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< SUMMARY >

| zZ=dzs | D-02

Purpose&
Contents

QO Purpose of research

The development of plasma source for post-harvest management of
horticultural crops and eco-friendly agricultural technology through
horticultural application of plasma technology

O Development of an underwater plasma active water treatment
technology for post-harvest management and cultivation of
environmentally friendly horticultural crops
- Development of disinfection and washing technology of horticultural
crops using underwater plasma

- Development of technology to extend the lifespan of cut flowers
for exportation using underwater plasma

- Development of leaf vegetable cultivation system using underwater
plasma

- Development of sprout vegetable and young leaf cultivation system
using underwater plasma

» Development of underwater plasma source for horticultural crop
management and cultivation system

e Present guidelines for horticultural application of plasma technology

O Contents of research

» Physicochemical characterization of plasma activated water (EC, pH,
ORP, ROS, RNS)

« Evaluation of plasma activated water sterilization efficiency (general
bacteria, E-col, pathogenic bacteria)

» Investigation of disinfection and cleaning conditions of horticultural
crops according to plasma generation conditions and distribution
environment

» Analysis of lifespan extension effect of cut flower for exportation
according to plasma generation condition and post-harvest
management stage

e Comparison of productivity of leaf vegetables according to plasma
generation conditions and establishment of active water use
condition for inhibition of disease occurrence

» Development of sprout vegetable and young leaf cultivation system
according to plasma generation condition and production stage




* Analysis of physiological and biochemical changes of horticultural
crops by plasma treatment

» Development and performance evaluation of optimized underwater
plasma source for applications of horticultural crops

O Anlysis of disinfection effect of carrot and ginger by plasma activated
water
* Analysis of quality changes after washing using plasma activated
water
e Monitoring of microbial development and quality changes (color,
degree of hardness, etc.) during storage time after plasma activated
water treatment

O Analysis of keeping freshness effect after plasma activated water
treatment
e Quality analysis of cut flowers after plasma activated water

treatment
e Monitoring of cut flowers lifespan, quality changes, microbial
development
S O Analysis of production effect of leafy vegetables by plasma activated
water
» Evaluation of lettuce growth and development by microwave plasma
activated water
O Investigation of sprout vegetables and young leafy vegetables
sterilization effect by plasma activated water
» Effect investigation of microbial development and seed germination
by plasma activated water according to plasma condition (RNS,
treatment times, etc.)
(O Development and optimization of underwater plasma electrode
(O Characteristics analysis of plasma activated water
- Physicochemical characterization of plasma activated water
- Sterilization effect evaluation of plasma activated water
- Establishment of optimized plasma generation condition through
radical analysis of plasma activated water
(O Technological aspects
» Development and improvement of plasma systems for post-harvest
Expected management and cultivation management
Contribution

» Providing eco-friendly alternative considering quality and safety in
disinfection cleaning of horticultural crops
e Providing basic data for construction of environment-friendly




disinfection and washing system

Reduction of post-harvest management cost and improvement of
export competitiveness through development of
environmentally-friendly cut flower life extension technology
Construction of eco-friendly leafy vegetables and sprout - juvenile
leafy vegetables mass production system using plasma activated
water

(O Economic aspects

Improved company competitiveness due to reduction of disinfection
cost

Reduction of production cost by development of plasma activated
water cultivation system for eco-friendly seedling production
Reduction of production cost by reducing fertilizer and pesticide
usage through plasma technology applying to nutrient solution
system

Raising national reputation due to environmental pollution
prevention

Job creation through industrialization and foundation of enterprises
by technology transfer

increasing of competitiveness of farm through production of
eco-friendly seedling and education of post-harvesting management
manuals

Diversification of export markets by industrialization of plasma
technology for horticulture industry

Global brand development through fusion of agriculture and plasma
industry

Keywords

washing cultivation  |environmental-

disinfection plasma

technique system friendly
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sty o) go] Z|R3ta, Mo| AWy, F7)9 meFo] FUF
AHgE AT FUHELS 50028 FUE] AR AEE 2
2 A3tk 1xF AlF 2 o dAMA ARG o2, G AR T2 Fof 1+
I RHEHE & o] &5l F o2& E AASALH, FUES EE2E =
o 10245 Fof o]Z2d-& AASIALE. 22 M A AHAHAHo = Hitks)
F29] 57105, 1.0, 2.0mMe] HE= WAAZ] 4k3l5(pH 7.3)9F pHE 3
52 A AXNSE FAFE Fxo €& F 13 A g2 A%, FY

B B AASAY 33 AH L AFA o Yo 57
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©. 47234

ol AR B

o
A WEtd o] FEEN e, 16Y &

k. 543}9& o, 54 =6 A
=

27t m@sgnh BY F FRE=
E4 4

< A 109 F7E dabstE @4 pH 3, 4 A g7
]

BEHE H0, 2.0mM X872 A3 o}

HA Aol M s FFole Tl AFE FEEe FoHFH T 16).

3] AasE AelTolA B85 A
AHgozt RARD Aoz Boy
EAQ 0] AA "o A7) ARt e

& He T FEYol WA A E

g Fuc Fgole] wAlo] Wel vt
Atk ALl AT FE 16535
Aol sk P IA R S E B4
P B

——TW \

-=-0.5mM
~=1.0mM
—==2.0mM
=+=pH5
~s—pH4
—pH3

HE7IZHR)

a9 19 A FEG 2 AR WE Bsr

d
e

e

gt BRG] BASUA FF
A B Ash 2A e 29
T A 2FARE 25o] A

$abstsa 2.0mM e T 4774
Fgolo WA e ¢

o 3ot bt

TE@gol 27 BEHUL

Ao, A o] o7k MR, A7 =2 o] LAY
A2 HAst4 1.0, 2.0mM A7 8 A2 Tl Hls)

‘ ‘ ‘ |
4 8 12 16 20
MEIZHF)

B3, A2(9)

FeolA A 3F FHE HAatstars 1L0mMI 2.0mM A2 FE Al

dol Bt A 2olA Bk Bt
;o™ 17). 2AabsteE &4 pH3A
FEAl EojAle ddS Bl whd,
dEAde wFASAT. Ses Hol

R rlr
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0 1 2 3 4 5 0 4 8 12 16 20
HEIIZHF) HEZ|1ZHF)

a9 20, AR A= mE ded FAUIE2(ED, A2(9)

ditHo® FJEde WMEA Foiwe FU=L 3LATE WA A& E
AN, 2T FE= AeFrRo A HO0, 2mM A 2] 7ol 4 Shelf-life7}
dojAl= E3E AT = AAHIH 18). 53] A4k3kE pH3

< 8y GojHd s S UEUAH

%2 20mM  1.0mM  0.5mM pH3 pHd pH5
H,0, H>0, H>0,

a9 21 Al FUE g AR SRS 8LAEH B

(). A2 F A% A% 5 vAE B4, FAA, AE 5) Wd 2UE
©. AT5YH

AR 5 FERHS ANAN U VR B 09 B FsHe B
& AL I FAAh G G BATE HFH 5 3
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@. TAAI W&

b MATZIH AHAYZGe] mAAE T F AL

@b-1 29 Fgo] WATF A

S Tolo] AFo] B EE 1 uHo FAHQRIT, 70%NA AR

st o, A2 4C A4 arol| PEWo Yol ByAstith Fgol7f EAS
o ANEE 258EstY &9 Aol otel & FeiAl Fai, FFo] HAUI 537 o]
¥ =2 t]x " 79 2kNikon D80, Nikon Inc., Tokyo, Japan)& &3 sttt &9
)

olu] x| = o|u| A B2 73 SigmaScan Pro (version 5.0, Jandel Scientific,

o)

i

Chicago, IL, USA)E o] &3l AAl. YA huegt2 0 ~ 25, saturationgk
50 ~ 10002 A st APt aL, &S A HHo| sigstes Hd o
Al Fgo|7E AR @2 A FE AT #e WEEE YEUHATH
@b-2 GWrAlT gt 9 el DA E BEE AL

Alg 10gS AZFs & A IS4 190mLo] ©oF Homogenizer(HG-15A,
Daihan Scientific Inc, Korea)& o] &3t A &0 & 283 #23}stAdth +43}
B 242 A8 1 mLE 100 3 AR wet 3 Askith. dRbAl 29 of
AFted= ALl 1 mLet Z2+ 108 A4 A8 1 mLA-S Aerobic Count
Plate Petrifilm3} Coliform Count plate Petrifilm TM (3M, St. Paul, MN, USA)el|
Zkzb AHEe 3 36£1TC oA 24-48A13F wiFdt & A HE H& s A
o3 WATTFE ALtste] T Bl JuaE ot AbEskath
el A=A e Salmonella spp.)Te] A FE ZAsH7] 918 Salmonella

Shigella agaruj = ol 3] A4S HFI & 36L1TC oA 4843 v st AT

ARG AR ZRAEE A3 8 E4E4]7] Texture Analyzer
(CT3 4500, Brookfield Engineering Lab., USA)Z A3t SHZHOZ =
TA4/1000 A&y =ZZBE o]&3to] compressor RE=EZ 3193, plunger

diameter= 5mm=, crosshead speed= 120mm/min= A| 3]s} H T}

®. A7A
O MHGE PR BN 24

-1 FFol AT =4
AH e ggols LengAR 159 Fof B2
20mM A H5 e Tl A Fgo] Bao] A o] FEHO] FAHE AL &

A 4 YATHLY 19, 20).

i,
oA
(o
2
k)
(2
b
e
v
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pH3 pH4 pH5 0.5mM 1.0mM 2.0mM pH3  pH4 pHb 05mM L0omM 20mM
H,0, H,0, H0» H,0, H;0; H0;

a3 19, oWl BHZEIY 34 4E

50

10 .
0
pH3 pH4 pH5 0.5mM 1.0mM 2.0mM

TE 20, AR AR SRE T3] EAHIL2AR 159 ¥

-2 AT BF B 24

Telznl BATS F/AA BT L0] FE ZNLSEE AHA AE
e 2T Fa854 10mM Askss oF 1 loge] YukiE WEE
) 4 91QlT, FAESA 20mM AskeE oF 2 loge) URHAIE UEE F
Z9E Yk gEEe 9E w3 %Jﬂ## Wl s
AedelEe B AP 929 A7 ARoAE AEHA SUTHE 1

o
rr mN o

]
U%,

o

E L ASE AH F 3 AR e, Ry 9s

2 U REA| T 22N Salmonella spp.)
(mM H,O,) (log1y CFU/g) (log1p CFU/g) (logyy CFU/g)

0 476 £ 0.27 & 318 £ 0.21 a HI A=

0.5 407 = 017 b 290 £ 0.15 b H A=

1.0 3.74 = 0.20 Db 260 = 0.18 b H A=

2.0 2.86 = 0.22 ¢ H A= C HH =

‘Means within each column followed by different small letters are significantly
different (P<0.05).
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3E 2. 4bsk AlA 3 AR dHkAE I AT, ARdee B s

2 U REA T 22N Salmonella spp.)
(mM H,0») (log1p CFU/g) (log1p CFU/g) (logy CFU/g)

0 515 £ 0.27 a* 3.15 + 0.18 a HIH =

0.5 437 = 0.17 b 2.26 = 0.26 b H A=

1.0 3.76 = 0.20 c 1.85 = 0.09 ¢ H A=

2.0 3.22 £ 0.13 d 1.70 = 0.08 ¢ HIH =

‘Means within each column
different (P<0.05).

2ol A5 A
N 7H kA

followed by different small letters are significantly

Aol MR BETF BAESA 2.0mM A8 A el
B A7kl Aol weh mAEY 7 343 F74e

o 5UAFEE vyEe] WEs} vl SalHTh A7) Aol o2k T U

Eht, Thabsh e

"Es} BA #A

| :

=2]

AN 7 ==(log CFU/g)
B

8]

B
-B-0mM

1.0, 2.0mM 43}t A g FRoll Al & A g F-oll Bls] vy =9
H= Aol #EFHAHTH 2D.

I { I 1 1

(=1}

HEA| 2 5=(log CFU/g)
=

-B-0mM
#-0.5mM #-0.5mM
au 2
--1.0mM —-1.0mM
-&2.0mM -—2.0mM
0
0 5 10 15 0 1 2 3
ME7|2HE)

29 21 sk AR ATkl g G ARG YekEs B

0.5mM 1.0mM 2.0mM

a3 22, AukAlF A Z(3M Aerobic Count Plate Petrifilm)
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1.0mM 2.0mM
(3M Coliform Count plate Petrifilm)

0.5mM

0mM

=
=

23. AT A

A

0.5mM 1.0mM 2.0mM

0OmM
a9 24, Ardg A

(Salmonella Shigella agar)

=
=

s
—_

25y 1.5mmA

-
R

FA T

3

AAEe Bezvl 44 )

AT g 25).

&
(NjpEc)

Aol 45 Wt

=
Ju

a9 25. FEEezu @45 AYd o

T dngslgn. 2923 1.3mmAERE 2

%
ol7} Ueh} Zepzul 84

WSS FRE )

+

YERHATHZE 26).
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Z S5198D2] ol ot Ztzte]l A7 E 2g A &3] 99% ethanol
7}k Foll TthA] 80% ethanolZ A A F S 20g = Al A Hsle] o] & 58
rpm O 2 Zgsle] 8.000rpm o2 2087 AAEYE gt o)A A4A
Fa OAl A3 IS EAAEZ ARESHA T

|+ HPLC(Waters 510), RI detector(Waters 410)E A+&-33th. Column
upelcosil LC-NH2 column(5 xm, 25cm X 4.6cm)-2 AH&3Fth ol 5A4He] H)
acetonitrille : water (v:v, 75:25% 3t9 AL 660nm, F&&
Sml/min, €5+ 35CE 3F T

=
=R
mlm rlo

&
(@)
(@]

i

2
ftlo
4y
e
[

r

71

Mo rlo M
n X
N

(o

—

B A #E thARLHE A}
-1 p-carotene 2
< FEHS LY WHoR ARE =Astal, Janicest
Rodney(1986)¢] Mol Fst Z4zke] ARsE 1g¥ A =Fste] NaSOs 5g,
MgCO; 1g3} tetrahydrofuran 125mlZ g -caroteneg F%3 F o7 X
(Whatman No. 2)Z thA] A AT o] 2 tA 40C ez Zds=
712 &3 ¥ tetrahydrofuran®. 2 10ml A A sl EXAEZ YT}
12 717]= HPLC (Spectrasystem P20003} UV1000)E A}-83}$1t}.
Column Waters VERSAPAK C18 column (10mm, 25cmXx4.1mm)-S A}F-&-3}
o} o]lE Aol H]E&LS acetonitrille : tetrahydrofuran : water(v : v : v, 85:12.
5:25F 3dt¥om A2 470nm, F&2 2ml/min, 25+ 26C = 3+t

B -carotene w4

@2 4 B
gael

5 (1995)9] Wil wet HANAFFAE 2t vgE
Fo& B33 =4 (Konica-Minolta CM-2500C, Osaka, Japan)
_]
O

L4, bake olgalel A4 Mg dolry] 9la AD)E ol &ato]
4 gatgls, AQE ol g3t WAL

Hue angle (H° ) = arctan(b*/a*)-180/ = (1)

. A4 Z(hue angle)
A4+ (color wheel)

WI= 100— [(100_L)2+a2+b2]1/2 ©)

rlru [3

19
o u}
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Fo] A AHES de2M] Tt g 2 el E A 7)(TDS-GC-MSD,
Thermal Desorption Sytstem Gas Chromatograph Mass Spectrometer)& o] -85}
of s 4 ES Augy 2y, A2 AeE ved 2o

- GC(Gas Chromatography) : Clarus 680 (PerkinElmer)

- MSD(Mass Selective Detector) : Clarus SQ8T (PerkinElmer)

- TDs(Termal Desorption System) : TurboMatrix 350 (PerkinElmer)

#® 3. GC/MSD #mlef £ =4

Items GC/MSD Conditions
Split Ratio Splitless
Detector MSD (Clarus SQ8T (PerkinElmer))
Column Elite-5MS (PerkinElmer)
60.0m X 320 pm X 1 um
Carrier GAS and Column Flow He(99.999%), 1m | /min
Initial Temperature 50C (5min)
Temperature Heating rate 5C /min, 220°C, (holding 10min)
program
Final Temperature 10°C /min, 250°C, (holding 5min)
MS Source 230C
MS Quad 150C
MS Condition Mode EI
Ionization  Energy 70 eV
Detection mode TIC(scan), m/z: 35 ~ 350

3 4. TDSAH| o] 4 =3

Items TDS Conditions
Split Ratio 10 : 1
Carrier GAS and TDS Flow He(99.999%), 1m I /min
Desorption Initial Temperature 30C (holding  3min)
Temperature
program Final Temperature 60°C /min, 280°C, (holding 5min)
CIS Initial Temperature -30°C (holding 5min)
Temperature
program Final Temperature 12°C /min, 280C, (holding 5min)
Transfer line Temperature 300°C
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9 28 AIHEE 7H2 1A A (FHSHE FxE, 0.5mM HO,, 1.0mM H:O;, 2.0mM H:O»)

Q. d7423
b FHE AEE A
T e G2 us AAste M 4% Aotk @2 et FE
shaeta Qe F8 3 sucrose, glucose 18] Al fructose o]t} (Goris, 1969a;

Alabran 3 Mabrouk, 1973). Al 7FA19] & FollA Sucroseo] o] th& ool
Hlal o F w7} Zokeh 2 E 30). =3 ZF 29 glucosed] e fructose2t
7%«] H| 2= A g-S e Sl th Rafal Baranski at al.(2012)5 = 343 BT} B
Ao ko] 2.5M) Er EJ_K}‘E?\E} A ZF717ke] dojA 4= Glucose2}t
Fructosex= Z7}3lal Sugare 7438tE okato] AZEE QAT A9 ikl
To & FFe Aole FEEA YERA &gkt
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Fructose(%FW)
W = wv o
=] o o o

N
o

ETW ®05mM E1.0mM H2.0mM

Glucose{%Fw)

6.0

5.0

4.0

3.0

2.0

1.0

0.0

la

Total sugar (%FW)
W
o

30. AA7]

[-'\I

b A

Ff

st Aol mE AT 3EE W

@ A #HH AREE ZAF
@-1 B -carotene 4]
F2E FAo)| Fojst=E o] 7FA carotenoidS

A 3 A

Red, F2
« —carotene¥} B -carotene©] tH(Goris, 1969a, Goris, 1969b). &<
A 9] carotenoid EF2 A= M 2o F-$ p-caroteneo] 80%,
a —caroteneo] 20%(Banga ¢} De Bruyn, 1964) A =olt} TS FHo| wat
g -carotene®] SHEFS Ao 850ug/100gH-E] 8,500ug/100g7FA] t}akalA|
BuE3 JthBajai 5 ,1980). ol A@eA T2 AA7|to] AojdF=
B -carotene] d&Fo] o= Aol UYERow, A5 AtEga F

B -carotene®| ko]l EA YEueE A

< st
ARG B BASEAL FAsEH 580 HE oz

=0
=
z

=M

800 - =TW mOS5mM B1.0mM B 2.0mM
600

400

Concentration{pg/g)

a9 31. AR7z 4kskae A g
of W AHY g-carotene I
& H3}
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Gatge) Spstra FEsL FhE] mek L atgl Wigkel dash

Aol Uehgth. 929 45 45 Fol £vlo] Ushis ws@go st

| ¥4 A3E Rol=Hl, ol mHo] npEo &9 Alxdo] Ax
&3] A7)l= Ao E Wigke =

i
2

F4o| AstE omlsta k. ek 4t
£ o] &% AHA Y7 ARG FAE FAS=H a3 e Aes

rr

PN
T
#stah A4ZHHue angle)o] 60° o 779 AE AL HE o] FojEX

Eebdo] A A= A2 p-carotened] FFo] ot AARE AAATHILE
32).
X 5 FEEdhxrt 45 A 15Y A3 5 AE AHTe s
H,0, Conc.(mM) L* a* b* W1 Hue
0 35.256+4.42 37.63+193 20.50%+0.01 22.35+£3.33 47.07£1.60
0.5 34.33+£1.47  36.33+£4.30 21.17+£2.20 22.02+£3.90 44.22+6.88
1.0 31.67£5.83 32.67£399 21.33+£388 21.32+2.20 38.57%3.67
2.0 28671496 30.33+£3.13 20.83+£3.28 19.74£0.76  35.72+2.33

18 32. A4Z+(hue angle)oll wE A AF2H(color wheel)

gZe] FudRo=z  dex  a-piene, Cymene, Limonene, r-terpinene,

o BAFo] HAsrA FE FHEEE 71

He Aoz BUSAUTHE 6). Wb FEZez

o 850 U] SIS 5 M ol 4e] SIS 28 WA UL A0
2 UG oI5k I 2T FRE AHADTAME HBH 7154

(VOO=E°l =A yet Aol we

Ao Atz QIR dFo= AT




6 FeAY G2 PR vnEy
VOC Conc.(ug/m?)
Compound Name
O0mM 0.5mM 1.0mM 2.0mM
VOC Benzene 8.591 8.452 4.693 6.678
Toluene 35.672 32.530 30.152 29.195
Ethylbenzene 21.873 17.278 20.208 17.339
m,p-Xylene 19.883 14.992 18.271 15.841
styrene 8.741 3.926 11.861 11.105
0-Xylene 7.310 5.059 7.314 5.610
NVOC a-piene 45.905 13.591 34.171 33.897
chemphene 40.165 0.994 22.814 20.251
Sabinene 64.377 5.859 17.236 103.026
myrcene 93.902 7.857 28.928 139.335
beta-pinene 20.979 4.378 28.928 101.744
phellanderene 8.733 2.047 4.857 16.891
3-carene 3.214 0.730 1.630 9.021
a-terpinene 5.600 1.870 3.630 23.212
Cymene 348.807 116.860 215.374 1,461.027
Limonene 105.730 20.594 75.775 235.609
Eucalyptol 0.770 0.544 2.144 17.104
r-terpinene 94.032 38.357 53.038 571.223
Sabinene hydrate XXX XXX XXX 1.633
Terpinolene 653.801 172.663 579.658 2,028.310
Linalol XXX XXX XXX XXX
D-Fenchone 0.514 0.189 0.481 0.416
ocimene 0.702 XXX 1.597 3.812
Fenchyl alcohol XXX XXX XXX XXX
isopulegol 0.296 0.001 0.129 0.293
camphor 0.296 0.001 0.129 0.293
boneol 1 14.984 XXX 12.729 6.682
menthol 4.076 XXX 3.167 1.662
boneol 2 1.452 XXX 1.375 0.594
terpineol isomer 1 0.141 XXX 0.169 0.558
terpineol isomer 2 0.083 XXX 0.125 0.210
Nerol 0.010 XXX 0.410 0.723
Geraniol XXX XXX XXX -
pulegone XXX XXX XXX XXX
Geranyl acetate XXX XXX 0.321 0.640
caryophyllene 44.364 64.674 61.506 177.427
a-Cedrene 4.675 6.891 6.635 19.300
a-Humulene 2.919 4.118 5.309 12.612
Famessene 24.690 14.749 41.333 80.096
valencen 0.604 0.410 1.614 1.740
nerolidol-cis 22.764 7.221 59.243 52.591
nerolidol-trans XXX 0.275 XXX XXX
carypphyllene oxide 4.120 9.291 6.619 23.357
Guaiol 0.346 0.807 0.534 2.025
Cedrol XXX XXX XXX XXX
a-bisabolol 0.017 XXX 0.004 XXX
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(vh). Azrel A, v dd iz HEE A}
@©. d7rFeH
TARA AL = ESF AT, F S oled oA WEll #F
shal A 5gtel ojH &S A ok AL TAF FAAE

A7k olel & EROZA B by SANE 8 A wb)
__Er

7] £4e] 2 o] BEAMOE AVHT Ak webd Ao A% F 4F
S0 A Qe FE SR Yol G FFY FU 4G TR Fol
wAo] o Holm, o|F Fol7] A5 AHL Fa MRS FEE FY 5

Sl ek o] e Q)

n

@. FAAJA W&
@ A7FAR A B
AZrel A ZAHE dude weo] FUE #33F=A  (Konica-Minolta
CM-2500C, Osaka, Japan)E o] &3to] =A3}¢]th.
=49 L, a, bt o]83tq A ZUAEE 7|Fo 2 A WHstE Po}
7] 98 A(DES o] &3t AL#S F3AA, A@F ol &3t MAHAE)E

AES AT,
AL = Lmztml Ltest (1)
AE= AL+ Ad’ + AV 2

W A7 Frdd dAbE 24

AZFe] Frad gAMMEE dEEd VAT 2 ulE-E B2 7] (TDS-GC-MSD,
Thermal Desorption Sytstem Gas Chromatograph Mass Spectrometer)& ©]-83}
of BAstion, g9 B4 sdaA skt

a9 33 AFEE 7k 2RA
2.0mM HzOz)




®. A7A%
o A 2

A7) Grlwd CALE =S 9w e PHoR Fud A, A8
Sarsa B2t S mheh B3 nh A R Lol grastga, 9w
£ 9e) brgkel 378 AR AAHAAT Folge e eetiE
ke ra 2.0mME 71F0 2 ALY Fhe HoES wf Ao Hsjol ' A A
1% ¢ AU, AEFe] TSR] SR} il shs 21 Bef Juss
a7h e AR B sl 4T E Ao B

M\

Zepzul #4458 A 159 A% F A AHAge] Aus)

H,O, Conc.(mM) L* a* b* AE
66.54£0.53 0.29+0.06 23.85+3.58 6.69+0.87
62.81£9.94 0.15+0.01 22.59£0.55 2.79+0.70
61.60+12.28 0.07%+0.00 20.34+3.89 1.44+0.59
60.42+5.41 0.18+0.02 21.15+3.13 -

AW A7Fe] dkmAE<l camphene, Famessene, a-piene,
carypphyllene oxide, Eucalyptol, Limonene 59| 334 A EE2] dAygFo] 3}
At FE7F SIS SUMek A Y AR FEC] FAHE o2
SR THE 8). Wk FEH npRA 2 FEEgtErt 245 W H4kst
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=<1

8. % Fehavt BHS Ao

D
o
4
ﬁ&
_‘rﬂ
L

Compound Name

VOC Conc.(ug/m3)

OmM 0.omM 1.0mM 2.0mM

VOO Benzene 11.093 7.834 7.874 6.632
Toluene 43.260 29.957 8.277 4.907
Ethylbenzene 14.694 10.757 1.837 1.083
m,p-Xylene 10.782 9.276 2.652 2.588
styrene 2.224 1.415 0.843 0.843
0-Xylene 3.091 2.528 0.804 0.777
NVOC camphene 2.291 7.093 19.537 76.673
Famessene 1.540 3.535 6.455 12.457
a-piene 0.475 0.760 0.952 5.181
nerolidol-cis 0.008 0.337 2.064 4.365
valencen - 0.146 0.983 4.464
carypphyllene oxide 2.370 2.319 1.499 3.667
Eucalyptol 0.183 0.453 0.577 2.333
Limonene 0.727 0.840 0.882 1.775
myrcene 0.092 0.094 0.381 0.478
beta-pinene 0.058 0.061 0.227 0.478
Cymene 0.226 0.195 0.304 0.362
Sabinene 0.231 0.192 0.151 0.284
D-Fenchone 0.167 0.176 0.172 0.230
a-Humulene 0.055 0.038 0.074 0.204
phellanderene - 0.035 0.113 0.153
a-Cedrene 0.072 0.147 0.179 0.224
isopulegol 0.022 0.039 0.051 0.061
camphor 0.022 0.025 0.051 0.061
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(. F F A Fehznt 47 A e N

7.

AHE FAA ol& 7Hs3k AR E9tzvt 245 A 21 &9

2 A E 53 N mH 3 d=(Capillary electrode)S AF&-3fe] Uubz o
B2 ARESHE 220VE] Hetoll AFste VPSS AU 7S A3 il
Al A& st OH radicale] A= o] dArs4A7 B8 E S2t=v 44
(AFsh)e] A4ko] Zhesith B A@AX| oA = Hilstrad] FET) 2
Abste 3LE AlEsted AUEA7IE 120VE 5H50] I7BgS 1.2kVeE =74
Shal 23%7F HAAIZES 3 AZEHAT oFEA AAPE AT EAS B,
WAZE UA egow, Zehznt &2 pHeF ECY Wistrt yelA] gkt =
g AARE st 4e w57 3 E ol FAIEHUT. ORPHS A 3 29

e uEhtEd, ot $EEA FRE0] b B FEFO] Sehavt B4y

Al FFEOE o]&50] oA HUA el Zlog ddsigith =g B
Sk W AIZEe] dojxE AT Folle 238 FHikslrie] Bt 74
7] W&ol A FHAS FASHE Aol Hasith

2 7les 71EY &89 vlas BRE Y MATE AxFe o], 4
o] v Jislrd FEE eV Al 4L £ 203 A EAl oF 80Wh A}

3
(A2 670} S5 1L A zo] oF 20Wh(T2kDe) oA AF8HE ¥, 0=
o] 475 =(10ppm/hn)E 10L XA ok 720Whe Heo] Eelxjo] 42 1L A
zoll oF 72Wh(259.2kD)2] oix|7} Bad Aow FAATHE 9. LA ee &
Netd TR AwaE 7% nae W, SRS oS W noh
70% 978 MO Y olustdash M3 £YHlgo] WRH Ao
& % glth THE 7143t vlmstel kA 9P B o] AAEA FomA L)
gol ve Woz AFHt HH AFRAY LS FRY JO0E o FHKE 10.

% 9. = ZAx9l &2y oA B vln
g = FEEehzn} e EuA
T F 20W/1L 72W/1L
DA EAF 400kw/20ton/1day 1,440kw/20ton/1day
) & (%) 28 100
F 10, AdAE7E Q0L vl (56.7L/1% A1)
o9l Ae
N AR A = BAE o o
e A | @serm | @by | T .
< 4(NaOCl) 2,890 199 1,156 116 4,361
o] 4+5}¢ 2:(Cl02) 2,890 3,006 92 116 6,104
BN 2,890 47,892 0 116 50,898
e 16,184 0 0 2,774 18,958
uv 11,560 0 0 385 11,945
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D). AA T D AH AL Feol FE 7t Sat2ur 845 Jhol =gl AA
Uh. dezE Avas W AH8 F24=n) pilot model A A 8-A] o] &
@ oq] Ak /\1] zJa]. _4‘ Hol—q_

HAA A7

[——
a9 35 AT MHEFA A

SESE AFAITE Holha B pHIA 2 §ol 7hssl ALgol 27}
A 9E7boe] WA o] AN G Oo2 Agol FEHT Ytk whe
AR SN e Eehzn 485 ARFAE AL S AHYA
of AFe AASE AVOR ANS Ax THL AT 5 AL Ao Y

a9 36 A7 A a5 B oulaeE v 2R AR
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2 AR 288 Aldaes Adol A7kt fAE ) wet thd Azl
et g ARstEA A SR A Eol 7ed ZoR AeHE, B
HE2 A gste] Astrete] HES 59 A= FELE FASEA nAdE
o F=E A= A& Zoletal ALY 37).

RS

25 M

19 37 AlAARTE AAEA@AE AlA o Zekxnt SRS A8 B)
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T ZTH2UE o83 =8 FIF HIrHAd e
D). 9+ 53
gurr o 7 Z 3} 9] HAX A = promalin (GA4+7+BA) o} 1-MCP

.

(1-methylcyclopropene) = 8l7F Z7|17/03F oA 2 A=/ o Aes] & 37 o] %]
T A g o] Eipeta Hlg Fgo] & w@io] Utk Hslel SAYAEE
silver thiosulfate (STS)e} 8-hydroxy- quinoline sulfate (HQS)E ©-& A g3l
sucroseE g HEGHo] @o] ALGHI =], o F g A F #
25 JA3I= silver nitrateo} STSOl &= HF 2 H S Fdst= Agr/t &/ 3
o] ARgo] AFEHIL lom, HQS JA] AA=4 3 aEE AYA e o
af, 7] 2¥, 29 I Fo EAVE 7] wEdd A A EES AT
st7] A%k A7 2osith. AR ZEN Yo FFE sugare €719 =S
e vAEY AR JA 571 Wl wEA A9 £& AgsfoF st
%ﬁﬂl*‘: n Aol et A2k, BEEAo A4S}, A3t FEEFTFE X

At Tl g Aol vl A §hol A dEte] EE& 7ol FETI
ol dalH=gdo] pH= 3.5~45 AE7F AE3S Aoz By ot vd
CoA 7itE Chrysal AlFSo] B3t date] B A4l 2 o] &5 3
,A8stE AFEE Qo] FF3 UA(GA), vAAE HAd % =3 9y

Z](quaternary ammonium compounds, aluminum sulfate + 2+ #)) /A 8 &4 ), ol

w2

A

o]

-1>

lo rx‘i £ o

)

g4 98 9 A(aminooxyacetic acid, silver nitrate), %%

biocides)s 494 & A e tdFd 22 E0] TP Aok A A AAH
o8 FTAHE FHEZA g #Alol AR d+=dH, MPSM: Milieuw —
Environment, P: Programma — program, S: Sierteelt — Floriculture)= 3}3] A
A8 FE AN A S HLsskE Thet AR} FEdY, 18 =
THY T Y AREAR] ZE7kA| ob 2= IF A SIS AE
2A, FE BE 2HgAdA A&7 A4 o] shFolzr s 5o &

e =o|A AZtd MPS& 33 AAAE 3 45 22721 S &
52 ISO rta= dAAAY AA A Fitde FFo 2 Az & A
o= JidEY. Egzn GAFE VIRHCE Ay Ss

5o (sugar + acidifier +

E2HE T AAEAY RELY Y v E2 WS A s= 3
Az AddAga A3t F50 o] JAF A FAAL A|AEH FE=o] V5T
Ao g AdHTH

Felznt 45 A7t 28 T HE fA0) WAL FF B

Oh. Etznr YT Sg=nt 45 A8 123 FJrt

©. AT

_51_




TE EFehznh BAxA hE dste] FA EHS sl Tepxet @
Bk SalFel A fA ol u]le ATVE Yohs] A0 YA EA
1

ol g4gel GFE W] g8 F 3%F AshCRv), NG, BEepA)e] 2F
2 ues AsAT,
ol% Aul( ‘a2, ‘WATE’ )= Aol 23 cmz AAT F AL D

st} T Aitstrio sEE Z‘Jé?& Zet=rE &4 (300, 600, 900 M)

SAGES A3, 34, FEFTY, A

, LWT%@%’F, G54 T S, AR WAT 5 AT, WA
lelob , WFA ) Aol 26 cmz AXT F 2 AUE AYor, o F
AB5H, B, FEEFE AAE AUFERY, 954 $F, NS By
59 24890, BEaA(QNHE | C2AYFIE) & Qo] 18 an=
AT 5 ge AE sgon, olF AssH, 3, AAF, 454 T, o

A uAdE S 5 A EUT

Flek Arlel dmE’ 2R A Wste FUlE B33
(Konica-Minolta CM-2500C, Osaka, Japan)E ©|&3le] =4 A
dotr ] fs) A(De o83t FEae A2 (Hue Angle) gto=
a, A@)E o]&st] MFAHABEE T3t

o,

Hue angle (H° ) = arctan(b*/a*)-180/ = D

AL = \/(L*I_L*o)z + (a*1_a*o)2 + (b*1_b*0)2 (2)

a3 38. AdZHhue angle)oll w2 A4/3-3H(color wheel)

olu L*, a*y, b*o> 24 Hze] Wx, AME} I ghe, LY, a*, b2
1 A

:
Ao F T2 WE, AR FAE g vheh
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@. A2
@© ‘&= A
Eehzrp AR we} S43F dtsteal] RS VIEoR
ne] 2 & FASAS FUFsEATHLE 39). At Set2v S A
gl ol A thzTol Hls] ARE = E3E Bilon, 53] dtstaad w20t
600 «MS! Eek=nt B4 Aol A3tgrgo] thzTol Blsl] 29% F7}st
REHLE 40). At 2 Et=rt 845 A9 9 & Aols Ho
A Fskoy, Eetznt @A AYTolA R SUIee A
4D, FEFrEe Fohznt @4 A TolA Aakstrad w27F SIS
= 7ol Bl S7FstAtHLE 42). BAF2 ®|sh= AIRE |
x=77F 718 ®ol Eoe’lal, Etxrt 4 A = tEzTol vs) ¥
sho] Zo] ALY 43). o] A= FhrETde] HeE B AlRko]

AGRA BT o] JrisEgEel 23] okl o] Uslol B AL & 5
AATHIY 4. @S54 B8 =8 Zepxrl BY5 A7k thzTol W)
A FAHAL, AT FAAE 600 MAL T GFa FFo| BA 44

H Aoz JERthad 45). 3498 Sz $45 0 Hasras) S5

7 ABEE 2o ghol AM Fe AL P Ao® ZAHAL, MY
=

B o
3 aksiras) SR/l 284S 2050 sl Ws) A How
ALE ATHE 9).

Fxol o sek Ao Wy A
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Flower longevity (day)
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Water uptake (mL)

300 600 800
H,O, concentration (uM)
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® 1L Eehzvh PR Al ge

‘e guel s

H,O, Concentration

Color characteristics

(uM) L % b* he AE
0 80.65 +2.18 14.48 £3.25 -0.15£040 -0.41 =151  8.96 £3.72
300 81.00 £2.18 15.23 £3.50 -0.99 £1.57 -2.94 £5.26  8.21 +4.34
600 80.40 £2.05 15.77 £2.37 -0.47 £0.77 -1.47 £2.88  7.70 £3.01
900 7711 £1.29 19.82 £2.58 -2.01 £0.55 -5.72 +0.87  2.93 £2.19
@ “F=AIE” A
Sohznt BRAAZ] el 74 HAkseae) FEE Ve r HAy

600 «M%1 =
7V ATHLH 47). FArtstrid] §5

T FHAEAS WIS ATHE 46).
73?‘%% et et dska

AEE 235 Hon, iS4 w57
Zut %*44 iJEHL oA Azl o] izl Hlsl oF 12% F

59| Hol ot
%

2l
° Bepzxn 345

7F 900 u M A7+ =2 Bl A

592 Uehio] w9

73$-olE 600 uMA B 7} FET Ao E Ahai

Aol 42
6 217} 2]

=7 FAEATHLE 49).

9 46, Zehxvl FH% U Hass

Sol we ‘3

B L B

23

ATl Aol7h vhehbA] 2o (1Y 48), BAFY BaE
Fehzrl B4 300, 600 MAE T e H 2ol w3
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Flower longevity (day)
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Fresh weight (% of initial)
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o4 Wetsrlo] thzol Hal 157% S7hebe Ae UEITHLY 5D)
Ajst e Betant BYSF AT ETY 2 Aol Holx @gtort,
Sepznl B4 el FolA o 37 AEe BATHAY 52. FEES
F AN Behzet BHS A TAA hxTo ws) Zrhstgon, Aakenz
W59 Aere JEITHIE 53, AT W5t wu g Hio] A2
He Boltyh Azke] Aol uhe Paste Pde By, ETY ga
Zol by A3 Fehzrk BHSF 600 uM el o) FaFol b AYeHITY
50). FUFEIFE] WA 2T FhFRFF] BB SF AT

& 5 AATHIY 55). GHa FFe Aol A

,1

YA AAHo g2 AsHon, Fetznt S5 A7) g7 vls8)] =
A FAER A, AgTF FoAME 600 uMA 77 =2 o] =4 FAH
Aoz YEHTHIE 56).

T
|
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Chlorophyll content (SPAD readout)

554

wn
o]
1

Z7¢ A TSt Z Ao7F Kol

e UTHZH 69, 70)

45 -
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—4— OuM
—— 300 uM
—&— 600 uM
—— 900 uM
O T T T T T T
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Days after treatment
39 65 Fetzrt S U HlErs TEo e guiE’ ZEeke] 4%
e
= grzul ARk e CYET ZEelx o] FHA)
H,0, Concentration Color characteristics
(uM) L* a* b* h° AE
0 82.24 £3.71 -11.58 £1.30 23.90 =4.16 -63.86 =3.75 8.96 +3.72
300 78.68 =4.12 -12.29 £3.14 25.89 +2.19 -64.61 =6.76 8.21 +£4.34
600 81.65 =2.48 -11.38 £3.52 24.60 =1.89 -65.27 =7.48 7.70 +£3.01
900 81.18 =2.42 -10.88 £5.95 24.74 +3.33 -67.38 £8.72 2.93 +£2.19
® ‘EAYSIoIE’ Z2E A
Fepzol Ao de} 2okt Blssae] FEE NFEOR CRAL
solE’ EEeAY £8 F FASHS WRAHIY 66). gulwlE”
F53} v AFS Uitk e Ao s Sekxnt 245
A Fol A Tl Hlal| A== A= HYoy, d5HI Fo=E AT
TE Zboll xpol7} JUATHH 67, 68). AAF Ay d=4 s =3 o
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At w Zetxnt &g do] HihAE adE dotry] flE (9
2 ), Aol WS tido® A ‘sl Are A4 600
uM H;0p Ze}zn} &40 30g - L' sucroseE Egsle] Zetznt 44 &
ATt Aot S nlwetgnth. CAEEol WEke] A9 600 M HO, F
glzn} B4 20g - L sucroseE Egtete] Zatzvl A4 G838 e}
Azt vlwsk T
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<= UEHATHZE 7D.
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g FERETEC M B HAgFolA AR T E ATl vl A
of o] FAHE AL & & AAKE 13). AA e} A4, dEZAHF &
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Water uptake (mL)

Control Pre-treatment Post-treatment
a9 72 Fekzvk @45 AAY R FAP we s Arle) $EF
22 W 2DAT, | : 4DAT, BM: 6DAT
#* 13 Sg=rt @4 AAY B2 FA g wE ‘e Ao 34
Treatment Color characteristics
L* a* b* h° AE
Control 80.87 £1.17 13.69 £2.73  0.36 £0.68 143 £2.74  9.89 +£2.70

Pre-treatment 78.28 £2.93 18.15 £2.42 -197 £139 -59 £3.75  4.74 £2.99
Post-treatment ~ 79.84 +£1.20 16.43 =1.16 -0.31 £1.73 -1.02 £6.16  7.13 =141

N |
=
g i
2 %7
=
O
o
| =
o
g 4]
o
T
2 .
O T T
Control Pre-treatment Postireatment Pre+Posttreatment

09 73 Eehznt @45 A 2 FAe) 0E e vl Wiy
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CZezn @44 9w Al e tae Avle) dshem

@ Al WG
ByAelel me cAuelol Mge] Astrme cdH G wxH

o2 UERkon, fol4-e QAT 2,000 4M ATl Hla) 1,000 x M2
b efzt B AEEgol Sk P3e UBIATHaY 75). SR FTE

BEL FHFS AYTHE 2ot oA UAl YErUAE FATHH 76, 77).
AAe et T4, AFAF £9 A3 S vus iy dAget £ =
T 3tAE o o vlte] Aslero] Frhete AS F1T 7 AAH
2 78). Wigte] Al Aol Expolgta dElA e 20g - L sucroseE
HArstras F57F 600 p M1 Eetznt EA ol Frksi 8 A3 dslergo]
Al SIS AfE A& & AATHAE 79
10 T T
E 5
g .
r
2]
’ fIJ 1000 29-'00

H,0, concentration (1M)

a9 75 SThznt @4 Al wE AW op wigte] st
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80). 7<47'<%E]9} F31d,
2] 25 sile o dafero] 1d
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QbR E
QURRIE’ REebd o] AShEHE 2,000 1M ATl
o gsgol Fbshe

A= F7hehE A e e

o> o

81). ‘?}H}”]E’ E=ehA o] A2 A 274k thyl A
sotzrt EA4E ol &3 AA Tk FA AN E Aol E HEINA &
gGE 14).

8
. 1
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3
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. | .-

0 1000 2000

H,0, concentration (uM)

19 80. Egk=nt AT AP BE UNNIE’ LA A3l
81 "' T
®
K*]
2z 67
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D T T
Control Pre-treatment Post-treatment  Pre+Post treatment
a9 8l Ehxvr @A A W A g ‘YmRE’ EEeA| o] Al
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* 14 SSkzrt AAE 8 A0 e AHHET R0 Y

Treatment

Color characteristics

L* a* b* h° AE

Control 82.24 £3.711 -12.36 =1.224 22.50 =3.134 -60.91 £5.501 11.78 £4.914

Pre-treatment  81.65 +2.882 -11.92 £4.418 23.97 £2.693 -63.73 +=8.856 11.14 £3.364

Post-treatment 80.96 +2.669 -7.56 £2.009 24.05 +2.546 -72.72 £3.057 10.31 £3.856

D). A3t/ HELY mAE T ZUEE
@©. AT
AEAEE AP4d 20A Aoty SAS v F HSRESA S ImL
o] A ATE o] &5t 10u)H AL M sto] zhzte] 31| Al® 1mL
£ petrifilm aerobic count plate(3M, Seoul, Korea)#]eoll EF3Fe] 30T ol A
24-48 A1 7F vl T petrifimY] ol FAE #A(colony)E Al4=(log CFU/mD3}
Rl E 82).

a9 82. STkt F4g ) Itslkera o wE A3 ZREEY ndE 24
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A 2F BT Sozu AFE STA s FLY e ST
A52 AP aE Z71ATHIY 83-85). Fastea HEob 900 Ml et
Zop BAGE oF 1loge] YWAT UEE 2Y F AU TP W8 wE 2
Z1ole v = RE7F Hakstaeao] o whu st 900 w Ml Eek=w
A Aol 7 kAR BET|To] A #H3te] met BRELA o 1]
wgol FAs F7lakel Arle] Aol 6UAIE, W Braxe] He
A= 9La AR O vAES] D=7 Hlsssi AT

4.0

—— 0 uM

354 —o— 300 uM
. —¥— 600 uM
_gl 3.0 —&— 900 uM
0
O 25 A
S 20
E
8 151
5

o 1.0 1
P4
0.5 -
0.0 T T T T T T T

Days after treatment

%) 83. Felzw) BS ) SUSKE w0 mE

7.0

slieh g .

RHEQolo] nYE =

& ®is}

6.5 -

6.0

5.5 -

5.0 1

4.5 4

No. of bacteria (log CFU/mL)

4.0

35 T T T

3 6

Days after treatment

9 84, Belxn} BES U) s o] e
= s}

AplElol W BEge] WAL
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—— 0 uM
8 —0— 300 uM
—w— G600 M
—— 900 uM

No. of bacteria (log CFU/mL)

N

3 6 9

o

Days after treatment
TE 85 ETknt A W IEEA wEO e YHRIE B B
89 mAE s= W3

FEEez BHFE o0 Ak HuBFLY FFoE ARYS U
Bl 4L /T gow, o] 8 el skl el PO o] §
¥ 398 s

218 xﬂgl—— Zgtzunl SAF(FAs A 50, 400, 600, 800, 1,000 2 M)k
Fabst 2 (10mM) 8ol 1023F FAAIZ Aol Mg sl (3}, <
3ol FIANEES o] &3tuu. dAwAE  Carl  ZeissAte]  SteREO
Discovery.VI2R 9 & o] &3ttt B3 o] WstE dotrr] 93] 29 +&
A k=3l E(Water-soluble carbohydrate)$t#S anthrone®¥ & AF-&3te] 3
Asldthi(Van Handel, 1968). 60C oA 72417t B¢k e BEAzE 2 AE
(0.1g)= 70C A 12412t &< F=3tAth @r3ls F2E2 45Y
M2 A Z3F anthroneA| ¢F (1g anthrone in 50ml ethyl acetate) 0.5mle} 7/
1omlE AL ¥ = = 183 F7F 7+ 4= Y4z +, 630 nm
ANXY FRAEE A stk F84 d3tE FEFS 2 4=

=
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RE HYTAA BFL TR0 GG W U9k 913w E) 4 £
Wahe B354 YUTHIY 86, 87),

Co c2

a7 86, AMElol g viskole) wolHE
co 4

% 87, ‘Aol W jskule] walAE
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Content of water soluble carbohydrate{mg g™
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30 A —-& 0

—2— 300 pM
209 & 500uM
10 —"— 900 uM

T T T T T T
0 2 4 6 8 10

Days after treatment

19 88, Tezr} WU ) Thsks B we Alzlol Wge) 9 wal

(6). A3} REgAL Zetxnl AL Az 7E AL
B A S B3 /AYd 2AB AZ(Capillary electrode) S AFg3te] Uulx o g
AHEEHE 220V H kel AAste IV AYEA7IE ARSSl 2F3H A B
A& 3tH OH radicalo] A = o] A4bsteart dAd Sekxnt &4 5(418)
o] Q4ko] 7hsaith B AP A= Ikt ae] FE7F 600 Ml 4kt 3L
= 7]'7510&% 1.2kV=2 ZA3a 4187
< 3t AxEHIUT olFA APE e AV A don, Eghznt
G 2] pHel ECol Wity veRA] ¢b7] wjZoll YAl Hslg HELTE A
Bl Agstdth =3k A HAstra ] s 3 2ol Ad ol S48}
T 3A Aozt YA got Xiﬂol A ois %W—’Fﬂ Az= A =T 45 Az

=]

Tof g AT ‘%”d’\]?l% %Z]E‘}% 71%711‘%01 g asttt
B 7S ATl feHal e 2572 At QAA ek vlals| 1ttt
o=

A, Sl AEE £ o FRE £ a6 FEWANA AL 2
=29 4939 7172 44,0009/2kgo] L 1Le] Bol B2 10ge AHEdHAl HEE,
AR Egd ILE Azshed 2 Hl$L 2259/L2 FAHAT v R &6l4
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GANA AR e At ARl ZeE S0 FUHE(RE H38)
= 1Ll 392 VIS A&t 392 Uf 7F40] 300¥e0l 2=, daRnEg
A 1LE A=xsted] = HE&2 3009/LE FHEAT v, Aslaygddel &
ARl Hatstra T2 600 MRl FEEEEE BAFE Az faAE
120V A} z=7elA 4% WHo] a3y, FFZat2nt @44 1L Az of
4Whe] AU A7}F ALE-EHH, o] & 2009/kWh A7 850 & 3itsld F5&Ea=
‘3} ‘%*ﬂﬂi Z‘éﬁ}ié%"“ ILE Alxzst= bl 0.8¢/Le] Blgo] o

r°l'

L Ao

e 9e Aoz e e, T%—%ﬂzu} e AEE e A
QA Tl AP Mg o AR5 S BN OB fAF TR AFE
do] Qg Aoz datHn

AIF GAREN Hoh NEG Fehzel DS B8 slolsel AX

43 B AN E AR A% 448 d B AADA A

&, A2AZ, ASAZL 2 2342 Wel AEd Izt AA, v g ope] WA
WA, FAFS(ES B SHAAFEY AL F), ALFEATFY o8 5ol B
st EE Y & #Y] ¥ A5 BAY aF FE F FE5IL 5
aHste] AAstoof o} weps A AR B 1gsE T A T8
A= =28 A, H3 gilbsrhe] A5SUHE A& "3 F4/50] B
2 oA H T %LO—U:] o]oﬂ g AP E FHAFFANA 20109 =56 Al
Ha Aok A dRbAQ HEFo AL v 2o 89).

® GOOPME"”—.—+ sucrose 2 GOOpM%EkZDf%‘g—’F

a9 89 =u AR 7 AA
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oo FHRFANE £8 F AAe, A%, FEAAAN 2 AT 24, F
B3} Sav) FAAAN AT W FPEE BEGAL 0§ 5 Yk W=
§717F AT Yom(aY 90), olF AFHE RESIS P AHA
g Pl AL Uk wekA B AAGA A Fehzn) ashs A

BN
ool 2

Ag olgatal Fashes TR 6004M UGS HEFAOD AL

Aot e AFANL F AL O Jlgsa ek

]_

ol
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2. A2HEAA : T STh2RUE oS8T I dAztE A A== A

T} 5 BHEUIE ol §F AAF AN Az

A2REAA AT/ B @AA ] ATNEL vlo| Az g0l B Fejzuls AT A
H) glol Tt mEE] NOX 7haE AAAR & s A4S AT 5 s
A271%2 AL U A olF ol &7 AANZ AANE NOx 7}2E ol 83
ND A 87 Fo AaE Bao] RG] daol o] §EL ol AAH w4
78 97 AAEARE AL 5 Q7] WE] AT & 9l AR mAlsT 9
o aerel AL Uy Fo WARAT SAS 7] Fol Aartas aa
NA ArsEe AAAZE o] W A4HE Fdol= NO, NO; , Oy, OH 50|
Zgeu), gebd Sehzn BA5E AsYs 47de YD SEANA 2
£FF

S )=
gF B4

2. Eepznt A5 Y7 GAF Aol X o
zr} 245 A ZF 2

b, Zepzn Bz Ze)
O. AFFRLH
vlo] Az ¢ o) BEehxu} WYzt mE Aks GAFo B8tz 54
< z=AEH AT

-

Q. TAAJ] HE&
Zgtznt g AulE 220 V AC (single 60 Ho)ol 948 HY9S AFR3t= v}
olazut LA 7|E, 245 GHze] F39+5 7FA = 2kW nfo] a2 ¢o] B & | o]
HE Sads Tt 274 26mmel Agedo g dasta, oluf 10L/ming

FOE FFHE 28F0| F7)F Fehaviz ARAUC 4B 3] Hohx
H

713, o] 7t2ES WAAN2H S B FEE Tt FAES e &
qTE AZSIAT
AERsipH)e AVIAE=ECE 22 pH meter (HP 9010, Trans

Instruments, 4 7}&)2} Conductivity meter (HC 9021, Trans Instruments, 27}
F)E ol &3t SAHIIT. SHFAARNS7E L3lE] AAHE At E A
(NO3)9l Wzt Aty sAHF 5 A7 7|l X o e o] A=

& 183 (ICS-5000, Thermo Inc., v]=H)& o] &3t =AHIATHH 9ID).
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a3 91, o3
ZotEdgy &

B IPNEY

3. a7an
AEEHE Sehznt dro] AREz A6 stobdA 1% ol Amst
pH3olat= WaZtH1d 92). 24 F A5 2l 71715 Ao Aol
5% 542 UERRST

8 7| . ; ;
pH variation of NOx-dissolved water vs. time I
i
6 Air plasma
5 P: 0.5kW
sl Air: 10lpm
Ia =]
= a4t
3
2 ) 3H
* i\g
2k - —
: ~ ~ . R o - 1 1 1 1 1 1 1 1 1 1
10 20 3.0 40 50 6.0 0 20 40 6 80 100 120 140 160 180 200
Time (sec) Time (hr)

38 92, AA WE nlo|g 2 Yol BEZgRnt A4 pHH 3L

fu
1o
@
N
X
>
o
i
P~
rlr
i)

FHAERN] YA AT B H o L
olazgoln Eefxnl Byse] AEst b5 FUste] o AuuA

£ YERAATHZE 93).

y = 556.35e 0653
R? =0.9761

NO5 & = (mg/L)
[ =]
o]
[=]

pH

a9 93 vielazde|BEekant Bre] AEpHet A daNGy) BT W
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(. 57 ASFd, 47 2 7129 §F, 2Edx 54 44
O. A+
ol A2 gJolBEFe=u A5 AAF Aul E8800 dig AP 28
AEZ pH 2, 3, 4Z+2F NOs~ 150, 80, 40ppm)= mzroi zToke] &L
q=

WLohth B AT} e BFEFE AT 2EHAE Gojrs] 99
A

odlt
o
|\
ol
o r
ol
2
g

Technigro 5008 ¢ (20N-9P-20K Plus fertilizer)& z}zF 50ml# 2 7t4 o2 F

darsidon, Bid 2 QAo Stzut &9 gniA Rt T

AU A A= 20161 59 6L FE, Bld A A= 2017d 5€ 22¢
F AMSATHIE 94). 157Y Fow 249 =

“1, 3F F FFto AATH AdEF5S SAIATY. 954 FF-2 PAM-2000

2 olgtel He F 2% Fo FHHYL

3. A7AH
-1 35K
4Fo) FE vholaR ol N Fekae B AN el hE Y5

O:

pol7h S ebRTHIY 95). AW WA OE FREOE 3| £FBY
o 2o Z71%e By emwgRE pH 2 e 7o ST
FolA 20 ol Frhste e VeI, AFW FFE vlolazdeln
Eepzol Aol H tlzTel wal 60%01 4 ST Ao 2AHAT A%
W OdFE R YT pHAH Y el A Afo] AR ol FolAA ke
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%0 /1S BW 937 439 A% pH 2 AelFolA 39 shzke] 7
S, A%W 4% E9 vlo| Az g0 nEetzrt A ol A 30% ol F7b
stk Ssheat M4 Age] gl Pl FIhES B, pH2 A el ol
A e3W FFe) Aol 25% A= FARGTL, AFW FF| Fol s o
270 W8] 65%9] F7hFS JEhATh 3Rl %ol QojA vhol A9
OB Fetzvt BHFE REUANA 2P 2E GFE /A AAA

A AEe FANL 5 YL Aom ARV 96), ©|E ol A F o
Age QR AT F e Ao BUET B 2FUL A T2
S Uehllo] 2 238 %ol AR AL F= ARA o] a7
o, e QARIE B Mgl e Ao A
6.00 6.00
5.00 - 5.00
%‘4.0{) T 4.00
300 £ 300
3 z
5500 T 2.00
1.00 1.00 II
0.00 0.00
Cont. pH4 pH3 pH2 Cont. pH2 Fert.
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5.00
4.50
4.00

3.50

g 3.00
]
2550
o
$ 2.00
1.50
1.00
0.50
0.00

Cont. H2 Fert.

B Green ® Oszkleaf B Red

9 95, dHIA e & A 238 AAE v
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pH4 pH3 pH2 Fert.

M P_height BP_width M Lleaf No.

a9 96 BulAEel WE AF 2W AR, AA4F AL, ARF 8, eAARF)

@p-2 FFAF(A)

FAFY 2F we} mlojaz o8B Eehzrt B A g AUt oF
7 gEA Yetds Ae 0T AJT (2™ 9. A= A7 pHe, 3
AYT7E 27 FAA T Bl Al dEbsta, du A2 pH3A 27}
o B =4 dERtad 98). AT ded =3 pHIA I FAM =4
Uttt pHaA g 7= TE Aol His) 5ol T4 @2 EFe EAoh

F71gE dES E Aol T4 0 pHAA 77 Qlibe] o] w2
Aoz Yetal, pH2 A7t 253 Zedel 2ok AS = F A
d 99).

)

o
o
o
k
i)
o
e
o
=
M
e
o

e e AL, pHdA 77t Aol F
HATHIE 100). <77} pH3A g F-ol A vlEA- TR oFF &
E 4 L, pH2AH 279 dEFe] 571 Ae & F A H
10D. F7)SFEdFS BH pH2A g ol A 14, ZF, 2 59 el =

A

Azl ZTtzrt s 50l 27]d= pHel BARICl A2 L
2 53 FHE HEATHIIEI103). sHAIRE A 7] 3ke] o4 pH2A

gl e o] ZPEAE T B S8l dRelA BEHAY. e EE
ATl A =@ e Blou, guAo] pH3A g7 bE E2tzxrt &
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Q4 Aol Wal AT 104, ABFL G2 25T Bl =
PHAX | 77} ThE B A2 ol vls) dastarh. FEFFE Ba DA
o2 fo4S YUAT pHAD TN BFY o] 2T B AFL B

3L, pHAA Tl A I4ke] ¢Fo] B2 ALz FAEIH

4 H

30.0 180
- 160
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= = 100
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&1 S 8o
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(Optimal Quantum Yield or Maximum Quantum Yield ; Fv/Fm)
EAA oL YRR LAY Abmrp e x 7] Lol A
2 Agko] YEIGTHE 15. ol= pH 2 S44E A9 S o 3F
S7tet] ASe SIAAE F e ZeE dddHT

:J_ to

N o

ox, ox

Pl EL
o

—

Eehzrt 84 AP mE o A FATEEvFmgL

Treatment Fertilizer pH2 pH3 pH4
Fv/Fm 0.714 +0.029 0.729 £0.030 0.710 £0.039 0.720 +0.026

(. Wgele) S5 Fekxoh AeE BY %) W} 24

@ Fefz ARl W MY 1) ERAHA W3l 5
FA Behxrt 716e 234 G At AET S YEAS B
e 51 T ool SEHAE BO A o ARuAE LA

B-1 A7 (o) 2HAHE HZEH)

% Zekzn A wE g | oL, AIIHEREC)S A=pH) Wt
BAs] glall 718w, Sehzel A2 WA EFHLD FALS A8kl
al

< A e aFE g M AaAETF B5Ho|t) FetE
< THYOE & Y o] 9] WIS ofr|stal o] M= AEA
o} Ao g Ao 3lo] EC20ds-m’, pH 6.0 &2 A%

YAAE 75 T2 AYFA R ol Sgtold~E T
AFHALE AFE st FFo A HHAAA S=urst AZIcHE 106).
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Az Aol thETE She] Fepzrh AC 135Vl A 6% 307 M5
o ol FH A Ael JFse A ATl Hel F Ao, WjFe ) A
Pl 11 W& e RPN ta2TE vmsch

)}

FA U Yol FrAFgEIeRut AALESEZ7|ICP-720 AES, Agilent
Technologies, USA)E &3f], 2] o] ZZvlE 18 Z(C DX-600, DIONEX,

USAE BA3tda A7|dEx9 4=+ 72+t EC meter(Inlab 738, METTLER
TOLEDO, Switzerland), pH meter(SG-23, METTLER TOLEDO, SwitzerlandZ =
Attt

-3 A74A34

Eohzrt Aol mel ol Fole BF fradhe

Na == gl meh H3tE Holx St (11 108). EFd 2 7§—°r PO4-
g (

ol &g Astn BE o]0 11v&

A5

Aol ofal pH Zae A& Fol&EE HaA7|aL S713E ECOll Hlsf o] &
FTEIF FOE AoE Hol ZEtRnt a3t oS A2 FHZ AFAZ A
oz FHHEN

19 107, Aol wE wgd W ol s=o Wt
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6.0 6.5

5.0 4

4.0 4

3.0 4

EC (dS/m)

2.0 4

1.0 4

0.0 4

Control

a7 108, EEk=uvl HE] F %

77) e Aol ofF 5% —E—a}zu} Aejol A woFe) o) o] LWEE HAs)
3, 5% Fepzvt Aol 247] B e ARl B £HdY e vz

Hj A2 FFFA 0 R sl A7|HEE(EC) 2.0 ds/m-1, 4F=(pH) 6.0 &= g+

=2 AAsa 5 Egk=r Ay T A3V AFDE F4sto ol & %?‘FH &

Ao

HRAEWE St izt AggdS ol2E&4<S 3l NOy, PO,
SO4, Cas’, Mg, K, Na o] & £4] ?ﬂ%‘ﬁ‘r 2RdY £42 A AR wo=

Asbetdch. & W o]l FEAFZTRn AAYEEZVIAICP-720 AES,
Agilent Technologies, USA)¢} o] A ZnlE 182 (C DX-600, DIONEX, USA)Z
A8 FAZ 242 SAZZ1RSAS Institute, Cary, NC, USA)Z 24

/1

2ty o2 Astel g% 5 Fe=v A8 Al 110Velst A e 5 &2
zup ZA 7Hs & AR A fFAEE AL Rl Ao, 130Veld A
Ztol| whel S71eh= AEFES R (21 109). 734 Anjd
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< 110Volal A2l Al A2 BEe BIJou 130V o) Astall= A44
l AES Bk (1" 109). 5 Se2vt Ao wet &9 o]2&2 A
o Axol wet FAH G4 HolA Yol AR Fashs BT BY
o (2" 110). 130V o) Ak 7k o A&2 02 HRj7t S7leke 2o
HRo} 2 o) Wik W BAe) Wt AR 55 HUF Ao BuHc
717) e Aol we} B2 ®r} o] Lo] hasts Aow Hol Hehzu} He
Al o] 2 ®W3k= HSboll BAQle] UEtues A0 2 Addn. ol A} o] 2F
B7h ol SERUE uhHo] 4 Bo] o] 8T 5 Yt FHR M Qo
% Ferznhs e84 Ao 2% A% AYE PAYsTL Bed,
200 2800
180 :;g: %
g — : ?33 = .g 2400
& 140 4 peAdl /_/\ 2 2000 4
g 1204 | 10V /J §
nl—  ~ea——| 1™
o / s _S g
g 80 4 / / E
g oo ’ i s - 3= oa g 8001
L% o] //\/ g
£ 400
4 vV o—_— 3
04— ; : ; : —_— < o . . . — : .
1] 20 40 B0 80 100 120 0 20 40 &0 80 100 120
Time (sec) Time (sec)
9 109, 2] e Al mE dE v R FAAHAH HLER)
[es T e NEZ
1 Bl iRl HE
% 8 ,P % * ) g ? o
} | 52 |
7 I » §
2 E ” |
’ Control  Treatment ' Control Treatment ‘ Control Treatment
JiE [ v T = T
g ) 1 :)g s PP %40 ‘ :é 7 |
) {.l 7 w @ N 6 '\t
Control Treatment Control Treatment Control Treatment 5 Control Treatment

a3 110. Ao W= wjF

o] 283} 24
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(2h. A=Az Wt A3

©. AP
wlol Az gl nEe 2 PHOE YT BT 4= RE E4o] 9
o olE SaBaRe b 45 wAATA Qo] SeA ekt

@. FAAJ W&
APANEE HE5WA A3 ZIAEZE A F(H=F, pH2, pH3, pHHE =
1) 7 (SteREO Discovery.V12, Carl Zeiss, Germany)2 ©]-&3}o] #2313t}

Q. d7+23%
W2 Az BYFE A solE Eet Az Wil dEH

Al FUTHTHE 11D).

Cont. pH4

29 11 Egzul 45 Aol e 45 Mz By

3. A7 A8 ==t 45 Az s AT
Ob. GAF Aulg AR Sg=nr AT Ay =210 &9
2 AFolA R B4 daF B Et=r B2 Gliding arc o=
=F FEFoA oojrt FAHWA Hto]l MHWA ke 2 FEe d53
HZs SEA e B8 ASFAbolY Akt YA Eetzrbrl B EHE
Y& o] &3t} Gliding arc®] 74-$ Microwave powerel o] H|2 2 &
A7 28 gle] A8 Ay 279 48 uAdY ERxEmor
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20} A o] Thest] AAARIZE A-FT Aol
w3k A3, 7Hg8 MUl 60 HzE AHRSE<
A AT 112).

158 WA 100ppm AEe] AusE BAS
Azke] FAESE AT e

% LE

]_

2

29 thgol Ths

7 gl (4

rr

A

(A)

19 112. Gliding arc

Stk F}pol
e Fepznio}

b AzHol vlo| 2z Eejxn)

120

100
80
o 60f
o
40 ¢
w0l —&8— Max ppm 1 —8— Max. pH
—— Avg. ppm [ | & avepn
-@— Min ppm ¥ Min. pH

Top-water imin 3min  Smin  10min  15min

719 113. Gliding arc ol w& Z42 dds=

@. BAF AG Fepxvt S BE stol=arel AA
R MIEE P S E P

o o
SEAS

FARGE AW oAl

A AFBFALO] RFoZ AL Holof Atk FEANE Fol Aol
Dzt B4 G TS VEE AT Sl ok AxF HHE Bt E
o] B ol wow 2ANVE 3 ZEW oW 5 wWEAe o]
Ao R A4 dof Bk =R Ax A ARG Y mEst
nEdAE Aol YEE 249u030E F1, olnt W mg 4Eo|

R A
Tap-water 1 min

N N N
5 min 10 min 15 min

1 3}

"
3 min

Al

a3
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w
14
2
&
w2
H,
X
il
ofs
ol
X
(i
iy
e
v}
et
-
M
o)
>
=

Holx ¥ 4% EH] & 2~ 7
#e] AA o) Gliding arc XS o] 83 100ppm ZEAHAALE 3 A4
G4 TE HE3tE vA
AR A A 2ES L=

). AR L 2 ol S % S2k=n 45 AY =24 9
(7h. A ot HA 9 mAE TAHE A
@©. A3

nfo| A2 el B Eeh=m ¢ Al 7o £F Seh=v T g4 7 F
Fol B E4S Ak A A Qg or A geA Ad
o agal AeE s glsky] At e AR 1ge AET & EaAeA 9
<= 190mLoll Ho} Homogenizer(HG-15A, Daihan Scientific Inc, Korea)& ©]-&3}
o A&o = 28 #Ass AT #AstE ZHzbe] AlgEd 1 mLE 108 g
Aol w2} 34ttt dukAlEret AT AEE8 1 mLetk ZF 10
Wl ©A 349 1 mLA-E Aerobic Count Plate Petrifilm®} Coliform Count
plate Petrifilm TM (3M, St. Paul, MN, USA)ol Z+ZF HE3 & 36+1C ol A
24-48A13F v & AHE HS S AT H iR T TTE AL
O Bl IAMsE Futed AESiTh feid ] Axdg
(Salmonella spp.)w+2] WA FS ZASH7] 93] Salmonella Shigella agarsl =] o]
sl NS HFEI F 36+1TC oA 48413 vi k3t ATh

o
S
f
?.2,
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@. 7AHI W&
APARZE 7, S, 228, B2FY FAES ol &3ttt ARA L A
vl ol A A E spol s (FEFEe, d=)e 2 TAE e 50d, =T
Hloh, S2H, B2 = 10084 243 &, vid x5 pH 2, 3, 42 =4
H mlo]ma2goj B Eet=n @At A4ksk4 5 500, 1,000, 2,000 « ME
243 AstrE 10miy FHA AR L SIS ZASATHE 115).

off

Q. 723

ol Az ol HEetznt &g B 5 Etzrt 4 AP BE B2
=2}, S2H, Forleh 22 AL A5 Wilke 7ok vl F
ot Al vdEhA eskod, 7o 4 ditsts &4
b F7Veks 7 Aol e shAIRE Aju) & 13f Al o= A qbe A
7b Rzt AEHo Adtsls FYFETGE 5 Rk ¥He T3 A
o &sl= Zlo] AYe Ao=m FHsIATHE 16).

i
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3E 16, AR LT AT deT, ATH A=

Broccoli Clover Kohlrabi Radish

Treat- FW?* DW' DW/FW FW DW DW/FW FW DW DW/FW FW DW DW/FW
ment ® () (%) () @ (%) (g (<)) (%) () @ (%)
pH2 248 0.14 5.65 250  0.13 5.20 191 0.13 6.81 3.68 045 12.23
pH3 298 0.16 5.37 210 0.12 5.71 1.87 0.13 6.95 338 042 1243
pH4 353  0.20 5.67 214 012 5.61 187 0.12 6.42 303 032  10.56
0.5H,0, 257 0.15 5.84 248 014 565 201 0.12 5.97 387 044 1137
1.0H,0, 2.81 0.15 5.34 261 014 536 197 012 6.09 383 046 1201
2.0H,0, 253 0.14 5.53 234 013 5.56 193 0.14 7.25 3838 048 1237
Control ~ 3.02  0.18 5.96 240 014 583 1.80 0.12 6.67 353 037 1048
ooy T 7 NSNS NS NSNS NSt s *

* WA F Hk (fresh wight)
Y AEF Wk (dry weight)

MR ool o WEAe T ARG Asstns WA SYcHIY
116. We % A%AeTE mpols WAsEon, thE A TolAE 1
of WAYEA ekt

E 17 5% F Reo] QAR dAFE 2

# g A RHA o7+t 2k eW Salmonella spp.)
(mM H,0») (log1y CFU/g) (logiy CFU/g) (log1y CFU/g)

0 5.27 £ 0.37 & 235 £ 015 a A=

0.5 3.78 £ 0.27 Db 226 £ 032 Db HAZ

1.0 3.88 £ 050 Db 1.65 = 0.11 ¢ H A=

2.0 294 + 043 c 1.30 + 0.18 d H A=

"Means within each
different (P<0.05).

column followed by different

small letters are significantly
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(3). ARA A A& Fepz=vt AT AF 7e A
2 AAE F3l /NEE AR d=(Capillary electrode)& AH&-3l]

SRR

AHgBHE 220VE] Mol AAste] QA7PASEE Y2 E Ag) =S EA B

2 319 OH radicalel A4 =)o} a8t S4e Sepzn) B45

52 o ﬁ X
o

Glac )

AAro] 7bsstth B AFAR oA ksl 5Tt 2.0mMe]l Aksles 3L
A Zs=d AYZRA7E 120VE 25o] QA7PAS 1.2kVE ZA sk 2387
AZFE SHA A zEFQTE o]FA APE HHF EAS BE, WA UA
o, Eek=nt @A 9] pHeF ECol Wsrh vehbA] eagkh =3 e 34t

Se] BEIF @ T ol FAHA ORPRE W T o) e Uepsten),
ol SEZol FHEel Y BEH YEFo] ezl BAA §3EOL oL
So] Lol HHA Yehte Row Busidr. =8 WHsks $Azke] Lof
AW QYA Tl 238 Fasra] FEIh Aasy] Wi A4 Pa
A7 fAsE Aol Basi,

(4. A2 Aol A8 7Hedk Zekznt &4 o8 Jhol =gkl AlA

Oh. A& e 288t

a9 117 AL AAEA

oFeE AFENIL Aolun FUAT pHAA Hgol 7Hssl Agol F7H
SA T 2ETbse WO QAL AiklE AGEA eg% Aoz B
Hol, B FAA AE Fehavt 23} ARG A S B
W ATe Rt Aoz ARAL AE ABEE ALT - 9E AS
= Jltsln A 59 $RANE 2Aste] 2 HAY Fasas 275
B AkE S AETE HeT Ao BEkE R, 2,000 M) BAESA HEE
ol g3l A TGN ZAeE VAR FE 2D F Ae Ao R
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3. o Age AR STh2rvt EAF A=A AT 2 BTt

7 Behzrt B AxTE D BARA
(D). AFEA

AA AT {AFFAE AH L AFS ] ANA ST oF

Fub Ashgel ol@ WHol Aol olgH: itk aEt, eE&e] AS

AL G IF LES AANA Fan PNFOEZA A= AAe 3

A5 % FE#l A "elo) ole] 7bx o 23

—_L
[¢] -
of AYsol A 0TS Yosw BEFel AWSHA @e Fo| T2

AL AUD Ytk oo whsl Behzuh gy FHE B MY AEHE A
SE0E AgeA @7] mEe o]Bde] oF oatFel WASH % Ee
=

Ja eEAAIRTG Ezoln A A<

2~
T =1

HEo AL B4 BOnse B, v A
o)

&
SOl ol&E AT AAH

=5 Fzold AW PHAINE J1e B4 GULH B 45 AU
o] Fehznl PHAAE Eol7] AT WAOE W8 £Fo 53 Tz
ol ogale] BYF ARFAE AWeD, AelHE AREY oj T
A%, SEAY AEE &% 5 OUsd 28T & dE Mol B A=
& el 7% B U2 5 9e Jow Jdan

gepd B ATe £F Bgan PAs1ES ol8@ BT HYH 7

2 913 OH radical® A4 3te] 4818 e M358 Axse /1%L /)
WEh Yelde] opd BHo) WEE FNF AMstuA b

@). % T2 A A5 LRI Azx7<)

Oh. &5 ET2vE o83 BT 54 4
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18. 594 5 BEol WASE i, Hao BAY YT
1=

T g} 3} 24
Dissociation (3f2&]) HO +e > OH + H + e
H,O + e —» 2e + H,O'

[onization (o]-&3}) ’ . ’ N

H,O + H: O — OH® + H30
: . ) H,0* + H,O — H,O + H* + OH’
Vibrational / Rotational HO* + HO — H + O° + HO

(A5 | 3)7) ’ ’ : :
H.,0* + H,O — 2H® + O + Hy0

B ATOIA A4S £3PR AFe ARG PR At A FYF

?ZE Mstslom, oj#d T2 EHo® F Tizol oA AA|
o A== BT TF7F 2@ 5 A STk

gl

(W, =5 Zg=n A= 72
B AFMEs 7t AEe x93 =A# dZ(Capillary electrode)S A
Atk A= AL B2rloR FHol lom Aol 649 o]a 7hx
de Hstd 7hed oF 1909 712 Ads =AU AAdS At 4
HE A5 4 ddstion HAERH} B8 & Alo]o] RAH A

_'?r
= Zgzunpy dAyE= dEE AEstg (g 118, 119).

Ol

of N o

4

Tungsten Electrode

29 119, 7l FYol mE Fehznh B A, @) ok2a sl 9§ o

a2 /\g/\-] (._’_) ];H‘ﬂ }\(E/H‘o‘ —’-{—L]—ZU]» tﬂ-?ﬁ
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bl mekA ol @ SAESo BAHEA U] st

PN
T
zrte] ota 42 BAST B ool A4H BHFTL ZHHAL

(h. 5% Fepzrhel Botd 54 24

5% Zepzrie oA A4S B 95t Ao AgHE 2
%

{l

337](Optical Emission Spectroscopy)E ©l-&3te] 280~920 nm FHe| &3
Z581 o).
Flow meter
Quartz tube sV 2100
e D
Anode Optical fiber

Optical
emission
spectroscopy

Cathode

19 120.

7Y22E AFEEERA] GS W ol2 3, dF, A&, JdoAE AEStY FF3HA
S WAATIEA AAEE del 2"FEHS BN Ay BE ZHA
OHradical(309nm), Ha (656.2nm), H £(486.1nm), y (434.0nm), AFAYLA}

(7T7Tm)7t FFAH e SAHHAT

a4t dojg TSRS Afole 7] # A& FAEN2 second
positive system, 300~390nm)¥} o]23H AAFAEN2 first negative
system, 390~480 nm)o] FrlH o7 ZAHEE AL AT & AR o2&

3 AFS FYHAL Aol olzmy AF ANE] 2HEY] Friz

HEE = A FelstAti(ad 12D.
RE 7$olA OH radicale] 2~FHEHo] 714 %L intensityE HE YU
ol FFHHAE Fote Eo] EdEHo IAE AS=E AZrEo A, OH
1}

o=
radical = ¢} 2‘%%2& Qlsle] Abyto] @37t v F4SrEAH0)7F EA E

AT E 122).

po

flo
Ho
B
nL?L'
?-9
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16000
oH 16000
- )
-‘é 12000 1 E 12000
- -
= =
= 8000 b R000
2 =
= z
z 4000 z 4000
@ o
- —
= =
o ' 1 'l 1 1 1 0
200 300 400 500 600 700 ROO 900 200 400 600 ROO
Wavelength (nm) Wavelength (nm)
16000 | on
N, 2% Positive Syatem
— 16000
P2 z e H
= = 12000 -
:. 12000 =
2 .
E £ 8000
- N, 19 Negatlve System
~  B00D z
£ =
[ o=
£ 4000 £ dooo
et =
= = ol
0 1 0 \—\-L,—
1 i 1 1 i 1
00 300 400 S00 600 700 800 900 200 300 400 500 600 700 8500 900
Wavelength (nm) Wavelength (nm)
16000 OH
N, 1% Positive System
— — H,
~—
= 12000
=]
£
8000 |
-
—
‘@
Z a0t
o
-
i
u i 1 i 1 i i
200 400 600 800

Wavelength (nm)

Eotzutel F8d B4 &4 A3 1¥€3) No gas, 1E-5) of=+,

a9 121 &5 &
F, Q&) 24, BD) o

2azp) &

Plasma

H,0 s H,0,

e
\;omx}
+T0"

H,0+ HO,"——| H,0, |+ 0,

AV
EWSEL]

+IL,0
OH(A) — H" + OH(X)

|

H30 + 0!

a9 122, =5 Zkzvel o7 Hatstea A4 WAYS
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(. FF Fetzve 4% &4

345 54 BAAS £ A Fusrart 4dEs Ae 3
AY 5 ATk Thade HFEAE SR Sskel S5 Behzniel o
WA AR AL SR SdAd. )

1% 123, kst s 74 7

{rmt

—
=]
T

=)
T T

- (=)}
T T T T T

N
1

H,0, Concentration (ppm)

0 . 100 200 300 400 500
Time (s)

% 124 5% Sehznp A7k wE Basles ¥ =4 Az

AAE BB rse FEE A4S AEAAL W 7 B0 dehdE A
& FAY & ggiom, ol B SN FAsERol Wi A
400 nm mEHe] ApelA o] ol WAHY) WL Ao ARAT =W

2o A LAY E = DA YsiA o w2 OH radicalge] A= L
A radicalgEo] ANZAFSIAA FAstFAT AAEHE AR dAdETh
oojo] A= AL FHo|A Ho] BAFE AT oo] FElRuloA HAY
& Abaol o] HAAE F&st= 540 o] radicale] FUiH o= HA I
AEE A2 ALSET

E]otl
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(3. @A LE 9% Scale-up & vl ZE At
Obh. H&F 5 E2=n ZE ML

a3 126, &

A A7 HEE T8l 7S MES 5 2 A2"HY
T E&F YA A5 Aot de&F dLdAAIF asty, 4dEe F
Y a7 dokes 9SS wgstd, olHd EAE sidstr] fstke
ALAZAE AHEst] stue] Ao oAy 7o &

MHD(Multi Hole Dielectric-barrier discharge, tt& #3dA &9 W)=
RS RATHLE 125).

HV Ground
\
or3E 8t 7|
1 " — o r /
“ = ! MHD DBDEH EA| "
] \ r B | Peak H=
MFAC
2 Iv = =
P_“We‘ suppw ! o|lEH=n
H.V

125. MHD A28 AHAEHI A= 2 6279 7d 5(9)

A -EollA B EE ZezutE HAsler] 98t 3 9 Hole Abol=
o W2 FetRuls vlwste] doikE Ao Hag AAE HHF A
FEFS 27N AS AY 502 ¢t Zexulrt Micro Holed} 2
=o] A VFo R HFHARN FFs IFA A5 Yol 124 ExHE
%

< FASATHH 126, 127).

Air flow rate S7} &

ol wE MHD Zehzn} BaAd
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Micro Hole Afolzo] whebn HlzE@ A3 Alolzol webq A7 fol
£ BAFGOH, Aozt 4L5E fEo] Ao oFo] FriHow
gol WAst Aolzr}t AWFE fFo] Fobd WAHEE Plasma Jete] 2

717 AA= Ae Fdstadn

?0.5_6lpm

19 127. Mini HallAho] 28} §-ol wheba] A5 MHD Zeh=znte] Azl
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(\h). MHD Zet=mte] gstz], &ei3tstz 54 &4
MHDo A EA = ZEkzutolA oud Z4dFo] TAH=A
st Eehznte] F3HH EAS 4% A oddE AEE A
A B2, A2o]L, OH radical, 4 YA7F A== RS 8
29 A5 orid da A, daol, NO radicale] #Ast= Ae &
Atk olgd AxE EUlZ MHDoA @HAEE Zgtzuld osja A
ojFold F e AL FAT F AJHH 128).

gRIs1H7]
T+ 4714
S A
]_

ol
-

e
ol

IFo

_

18000 18000

[E—
16000 |- B e 16000 -
14000 |- 14000 |-
) =
£ 12000 - ‘£ 12000
=
= 3
= 10000 |- £ 10000 -
g =
= S
Z 8000 £ 8000 1
2 Z
g 6000 5 6000 -
=
b 5 ative
4000 - A = 000 |
2000 U MM\ 2000 |
1 1 1 T T 1 T

0 0 T T |
200 300 400 500 600 700 800 900 200 300 400 500 600 700 800 900

Wavelength (nm) Wavelength (nm)

79 128 MHD Eehzvbe] 3318 54 2443 (@) olof, (9) A&

MHD Azdos Aed o] Beld 542 249 A% AN o
A plie BASEOY AR E AL, ol Edhzviel ololA 44
A 9%o] ¥ dolM E 199 ge 3 OH radicalo] 445 o]
O R

2]
o
>
=2
1o
:°.*=

#* 19. MHD Zet&u} A o bk

O3 + hv = O + Oy
O + H,O — 20H
OH+OH — H;0O;
H,O; + O3 — OH + HO; + O
OH + O3 — HO»+O;
HO, + O3 — HO + 20,

AutA o7 Q&G 0|83 AHoAE HEEEE wEA 7] A 4t
Zo}&Zulo) 934 OH radical

=1 Kol
o] WAE|o] ThE 9 FrhHel Rhe] FUglol ME AT HIE Ag




concentration (ppm)

n

o

1000

L - s
" Q\;\;\_i
600 -
I " . 4
400 -
200 - —&— 12cm_quartz
—— 10cm_anodizing
—4A— 10cm_quartz
0 L 1 " 1 " 1 L 1 L 1
0 2 4 6 8 10

Time (min)

9 129. MHD Al2H"loA A E= Ozone 55 =4 A3}

= pH
| ; ::::i =
9 ' é 1ne
T - i 0. <
’ ’ 1 ‘Trru;na.'m t:‘mulm'i:l ’ ! ’ ! ' ' JTr\u:i:llm-ul :mu{:nlir:u " ) ¢
29 130. MHD Alz=®lo2 Hela Ee| AeAzte] me pHot AEx =4 A3}
(th. 200L/h 5 MHD Zet=v} A ZX] 7
MHD Al2®e Hgsta] dwol 100LE AT & e Axde A=s)
ATk 100Le] ¥k&7]o] AFH &S FEZE ol &3ty &£8A7]aL 3 2H
oA Fepzulol A BAE 4TS ZTFS AEC] FHdEHA =94 =
ol e elHBE HFY 5 UES Aon, WA el AEFTt F
dE o] A4t W3S § 58 %% multi holeg 7HA&= buffer reactors

CEEEIE

=3
T+FE 124 HAEE A AP cHaE 131-133).

- 114 -




40cm

204 SUS B2

50 L/min

80cm 100 L | A R
HIS A B85 "[><]

Water pump [

20A SUS B2

— 17 SUS B2

¥ SUS g ——

iwmer out

20A 7} O| = ?..‘_
1
: I ; M
| , :

---- | i : oo
| i =
| ! &~
f ! [ (@]

i I [ (=]
1 | i =
! ? : !
i ")' [

% 8 E— I 400 __:
I ] [

5 i i | Waiter in

i [
i [
; ! ; 20A T}O|X=
| | L/
! 5 i | il
e L
=5 R
] A
-
24
(radicals such

as ozone) + &

13 132. MHD Al 2H /&=

|

A7 20| Q= ozone 59
radical0| 2 €2} T HIS
2 = A= E multi hole
reactorS A X|
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AMES AFst] diATs ASE4S I7Hed FEAE47I8d A5
TAE e sttt &4 A3, 0% A 99.99% ol A
glstdom(1d 134), o2 2345 EdzE Al=d" dF A
12t 200L A&7 7Hed Ao o gdEa dn.

o
>
>

Bacterial inactivation rate (V/V)

19 134, SetEnp HE ATl e S

re

800

600

400

200

N, =800 CFU/mL
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