RPN 2 W6 N

MR IR TR

b AR A

2004 4 6 H



il L

5]

A

{

S

H M

FRAEHIE

PEMACELRE PSR

I TR

I

=

B A A

2004 £ 6 H



S

H M

AR HI

61

20044F-

RPN i N LT

5 LA

ZJu
334

jeil

b AR A

BAES.

=2

O =

fif 3L

m

FEARAE o] FLEAAA 4B

6/

20044

El

El

s

N

KX




-

)
=
"

ol

1. EHXO]—E-:[LL(COhform grOUp)

ZO

3

X

<
Al

oy
vl

N

|

10

-
gl

O

X
o

o
X

o)
%0
o
~0

X7

X

<]
N
oI

3

X

|

12

71 %ol A 9] peak volatage@b current «eeeesee st

]2

14
14
18

ki3

A7 %l 9

2) A% Aol 1]

TH
T

Bh
<M
K

i

23
97

ol

3l

s
=0
o

—

<

il

=

K

T

29
38
40

A

‘._A.Vﬂo

)

of u}

}

!

717 A7Ie A=A

1.

TS
To°

43

10®

pase)

4. pH W3l w2
5. SS ® 3}l u}

45

-801:

3

=
=



)
fu

48

Inw

;OL
np

el



Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

10.

11.

12.

List of Figures

. Four typeS Of pulses fOTmS ....................................................................................... 8

. Layout of square wave generator using a pulse forming

netWOTk Of three Capacitor*inductor UnitS.. ........................................................... 9
Simplified circuit for voltage pulsed electric with exponential

decay pulse generation. ............................................................................................. 9
Induction of transmembrance potential in a exposed to an

eXtemal fleld ................................................................................................................. 15
Electrpporation of cell membrane by compression when exposed

to a hlgh VOltage pulse eleCtriC ﬁeld ................................................................. 16

. Cell inactivation due to the osmotic imbalance across the cell

membrane induced by ltS poration ......................................................................... 1’7
Schematic diagram of experimental set—up for high voltage
AC & pulsed(DC) eleCtI‘iC fleldS R ET2 10 01<) 8 | MEERLLE R T PP P P T PP PP PO PP P PPIPPPIOPP 26
The Structure Of a diSChal‘ge tube ......................................................................... 26
Survival fraction of coliform group as a function of electric field

strength with different treatment time applications for high voltage

AC eleCtriC fleld generator ..................................................................................... 30
Survival fraction of coliform group as a function of electric field

strength with different treatment time applications for high voltage
Dulsed electric fleld generator ................................................................................ 31
Survival fraction of coliform group as a function of treatment

time with different electric field strength applications for high

voltage AC electric field enerator « et 34
Survival fraction of coliform group as a function of treatment

time with different electric field strength applications for high

VOltage pulsed electric fleld generator .............................................................. 35



Fig.

Fig.

Fig.

Fig.

Fig.

13

14.

15.

16.

17.

. Comparison of death rate of coliform group with electric field

strength induced by high voltage AC (20 kHz) and pulsed

electric field generator (40 Hz) at treatment time of 30 min -eeeeeeeeeeeeeeees
Effect of copper electrode discharge area on death

efficiency of coliform group by high voltage AC electric

FIEld LEEALIMIEIIL «-sresrerresressessessessesssssssssssssssssssssssse s ssssssss st sassaneens
Effect of electric conductivity (EC) on death efficiency of coliform

g roup by high voltage AC electric field treatment - s
EEffect of effluent pH on death efficiency of coliform group by

high voltage AC electric field treatment « - sseremssssersmmessssesmnsessssnnees
Effect of SS (mg/#¢) on on death efficiency of coliform group by

hlgh Voltage AC eleCtI‘IC fleld treatment ..........................................................

_iv_



Table 1.

Table 2.
Table 3.

Table 4.

LIst of Tables

Water quality characteristics of the effluents used in this study - 23
Summary Of eXperimental Conditions ............................................................... 28
The values of critical electric field (E.) and death rate constant

(kg), and determination coefficients (r*) obtained from the survival
fraction of coliform group as a function of electric field strength

with different treatment time applications for high voltage AC and
pulsed electric field GEnerator s s 392
The values of critical treatment time (t.) and death rate constant

(ky), and determination coefficients (r*) obtained from the survival
fraction of coliform group as a function of treatment time with

different electric field strength applications for high voltage

AC and pulsed electric fleld generator ........................................................... 36



A Study on the Disinfection of Coliform Group in the
Effluent of Sewage Plant by High Voltage Electric Field

Treatment

Geun-5Sik Chung

Department of Construction and Environmental Engineering
Graduate School of Industry

Cheju National University

Supervised by Professor Sang-Kyu Kam

Summary

Using high voltage electric fields induced by high voltage AC (10-12 kV/cm,
20 kHz) and pulsed electric field generator (20-30 kV/cm, 40 Hz) as a
semipermant and environment—friendly disinfecting apparatus, the disinfection
effect of coliform group in the effluent of sewage plant was investigated. The
effects of electric field strength, treatment time, discharge area of a discharge
tube, water quality factors (electric conductivity, pH and SS) on its death rate

were examined. The results obtained were summarized as follows.

1. It was found that the death rate of coliform group was increased with
increasing electric field strength, its logarithmic survival fraction was

decreased linearly with increasing electric field strength at a constant

_Vi_



3.

treatment time, the «critical AC and pulsed electric field strength by
extrapolation was 5 kV/cm and 2 kV/cm, respectively, and its death rate
constant was increased greatly with increasing treatment time.

It was found that the death rate of coliform group was increased with
increasing treatment time, its logarithmic survival fraction was decreased
linearly with increasing treatment time at a constant electric field strength, the
critical treatment time of AC and pulsed electric field strength by extrapolation
was D min and 2 min, respectively, regardless of electric field strength, and its
death rate constant was increased greatly with increasing electric field
strength.

Comparing the death rate of coliform group by AC and pulsed electric fields
used in this study, its death rate was higher for the latter than the former,
but did not increase linearly with increasing electric field strength, which is

considered to be caused by the difference of frequency and pulse width.

4. The results obtained for the effects of discharge area, electric conductivity and

5.

pH on the death rate of coliform group using AC electric field (12 kV/cm, 20
kHz) were as follows: its death rate showed the trend to increase linearly
with increasing discharge area; for the effect of electric conductivity, its death
rate was Increased with increasing electric conductivity, regardless of ionic
species, increased with increasing cationic valency, and was similar between
the same cationic valency; the pH 5-9 used in this study did not affect its
death rate; its death rate was decreased with increasing SS concentration.

It is considered that the electric field eqipment to generate a strong high
voltage electric field and to be able to increase the width and number of the
pulse is necessary, in order to apply it to disinfection process of effluent in

the sewage plant practically.
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DAGAA A L= Ho] ug o= exponential decay pulse, square wave
pulse, oscillatory pulse, spike-pulse(triangular pulse), sinusoidal pulse 5 %3k &
7} oy F2 AlgEE H2x 938E IA exponential decay pulse®} square
wave pulse®] F 7}A]o]t}. o] & exponential decay pulse, square wave pulse & El
+ Fig. 1o Yt uief ow o5 F4st= 7|24 32+ Fig. 2 2 3ol ve
WAtk Exponential decay pulset= 7FeHsh 3|25 B4 24 48 4 de= ¥,
square wave pulse™ pulse forming network(PFN)S =& WA Aok 317] wjio
As Bxbslm wE% Eol vkl 2000). Z# Y} square wave pulse= U71HH

o] "2 dqUyAZE A7A A2 A gl dEE A RE exponential decay
pulset %! tailingS 2o ™ 9] tailing F&¥-2 A S35 zbx] FEsz A iy
oA 2 HAeHo] gt & WHAAINA Huh. wElA square wave pulses
exponential decay pulseE.t} oA &&o] ¢35 n|AE AlHo] ¢ 3% A
ow &EA JrHAF v 2000). =, AR FAHAAC AE AdA" A<D series
o] 3] Zo|A A4 (exponential decay pulse)®] 32 ofzf 2 (1)3} o] Ao =
o}

=R-C (1

o714 R AA| F2(ANRXEF) Ao Fola Ce HHAA & FH(capacity, F)
olty. ¥y 7] =gl A Az Age| uHl] uj$- v Algeo A &
2 2o FHH7e FH & vld] w9 2] wiol 4 (2)9F Zeo] thAl &

PN
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At

3l bipolar pulses A EHo| A HE scaled °oF 80% oA A

Al g dnkar B JIvHQin 5, 1994; Zhang 5, 1994).
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Fig. 1. Four types of pulses forms
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Trigger

Source
Rs L L L
N\ N\ N\ N\— Switch
Treatment
HV. Chamber
Dc Power - - - II
Supply Co Co Co R

Fig. 2. Layout of square wave generator using a pulse forming

network of three capacitor—-inductor units.

Charaing Resit Discharge Switch
arging Resistor I
AV, o a
Treatment
Rs
Energy Storage Chamber
DC Power (D —— Capacitor E A
Supply o}
s

Fig. 3. Simplified circuit for voltage pulsed electric with

exponential decay pulse generation.

_ix_



2) A7 Al71ek old A (4], 2000)

DT F A Aol =, Ael §7e) T AT Aol el

A Afole] Aef(dE vhe ghez Ao dnh(4 3).

Hat A71gel A7

E=V/d

o Ay
YAE P Bt

e Fd 48 9717 A goe ARel W
22 A (DA YEd e 2ol 1= R-C o2z AAD

N

M

Ak, 3

(treatment time) t= 2] (4)<} #to}

t:noz‘:n.R.C (4)

A7)1A ne Bl ot B & yEhinh
Generatorol 4 WAIFE AgHV)ol AAT B, BEE AdHE FAA F7
of 1w A7) o

Z7h5bE EAEE A7 dquRe AZEe ZlE A "Bk A%

Hx W(heE A G)E o7 FAEH,

W' (e 4 (B) ez e

w=1/2- C- V* (5)
, t
v - [l
o714 p(t)= <3+ A ¥ (instantaneous power) 2.2 o= 2 (7)& YERd 4= glom,
Vs A5 3ol A7bsE 3F A9 (e Alsdd 2% &3 AF5 Yepdh
(7)

p()=V(p) - ()



Agel Q7bEE A7) el sy, Adkgel Agsn 14
el Alge] Ay olyxE 2 (8)& veheol it
VP C-n  VE-y

Q=" T 2R (8)

o714 viE A&7 Fuo|t} Square wave pulse? ZA$olE A AU Vit
A& A714 oyA s 4 (9= FA HT.

L

ARl JA7FENS B ARl

W Ppeak ¢ Vmax : Imax = Vmax 2 t/Rr (9)
ﬁ%%}\'o]_ﬂ Ppeak 'E_ -%]EH

Imax:Vmaxz/R:R']maxzzEz'U/p (10)

P[)eak: Vmax ¥
= dyuA= A DY

Square wave pulsed] 23+ Azl &7 A AR AL

Faguy
0= V-I-7t-n V:-z-n V-t
v Ruv Rv (11)
Grahl 5(1992)& 213%¢] n|d e 24E& FX3 Aol E colis 4 log AF
= 42t E = 26 kV/em, Q = 297 kJ/L
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3. M7|&ol 2fgt ojd= ALE ol H I

g

21}

1) 717l o3k A= A o] &(413 W, 2000)

THSE Hx A7l ofs] mAEo] APEEE o] Ee e W ATAE] o)
w=oEoel gow o F P dy WolEofA= o2 A3 (dielectric
breakdown)&/gell &gk Alxzdte] 33 o] th(Zimmermann, 1986; 412 ®, 2000). Al
o gyjoE= Mz AdA T3 G (transmembrane potential) ©] &, Al X =] <
= ol &, ATl o9& A& olE, rEY ol E(fluid-mosaic model), AlZ=FS] T2

A Aol Fol Ao (AlF ¥, 2000), o5 oles A4¥ BY v Zo

(1) AlEure] AA 23 4 9] (transmembrane potential) ©] &

nAE AEZE AR A7 mEEE AV e dAke] sFe] wek o] 2o

o] =5 o] phospholipid vesicles®] olFZo] FAzIATE HNEHY XA o]F=L A
7] FeAolng FAstE AA& o]lFFel HH o]o] A Hu I A

o

m

transmembrane potential(Vp)©o] =¥t (Fig. 4). o] wj 7}siza A7 &3 vV, Aloldl
v 2 (13)2= YErd = th(Hulsheger 5, 1983).

p

Vao=S aE (14)
A7IA = vAE MEY FH AF(FE] BF 15), ax= Axze] WA ot ke 4
o|7F Lolar Wk 7ol dd 9&d MEJ A f= 4 (1) 2ol Yepo
(Zimmermann &, 1974).
o L
L3 15)

Vm®l A%k (critical potential, E., ¢ 1 V) o]o] ™ A X ol A& (pores)

o] A A} (Knorr 5, 1994).
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(2) AlEHe] = ol
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ol
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@
(@}
Q
.
(@]
(@)
@]
=]
92}
«u
jab]
=
<
ﬂllﬂ.l
P
s
o
2
Y
N
1z

it A =W AEEre] b vro 2t WA FAEHA ¥ AL, transmembrane
potential®] ZF7FstAl ©h. uwpgbA] AEZE obx) wHlo] ZAH Wb SAS Zte A

AAE 4714 Aol o) METY A7) GEHS oA Bk A7 GEel oF
gol AXute] B4 ool HW Amutel AFol FHHL, ALHE dFol o
gA8 AFol AARA AxE Wy 2do £ ol @ 5o FUE s

At LA | o (Fig. 5)(Zimmermann, 1986; Mertens %, 1992; Castro %, 1993).
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Cytoplast

Medium

L1
++++ ++++++
L1
++++ ++++++

(A) (B)

(C) (D)

Fig. 5. Electrpporation of cell membrane by compression when exposed to a high
voltage pulse electric field. Accumulation of transmembrane electric
potential (A), compression of membrane (small pore formation), V<1 (B),
reversible breakdown of membrane, V=1 (C), irreversible breakdown of

membrane (large pore formation), V>>1(D).

- Xvi -



(3) AFEol 93 HH o] Z(Tsong, 1990; Vega—Mercado 5, 1996a)

F-ERY AFES AW AE Fold Hdahke] HAHu o] AEue] 53 A
7182 Aol 23] wA Ede] Maxue] FyAdo] FrslAl H al(electroporation),
oz s AMEH AFAS = FUS FASH Hol Axes BEHL A3 A
e g Ho] mAgES APEgtE o] EoltH(Fig. 6).

.
o

ke

Electric Field
Water Influx
e o A® ® o n®
« > % ® ° s hd * N o °% oo
Q ‘% V° ° «¥ e
° ° ° o @ et ®
P 4/.\-“.5.'3-'. o
Water( [ ] ) Cell membrane
e Swelling | Cell Lysis mumm Dead Cell maf
Pore Initiation step Cell Discruption step

Fig. 6. Cell inactivation due to the osmotic imbalance across the cell membrane

induced by its poration (Tsong, 1990).

(4) 59 o] Z(fluid-mosaic model), A FEe] %22 2
A7) olgk nAE APES A A3 dwdg LA 9= fluid-mosaic
model @ Mz Fx2A AIFdol2orw HAuslil rl. = fluid-mosaic modelol

A AlEEre] A o]FFulel dEH e dWde] drjFe] fle Ao L

dt

o]i

R

9 %S HFASEITIE AEI A7 G w=EFHw ¢t=o] dojupar  whulF o)
conducting channels @A sAA AxEde] E3(AS ZIMA7)A Hol AEE S
AMEe A 7wl e doeA A o2& ez Hiusa

(Zimmermann, 1986).
g AE7E A7 wE2HAS W Az JAed BE A5 AT ¥
Aol o7 AlERE 7T &, sETEY Ve £ 5 A7 o9 AlEEre] A

%2 Adtol] A ApdE Tt By gl thHGlaser 5, 1988).
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R
L
o
il
[»
L
N
o
=2,
Lo
&
=)
0%
i

>
>,
iz}
2
rlr

N
N

)
Lo
=
R
Au)
>,
=
il
[»
Lo
oflt

S ol A dejstal o b AR A dF A= AR Ak A

AlZbolth(41 3 |, 2000). o1& 1Akl dis] Bad &S Ay B gEd g

(1) A717¢e Al71eF A Azke] 3

Hulsheger 5 (1981)2 FH st Ad44 AFE F3 A=Y ApE & A%
of A7l AYAZHE 29 F x F2o] F)o s thed 22 2 (16)E AAES
ko2 (15)¢] ¢He da= w4 16)3 Zoh

E— Ec
N_ ()7
No (tC) (16)
E—E,
log =~ (" log () an

9714 Not= %7] #4, N& t Aztel A #%, Te @ Be dAAAAZL 2 7 A
N4 A7, B Aol 47149 A7, ki vigEe] 2 3
o wel thect

4 ane vARe uf AEES A7 Al AAH o, Azt Yl
Ae deden e nAE AL welFn Ytk ae ole@ wA BE 1)
Wl el MesE AL ohetm mwsm Atk 3, Jung Q000 E coli

Pseudomonas fluorescene®| AlE &= A7|F9 A7l Eive HZAzre] s 2]

(18) 3 2 (19)¢k #o] 1Ak-&& Aol whgktpal ®Warskar gl

N AR BF

:{o

N _ _
N _ _
IOg NO - kt(t tc) (19)
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==, Az FRet BH, AHE AR S oY AAECd s dFS L] W

of dwrstE APEEHENE AFHA Fste] ofd Wi w2 A7t estva At

A} B2 Ao B YEle 7] T-1-DellA] A5k vpep o] H2 313
2 37 exponential decay pulse®} square wave pulse® Y& & o, 3 A4
of we} WiteF 2~ (monopolar pulse)2t FWeF H~(bipolar pulse)® TEF o] A
1, square wave pulsei= exponential decay pulse® Ut AU X] G &o] -F3o] v A

Aol ] &34 o]l bipolar pulsex monopolar pulse®.t} AlEHE 37} =& A

o7 By JrHQin 5, 1994; Zhang 5, 1994).

THS]E B2 A7 G ogk mAEe] 4bgto] 60T o]dte] W& E=W oA A
oA AT A &7t ESFH AHEEIAVE dAS] Frtst=d, ol AEHY
A Ze #ES Zta vk Baska QAvh(Al, 2000). e 2EellA AlEY
v AET F g AR AAAL AT gel FERE FFIA FEFE HHE 2=

Lo e @ AEE liquid crystalline 725 ZHA "t =, Gel 7390

A liquid crystalline 7% 2¢] AWH3lE 259l =& ARAAS JIABEE A EUe &
N
[e)

o)

gl orAAlol 93S Ftl. Zimmermann(1986)3} Jayaram 5 (1992)& %7} A<

st AlxY FAARC A Fe =W 3HAkE T (lateral diffusion rate)7} <71 o] gel
TZo A liquid crystalline 7+22 W3lE Aoz Rausta oy weEba Az &
7V #waL, A A7s ke AW A Azte] AojA Xt el HWE nAE e

AZe o 2§54 2 slo] A1 el sk wesA Ak

H

BESH 89 T MAYRY e 9FL MAE AREA AWHOR AFn

- Xix -



T}= B %7}, gram-negative’} gram-positive .t} 18] 3 sporeE Tt & FA X o] A}
o] A, ASEAY g Aty oz HX7)o MIE(AFAE)RTE=E F27]
o MEMMSAE)ZF AFEEo] Eoau Ruy i Yri(Yiping, 1996; Marquez =,
1997, 21, 2000). AlxZ= A 7]e] Hol €W 259 AFoly Atg, 19 % 59 o F
A gl ogt ~Ed 2 s A2xmE Woldty] i M2 di S g sk
S 719 Al Hla] o]

Efzdd & AZAHS 2 Ho] mHs A AVl =t S 70l v

At B A7) A mAEe] AME & WA= oo s gl i B

3 =82S MY WY Zhang (1994 %7 #AZS 10° 10°, 10" CFU/mLZ &}
of mAY A AVFor AaAL AF 27 FAFo] He5F AEgo] At
3 g oy e Agd A thA] Zhang $(1995) %7] wAFo] AE] Al

S v XA Fevhar 3T 41(2000)2 Saccharomyces cerevisiae®] 7] A
< 107, 10° 10° CFU/mL= &4 3dke] autatvA 50 KV/em, 40ColA mAgh H 2

A7 F AEES AR A 27] FAF) FATFE AELL R F

S
ek A4S ngot 1 Aot S Agkkm wussit,
(5) 219 g

@© pHS I
nAE AEELS Q5 Ao #ARe] proton pumpel €3Fe] cytoplasmic pH
S SAd 7MA fA8 L e (Vega-Mercado 5, 1996b), 2Lz ske]l A 7]%o] Al
ol JA7bE™ Algol FAEHUA AEEe] FapAJo] FUFSHA Hal, Al ER2 AHF
shel BdEe doeA AxuEe] H o2 fFYEHEIE AAL 9

cytoplasmic pH7}F #AashAl o A& 49 DNAY ATPe} 22 Alxe] 7]

f

1 3l
T3
ol ztety WIS Ao A ©rHWiggins, 1975; Dolowy, 1975). o] ] AXE 1
2 9% H 2 NEXYZ w33y 9s8te] H-ATPaseE #5314 H=4, o g

il
e

-z

- XX —



3k m A& ‘proton motive force (PMF)’'o €3+ pH 3AA FAolE o] oy
A7 AREo] Axos & dAEsol As ZdstA Hol o5 FAdd g
A& o] AastA Fh(Padan 5, 1981; Booth, 1985).

A1(2000)2 9t "2 A7FGO KV/em, 40C)e=2 A 2Al Saccharomyces
cerevisiae® AtEel WA= A& pH(4-9)9] 3 AES A3 TANA AHE =
drtej o w Zdaem AAdEAE AASA Frrskdvhal Bastl 5, S48 o] ¢
9 pH 99X E proton pump =5 H'-ATPase ZEo] wE thgkel oy x|7}
Huo] ofF S o3k Aol FaH] AMEES FUHHE Aow wddEd. O
HY Vega-Mercado 5(1996b)2 20 KV/cme w2 A7 7]+ pH, ==¢
Al ool fl=(P>0.05) PAES BEAdstE vt Bausta gtk ®
gt 152 A1l A717E 40-55 KV/em ol A= pH7E SA A 2HAd %
AtE &S Fsk vkl Boarstel .

B

o

=

N
Jfu

<
T

SELS Hste] AEARA Zzbel Aol wet AFe TEelu
Aol JFS m ek wd H, Ca’’, Mg” ¢ 2& olese wjgk Folu mj%
A=

o & T3tk (Wang 5, 1979; Schubert, 1987; Tedeachi, 1993). A|Z e H' 1}
Ca” o] AZWY FErT ¥& FEZ EAT 49 AXE 44 AZTHRE olE o
& Fds8te] AMEW H, Ca’' $52 A5A7A =1 ol Qsto] AxEte] &=
g FA S Henry, 1993), Mg” o] € S& AZoe] 542 F7HA7]E g
Sth(Wang 5, 1979). 21(2000)2 79t "2 A7) oA 17F o] (Na', K)3} 27}
o] (Ca”, Mg”) To] vAEe] Aldel] WA JFS AR A3t 27} o]o] 17}
ol2rTh dAg Al AdeadE HAow, e 171 o] &3 271 o] Aol A=

=R

g9 Fol AL S ALY Tl 2 JFS WAw AL &4

A gl 2 4ge Fol 2 4+ gotm

HI
u
ol
;

fo

=
o
o
Sy
=
B
=
©
O
<

electropermeation?] 22 A3l FS 2zt o250 o IS WA Fe=Evia H

AR o] FEE A7t WA #AV Yo, oA ET AdFE A7

A AXA Ao oleld A7 ees ndsh E2 A7|doem Aefalol A

b



el A71Fe PJA, A/ 5285 Tol 9&FS T vAE Alde] B2 JF¢S vz
t}. Electroporation®] 4} electrofusion 53 #o] A& H74 Z2S 7159S 74

=] A~
s

q o

o Ea BEYs 5o mae osW AWAAAE ANARE F7

Al & &o] F71slY(Gaskova 5, 1996; Saravia 5, 1996; 41, 2000) ¥ o|Ao =

-

o277t Frtete] AVAEEVE B AAW WAE AEES 23] HAsH
H o (Hulsheger 5, 1981; Vega-Mercado &, 1996b). A1(2000)2 Saccharomyces
cerevisiaed] 3 Z-7] T2 X2 <4F FH(0.005 M - 0.1 M, pH 7)°lA 50
KV/em, 40C= A& o o9 w7t S71gs5 AHdES S7lsiiva &
a3ttt 28y Vega—Mercado 5(1996b)2 40 KV/cm, 10C¢ 27 E coli9l
APE ol WA= o] 245(0.028-0.168 M) @3S HEF A oA =rt S
FE APEES v Rusdth &, ol 4 =7 0.028 MY A $-7F 0168 M

BT} 25 log Wl APE &0l FUFeElen, o= Alxwe] Hgdew AW

I~

o sgolut AGHl FFe
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B AT ABE ASH R5ADF PRFE AFA FFFLAF L5

g ol Wiars Astel adE ARgstslen, oo A5 Table 19 WE

Table 1. Water quality characteristics of the effluents used in this study

Items Range
pH 6.6-7.0
EC(mS/cm) 2.8-37
BOD(mg/L) 3.2-10.0
COD(mg/L) 8.6-11.5
SS(mg/L) 2.4-9.8
CI (mg/L) 550-782
NO3 -N(mg/L) 4.1-9.5
T-N(mg/L) 12.3-19.7
T-P(mg/L) 1.1-19
Coliform group(CFU/m) 6,000-8,000
Ca(mg/L) 16.5-20.3
HCOj3 (mg/L) 65.3-102.5
K(mg/L) 26.7-35.9
Mg (mg/L) 75-10.2
Na(mg/L) 29.3-40.1
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Fig. 7. Schematic diagram of experimental set-up for high voltage AC &

pulsed(DC) electric field treatment.
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Fig. 8. The structure of a dischage tube.
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Table 2. Summary of experimental conditions

Factor Power supply source Variables
High voltage pulsed(DC) 20-30 kV/cm
electric field generator 40 Hz

Electric field strength

High voltage AC electric

field generator

10-12 kV/cm, 20 kHz

Treatment time

High voltage pulsed and

AC electric field generator

1-60 min

Discharge area

pH

Effluent

Tonic strength

(electric conductivity)

SS

High voltage AC electric
field generator

(12 kV/cm, 20 kHz)

26.4-105.6 cm®

5-9

4.0-9.0 mS/cm with
NaCl, KCl, CaCly and
MgCl2

0-24 mg/ ¢
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Iv. 2% 2 1%

1. HIIFE MH7Iet AMe2{Alzto] mE e

dntHow At Bx AV AYAl A7 Al7le 44 AF T vkep 7ol 7]
BES AER ofF HRFI BAE . Jdvh WA= AES] Axd A
(transmembrane potential, Vi) Q17Mse @712 Al717F Al wpetbA vl g o
S7tetn® nAEe] AAE S FketaL, o= MAES FRd wet dEva B st
L AR, 2000). =, Vet mAEel SR (@ EDe v @)t 71 A7IE)S
of A= o]BA mFA AFH A (14 (V,=fa- E)Z 2T F Jon
(Hulsheger &, 1983), V0] 1 V o]do] A W vAE2 Mxad Al¥s JAds)
AA Abdo] AlFtHE R PIAEe A7V AR A2 AV ecrE A AHES

w3 g A drk 2ela Hs A1 o mAES] AMEES A W A

THE,) ool A A71&e] M7 7 27 2 A (18) (IOgTNOZ—kE(E—Ec)M]
Ao} o]l AFAH 0w Frhets Ao de A th(Hulsheger &, 1981). 97]4 E.t&=
nAgE ] AEE(N/Nool 1.00] 5= gho= s gow ngEo] Ay Alztsl
= H2 AV AVIE dERT

o
g =SS 247 Fig. 9 2 100 detlilar, o258 3 E, AHEEE
(kp) 2 ZAAFCHE Table 3o JeERATE 1@l Hojx & vl o] W7%
A717F S7hgkel whel i AbE S S7HS o ANaL, e dAd A A

bl M 71 A7lel weE T e AEE2 AAH o2 aste] 4 (18)

T RgES & o A0, gatete]l 7@ 74 A7 Eee 44 6 kV/em, 2 kV/em
S YUEhHAT. 28 al Table 304 Hojx|= upep o] Ag|A7ho] Frpda= o
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oF 10M] F7kektar, At HBx Aol A bEelA 07w Fretel wet

0.0077°1 41 0.0739= < A] <k 108) F7}skA

1.E+00
[e) ) \
=
~
=z R
S AN
© \
o
—_ N
g \
= \ \
5 \
wn
—+ 108 —A— 208
0E —X40=
1.E-01 v ‘EC
4 6 8 10 12 14

Electric fields strength(KV/cm)

Fig. 9. Survival fraction of coliform group as a function of electric field strength
with different treatment time applications for high voltage AC electric
field generator (20 kHz, No: 6,500+500, pH 6.8+0.2, Temp.: 20+17C).
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1.E+00

Surviva fraction(N/No)

1.E_01 v 1 1 1 1 1 1
0 5 10 15 20 25 30 35
Electric fields strength(KV/cm)

Fig. 10. Survival fraction of coliform group as a function of electric field strength
with different treatment time applications for high voltage pulsed

electric field generator (40 Hz, No: 6,500+500, pH: 6.8+0.2, Temp.: 20£1C).
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Table 3. The values of critical electric field (E.) and death rate constant (kg), and
determination coefficients (r’) obtained from the survival fraction of
coliform group as a function of electric field strength with different

treatment time applications for high voltage AC and pulsed electric field

generator
P | Treat t ti
ower supply Trea mén ime E. (6V/cm) ke E
source (min)
10 0.0334 0.9512
20 0.0816 0.983
High voltage 30 0.1508 0.9038
AC electric field 6
generator 40 0.2022 09447
50 0.2706 0.989
60 0.3143 0.9612
) 0.0077 0.9458
High voltage 10 0.0264 0.9737
pulsed electric 2
field generator 20 00416 09449
30 0.0739 0.9488
Hulsheger =(1981) & u] A & o] o <= AEES 2] (17)

N E—E L
(log - == (T g (G ))m o) Aayazrel mal disdon Jee o

A B 28y Jung 5200002 E. coli, Pseudomonas fluorescene®] AM8&E+E

Hasta slvk A ARk

te
Hoz A% AV Adewst 4 we gashs A% neldn nasy Ak,

— XXXii —



71 LA A7V T e AEES e A7IFlA A Azt wE
FFUAE Fig. 11 2 120 Yehliddth o258 3 stebug, = dA A2 ARt
(to), AHEEE A5k) 2L Z2AASFC)E Table 491 JeERT 2golA RoA =
upel o] A g A|zke] Fbgkel whel i AFEE S SUHES o ¢ AL, E=I
AAe A7 A7l A Alzke]l mE s d¢ AEEL AHdoz i
gto] 2] (190 2 FaEs & 5 AL, atsted 3 74 A7 = 44 5 7,
202 71 A7l #Aglel YA s yvEh AT ol g Ay (2000
o] Rk -t B2 HA7FE o] &sto] &/ T2 E coli, Ps. fluorescens 2 B.
stearothermophilus®] it Al A 71732 M7|7F S7hgel met asiohs 2 yep 2ol
= B, oled A= ARR A7 A7), 2o T, AR, wide] 54
5 teks @9lo] 7)dlEE Ao AlgEnh 182 Table 494 ol A= ule}

A7) AL FARSE GFET AREE FRk)E 2 FA4EE L 5 9

[e]

m

—

Aok = A wF A71FY AE 10 kV/emol A 12 kV/emE F718d whe) k&=
0 kV/cmell Al 30 kV/em=Z Z7}stel] whe} 0.0417904 0.0683% <A oF 1.69 =7}

Fig. 132 2 A7 Ab&8 wF A7) H2e "1 308 AgAltel A 717
gl A7lel w2 gt AAEES Hadk Zo® Wi A71ge] 49 10 kV/em,
11 kV/em, 12 kV/emol A zH2+ 49%, 52%, 63%°] AtEeS, B2 dA713e 4% 20
kV/cm, 25 kV/cm, 30 kV/cmeoll A 7+7F 72%, 84%, 87%2] AlE &S Ho Ha d7])%
o] A$7F uF A7 G ARt 1.14-1.788 =koy A4 Al AMA oz

V. C- V.t
wElaha estth ol 4 (8) (R= " g, = gpy )elAst o] gl

Agse odyA el zold] 7|Qlete Ao Algdnt. wfF A7]1Fe] 29 20 kHze
Fuge BAE ALESIY Y, EAFF) AT A

+ H
, S ARE AV wel Hxol Zn Aolrh ] wliEQ RAow AR HECTH
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Fig. 11. Survival fraction of coliform group as a function of treatment time
with different electric field strength applications for high voltage AC

electric field generator (20 kHz, No: 6,500+500, pH 6.8£0.2, Temp.:
20+17C).
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Fig. 12. Survival fraction of coliform group as a function of treatment time
with different electric field strength applications for high voltage pulsed
electric field generator (40 Hz, No: 6,500+£500, pH 6.8£0.2, Temp.: 20£1C).
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Table 4. The values of critical treatment time (t.) and death rate constant (k;), and
determination coefficients (r’) obtained from the survival fraction of
coliform group as a function of treatment time with different electric field
strength applications for high voltage AC and pulsed electric field

generator

Power supply Electric field

te (min) k ’

source strength (kV/cm) i t '
10 0.0238 0.9725

High voltage
AC electric field 11 5 0.0289 0.9895
generator

12 0.0352 0.9882
20 0.0417 0.9725

High voltage
pulsed electric 25 2 0.0633 0.975

field generator

30 0.0683 0.9743
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Fig. 13. Comparison of death rate of coliform group with electric field strength
induced by high voltage AC (20 kHz) and pulsed electric field generator
(40 Hz) at treatment time of 30 min (Ny: 6,500+500, pH 6.8£0.2, Temp.:
20£1°C).
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