& ND ND ND ND
RS ND ND ND ND
A =4
A=

i BEEvkE, 22 A9, AF, w6

* : ND; <10' CFU/g
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!

(5) AT 5

O fFEa94s — 100 mg/L

# Initial ™ Treated EO+MB

log bacterial counts/ml
&
|

Apple Grape Cherry tomato  Sesame leaf Lettuce Mini-cabbage

O fFa9s - 200 mg/L

@ Initial M Treated EO+MB

log bacterial counts/ml
o
|

Apple Grape Cherry tomato Sesame leaf Lettuce Mini-cabbage
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Hx ekekom, 200 mg/Le s% 5i-olA

Y

200 mg/LeY =

t= Aol AFE

—

SEELE

H

:20E5T

o}

: 100£0.9 mg/L, 200£0.9mg/L

: 200£0.9 mg/L

=}, A7 % (Revalidation)
O 3%

.

sholok &

E

s

Ha 1def g

o
e

gt

Y= ofof

Al
=

O o AFglo] HAAW = A5 (Revalidation) ©]

el
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O ARzEE A qfjel A 9

O ARzd Aol o] AF25Ee 5%

O AAzA Y A2} FRAR
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SRS
O EN 550 (1994 )

Sterilization of medical devices — Validation and routine control of sterilization

(O Korea Food Code (2010)
Sterilization of food — Requirements for the estimation of population of
micro—organisms on a product.

1) Part 4. Standard and specifications by food type

(O EN 866 (1997 )
Biological systems for testing sterliizers and sterliization processes.

1) Part 1. General requirements
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H 4 SrEEE U 2HEOHC 7|IHE
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e | Ay | TR Neaaelel 7els
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ol oo
guam | 100 |° A AL A AFAzANE 75
M Azag
2ans | Aw s oAFRRA AFRRECl BHEL slew
AH 7 &
CEES I E ey 374,
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9 4.
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(2009) AEA w1 gan = 44
A 2~ E) RIEIES
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7 A 2 23t 54 BAEA ] 702 ot
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— Harris, L.H., Beuchat, L.R., Kajs, T.M., Ward, T.M., and Taylor, C.H., Efficacy
and reproducibility of a produce wash in Kkilling Salmonella on the surface of
tomatoes assed with a proposed standard method for produce sanitizers, J. Food
Prot., 64; 1477~1482(2001)

W= CDS, EPAYE AT Al F el 50~200ppm2] dAhgNS AHES R AAFsta
ALt

— Kiura H, Sano K, Morimatsu S, Nakano T, Morita C, Yamaguchi M, Sano K.
2002. Bactericidal activity of electrolyzed acid water from solution containing
sodium chloride at low concentration, in comparison with that at high
concentration. J Microbiol Methods 49; 285—293

AR s ] A wE Aw At

— SUTHILUK Phunsiri ; NUMTHUAM Sonthaya ; SATAKE Takaaki ,
Reduction of Mmicroflora in Mixed Fresh—cut Vegetables Treated with
Electrolyzed Water, Journal of the Society of Agricultural Structures, Japan v.38

no.l , pp.9 — 20, 2007

— Rahman S.M.E. ; Jin Y.G. ; Oh D.H., Combination treatment of alkaline
electrolyzed water and citric acid with mild heat to ensure microbial safety,

shelf—life and sensory quality of shredded carrots, Food microbiology v.28 no.3

, pp.484 — 491 , 2011

— Guidance for Industry, Guide to Minimize Microbial Food Safety Hazards of

Fresh—cut Fruits and Vegetables, march 2007

— Koukichi H. Physico—chemical properties of electrolyzed functional water and

its application. Fragrance Journal 3; 18—22, 1999

— Carson. S., Fundamentals of water disinfection . J. water SRT—Aqua

40:3.46~3.56, 1991
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