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Abstract. This study was conducted to develop the disinfection system using electric shock for recycled nutrient
solution in recycling soilless culture. Stainless steel (SUS 316) was found as the most appropriate electrode mate-
rial for electrical disinfection system from the view of high electrical conductivity, low electric resistance, and low
price. There were no changes in nutritional elements when the electric shock passed through the nutrient solution
by stainless steel electrode. The amount of electric current increased with width than thickness of the electrode.
The farther the distance between the electrodes was increased the time to reach out the aimed amount of current.
The electric shock was applied to Ralstonia solanacearum and Fusarium oxysporum as representative bacteria and
also fungi. Any of those pathogens were killed with the percentage of higher than 97% in the condition of 15VDC

or 24VDC.
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A
o W HedS EUHHskL, Acdshs vide] A
FAIE Al alasfior gtk dAAl sPol ARS-SkaL
JE AFLEIEL QF, A (UV), Hol|QTY, o
F 2% 5ol e, 2 FolA 7P AFesiEe] e
71EL RS (@A T oRkEYa), ARIAUY) &
=N

olth. A (UV) e vE Aol fash
Q1 200~280nm?] UVedllA] 71 Ateo] HojupH
260nm  AA FHae] ANFES EITk(Schlegal,
1992). A} (UV)A=-2 vHE2lole} vlo]e]~o] APdE
%, g ATl gk 28 5 B AR
A F83lEo] o} Atstaal she &4 W 7]
& o] =5 A9 899 gurb 55 Afele
Aol A3 AslE, AEE AAs}NAE A5
Ho] 3|EER] eF=TH(Lens &, 2005; Metcalf2} Eddy,
2004; Pontius, 1990; Shin¥} Lee, 2005). webx =
FAAPN A A 7] AREE AL Q= oo Hix]e] A
-, Hjde] §xrt Fobx 2R S A8slrie
- oje]e- Aol
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o) &3l . 7IAL . o)Ak

A= AEstaat ske =l
S FUAA 7EE ® HOCI == oCre] 4ksizt
of o3} WIS APEAT = HoE Az ger)
A= FHANAE AREo] Golsitt. ey <lAlol] X7
A ZHEFEAERC] MAstaL, HFol ofHeH, AR
A3 o] 7] A=l FEEHo ok Fth(Jin T, 2004;
Kim 5, 2005; Meinel 5, 2006; Noah 5, 2002; Sofia
S, 2001). RFEAEL Bl QEVIAE RSl 2E
o] 7=t ARkl o5l WS AFEAI7IE WL
2 st At A ATAAL} A ETT
ot ey & frlEe] S Aol Areo] d4
3] Agter AEAde] @&/ HFe ofgee] Utk
(Akahori & 2000; Cho &, 2001; Hanasak ‘&, 2000;
Katoh &, 2012; Lippman, 1989; Sakai &, 2014). TFF
sk x}=719] FHE o]&dt] Welws dujule o
e eH)E P Pul8o] ulg avtedA] 585
T 1E4, A% & AN 9 A% ARET THE
o2 Ag3Plele AANM ETlSith(Baraket van
Rihin, 2000; Grguric 5, 2000; Menasveta &, 2001;
Shnel 5, 2002; van Rijin &, 2006).

ooz ARHI e AV|ITAATHS QAL
EG5He e T Folv YJ88o= Aoz A}
&3t ot 53] £t =2 UEHss o839
1~450uA H=o] HFe} 0.01~12.5V Fxo] g} W=
A o] EAFLl] EeEo] WS Atsial lovt
FTHoNXe] AR AR gickBishayel Leonard, 2003;
Fakhri®} Amin, 1987; Lee &, 2004; Patterson, 1976).
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1. M| 4BLASA 2 THA MY HIL0 7Y
O FEARA TolM AFo= TP HE A
S T S8l ¥ Ade aAlR QI A W
AR of2] APAT5ol ool deiA e FEAEA
548 AR, ArdAasAsE A 7P A%
= aAE st a5dEAe] SA
AR AAETE B Aeg AdAETE AR T
Ik ez gt EAE AddE SE5AAE
THslA AR A DA Eele] XSt
77124V, 10.5A)F LEAREG00%) & 5551
Hjefe] pHel ECHSt vR-Feh HHE woRE A
sislth. Al AHE F5aAle &, 7E, 5, @5

Table 1. Comparison of various sterilization methods used for nutrient solution recirculation.

Sterilization methods Chemicals Ozone (0O5) Ultraviolet rays (UV) Membrane filtration
Killing of bacteria O O O O
Killing of virus O O O O
Toxic by-products g II-(I)I\z/!’(tzi)lgl_o gn:raltehrzrtli?ﬁ 0Os X X
Persistence O x x x
Toxicity O O x x
Practicality x A O x
Economics A AN AN x
Jin 5, 2004; Ag};o% %53310,0; Bolton, 2000; Clancy 5, 2000;  Barak®} van Rihin, 2000;
Ki.m 5, 2005; Hanasaki':— 20(’)0. . Craik &, 200_1; Hoyer, 1998; Grguric &, 2000;
Reference Meinel 5, 2006; ©> > Kalisvaart, 2001; Linden?} Darby, 1997;  Menasveta -, 2001;

Katoh 5, 2012;
Lippman, 1989;

Sakai 5, 2014

Noah 5, 2002;
Sofia 5, 2001

Metcalf®} Eddy, 2004; Mofidi -, 2001;
Shin®} Lee, 2005; Sommer 5, 2000

Shnel 5, 2002;
van Rijin 5, 2006

O: good or many, A: normal or stingy, x: bad or none
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Fig. 1. The experimental system with Power supply and electrode
plates.

w, Yz, ok, A, 2HRIEE 28 SOl
2 ez A E FHEdhe )YitolstetlA
TS T3 dAvVaErAE] & osde] fAawsE
T 8l AF7TE AREI B AES )
A2 A7) 7 SEde oA IR F
¥ 337.5mL)y2 AFS &, AHQlEs 2" FIKSUS
23, ¥ 2mm)E 7FE 15cm, AlZ 15cm 2712 22}
A5z A8l Q8 olad grke] dwd 27t 1
2tsle] Aol ARE3IITE ZH)QlE A 2YS HFow
ARgSt] AZReE Ag7ol(Fig 1), A4 ErfE 7
Apfoll A v BiA(EC 2.0y A$aL, FAFHLTFY
(OPE-3010D, Daekwang T&M Co., Korea)S ©|-8-3}
7559 AES A2 30027 EHG AVNE EE &
Z}zte] wjds somLA FH3sl A4S AASIATHFig.
1. A7) A2t wjde] diaEAe FrdEei=e)
15353 7] (ICP-9000, Shimadzu, YE)E ARE3IY oM,
A dae T8 F5Y48S ZHF(K), D(Ca), VL
vl (Mg), (S), HEF(Na) SoI31th
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az

2. AHQIA AR M3o| MY g8 4 7Y
ZH]RIE)| A 28S HIFow 28d u), HIe F
A7), A7 AR, 5Le et sl AR, Hdl A
Tl =2shs AlZh, 8] AEH 55 Hlasle] 7h
A GaaFo|an, AAA] 1S ] flskd B A
TS AABIHeH A=AY FTH+= HH stainless
steel(SUS 316y ARSI ofialy] EnfE -84k
A EC 209 NN AJFS Arsiaom o 9t
2 AF= DC24V, 10540100 2544955 7](OPE-
3010D, Daekwang T&M Co., Korea)s ©]&3lq AFZ
TFsRe e A= 01, 02, 04, 0.8mm
(15x15empe|3ltt. A=9] A7IE@IEAIR) 150150,
300x300, 450x450mm(0.2mm)°]eH HIH Ade
25, 50, 75, 100mm(15x15cm, 0.2mm)ollA A|E-S AA]

3HATt.
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Fusarium wilt2} Bacterial wiltt] H7|&#%H HE

A7Vt AEA 2R TS sl ErkEST Al Al 7}
A} B AR SERRE R8T (Ralstonia solanacearum)}
F3goligQl AlESH T (Fusarium oxysporum)°ll tisl] 2t
TEAS T8I AR T 20143 39 7
Aol A AP dFE A3 HFL stainless
steel (SUS 316y ol&ste] Ha7lx|e] St HFE,
2QAIRES AT Heds HES M dS oprt
2P| EvlE Z8ujgkiog EC 2.00100H 2FH
F371(OPE-3010D, Daekwang T&M Co., Korea)s ©]
B3l AFE SIS Aldskaat sk ARArl =
2t ST ARES SFsIlom 30xkmke SRS
ImLA FHste] wiR|el] £A LU v Ales
Wt (Fusarium oxysporumye 212 A - 3 colonyT=
=519 (*12]A colonyg™ - #E1$- colony <+ *2]H
colony = x 100=A3EE), SEP S T (Ralstonia solanacearum)
2 AtAE] A - 3o CFUFE A3l A1SSuw
Y Ho R HEES ZALSISITE wljdel] ARS8t bl
A= RS (Ralstonia  solanacearum)®] 739~ SMSAH]
A, AT (Fusarium oxysporumy PDABIA T}, St0f
EX3T (Ralstonia solanacearum) Aol AF8E 572} 29
S ZAZHOV-1.79A, 15V-3A°]| o A|S-SH(Fusarium
oxysporum) Aol AREE [} H 15V-3A, 24V-
10A1X4 AlES AAEETE A71E 338kl S3EA]9
AR AFE 7K =28 AR 3~10% foH dd
AIRRE J3X)9) At AfFEo] =2 AlRHE 54

EEcs

4
AN

dn 9 o

1. M7 |MZASA|AH JHLE 2lst HE MIax 7Y

A7V AEAIE ARE A5 dexdogs
A7\AEE7}F =31, Ago] Howm, iAo} F=Fo] §o]
sfar, 7Hdo] Ae o= gt tst 5454
A FollM A==t AEkS ZARSIAL(Table 2),
aAle) e HoldS mEst] &, 78, |5, ¢F1E,
Wz ok, YA, H, ZEIRIE S~ 2" F RS A
31TH Table 3).

AdE 544 952 2 FEHE 798t EC 3.0
ol wigkelo] At 24V, HF 10.5AF ZFZ 300%3t
33 &, ujgle] pHS} ECHB-9 HAE o]
FE5 AR A= t53 Zti(Table 3). 959 H=4
Aol A7)1S 53+ Ax), pHe} ECY W3} gla, HA
o] MAo] gle Ale |53 ZHRIE: 2golint
(Fig. 2). pHY 7%, 59 ZHIQlg]l2 29N % Z7]
£ 53 £olle A5 6 A S B
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Table 2. Comparison of resistance and electrical conductivity for various metal materials.

Resistance Value

Electrical conductivity

Temperature coefficient

Metal materials (micro ohm~inch'l) (micro mhos~cm'l) (K'l) Reference
Aluminum 2.7 3.5 0.0039 Serway, 1998
gold 2.4 4.1 0.0034 Serway, 1998
Nichrome 98.0 91 0.0004 Serway, 1998
Tungsten 5.6 1.79 0.0045 Serway, 1998
copper 1.7 5.96 0.0039 Giancoli, 2009
Titanium 42.0 2.38 Malley, 1992
silver 1.6 0.63 0.0038 éfir%i‘g’s’l?ggé
Lithium 9.3 1.08 0.0060 Giancoli, 1995
magnesium 4.5 0.38 Giancoli, 1995
Zinc 5.9 1.69 0.0037 Giancoli, 1995
Nickel 7.2 1.43 0.0060 Malley, 1992
Iron 9.7 0.99 0.0050 Serway, 1998
Stainless steel 69.0 14.5 Griffiths, 1999

Table 3. Change in pH and EC of the nutrient solution of EC 3.0
and the occurrence of sediment by electric shock for 300 sec-
onds for various metal materials.

Occurrence of sedi-

Metal materials Change of pH Change of EC
ment

O
O

silver

O O
O O

copper
gold

Aluminum

magnesium
Zinc

nickel

O O O x
O OO0 O x

iron

x O 00O OO x

Stainless steel

oAARE oF 0% Fole TRl YdET StSith(data
not show). 5= ZHIlE|x 2€d vlg)] d7|H=wr}
E3L, Aol Ao, A Fgo] ofHar, wig- vt
¢l Ho] M=o= ARgS|d & ZAA8Rl0] HERE 2
ARE B3l A7tAE XY 75 Al AR d54
Aze ZHRlE: 2gS ddsi.

2ERlE) s 2" Aoz ARSI AZeE Ag7)
Toll(Fig. 1) MHES AL d7] H2E 3 5, wjde
YAaE AT Ao= U3 ATH(Table 4). BiHS 34
Fog FAgE A3 Hstel dHgle] faxiels IUTh
wEbA 2RI S AEe A7HTASE AIZE 5 A
A=02 wlg- A3t FEAEA AALE RIS
E A 24V7HA] HSES Adg A2 QAo ok

hud
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<gold, Stainless steel>

<other materials>

Fig. 2. Occurrence of sediment when the direct electricity passed
through the nutrient solution of 300 seconds.

gk Adol 30V offo]7] miitolH, ko JhdE Alx
A2 S Sfall 24v o] el Hee] M

sl a5

@

olRL

= s gHalaat gt

2. HH AH€QlEA AR MI Al¥F 7H

d=e] Tl mE ARAart Admel zlels ye
WA RSkl (Fig. 3), A=) A7 W} ARA)E F
71Eer AR vkl 3] AF(AyE AL (v)]
F1L M50 7P S5 A JERiTh(Fig. 4). A
7Vtel] GFgS vRE Rl ARA)E w2
719] AFAIRE Fol Jom, o] FelA] AtAEEe o
B JES vXE e ARA)ERL Baso] Qlok
(Patermarakis®} Fountoukidis, 1990).

45x45mm FASoA A71EH - 1257l 2 Al
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Table 4. Changes in the concentrations of the nutrients treated by electric shock for 30 seconds with various voltages, which contained in
Yamazaki nutrient solution for tomato cultivation (EC 2.0, maximum current 10.5A).

Elements ov 12V 14V 16V 18V 20V 22V 24V
K 17.1 17.3 17.3 16.5 16.9 17.4 16.9 16.3
Ca 12.1 122 12.5 12.3 12.1 12.7 11.7 11.9
Mg 3.64 3.4 3.5 3.56 3.69 3.87 3.70 3.82
S 438 4.42 4.42 439 4.50 4.55 4.34 4.58
Na 1.06 1.07 1.06 1.10 1.04 1.08 1.06 1.10

Each value is the mean of 3 times.
No statistical significance.
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Fig. 3. Relation between electrode diameter and electric current
after electricity flowed through for 30 seconds(EC 2.0, voltage :
DC 12V).
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Fig. 4. The voltage and current according to the electrode size
(EC 2.0, voltage: DC0~24YV, treated time: 30 sec).

AREEE 2 FHU9FF71(OPE-3010D, Dackwang T&M Co.,
Korea)?] Hdl HAF{AR! 105A7H4] E=E383oH
15x15mm AFoAE A7|FF F 202 FoE HAF(A)
7} 2AZ itk AFA)R] e AF) WFo] We
FE W2 Al AReH AT ARA) 27 WS-
=2 FHAIE RAT(Fig. S, Fig. 6).

olgigt AEo| ofstd A=< FA= gk BHAL
A sk Aol 7P AAIFelal a3l =9 ¥
2}l k| ojziT),

A 5 302 F A=7E AY 15mm(337.5mL)el A
215783 71(OPE-3010D, Dackwang T&M Co.,

Ruily
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Fig. 5. Relation between electrode area and electric current after
electricity flowed through for 30 seconds (EC 2.0, voltage:
DCI2V).

-+=15*15 30*30 ~#-45%45

Current (A)
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Fig. 6. Time needed to be raised to 10.5A according to electrode
size(mm) (EC 2.0, voltage: DC15V).

Korea) AFHF HuIAA 1054 7K 22kout
60mm(1,350mLIAE  1.8AF HAIZF Ayt H@4E
ARl TaslthFig. 7). A Aol AFH
Abolole E=o AAo]l oW (Fig 8) EC 2.0,
DC24VolA A=3E A-7E 70mm ©) Eojxd AF
7} 322 %= FoE YRt

3. XM7|AFRHe| Bacterial wiltEOEH) Y
Wit A SSEZ) Chet Mg

FulE T (Ralstonia  solanacearum) 2 Al

Fusarium
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Current (A)

105 51
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15(337.5ml)
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Distance between electrode (mm)
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Fig. 7. The electric current 30 seconds after the electricity was on
and the time needed to be raised to 10.5A according to distance
between electrodes (EC 2.0, electrode size 15x15cm, voltage
DC24V). Values in () show the solution volume used.

'\,\\ y = -0.1947x + 13.55
¥ R? = 0.9986

Current (A)

10 20 30 40 50 60 70
Distance between electrodes(mm)

Fig. 8. The electric current 30 seconds after the electricity was on
according to distance between electrodes (EC 2.0, electrode size
15x15cm, voltage DC 24V).

(Fusarium oxysporum)®l| tfall 7dE H71HHES 4
g3t A1 ael A4 WS =&

A7 AAFF71(OPE-3010D, Dackwang T&M Co.,
Korea)S o] 8310] 10V-1.79A, 15V-3A8] A< F3a}
Hor ks AFZA ELGAIES 3~5% AR £QF
ALk 10V-1.79A, 15V-3A0] =28 & I3 Azt wh
2 AES A 2 10V-1.79A, 15V-3A00 =2A1H)
X SRSt (Ralstonia  solanacearum) 95, 94%33.2H
170204 13, 3%2] AEES YERITHFig. 9).

A S-S (Fusarium oxysporum)®] Atolli= 10V-3A,
24V-10A8] AL FH3A0H Dok AF7AS =2
ARES 7-10%2 AE S FAT 10V-3A, 24V-10A%] &=
95k & I AR wE BEES AR 27 10V-34,
24V-10A% E=GAIHNAM ASS 8T (Fusarium oxysporum)
95, 76%ASH 1703004 10, 2%°] AEES VeI
(Fig. 10). 3ol AIS T (Fusarium  oxysporum)®]
MRl et (Ralstonia  solanacearum)RTF Aol
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oE - oL -

10V-1.7A

Incidence of survival(%)
S
-
h

Time (sec)

Fig. 9. Level of sterilization of Ralstonia solanacearum causing
bacterial wilt by different voltages and currents; DC10V and
1.79A, DCI15V and 3A (EC 2.0, electrode size 15x15cm).

—-15V-3A

24V-10A

Incidence of survival(%)

Time (sec)

Fig. 10. Level of sterilization of Fusarium oxysporum causing
Fusarium wilt by different voltages and currents; DC10V and
1.79A, DCI15V and 3A (EC 2.0, electrode size 15x15cm).

o =& AFR7E Basinth ol AL (UVeE o8
sto] djele] S Sts W FEelb AldEY o
2o o7} R (Wohanka, 1992)8}th= Axe} AL
St B Aoas oAl Al Fsgolwol
tielA s HESIGOT ARl o8 A
v 71t S flsiAE ToMV 5 Hlel2]
of thet Aol go], Aol Wig o B2 57}
A77F 2o RO AAHET

byl o

b | S
2 d7e 973itrIEe] suRl A= o83 7]
7 AHE 3 A widy A 25k
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Zolal ZAA|ZQ ikl AFAEvee] e D A7)Ak

FEEAZHO AR 439 A4 218 S
ANaEe] TPsae 5] 98 FREIich 871
FEENZH 75 A A 544 PES A9 7S
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Aol Ayl WrE 2 AR =9e A7l
it AT ARl Be T BdEs) 4
HS AR 23 A AlEQl EuErEe] el
Ralstonia solanacearum’} 25 15V-3A 170Z0°14 97%
7F AbdEE RS gl e TRl Fusarium
oxysporume 24V-10A°IX 98%2] A=S HAT}.

F7} FAO] A, S8 A, A, A71ea

Ab AL
B OATE 3EAEd  IRATARIERIANS
PJ01047903)2] Aol 2J3)] o]Foz A,
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