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SUKDINAN RAMJANTHUK: ELECTRODE DESIGN FOR PLASMA GENERATOR TO
ELIMINATE BACTERIA IN WATER FOR TILAPIA FLY NURSERY. THESIS ADVISOR :
ASSOC. PROF. CHANCHAI THONGSOPA, Ph.D., 72 PP.

Keyword: PLASMA DISCHARGE/ELECTRIC FIELD INDENSITY/OXIDATION/REACTION/
BACTERIA ELIMINATE

Tilapia is a freshwater fish species with significant economic value. It can be
easily cultivated in various weather conditions, grows rapidly, and has a wide consumer
base. However, tilapia farmers need to consider several important factors in fish
farming, one of which is the selection of tilapia fly breeds. Key factors to be controlled
include water quality, fish parasites, pathogens, and microorganisms. Normally, tilapia
fly breeding involves manually stripping eggs from the mouth of the female tilapia and
then using those eggs for further hatchery operations. During this process, the tilapia
eggs are susceptible to bacterial infections or pathogens from the mouth of the female
tilapia. This can lead to a decrease in the number of viable fly and result in financial
losses from the sale of tilapia fly.

Therefore, developing engineering tools capable of effectively eliminating
bacteria or pathogens in the water is one option for use in the tilapia breeding industry.
In this study, plasma was applied to eliminate bacterial infections in water. The design
of the electrode was simulated using CST Studio Suite 3D EM Simulation and Analysis
Software, which simulated the effects of the electric field in the water. The
effectiveness of bacteria elimination was tested by varying the distance between the

pointed end of the electrode and the water.
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Mmunsaveswanann walraziilian pH nelulwad (pH) anas e pHi ANIIALAT
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fvue nszUIuASLuNUeAT A ouT suualugAunis i nasugaas dewaliivad
donanmuazaels

23U 1.11 2edimanaasansdudanisiinureads E.coli luaninuindouves
YoumaaTisneiy ﬁﬁmmﬁwﬁ’zgﬁa’qmamzww@iaﬂizﬁw%mwmié’uégaLLUﬂﬁL%'asuaqwmam
veuvaraunsaswunlaidudiulvgluaisazargefunid uazdunsd arsazarvefiunsd
¥ 1 thundo (0.85% NaCl) wazthindotvlosvlaaln (PBS)ngluunmnuiasdanld
TuvaitiSeflegluanimwndonvesveanmiiiuimiedunde Aldumstidasenaiaun
ué wandliffiunalnnsdudsnsinuresuuafideldfiniy waiiBefiedluanmuindon

YaavasvaTlutiesreamn (PBS)

7.
Plasma . \ N
e A Y 'l . {
{ l 4 | _ Reactive species \ .
. Y %
Oxidative stress (T ‘ S
\d pH stress Tris -—
Bacteria in water \/ Severe damage ang

or NaCl solution faster inactivation

Plasma -\
A

y At — e
- .

Bacteria in PBS

Chromosomal DNA

Reactive species

° >

ol

Intact cell

Reactive species ’ o

Less damage and
slower inactivation

Cell membrane

Plasma

- ’
¢ Less oxidative stress

Less pH stress

Bacteria in some
organic solution Organic material

JUT 1.11 nalnmsdudauuaiisevaansiidamenataaniuasazangludnfsneiu

deldsunstidasonanauuudunieutu Auavazlifnimganisitauves
wuafide wmsgaanudunsn-asestrinesvloana (PBS) unulidsuudas flosann
AuEsatuMssnwAT pH waraulunsalasunisigadudyidnludmsuauaudily
nsedenadinneesasazanslunanaun uaziiieand pH voaUWasWadLWn (PBS) a4

o w

Wde 3.5 wulauisawiunalnnisfudauaiiiseedneiveddey
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23 AMUNUNIUVDIRUIUABLTIAULHTH
AIUNUNIUYBIRWIUABLTIA UL nuede ArruaToaauinlidigean
(Electric Field Stress) flauaunuld TngliiiAnnsiusnannieviilinisduawiudenanin
wazidenne dndisiduriuseiudennuruivesauly vsessezingasdianinsaiduliad
fowns (V/m) wienlalariseisufiunskv/cm) Armnaedanauidlnidildmvunmaiy
numuvasauuliilaeily awnsamlsanawinlniindiainaus (Uniform Field) A
numMuYasauIUdansulii Eb %uagjﬁ’wmaaei’m i JUdNvassIAdRUeIBLaningg

snwaraulRvadladianmsn (Dielectric) waztian Wudu

2.4 sUuuuvasaudlninlunisindanansun
Fnwazguuuvvesauuliliilasialuetauvadu 2 vie Aeauliihadiiaue
wazaulniildagiane Tnsauuliilddnwanediauisauusesnlddn 2 wuu fe
aunilaihliashiaveidntios wavaulnihliaiianogs sUuuuvesaulinfiAetuay
AndumusUuuuresdidninaafignieudasuseduli Tusuuuuvesauulifraiiase
(nszuaadu) waraunaunsaing uldileuseulniianssnaaduissedui o amei ol
wmaiismedmiudidnnseuiivzuenosnanoznenluas advlvbidnnsoundeudile
ot 9dasy devntudidnnseuvaniazy Lazdufduiusiuozneuviedidnnsoudue
seloundsnuiiuiwazsliinisUdosdidnnseunnniu assuiumshadsenusnanaan
Tuanulwinszuaaay m’mﬁgmazLLNﬁulWﬁﬂaé’wTﬂﬁLﬁﬂwmam pegalsAinu nsadns
wanauluawwlihnsswaaduinduddesesnszuiunmsinesaulunsadrsnataniis
sUanysel uazfinrwdniusiuaud wazussiuliiivesauaslvi waglusuuuuves
aunalihldadiiane (hsvuanse) auliinszuanss wardnansadatuldiionseus
psaffmdsnuissoingaasuaslvindnuitsamedmiudidnnsouiiazgniantdosoen
Mnevmey AdefulinszuaEdy Sidnaseuiivdesoonumanilasundseannnediay
9 wazwanduduleseuvetesnouniodidnnseuduy %éaﬁﬁ”l,ﬂiqjﬂWidaﬁ’sﬁumwmammsa%q
waraunluawnliihnszuanssaunsahldlagnisdrenszualiiinssuansandenugaliiu
aans lmiAnanuznanann lngagunanaunanunsnadisd uldvsluauslniinssuaady
wagnsvuansilaglinasnuieaneiudianasoudasy wazaswanusvesiivlosslud
naln wazdeuluamedmiunisadmaraieaunnsafulseninadlad AC uag DC ud

WWIARNUg U IAmEaULAL
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i A
d
A

i A v
d d
A A
GND GND GND

=
=
=

v

JUT 2.1 dnvagvastidianinsaiiinaneauulniludnuaeeng 4 (n) awuliihaieaus

(@) awnalihldaanedndes (A) aundliihldarianeas

24.1 daninsaaurnlndiadnane nueds aunliihadawingdunnge wu
anuurveIlIBantNIAlUIULUUTEUIU 2 WHUITUIUAN A95UT 2.1 Wuu (1) @11758

AualANNANNIS
Ed ~IF % V/im (2.1)

ge  V Ao wsssunteautnlUditBianings wiae Wu Vv

= | 1 a a 1 I
AB ANUNNTENINBLENINTA nETU mm

o

E, A9 anmpsenvesauinlniieds a gala 9 szwineddninse wibedu

av

kV/mm

Enme A0 AuEERvasaunulviiegean ey kv/m

max

lovouwsssulndlinusidanlnsaaurnludradausasAnusnA1IU T U N
AupseaauuliiihsznindidninsedavinduynyedsafinvuadmiadlaeUszsana wag
NszhavzNuIUBE1uNN U uAYUle TneNAnselanauaziinusnauduazinlila An

al d' a [ a e‘dydd 1 1 [
AMULASEAAUIU INANALAAI NS IR U MZAL AR USNAIULAADAIANNAINUABLS IR U LN

992UIUTULDY FIAUILAIN
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e v, A9 wsssiuliihiianisiusnanusaeaunulvhaiaus

Ao AnuesenauNlidiAianisiusnag V /m

2.4.2  ddnnsaauinlwildasinieue vineds arueieanisauulniuiazye

a J v

fAd1siueenlulneazdusgAua w9 ANLLANAINUBIAIAINULATIAYDIEWIN LT

Y
3 o

UL AUFULUUVRITIBANINTA 19U TIFURUUNTINGN FagUN 2.1 wuy (¥) Al

Y Y

AU (2.3)

: = V/m (2.3)

g p* A9 winwesauuliiy (Field Utilization Factor)

o = Ea (2.9)

Tngenvaznanlein 7 de Arwwdiislinsivirdidninsauudsluuuresdnvus
auuliihadvaueieddn Tnenaldazian <1 waswnmasauulnindesdeauisamuiu

pusnanuvetauuluauy i ldaianeidntesls aunsauinldanaun1sn (2.5)

E, = V/m (2.5)

Tngaunstazldlaameluguuuuilinalalsun deuinnisiayisa Sdininsandl
awnulwihliadanedinies wseldiusUuuuiiinnewusnaal wanaragun 2.1 wuu ()
na1fe neunisiusnanvazlifinssudlvasenindidninsauasdnvazaunlnineglidinig

Y

=~ a ¢ a A a = I a a
RIGEPIRIGN LLag"ﬂzLﬂ@L‘Uiﬂ@l’]'}‘u‘Vlu‘VW]ﬂ'lqllLﬂiﬂﬂaquIWﬁqﬁjﬂq@aﬂﬂﬂﬂqﬁﬂq@
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\ Z
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AN é
N \.\_\\__\ é
e 7
\‘\ T~ /
A '\\\ \‘-__\\\ é
R 7

" X d

U7 2.2 awulninszanelaensi3euiieusuuuudnvaBlaninsaluduuniag

susuuBianinsnfidawulniliadinaueg@aianueionauulniigazeyly

o D

a v a v & a aa Aaa o | Y] ‘:1'
UiL’Jﬂﬂ,ﬂaLﬂﬂﬂﬂUWUN’J@LaﬂIWﬁ@IW@JNU d au@ﬂ‘ﬂqm L%UEULLUUGU@QUGWHLLM@N @QE‘UW 2.1

v v 1 1

LUy (A) Nszezriseonluaniiduna agnulnainuasenguuliiiaz liranaseg1emuin

1

T93U7 2.2 BeBidninsaguiuull feenanuesenauiuliiigegaaz ferningAudanesdaly
a 3 1 I 1 ' a a ¢ X a a a A a Aa

Ann1siusnaludazidugneuialalsufansatuluusnarBidninsafeusianiien
AaAseaauInlilingean diuusiiud udsdauaseaauinliiinazliifalalsun
agtuluiufissminedlihazifianisfavisaildanysal aninlinaeavisdididninen
N i a ¢ | = o § val = v g vy a = ]

38091 MsfgvITIuNdI Fihlniinssualvaluiasideuuswiuliiudidninsail Sendn
nszualalsun Aranuasgaaudlniihgegadsaalaannaunis (2.3) ud 77 asldeuly

FatuAIAUASEALUSNANITREAUIARNENNTS (2.5) lildasgnslsAnnuaunis (2.5) fo1ald

ANUIMANUASIRAUNUINANALsIAUlATSUIS LA Awdleanaunisi (2.6)

E = V/m (2.6)

Wa V. Ao AnuLAssRaUUlniE LA

E,  fo usssiulwihndeundqlalsunsuin
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[%
LY

g E ez V, Aernuaiuaguinliiln wasuseiuliiinsuialalsun agiu
FeldlianzluneuilifuszglniinAnsegita8ianivsn wansisaunisi (2.6) dlddmsu
ATUIIANNLAS BREWIL TN (Starting Voltage, Threshold Voltage ,Inception Voltage)
= v a o v a a N ! ' ! a < 4
Faduwssrunivisuiianisiasuwladdugaeineseninedidningm 0199z duusnay
Tunsdafndianinsadunuvaunliiuuvalnauenisliadnanadniosuazeisaziu
wseruilalsusuin TuReulwwuulnihldadianege Famussiuusnaniagiaigandia

LSIPUBSUAY WAAIAIAUNISA (2.7)

V, =Edn’ (2.7)

e v, fie uIesuSueu

E, Ao Anun3nvasaundviniiinaintssqusudy v,

=

2.5 NN WY UVBINATHUN

A a = Y 1 Y v A

Waasanfsaniugvasaansiabl ianansasualaiuaniuendn 3 Ussan fe
weauds (Solid) veawnar (Liquid) wag wia (Gas) eealsinu wanaunieiduaniugy 4 uay
Juazaueiivey Wewindauautinuanaiteanly waraunindulaenisnszdusae
wasugann tngldfmdudinans mydandanugsiufevihliddnaseulufe sy
fuezaenluu3naly uazdwalididnnsourgaeanaineznounszuaunsliTenIINITUAN
v & PN v 2 ana A a X i 2 o9 va &
slulessulonization) nsusnsaluleseululfiseiinvusgnsasiildibnaseu

fvananezaeNsentfintusgiunn iiigunnduasnaieiduaaiuswanay

Increasing energy

Solid Liquid Gas Plasma

U9 2.3 aansulolrndanvaudaduaniuswaiaun

Call
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uena1ni leseuuazdidnasoudiind ulunaraniazuanngingsusuiy
(collective behavior) Fsayniamingg fiadeuilunaraunlifisusinasewataunseiuly
vinatu uidslnadooyniaioglndifssdulng eynialunatauiaunasednig
duaziiieuiiginiimnudlunsvuiuveseyninassiaiogIndiu eamisonannldin
wofnssusuiifunginssufingunanaiuanstusiuiu Weoynauszauanuievszgauly
wanauluuinniuudsuas aunsodeaualiinguld aualihfideduazneliife

nszualidsilugnisiiansauulniuasauuudmanld azdwmasonisindeutives

'
o A

aunAUszdug feglnasenty lnsanudmsduvesdidnaseu awnsadialadaunis
7 (2.4)

ilo o, AeAnuinsduvesatan (rad /s)
n, ABUSHNUANLTUILLLYRDENATEU (M)
e feAUszquosdidnaseuilin 1.6x10°C
m e 1avesBlannToulA 9.11x10 kg

£ Aaman meenlueINIAINdia 8.8542x10™2F /m

2.6  WANNITNUFIULASNITUIUNISAANAIEN
diateunssiulnih figannnedrdutilwivisaesidaiadutvin wardniladuy
Trau Neieiulussezauils aualniiregyilididnaseudadmdauin (Anode) Wadu

S 1 a o

nsvudliilvaseninedalniieaesda uinssuaduiadisnuing dussiulniiszning
Faluihaaossiinitussulaiiniusnanit (Breakdown Voltage) wsesuszaninataluiings
wssdulwimgansasiausingnisald Aeaunulwidussdulwiusannisasyily
Sidnnseuiindanugsauinnislossludvesluanafine Weiiansyuturilisidnnseu
Waudusazgnisagtauan daueynialessunnluanavesfieasiadngdiay awiliianns
UdesBifinnseudniou uargnismeliauniliindddauansiliiAnms leseludlaana
yosfwegenaiier wazsnwan1izlnaifawisa (slow discharges) 10113 udreznouves
Travfignuuasngeosnimouiiagiedeuiinigliauuluih esmeufivaneenuidanlvgjay

agluan1iziiidunarmnalnil ndsnssuseninsuanavesinedudidnaseuauianis
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Toaaludy losauiinn1sadouiivinindldnasauunnyinlilnddravilnadinalsyi1$a

(Positive Space Charge) intugs daudidnnseugnnitamauuliiigiiuinedasas

'
o

dndlihaniunganasenuinaiiieuiovun fuanuinadauslviheeiiim sidnasou
ndannislesslulsdugydendsnulunnldamisai undsnulddesldneld
e 3dldindsnugamediaglooouludfdlunsvunduioluld Tonadidululdde
navnnisvuazyliiinigluaniiznssiu (Excited Particle) 1udulve synialosou
Slosmshiufudidnaseundrazidunatsnsliii LLagﬂé’Uﬁamuwﬁu YIBNIIANIINANIY

nsgduveternoudanIuziiu sxdinislandassnd uwiwdnlniteanundiulvgazey
Tugramud wasvinlius i uias ogwas “Inaltfawnsa” @1uususeniIeadIaunu
In@Anaasnsaidunissiudnuveslossududidnasaulazaenadauad uklian il

Puaglimnudlurisdansthloanvsenasmdudiing

2.7 NITUIUNISHNANAIEUN

1. nszvaunslessluedu (onization) Ingauiliiinaznszililuianavesfineg
uarBidnnseundeudiiatu aunseielindsruaaifigeunniu vdmindudidnaseu wae
luanavesuiavziinnissuiy wazdmdaauvesdianaseuuinnevsyinliiinnssuiunis
lossluwdurewia wiemsuanduludiannseuuarleoay

2. anmgnsedu (Excitation) annirdiagiiavdsainnisvuiuresdidnaseu uas
Tuanavesufa Tnendanuiluanaveufaléfuainnisvu avdwalididnasoululuiana

wiaipdoumllegluszaunasnunastu vilierneuvedluanauiaegluaniznseau dalu

4
a < &1 4«

anneliinduidallondsnuiluanawialasuannisvuildifissmesanisiinlessluydu

] < P

MRIINTUBIANATOUNIGNATEAUIENAUFaN 1T Lagyiin1sUdeenasueaninluzuiuy
Yosuausendt Tineu
3. suAnea (Dissociation) anmeiliindulafsellondsnuiluananialasuain

AMsYUTRIDENATaUTAILINNIINENUlese lulw Ty

(-7} ‘:Iﬂ 1 =
2.8 ﬂ’«af\)&muwamanﬁmﬂwmam
Q’Jl a & d' ] cl' 1 (v} 1 a 1 ) a
1. M31eTdianinsanssezinanuanaeiuly Tuusazsuuuuasiinananisiia
PANAUILEDIIN TLULNIVBITDIINNMI oAUl rdINaTINIANS Iave kA das
nsswalnin
2. anueseanseauninin dnasenisniidanaitauilaeyvinliernaian1sLang?

Julessusenitnszuiumslossluedu Jaunliihdeseglussiuiivmunzanlaousas
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arnadaawliiasiululaednwar susuuvesawuliiinluanunsauusesnlaidu
2 %l Asawiuliiaiaue wavauuliinluadane lngludiuvesauiulniwuuly
adnaueszuUnly 2 wuu fie wuuldadianedndes wasuuuldasiiauesas Tnegunuuves

awwlihduedivdnuvaurvedidnivin wandugui 2.2

Y

2.9  Ussanvainangaun

wanaunannsaudaliiu 2 viamuundsiuie fe wanaunfleglusssuud (Nature
plasma) LLaswmamﬁgﬂUszﬁwﬁsﬁumﬂﬂﬁamwé Fsfinmsutsmmgugivemanauesniiy
2 naustsil

2.9.1 wardugun)ige

Tngnanaunluuuuuiazdunisiagsauvvaninaunaniamesiulaundn

wuulang (local thermodynamic equilibrium, LTE) wandungaugigeinainnisaelssq

. o
= v U a

LUUD15ARAYISA (arc discharge) Bainannssualniiignasludstadidninnsenineaauan
wazdau Mnlminaus19dnduseninedd aunssauliuiawansiegnsguussaunanaidu
UsgquinuagBianaseuinvuluduiumn wagazgnisemeawdlninfiegdravingiau uae
r-ﬂ' = ) 2 v v N =~ Y a '
ndeuilUruivernauvsoluanavednidnionudguazsuLse Sedwaliiinnsuaesy
Uszglugluuvalisa (spark) niadudwdny d1uaunin (filament) Winiduaaugaes
WANAUTILANUAULAZNGN UG
2.9.2 WaENIQUNYIAN
wanauluguuuuiiasduniafaysouuunarauanwaunamesiulaundn
wuuliianig (non-local thermodynamic equilibrium, non-LTE) ﬁﬁﬂwmzmiﬂdaﬂﬂizﬁ!
a 3 & . ) [ a I
LUUAAYSASoeUaY (glow discharges) Wun1siaiuiaainnataugamgias 1unisan
Anusulumsiiananainlvisnas lngiinegyas 0.001-10 nes viseluauAuuIsEINANILY
fAannsaianataunld lnsaamgiidnagligaiudedisuiuanmgiivies urdmsudidnaseu

ilgauuniigunn ymmAansyuiusuuldgangu nssuiumsfassaiindenssuali

[
LY <

gnaslussdrdifininsavlfiAnmusnsdndseninadauanuazdrauiigswesunsedulsiufa
vdusuiusazuand narelulessuuinuazdidnaseu Bidnnseuazgnisaiieauuliin
ugsdhuan uanideuiiluruiuosnounieluanavesfa shliAnnanssfuuazuandauiu
looou eynafiegluaniiznseduazUdoslunouseniuazndugannigiu Inslwnoud

Jagaanu1gyN LM ALAIEIN
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2.10  USTANVDINATEHUN
2.10.1 ms‘ddaaﬂﬁu%mqmwﬁqa (Radio frequency discharge)

aa

Aauaudlunsaianatany audnlddnazegluyennuding (RF) @

o19aveglutiaunsiBend (MHz) wie Ansdsnd (GHz) anudludisuszannianunsoaing
wanaulfegnadiusyansnmuaniaiiosnn maliadaldldafausui uas vadianunen
¥ lFmnufuussemdlunsimaaunaing
2.10.2 nsaeUszyluihaaululasian (Microwave discharge)
msmeUszalaiiuuuedululasingnldlunisadrewarauuuuisauna
Arwiou uaznananitliaunanisaufeu Saarauuuuedululasivazgnaireiude
ussulniiuuuiaddnaznisvdesndululasnwlindsenlihnnudgduraeindsnd
(GHz) Fuld Tnedrlngmudvesrdululasnndldlunisiidanatauiie 2.45 GHz 3
arwiluguilosouunsdidnasouagliindoudl esndidnaseuliannsonunisduves
arwidluguild lisidnmsougadundsnuuazyutufulnanavesie vililuanaiin
nmsuanddulossy Famdauveinsruiuvesdidnasoudulinanadl saudaduneliiin
wanaNTTiAaLLLg
2.10.3 fdv¥13ai309uae (Glow discharge)
nsaeUszyliiuuufaysasessas (DC glow discharge) 1uusingnisal
vosnsUdeslwiifiAndulueinianiofe iflefin1svanddosuszalafiuisanelng
wsaulnifnszuanssilddvivazeglutimdniesliaduaznszualifinazoylundn

v
4 a = 1

faduweul o1atAndunanaiulun e ululazn W osANe o W9INISITIUN TIUTIAY
winaal WumunguesawY 9n3UN 2.4 Welsududienswuliihfualuanssudlih

siindumunssiulniuaznszualiihazdudaiguge B) eanndidnnseufieonain

[
v

Trualnanieiind ulufier e slumdueluavue vilwluged nszualiiiuas
wssulrinaglafiadu aunseiadoussiulwihdsamdsnseualafiasidmiuduedig
ndlmuudea Fonguiinsaeuszglwiuuundisududdiminduuss fulid
wndu nazualiih Aasdindy vilinssualwil lnaifiuann a 9adazgnifeninusnand
vdsnnaiAaiusnadldussiuliliihinnasenluresinslunisaeyszelwihazyuas
Aumdoqarian laggaeqn (€) uaz (F) azgaisonindrsaedszalufiuuuisssuasund
sonniuinszudlihifiutudn gatanfnmsunnshananudeulufsuasfiialanzdee
gniFendinmsaneyszgliiiSosadhiund deeglugiu (6) uddnssudluiiiudusiold

a a

ALANATOUILVRANUAINAAILAINTBULALLAALAND Bgailazgniseniinisiianisaulse
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Electric discharge regimes
dark discharge glow discharge arc discharge
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concentration higher electron
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electrons © o lower energy
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n1sAeUszalniiuensmeauiunielauiuny MFendnisaelssauuy

ruugssnutungtosiudidninsawuurwuniituladidnrinegseninatiu nsinune

Y

ol

o w

dannanseualninlaagreiused@nsnieatesiuniswanatenssuseniell 350159159l
a = | | a . i = o a

3endnog1971n15A18UTEUUUTEY (Silent discharge) LI99491NA15YNUNLIBU NS
Uszandldnisuaeelnihiwenmeawiuldgnihunldesaunsvanelugnamnssusieg dnns
MlUTEluN1995793U8n TN N1sas1alalaudInSUNISUNTALIEY kANt alsaty

a a o o

sruuUsueInIea wardus) uenanil mallan1sunsalagldian lndidnninduwiaulaegied

v '
ada o a

UsgAnsninitanuduusssniaund warauniiadadudaeisihauiigungilngdifesty
onumgiivies msvdeslniniluenssaunlunsivuasuuussuugszunuiaeglinisnsa
Uszqliiihduszansnmuastasasadleioufuismsmsauuudug denisuuzidy
didnn3nszninadianinse Yaeliamnsamuaunszualiildegauiug annisaayde
WEIUTTINNIEUIUMSNIE uavanmudsmesetanilldlunisnsatenintu Snvae
nsmeUszguuudeuresisitisanidessunuseninanisviey vlinssuiunisine
Sev warldsumuanimuandelneseunseiiuiivinaudug nsldnsdeslnihinenauiy

¥ S aa a Va ¢ Y 1 & 14 ! Naca A A i = a a
metudiannsnlafigauuaiinduseloviluausineg Tsnveielauasiiuseansnm



30

M H—
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I l«——Electrode
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powger suppli @ Plasma _"l_ J— Dielectric
| «——Electrode

GND
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2.11  MINEVITVVIINANFNIVURIVDUNAD
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e +0,5>0°+0" +¢ (2.5)
e +H,0 > H +HO +e (2.6)
e +0, >0, +2¢ 2.7)
e +0,+M -0, +M (2.8)
O"+0,+M - O, +M (2.9)

e +2H,0 > H,0,+H,+e (2.10)
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HO* + H,0, — H,0 + HO; (2.11)
O+H,0 — HO* + HO* (2.12)
O, +H,0, > HO" + 0O, + HO; (2.13)
O, + HO; — HO® +0, + O, (2.14)
O,+h+H,0—>H,0,+0, (2.15)
H,O, +h — 2HO" (2.16)
e +N, >2N"+e (2.17)
N*+0* - NO (2.18)
0" +NO — NO, (2.19)
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[ a a

lalasiauweseanlas (H,0,) Ujiseneuyalansenda (HO) Wusdaiiaujisentisengdu
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Y

lansenda (HO) yhujiseniuansdunsdiveaivouyalnivinliAn Ui iy

Oxidant Oxidation potential [V]
hydroxyl radical 2.80
atomic oxygen 242
nzone 207
hydrogen peroxide 1.77
permanganate 1.67
chlorine dioxide 1.50
chlorine 1.36
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2 H*, N, H,0"  QOH, H, 0, 05, H,0,,

2 0% 0;* NO, HNO,, HNO,

= 4 diffusion ‘ I diffusion  diffusion

»  |H:0,H,0H,0 & "

g N & OH,H, 0, & g

5 SPULLERING. S /Y diffusion

£ H,, O, evaporation

z ¥

k= Y electrolysis RN
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© . H,0
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NANTISNAADILAZILATIZIING

4.1 UM

Tuuniagidun1siana TR hazeaNLUUT UADUNITNAABIFINTUNITAITA

a0

wuaiisedinelsaluinlngldmaluladwanasn Tudruusnazidunisiausatuliing sl
nIzUARSs Mnunaseiitissendldlumsaisaualiihguiosidawaann anduly
drunseassisaeuuaiissluinsdendudenolsalaun Streptococcus agalactiae,
Streptococcus iniae g Aeromonas hydrophila Tngazinad ldannszuIunIsaas
msidnuuafiGenelsaluhlngldnanaulaeiinguszasdiiioinmesiuadnsals Favuds
N15U52 A UN198Ma9U8991WIULUATILS slagn1sUseLd uUssanS nnveswataunly
NSEUIUNSATA UenINdNsAnwTIRomadeUsesnaTMINEaNE M UNSANTALTe

WUATILSE LNEUSEIUUSEANSNINVDILATIIRAULUY

4.2 ms"’a’ﬂLLazwamﬁmwﬂw%u,saé'fuqq
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pdnmsvhauvednsulifiussgeanunsnosuiglddal nistaussdulndingeasld
mansvesnsuUsaiy Tngazinsasuisussdungluiianuseiulngdleglussiuiiannse
fldlngliifnaudsmerainiasiotn waeildiatasie Adivinldlneldgnuasiadiuniud
Fouselunsimuaaianiziiewus uazanneunssiuldi lufidamisaduanldan

AN (4.2)

Tned
Vout :Vin R2 //R3 (41)
R1+(R2//R3)
o (Vour)
" R,/ /R,
R +(R,//R,)
A (56.26)
y 10MQ//11.09M Q
1000M Q +(10M Q//11.09M Q)

_ (56.26)
"~ (0.0052325)

V,, =10,752V

Tnen1sgednaun1sman V,, aelarusesiuioanainieasiussana 10,752 Tad



sU# 4.2 Samnudumuniely Digital Multimeter (DMM)

U7t 4.3 Yausasiulaifingssae Digital Multimeter (DMM)
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5U# 4.4 eaeunssiulifings(Flyback Converter) 3nsne Digital Multimeter (DMM)

JUN 4.5 negoueasussaulniings (Flyback Converter)
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gﬂﬁ 4.6 NeapuRsLIuliiigs (Flyback Converter)

AC/DC CLAMP METER

Ut 4.7 nszualadiiiinldanniledunmues (Flyback Converter)

INFUN 4.5 LfJumimaamaf\]sLmﬁuIWWﬂqﬂ (Flyback Converter) Uni n13vingeu

agnageuiisze 10 Tadwns wssruntaiannnisinegiuseunns 11,300 Tad uaglugui 4.8
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Wunismaaeurasusenulnings (Flyback Converter) sioid11u1935 Voltage Multiplier

! v a1 ] a 1 a A a é{
NULTINUNATU TN ILANLANNITHUR UL UAIUDINTZANLWLNNUY

JUN 4.8 naaauasusnuliihigs (Flyback Converter) sialinfiuaeas Voltage Multiplier

5U#l 4.9 naaeulasuswiuliifings (Flyback Converter) siaidnfuasas Voltage Multiplier
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CLAMP METER

REL/ZERO MAX/MIN HOLD/X:

True RMS

gﬂ‘ﬁ 4.10 nszudlihiiinlfandedunaves (Flyback Converter) fiseitnifuasas Voltage

Multiplier

Negative electrode Positive electrode
e —
L

U7 4.11 2993usadulaifings (Flyback Converter) siaidnfua3as Voltage Multiplier

Y < [ Y d’l A Y
4.3 A15IALALAUNANITNAADSIUNISAIIALYBUUATISEABWAENN

Tun1snaasaAIaanIandawuniis oluun a]zﬁwmimaaﬂuizwmimwLﬁsmgﬂ
Uarllavasiln (Swimming up fly stage) InaszuuimngluunfagivSunaninlussuuiniziaes
71U 150 ans foby 3000 W navisuwanlasueandaulussuu Insurlussuvay

= 1 = o v & aa v v & a
‘l‘ViaL'JEJUN']UL@?@QW]Q@L%@LLUWVILiEJ@'JEJiSU‘UWﬁ']ﬁN'] I@IEJIUﬂ']iV]@a@QLi']QSIGULGU@LL‘UﬂVlLiEJ
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4.3.1 ﬁ%’]\?%ﬂalﬁﬂiﬂiﬂﬁ’]L‘ﬁﬂ‘wa']ﬁll”lLLUU‘Uﬁ’]EILL‘VIaSJ-ig‘U’]‘U

dnsunsesnuuudadidnlvan lnnisdraomanis Simulation Tudnume

JULUUTRIUABUaU-TEUIY maa%maumlﬂﬂwgﬂLLUUlaiaaj’wLamaqq wuuilnBulnan

didnn3n Tnednunzvosasuaurosdidnininasdensluuudididninsn suuuy v 4

syogvinaseminsUatsuvan (d) ey 20 fadiumsuaysyazansunauinanininiia

I

Wi 10 faduns Tunisyirbliianiswevasauulnitazanuduvesauulwi ez au

'
a

ian lnedlszoganuinueadingu 10 dadwns Asgua 3.13 anvaesukuuraslalgunay

9 Y

[ ' -] a « a
ﬂ‘ULLNu38u’1ULL‘UU@JU’]L‘UUIV@WVLWEJLﬁﬂG]iﬂ

MITN 4.1 UAnITURUUNISNARRUNIAINF LT US TEnI9T8uevinavesUaig unay
S28¥919999UALNANAURIUT haTTLeEIa b UNISNAABUABNINITN

Wakuaseluun

1380 SYYLWITEIRINNUANENBILASA UL SYYLPNTTRINUAIYNBILAY
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432 WRsunsaaastUaLuaTiGe
TunsAnenszerinavesUansunay szezvisvasatsuanfuing wazan
Amunzausenisidad suuaiisoludn aeild g ouuaiiiZonelsasiuiu 3 vida Ao
Streptococcus agalactiae, Streptococcus iniae ag Aeromonas hydrophila lagagyi1ns
Lﬁyaﬂuawmslﬁyw,%a Tryptic soy broth (TSB) L‘UEJ"lﬁﬂ’J’mL%aiE]U 200 rpm Uuﬁlqquﬁ 37
°c 1unan 18 vy, WauAUIMT IS suuAT LS Bud ezl TR T1uIui i fy

(5x10* cfu/ml) nauthlunnaeu

Valve control

High Voltage A T 'h""

Water Tank Pump

JUN 4.12 unudasyuunmsmiIneunuaiiiielui

Water tank

Water outlet

Positive
electrode

Water inlet

-:4' o v & aa S
ETJ‘Vl 4.13 ig‘U‘Uﬂ'ﬁ‘Vlﬂa@\‘]ﬂ'ﬁﬂ']QﬂL%@LL‘UﬂVlLifJGLu‘U']
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U 4.14 msnaaedldnaraunimdaiewuainselu

4.3.3 NaN1INNaY

NSAUFDE1NUINHIUNITNAFDU AENATFUILAL 1NIN5LI9199875

]
=

Multiple log dilution wazthundsluemsiaeade Tryptic soy agar (TSA) Inguniganail

9 Y

37 °c \Junan 18 vu. uatuduaueasiidin (Colony plate count) AaetA3astuTIuIU

laladl udrtuiinue Aweanslugun 4.5

JUN 4.15 1waal@inlag3s Colony plate count luemnsideaiie
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JUT 4.16 feg1niluszuunsmaagensiineLuaiilse

PMNNTANEITEETUIURIUaBLRaN SE8E1VIUa8LNaNA VNI Laztaaii

1 I dgll a a ,ol ! ¥ d' 1 1 1
wigauRon1segawuaiseluln wudn NsUaI1eNeATISEEEYiNg 20 Uil dINaRBNIT

'
A = o 1

dnyanuanseluilaangalloWisuiuszur 58nIaUa1eMeauae 10 Uu.kag 30 Ui Las

©

1
a o A

PUITLLUURIENDILAIAURILINA 10 UL.Aduanan1saanuaiselullannin 20 uu.

a a0 ' o o X N a TV va a
LAZIZEZIAINISNAADUN 20 U9 danansenunan1snidaanuaiiselulannii 10 w1
MUY NSITUA8NDILAINTEEZING 20 UL, 528ZUI9989UAENDILAINURILIN 10 Y. way
LaINITNAARU 20 U9 danarenisendeuuaiiseluunldgeianin 32.30% Aauana

Tunseit 4.2
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AN 4.2 NAYDIANUFURUSTENINNTL LUl aswiaN S2an9UeIUansbianeR?

3 o o & o ]
Uuagsregalunsmineluaiiagluii

, FLYENNTENINUAENDILAY
ILELU
10 uu. 20 1. 30 da.
Uane .
LN . , N34 ,
L | meaeiy N34 P A5l
(u) L log P log Wwolu log P
Aelve ol y Welu
cfu/ml y cfu/ml U1 cfu/ml y
(113.) 11 (%) 11 (%)
(%)
10 4.71+£0.03 | 13.44 | 4.42+0.05 | 18.78 | 4.64+0.03 | 14.79
10
20 4.95+0.05 | 9.02 | 4.83+0.03 | 11.23 | 4.87£0.02 | 10.44
10 4.23+0.03 | 22.32 | 3.67+0.20 | 32.30 | 4.28+0.15 | 21.34
20
20 4.55+0.02 | 16.38 | 4.49+0.02 | 17.46 | 4.59+0.01 | 15.64

4.3.4 d3Unan1ivnaas
NuITedladnauen1TIASITaraanLuUssUU N L anataun Tudnwae
ag.// a a < o [ o w -d’lj a a qoj A Q’lj
vastaBianinsaiulvuUateuvad-seuu dwmsumdaweiuainiselul iensimeidesgn
Uafia 1neyinn153AT18uar 189 UUAIUABEMAINUNAIAL L UL UaN gL AL VLW TE0
noAsndvateuvansluszezRuanaeiy 3 JURUUAR 10 dadlung, 20 dadiuns way
30 fadwns N5 UeUIIaanUTEeL1naaInRaE 10 Jadtussway 20 HadLung e

[

AnwuardAsIeinaNsIAMaIIUULRINTNATNER NNENITTIaBIMUIINANNNVRIUATY
Wiauwiniu 20 fadwas Iiunniswanszatevesauuliilamungauian wavilieviinis

o w dy a a 96’ ) | ! 1 dil’ a A ’Oj
nageun1sMInauuaigludiluannsveaeu 20 U1 denasienisain@enuafiiselui
lafe 32.30 % lagnisldwarauluszuuinigidsegniardalidenanoausssous
N335 AUl 8031N13500 wazA1asAUTENBUMBATTUAIYaY IINNANITNAADIAINNTD

Ui anismaasnuaiiselriuseansamavusalulusuina
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TUsunsuABUNLmes (CST Studio Suite 3D EM Simulation and Analysis Software) Wile
$rosmsusnszarsvesauniliihuasamduresaunulnihviofud Werdudanaraunuy
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fodiuns fufinsuinszaevesauniliinldvmnzanign nduldvhmmeaeuaiag
nseeniuuiaBidninsatstavanlidssszdasunaniisvezvinsninduminiu 20 fading
Tuilswasthavasdunanegfide Tnefinnudnveniiog 10 fadumsegnsinandlngasiva
iuszninadadidninn lnsazUdesussdulniiignszuanss 15 Alalad tevhliAa
aunulniiillasiianegezdsmanlfifionatan woaznvsiansageunisidaie
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NAEBU UAZYIN13LE 091982833 (Multiple log dilution) wazyn1una olue misia el
Tryptic soy agar (TSA)IﬂsJu'mﬁqmmqﬁ 37 °c \uian 18 vy wadudiuiuwasidin
(Colony plate count) shewaiesiusuaulealail wnnisiidnitonunilSemenanaun duwa
sionsanduuidenuaitiieluinaddia 32,30 % lnglddsmansznudenmamsdssgnuan
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ABSTRACT

Bacteria in the water of the fish cultored gystem
influcnee the growth rate of fish. Contaminated wates
makes the fish weak and sick with various disesses.
Therefore, the anzlyais and design of a plasima discharge
system for disinfecting bactena in the water are being
studied. Thie plasma discharge svsbém consists of a saw-
wothed copper plaie as the positive clecinede, . an
aluminom plate as the negative éloctrode, and waner
under test. The experimental findings were compared at
distances between the saw-toothed of 1 cm, 2 cm, and 3
et to study and analyee the best power distribution apsa.
The beat distribution of power can be achigved as 80%
at & gap of 2 cm. When testing for the elimtination of
bacieria in water, the proposed plasma systém can
destroy 32 30% of bacteria in the water with a testing
tinke of 20hmimaids, which leads tothe developiment of 4
plasma generator for the. fish beecding industry in the
futuere

Keywords: Ploona discharge, Sacierin, Corona, Fish,
Werser

LANTRODUICTION

Nowadays, the number of fish has decreased due to
mapproproate cnviconmental conditions such as water
poliution and destnaceion of fish spawning sites | Samah,
2009, With the-high - grewth rete. of the woeld
papalation, the number of fish in natuse 32 ool seffcicm
for comswiners. Therefore, it 15 csscnitial 1o ose o wWater
cireulabion system 1o iosprove  water guality and
conserve water. I the hatcliing systemn s infected with
pathogens or parasiees, it affects the survival rate of baby
fish. The decreasing number.of voung fish is detrimental
o il income of the fish farmers. Therefore, redocing
the chances of infecting fish eegs with pathogens or
parasites before hatching s of great imponance w the
fish farming industry (Bhujel, 20014 1

Plasena  fechoology has been widely used o
disanfiect bacteria m water teeatment cxpenments by
tinig fowr dischaspe voltage below 10V Plasma iz &
sotrce of high electric fields, energeteally charged
particles, oxidizng species. reductive species, UV light,
and even shockwaves. There ane many stndics that use
plasma for the removal of organic compounds and
pathogenic bacteria in wastowater. (Flang, 2022) The
type of discharpe depends on the chasacteristics of the
pointed electrode. There is a highly uneven distribution
of clecteic figld stremgth as the voltage differcnce
berwesn the electrodes moreases until the insulating
matetial glows at the region of high field strength. The
Righest elecaricity is at the pointed tip, and the resaling
glow i8 called the corona. After the corona, if the
potential differcace between the electrodes increases
gradually, there will be a break-down between the
clectrodes. {Joshi, 1993} This sescarch concerns with
the Svestization of water reatisent by releasing bow
voltaze in water. For the mnechanism of destruction of
microorganisms,. plasma is effective against a wide
variety of microorearizms. The main mechanizms can
e divided into thred mechanisms.

Firstly, oxwdative siress on microbes caused by
onygen and casbon s reduced after being preveated by
plasma discharge. Hydregen peroxide HyOx) can break
important peptidoalyian bonds a2 a result that the outer
cell walk of bactesia is destroyed {Yusupow, 2013k
Secondary, plasma  systemy influenees  intracellular
components.. (shojast 2022% can be checked about
potassivimn that is leaked fro the éytoplasm by using
aromic absorbanes spectroseopy { AAS) and absorbance
detection at 260 nm oand X80 nm. For estimate the
amouiit of ntracelular DN ABRNA and envitted protein,
it seen that a pofsssinm i thereased of 228% m
cumcentration aid an optical density (0D 21 260 i and
280 nm were observed o merease rapidly within 5
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Fig. 1 The diagram of the plasma sysiem.

minutes. This indicates thar the integnty of the cell
membrane is damaged (Zhang, 2013} And (Dolczalova,
20135). Finally, the physical effects of plasma on cells
mainly include pH, oxidation-reduction  povential
(ORP), UV radiation. and shock waves, The formation
of RONS mesults o an acudic pH of the plasma, as
described in the chemical propertics section. The
physical and eovironmental pH causes the intracellular
pHi e decrease as previously mentioned. When the pHi
is below a certain threshold, almost all memabolic

esscs in living  microorganisos  is  stopped.
{Kashket, 1987} The World Health  Organization
(WHO) standardizes drinking water with an ORP of 650
m¥, which provides tantsneons  disinfsction of
bacteria. Therefore, a high ORP of plasma plays an
important role in killing germs (McFersen, 19933, UV
rays abso dnhibil  microorganisms. A quantisative
analysis of UV radistion from corona discharge into the
waber is determined and ¢ ined the Empor of LIV
effects on bacterial inhibition and 30% of everall E. Coli
(Spetlikova, 2000). Therefore, the plasma discharge
systemn can effecuvely destroy bacteria v water, The
diagram of plasma systemn for disinfecting bactericidal
in water = presented i Fig 1

2. PLASMA DISCHARGE IN WATER

Chemical propertics of water when stimufased by
plasma include smghe oxygen, superoxides, ions,
clecirons, ozone, UV, and elecric fields When the
plosmia reacts with o water, catmlyzes a dynamic
chemical reaction, and forms an squeons reaction. The
transient highly dynamic release of the plasna produced
in the liguid is associabed with: the rapid decay process.
which 15 mostly driven by high-vobage electrc Belds.
Plasma  ireatment of waiecr leads (0" asymMetric
dissociation of water molecoles. This resulis in the
formation of shor-lived species such as hydrosyl jons
el bydrated {Solvated) electrons. Tons and hydrated
(solvated) clectrons react o form mdore stable groups
including superoxide, ozone, and hydrogen perexide.
(Bruggeman, 2016} and (Khlyusiova, 2009). Hydroxyl
radicals are short-lived. highly reactive species and have
a very high redox potential in the presence of organic

liquids. Hydroey] radicals influence water purificaton.
It hias been effectively exploned for the rermoval of many
toKing. reducing TNy anad increasing
biodegradability (Wang, 2018) and (Chamarro, 2001).
Hydroxyl radicaks are highly reactive free radicals, with
a 280V redox potestial, which anacks crganic
malecules 1o destroy them (Oh, 2006).

Activation of water by plasma system can be done
in rwo ways as plasma discharge i plases-liquid
systems and plasmea discharge on the liquid surfuce.

L1 Plaisma discharge in plasma-liguid systems

The plasrma discharge in plasma-liquid systems is
like the gas phase plasma. The plasma-lguid system can
be classified according o the method of creation.
However, the type of lguid interaction is inysortant for
the plasma-liquid system because it affecis the
propertics of the plasma. The system can be divided as
follows: discharging in the gas phase above the liquid,
direct discharging in lquid, multi-phase discharging, or
a gas-liquid hybrid system. (B.R. Locke 2006) and
{Bruggeman, 2012).

1.2 Plasma discharge on the liguid sarface

I the gaseous plase, the plasma is exposed to waker
vapor by clectrons in the plasma, and the excitation
cnergy kmown as  indirect release produces many
reactive oxygen specics, such as nitmtes, nitries, and
free radicals, (Zeghioud, 2020)

1. DESIGN OF PLASMA DISCHARGE SYSTEM

For the design of the plasma dischaege dectrodes.
copper material 5 used to determine the plasma
emission conditions. The copper plase length is fixed az
Th tnen, it performs & positive clectrode. The elecirods
composes of three pointed tips and the distance from
pointed tip of electrode to the water surface 1 shown in
Fag. 2. The pointed tip is used with & copper sheet with
a thickness, width and length of 0.5 pam, 10 mm, and 70
mmt, respectively. Moreover, an sluminum plate is
located under water at depth of | com. In the experinsental
section, the proposed plasma dischasge i divided into
sl expermmental cases of testing fhat are case Al A2,
Al Bl B2 and B3, determined the est cases as shown
in Table |. The optinuzed parameters are h and o that
are height from pointed tpoto water surface and fse
distance between pointed ends. There & a plasma
discharge on the liqoid surface.

4. RESTILTS AND' DISCUSSION

Bactens preparation for testing, three pathogenic
bacterias are streplococcus agalactiae, sireptococcus
imige, and scromonas hydrophila. In addition, three
beneficial bacterias are bacillos  subilis, bacillus
pumilus and pediococcos spp. Bactena were cultured an
tryptic soy broth (T5B) culure medium. They are
shaken at 200 rpem at iemperatare of 37 “c for 1B hours.
After that the sumber of bacteria of each type &
caleubated 1o oqoal (5x104 CFU/ml) and mixed before
testing.
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Fig. 2 Schemane overview of plasma disclvarge on the
water surface when height between pointed tp
characteristics so the water surface (k) and distance
between pointed ends (o) ave varied.

antlet a
(" Fushiive " Mogative )
elechrode \ _"'D“_"W'_,.-
Weter ) o
inled | ¥olage

Fig. 3 Prototype of plases system for dismfocting
bactericidal in water,

Table 1. Experimental cases study of plasma discharge
on the water surface.

Height from the Distance between
Case | watcr surface (k) pointod ends (o)
L) (=)

Al 1 |
A2 I 2
Al 1 3
Bl 2 1
B2 2 2
B3 2 3

Fipg.3 shows the photosraph of bagterta destruction
system by using phaspa discharge emission when
poineed tips are located over & water sorface. The fest
was poerformed st the distance betwen the copper
poanged tip () and the distance of the pointed tp to the
water surface (), in conjunction with the appropriate
timbe to eliminate bacteria in the water. The prototype =
composed of plasra discharge systern, negative and
positive voltages, valve contiol and water under test.
The syatem is earried cut with & volume of water
circulating as 150 litees, with an experimental cases
srudy as Al A2 AY Bl, B2 and BY. In the water
bactericidal test, 3 pethooenic bacteria and 3 bengdicial
bacteria are put into the propesed system and circulaned
theowgh the plasma system: Then let the water flow
down to the vortex tank. The time required for the test
was 10 and 20 mimates. The camples of & water wnder
tested (WUT) are eollected a2 shown | Fig. 4. The
samples are diloted by moluple: log  dilotion asd
distribited i tryptic soy agar (TSA) mediom

Haoieria in Bacivris in B lgria im

= Canial wares WIT ai 10 e W w00 i

Fig. 5 Colony plate coant bacieria.

Morcover, the sample water 15 incubated af temperature
of 37 *C for 18 bours. Fimally, living bacteria colls are
counted and performed by using the colony plate
method: The results are depicted in Fig. 5. The
measarernent resulbs are shown in Table 2. From the tst
reaulis, the distance of the pointed fip fo the water
surfaee i found wsing the pointed fp at 2 cm had the
best effect on dismfecting  bacteria in the water
compared tothe distance between the tip of | conand 3
e, The point of the tip 5 | cm away from the water
surface, d has a better effect on disinfecting bacteria in
the weater than 2 em, and the st tine of 20 minutes has
& beiter effoct ondisinfecting bacteria i the water than
10 minutes, Therefore, with the use of the pointed tip at
2 e, at | cm from the water surface. and a test time of
20 min, the bacterieidal effect inwater is-the highest at
32.30%.

5 CONCLUSIONS

The study peescats the design and analysis of a
plagne discharge system for disinfecting bacteria in
water. A sawtooth  plasms’ power cmitter was
constructed using 2 copper sheet with tee pointed tips
above the water suefsee The opsinsal resolis for bactertal
reamoval dn owater were obtained when the distance
Betwoen the pointed tip was 2o and dhe distance from
the povinted tip to the water surface was | em, and the
testing tinse was 20 mimites. The system was able to
retnove aronnd 32 30%5 of bactersa i water. The resulis
can be used o inprove the effectivencss of fufure
systems for dizinfecting bactena in water.
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Table 2. lnactivation efficiency of bacteria i WUT

o Distance between pointed Hps
b 1 cm 2em Jem
] e — =
Teme inted Inactivation Inactivation [nactivation
{min} nﬁ P Loa cfficiency of Log efficiency of Laog cfficicncy of
fem) CFUW'ml bacteria in CFLUml bacteria in CFUml bacteria in
watet () water (%) water (M)
0 | T 14003 13.44 4.42:40.035 18.78 464003 14.79
2 4.95+0.05 9.02 48303 1123 4.87=0.02 o044
2 | 4.2340.03 2232 3.6740.20 3230 428015 21.34
= 2 4.55+0.02 1638 4454002 1746 430001 15.64
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