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Abstract

For the field application of dielectric barrier discharge plasma reactor in nutrient solution culture, a filtration-DBD
(dielectric barrier discharge) plasma reactor was investigated for the Ralstonia solanacearum which causes bacterial
wilt in aguiculture. The filtration-DBD plasma reactor system of this study was consisted of filter, plasma reactor,
reservoir. The DBD plasma reactor consisted of a quartz dielectric tube, discharge electrode (inner) and ground
electrode (outer). The experimental results showed that the inactivation of R. solanacearum with filter media type in
filter reactor ranked in the following order: anthracite > fiber ball > sand > ceramic ball > quartz ceramic. In filtration +
plasma process, disinfection effect with the voltage was found to small. In disinfection time of 120 minutes, residual
R. solanacearum concentration was 1.17 log (15 CFU/mL). When the continuous disinfection time was 120 minute,
disinfection effect was thought to keep the four days. In sporadic operation mode of 30 minutes disinfection - 24 hours
break, residual R. solanacearum concentration after five days was 0.3 log (2 CFU/ mL). It is considered that most of R.
solanacearum has been inactivated substantially.

Key words : Dielectric barrier discharge plasma, Inactivation, Filtration, Ralstonia solanacearum, Sporadic operation

1. M2 B Ak 2go] le] war gltKima} Kim,
2002). -2futeke] oFetAul Al ge SAVS 40% =

ST Al AlSERe: AR FATRW)E 7)o R AplEa Qs AR AEA glont, A
AlJslale HgHe SefHehs vikeghAlo] thrEe] Ag L 25] ARgto] 3kl o & AuljE]ar = Ao
o, B 27} hdstar APdulzt Ajgsh A tHNam, 2004). EulEo|A vlaskiloz zuislas
SHES] et Huko] SRS WS 4= Q= Ol QL o eAlEls nlR RS gokl 88 20%2 51938 1 ha

o 1o Bleehd] FlAul AlAE) O R R e Sk o+ N 147 kg, P 71 kg, K 282 Kg, Ca 126 kg, 2 Mg
HFH2 Ego|Lt QI shol| = WAL §lof 60 kg A=l A o= eFyA] It Van Os 5, 1996).
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E3F 57 F A H g
AL Qlo] HHD}E FX] Halar
(Nam, 2004). vget=ofA] R olAful=
= Agleles ojslstal glom, 24 oA Wk
+ Hii= sl AlRlo &Rt SefE ol sl %t
=0 AR YA o] 71eA] ol wiet ’isfol <
g =2] 2¢o] S wint Sl A|AHIC R HiEA =
E 385kl QtiEric, 1998; Rural Development
Adminigtration, 2009). Y% A oFHz|ul HZIQ]
45%7} 4=844] NS EUSHTL Q= Ao A
It(Nnongmin News paper, 2009).

FHA Y ALS 2] FHAul Ao g Hstks)
7] feiAlE wH71Ee wgHS SAIA T ARgS)
ofof gtk F|FH O] AThA] F7]o] 0] 341} Hie
o] Walis ol 7MY & wAe® deA ot
(Ministry for Food Agriculture, Forestry and
Fisheries, 1999). =gh2] QFoifufol A HAsk=
& WABE | fleto] thefet B - slek 9 e
WA o] HEEAL ik o5 F 7|71 4] ot
A, Al FEm FH A, AL A=A
Hefoluiy, @ 0 & A2 5 UF 7]so] 83t o
QIt{Cho &, 2000; Ministry of Environment, 2012;
Kim} Park, 2013).
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715 7idsto] 115ef Enfe Fof EulEHe 4o
= FulErdH(Ralstonia solanacearum)& thilo=
S0 R 4% AT A} BEHsE o] St
A& 7Agh vt QIcKimat Park, 2012). 2 $+1=

2L

Aol ARgEE A 2] ofr}t ¥13719) 72 =5 Fig.
1o Yepiick ou} vk )= 712 13.5 cm, A2 13.5
cm, 0] 25,5 cmo|w, oJZ7t A= FE Ful= 3
Lok wkg7]o] oS AL & A 5 HeE &
TP HhE7] AHtolA f-da7t SaEaL shte] HE
£ 39l 2 MU Rs R Eo] 9lom &9
SEE sRRFFolth B2 AE-ofu vk |- AR R
ol FEje SET) ofi} vk3719] ojaAE AR
et =22 AA| & aEste] Gisl] -golgt Ha, ¢k
EgrlolE, 715 Azt A1od Alzba] 2 fiber ball& A
B33t Ao Hul= Aol wheh 50~100 L i
O AFFE ARSI oH oFl ARt mPEES] ALE
5512 QJsto] wH7]2 150 rpme] &= wHESIIch
o} §E3719] o} Hlei= o} HEG7] SHLo)| Q=
O] 8RS ZAslo] Bt 3~9 L/mino g ZAs}o] A
Faick

JR\* Diffuser

_______ Sponge

A Filter media

|
Mixer
Reservoir
“Pump
Filter
Fig. 1. Schematic diagram of the filter reactor for
pre-treatment.

Fig. 20f] A1loll AMt ojale] ARIS Uehigict. =
2o} QHEEpALo| = A 10013t 16% Afole] Iz
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(a) sand
Fig. 2. Photograph of filter mediafor the filter reactor.

(b) anthracite

912l 118-2 mm 2] kS AYsto] Aol Ak
g3loact. 74 Aletal, 419 Alete) 2 fiber ball- #7)
FAA e A= ANk AlEEOITE 7+ A2
o] AL 6.8~7.7 mmo|glal, A Alpale 7t
9.1~15.5 mm, A& 9.5~11.2 mm, %7 6.2~7.5 mm,
fiber ball-& x]20] 8.0~8.2 mmo] itk

212, B=0} 7]

Fig. 3& Zetent o Aol 83191 Sepent
Bkg7lolck Zehnt w7l W HS(HE A,
A AT WA B A D Ao
olgolzl Zelzn} ukg7), Zetoleiol v eEdsE
ololal A9l TN L 5] Bzeh fgr AT
ololl 37] BFHHZ o|2olA gk FRAE
7AZFL mm, do] 7 mmel Heeke A8 skt W
e Azo] 2 mmel B 9 A, ) A Mol
1mmg] F5he 250 e ghE T AMgsIgon 5

Gas pump

Gas bubble| ;

Discharge electrode

Mixer
Ground electrode |

I

Fig. 3. Schematic diagram of dielectric barrier discharge
plasmareactor.

Reservair

(c) ball ceramic

(d) quartz ceramic

(e fiber ball

Frl:‘

A=9] e 25 EeRgolqlth ¥k7]ol s
TIARE 371 ARG e F7] oA AgRE
7|& rotameterS o]-85t0] FRS 2As] FHTE
oh A A= 1AF AT 23 Ao = Lol 9o
] 12} 2 SefolgAE o]8sto] 23} Aol 3+
Sli= AU 220 V7RA] 24sto] ARSIt A=of oL
AR WIdh= 22 A2 15 kvolal Fulrt 20
kHzQ Y| 2EIAS o] 85}3iTh

Fig. 4= ojuh-Zek=nt kg7 AlAgloch o=
gfznt BR37) AARRE AP, Setzul, ofm) vkgr]
AlAglo g o]FolA] Qltt. A= Hu]7} 50 Ll 4=
20} WREZ|Z o]folA i} ofi} ¥kg7|= Fig. 1o
Arggt o} BEE71E ARSI ofat HESToll &
Ao o} WkG7] He] HEE 7hEshH 29 &
o] o} WkS7|E FH F ofE Tt T HEZE S
sto] Eefznt whgr|= fEE0 SRR veT1E

H

o 2 o

Gas pump —] Diffuser

Sponge

Gas bubble

Discharge electrode S !
Ground electrode ’ i
Mixer
Reservoir

o

Fig. 4. Schematic diagram of pre-filter and dielectric barrier

discharge plasma reactor for the water treatment.
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Bt 22 o] ofslo] S thi] fYUEC
ES) AREE FEnlEoH(Ralstonia solanacearum)
& FTPIEATE|(KACC 10701)0f} 4] 24fHtol A9
315t} Nutrient broth(beef extract 3 g, peptone 5 g,
glucose 2.5 g, distilled water 1 L) 555} 30 °Coj|
A 150 rpmo2 36A17F jokst the UAlEa|(4,000
rpm, 20 min) 3= o stockS =313k

ol 4 5 o Pl Ut R EEohe
P02 Azste] AgHOm, Table 10] -2 Lt

Wi (Yu 5, 2006). 5 A5 d7ol| o8-8 vy
© QoA A HZH 7]Z(NOs—N 16.0, NH,-N
1.3, PO-P 4.0, K 8.0, Ca* 8.0, Mg™ 4.0 me/lL)&
ol ga}ict ojuf T-N %= = 186.65 mg T-N/L, T-P
e = 4129 mg PIL, K+ %% =312 mg K'/L, C&
e = 1568 mg Cat'/L, Mg 5% = 48.5 mg Mg*/L o]
ek

vz A= B, Mn, Zn, Cu, Mo S(Z}ZF 005, 0.5,
0.05, 0.02 2 0.01 mg/L)o|H, ulj 54 H2=ol(1 L)
% BAHHaBOs) 2.86 g, A3FYZHMNCI2.4H;0) 1.81
g, SA10RA(ZNS0.7H,0) 022 g, SAFE(CuSOs.
5H,O0 0.08 g, E=|HdXRIEF(NaMo04.2H,0)
0.025 g2 A71519c) 2 oFolel SrASZal=
ulES27](inductively coupled plasma spectrometer,
Optima 7300V) & o]-85l SA433L, ol 54

Algol ola) Zgaiein.

Table 1. Compounds of nutrient broth

Compounds mg/L
H3BOs 2,860
MnCl; - 4H,0 1,810
ZnS0O, + TH0 220
CuS0O; - 5H,0 80
NaMo0;, - 2H,0 25
KNO3 480
NH4H2PO4 59.54
(Ca(NO3), - 4H0 158
MgSO;, - 7TH.0 48.5

22. BM Y £Y

o stock 890 1 mLE 9Fl 1 Lof| Y51 27] ]
BE =264 x 10 CFUL R AA3H ke, 1L 83
o] Wk 7]oA 4% A3 Salsick

Kim 5(2012)2 Eofo] AAlsh= ®HYdt
cellsgoldoln 715 ftele]l g2 o= Hels
ol £xzof] wet 41517t 10° cellslg oo ]g

2 TAREO]| SR, o] AI7|1E EnfEHo] Hx
AR ) e 2EYR g3l Basigle). ¢
Nof|afo] FukE uhy = AR o} thE
AR} o) AR HEel 115 x 10° CFUL®
(Ministry of Agriculture and Forestry, 1999) g7
TAE(Kimy} Park, 20125 Edj2s}] 52 =0
A A 5l

AL 7HA 0 &2 A 2E 3F 5] clean benchoilA]
3493t the, 30 °CE -4]=)= BOD uﬂomqm 484
7h B9k ekt 5 Heke 2Asle] g4 Adaiit
Fsguhe] ofaf 1712 A& & 3719] Buke Alxs}
gou WP Sk of u AgE s
OxoidAle] CM0017 (Lab-Lemco agar : Lab-Lemco
powder 3.0 g, peptone 5.0 g, agar 15.0 g)°| 3t

5
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3.0, MHE| AAY HE

3.1.1. ofmbRy M
TR 29t 3715 7= oA 555 A
N =g oA E AAs] fste] 50 Lo gaof]
At} SEakErEH(R. solanacearum)S FQ1kaL ofuk
HES7] o] HE §452 7 Liminog A5 2704
AR wh2 EnkERde] BEdskE wsllct L
©2:0] 7 L/ming] ZZ0)|A Y& Hal= 124.3 mYm?d
ojglom, 50 L o] ko] ot vk37|E AA 13] &3t
Skt A28 El= ARES 7.2 mino|gitk
Fig. 5ollA] Ll nfe} o] of7f Fiol] whs 4%
AL otegAlolE > fiber ball > Hef > Ay £ >
A Mlepe] A= Lrerteh Rk 917do] 2R <t
Erpifo|E9} wefjo] ofm} o] Lt Ao R ek
o, A7 AARE updEo] o7 Afolof] 7]o]7] 7]

E o

4
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uhso] ofa} Aso] S5 Aom AztElTt Aol
2P} 7K 2 419 Aletelel ofnt Aol 14 wigks
o), Felt Brste] offet ol Alole] Blo] 7]
ahto] ot o] whe 10 ki,

ofat A0] THE S4slldl QkERpelE] 29
Hlgo] Wol A1 A §41 5] SiHow ols) welst 1
St ofa} A50] S5k fiber ball & ol A2
o] FIA]e} g oft} 18719] oA 4151l A,

P
(@]
o
—
@ Anthracite
—Y/— Ceramic ball
2 A Quartz ceraic
—l— Fiber ball
0 . . . . .
0 5 10 15 20 25 30

Time (min)

Fig. 5. Effect of filter mediatype on the inactivation of
R. solanacearum (Filtration).

3.1.2. ozt R£0| ot Hs0ll 0|xl= FE

o} 4251 50 L2 113t 2704 ofnk 552 W
3}(3~9 L/min; Y& ¥3}, 53.2~159.6 m*/m?/d)~} o3z}
Ao X 9IRS Fig. 601 LreRHSIC. ofat f50]
3 L/minQl 7-%-50 L] o] 13] =glol=t] 485 =
AZEE 16.7 min, 5 L/min& 10 min, 7 L/min& 7.2
min, 9 L/min& 5.6 min2 & o1} -§<0] 3L/mingl 74
- 3029] HRSARE 5%F 1.83], 5 L/ming 33, 7
L/min& 4.23], 9 L/min& 5.43] &3$k6l= Ao & e}
pr

Fig. 60llA] Hi= Bie} Zo| ofa} f<o] Z71gto] wh
2} ofi} Ad5o] FEE Ao Uepey 11 8=
A k). AEA 08 A e ol f5(HR
sho] ofu|glont, ool AYufe] e ghilo® A
7] el o} §459] ofn)i= Irkx] A4] gk A oR
TE I o7} f&o] 2RE A9- mldEo] oA Afe]

ol 71017] 41 B2 AFSHARL, ot 4501 3 Limin
21 73S 3050] WRgARE B2t 2} 1.83] LBty
23k of7h f7p0] 9 Liming] 7 5.4 5] S2tsto] wh
2 g0 Q3 ofat BAelA] AAE upEo] 4
SRk 3 S F7RROEA of2} f4o] oftt 4
50 X SRR Z7Ie A0 TekEiglh 48 3]
ok oft 942 Al TR A4, 5 Liminow 93
She Alo] g ofat f5olekil WatEleik

12

10 ¢

Log N
(o]

0 5 10 15 20 25 30
Time (min)

Fig. 6. Effect of circulation rate on the inactivation of
R. solanacearum (Filtration).

3.2, MX2[+7tA-=¢

M

2}t AlAHIO| ZEoR

2tx0F &= Z™O0IM R solanacearum
t

St} ths FA2 o Hkg7] ol ARSRE &
Z ZA3} Zho] 50 L =20 oFola} R, solanacearums
FRF 5 L/mine] £2 1L 20| S2k2nt vk
7)ol FHE FEoPHA Skt HelE A & oA
TEE FYE= AlLF o= =] Slck

Fig. 7o) Ea}zn} T vhgoflA] 13} Z9te] Wzl
2 SIS} ke LERSIT) 80 Vol 9 271 1]
B = 11,7 logofA] 3059] HRSA|7F E9F 6.3 log
7} QA= 2% R. solanacearum %= 5.4 logE 1}
Epyith

12} 2to] 80 Vollx] 220 V &2 F7Igte] wet 22+
St &= AA8] S71ehe A o= LR e, 220 Vo
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735 Wk 30 % log 8.10] AAE] ZHF R
solanacearum s=+=log 3.6 0% YERIT] A8 AS
oF TA o] A)Zte] w2 R. solanacearum E2HJ3} &
L= 27] 58S Akl A A Ao R el tal vt
& 27 5RoAE A=A} AT wE 2491
e Helokr 2usiglcy 1 Lo 384 R
solanacearum =25} AgolA Hhg 27 5
S HE e - A $ 3R = B XA
Q1 1) @] o] UERIA|NL £ A AdoA=
Aelshz elfe] F-u] 7} 50u| HoH = 7] kgL 7)
SIEA B el Ao® Y we] gy] @4
9] o= Hkg- 304 o5 FEslojoF T A 0= Y7t
At

-
N
iid

12

10 ¢

Log N
(o]

0 5 10 15 20 25 30
Time (min)

Fig. 7. Effect of 1st voltage on the inactivation of
R. solanacearum (Plasma reactor).

3.2.2. aH+-E2t=0r BHNM R solanacearum
=M

4220 B850 L2 -4AI51L o} k379 92 5
L/mino2 1A%t Alefof|A] oA = fiber ballS A}&-5H
o} Wkg71ef 1 L o] Sef=nt Hkg7 & AdR! o
A-Zefzat Hkg7of|A 13 Hete] nE AlA ALl
H| 2= Fake Fig. 8ol eItk Fig. 8014 vehd
ule} Zho] 80 Vo] 79 %7] R solanacearum 5%
117 logoflAl 3089 ®REARE st AAE R
solanacearum? 8.2 logolglow AR R
solanacearum ‘== 3.5 log= UERTH %] Z7}
ool w2t Al == R solanacearum == 5715k

uton
ol

o] A

0™

o1} 71 Ajol= A8 A0 & Yyt 2 Fig. 82 oful+
S22t 3749 A9 ] STl wE A% At
Fig. 79] Satn} ks ggolx o) Aol e 4% &
FpET AP )7F A2 o2 Yel=t|, ol= ofi-EEt
Zup 342] 79 ofk 3ol A 34017 wizol
o] B9 Zeknt 3R HatS Solel| i
of) Heo]| W2 A% Fato] xjo|7} 2] RS- Z 07 AY
Z}=|QJc). 80 VollA] 304 %] 2H7 R solanacearum
st log 352 Zekxnt g M) AE R
solanacearum 521 5.4 log}2t} 1.9 loge] 4% 57}
FTpF veh s 2o R Qe o Age wh
-3 3050l ZH7 R. solanacearum 5= 3.0 log& 1t
Ep 140 VollA] A&stoict

12

10

Log N
[o)]

0 5 10 15 20 25 30
Time (min)

Fig. 8. Effect of 1st voltage on the inactivation of
R. solanacearum (Filter+Plasma reactor).

3.2.3. aH-Eat=0t 3HUM R solanacearum
AZ0 0jXle AZ AlZHe] F8

ooH+-Zatzut FogdolA] ofut f5F& 5 L/min, S}
Znb 340 12} HQRS- 140 VE AJ3F 27104 A%
AZte] R solanacearum E2Hdslo] njxje Gk
Fig. 9ofl LfERH AT ther 308 713 o= 2719 wiE
R. solanacearum 5 74 & B3} = 2%
TF 2409 e s Ve Ao YeRdth A
A og tiFgo] niiEe] APEel 2 log ool £
A3t 51ks 7] fsiahs diZF 10080] 49E)= o
B OUERAL F 12029 &= ARM] IR R
solanacearum 5= 1.17 log2 Ueh} A4 77 R
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solanacearum 7i5== 15 CFU©]7| wfj&o] tjfEe] R
solanacearum?} A A =] Qlckal A3 2] 9iet

Ministry of Agriculture and Forestry ¢1-4(1999)]|
A felsheLaola 400L9] ofedEzio] 4.0 x 107
CFU/LZ HZ319e o F=uj/uv 374 A=E Ax
2427+ & 50 x 10* CFU/L 2 VRt ¥ 15k
B3t Park -5(1999)-2 F=mH/UV FgoA 60252t
2]2] 1.25 x 10" CFU/LoA] 4.5 x 10° CFU/L Q] Ak
a5 YepiQickar Hasigick e agake] Aol
v W off w22] 27] Feeh AE 27 Fol gek get
gk H|il= oY AT Eatut Fogoll A e o] makA O
2 AP ck =i

12

10 ¢

Log N
o

0 20 40 60 80 100 120 140 160 180
Time (min)

Fig. 9. Effect of disinfection time on the inactivation of
R. solanacearum (Filter+Plasma reactor).

324, o{u+Eetx0t Xz2| & WRAZ TE
LR R solanacearum &

Afgol] oJole Fske AL 24X7E A
Tt ofihEetzn) A AINEIS] A9 AlEe] STt
5 ogote] Fejz wEoteiar] o]S AEsk gy
B9 23 F ThA] Aol TSk AlLRloR Fof
QUTk. 9ol FF A|ZEE 2447t B0 of kSt
Zn} A= AJAHC] F2- 11.51ogo|A] 1 logoelsk= T4
S 1805.9] LAXZle] LRSI 2447k 2]
Bk grek wrebd] 13 AE 140 V, 254 R
S 5L/minS=2 85t 2744 30, 60, 90, 120202
A2t - 4U7E Aol A WRSIE wf) W] At wh
£ 2% R solanacearum 5= BH31-E Fig. 100 YElY

ek

Fig. 1004 Hi= vje} o] = 525} Ag oA
AJRto] A5 5+ R solanacearum 57} 5715k
L Zlo Ueidth 308 &%e 49 IR R
solanacearum g=+= 308-9] A% AA] 3 3.44 logo]
A 4do] At 3 4.92 logoZ 497t log 1.482] R.
solanacearum =7} Z7151900, 605 A=2 log
3.119j|4 log 3.78, 90 4-%=-2 log 2.429]|4] log 2.95
2, 12058 4=9] 4% log 1.279)|14 log 1.572 Z7}s}
glom), 27] 25 ARZlo] 71 29 ARZlel| WHE R R
solanacearum %= Z7}80] AL 1208 A%k
o] A% 4¢Jo0] AE A% G GA|ER= Z o2 Y7}
=it

6
—@— 30min
@ 60 min
5 —~ 90min
—— 120 min
4
Z °® ® ®
g3 o
S 4y
2
-77-A7---A_777A~/#ﬂ
1
0 L
0 1 2 3 ,

Time (day)

Fig. 10. Variation of R. solanacearum colony number after
the Filter+Plasma treatment.

3.25. 7t o{u+E2tx0r X272t HF
R solanacearum SE0| O|Xl=
Fig. 100]|4] 1204 59t Al kS 2|53 745 4
o] ALKE 77 A5 FIPE A4 A0 e,
H 308 &=0 49 %+ R solanacearum =7}
L ARER] £710] whe} 45 k4TS 24k
o8 Ueht,
3057k9] 458 A3 The: 4817} 73} Fufet 30
20| ojuh-Zelznt AEFRO N, 71 A%o| 25
R. solanacearum 50| H|X]+= kS Fig. 110 Y€}t
Wik
140 V &] A7l 11.4 log2] %7] R. solanacearum

T

rr
PO
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= 5 ARR

o omhZaknt vkS 7o) 308 A
solanacearum ==+ 3.44 loge|leH (7] §5),
48A17F & = R. solanacearum =7 | £7151¢9
logz Z7181%1om, o] ThA] 3087k 453t 4
3.11 log, 44 % A% R solanacearum ge=
log, 30& A% % 317 log, 64 %
solanacearum 5=+= 3.51 log, 30& 4% 5
= Ueht,

3059] 25 F 29 W]-308 45| 7Y 25 4
FollA] Hzx A% 2% =w9] 3.44 logol|A] 6 U3 305
a5 AA] 252 logE LER Algto] A]gof wet
R solanacearum 527} AAJ8] EojEs= o2
et TEg ok 2 log olel 1R
solanacearum”| Zx517] W&o 1 log ©]3l= 74
7] SIS AARTe] Bad A0R et 27] A%
ARES el ] AR Zol Zlo] Wagt Ao
2 il

o M
=
r 3

1

w
o))
N

&+ R
252 log

oo Lo

—@— 30 min-2day leave

0 1 2 3 4 5 6
Fig. 11. Variation of residua R. solanacearum colony

number after 30 min disinfection-2 day leave aone
(Filter+Plasmareactor).

Fig. 120 Fig. 113} the 2442 22 Aefjoll A WA
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