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Innovative design of ultra clean, pathogen-free, wastewater-free urinal with no foul odor and urine splash for

food industry, healthcare and nursing home of Thailand’s aging society
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Abstract

The wastewater-free urinal consist of high-energy ultrasonic waves generated by piezoelectric
transducers that have been used to produce a fog containing hydroxyl radicals. Different AOP techniques
have generated the radicals. The dispersal of this highly oxidizing mist of micron-size droplets destroyed
Escherichia coli/coliform and Aspergillus niger colonies that have been artificially spiked on surfaces. The
wastewater-free urinal was tested the efficiency by using the AOPs employed include H,0, (1, 3, and 5%
w/w), O, (7 g/h ozone tube at 2 L/min of O, flowrate) and UV (4 units at 15 W each with the total fluence
of 2.88 kJ/m’). The individual and combined effects of these AOPs set the hydroxyl radicals generated and
consequently the degree of microbial destruction. Both ozonated water and UV alone were ineffective. The
H,O, mist produced some E. coli/coliform inactivation graded with concentration. 4. niger was more
susceptible to H,O, mist than E. coli/coliform. Photocatalyzing with UV light did not significantly improve
the E. coli/coliform inactivation with the H,O, mist. However, substantial inactivation of 4. niger was
achieved with 1% H,0O, concentration; total annihilation of 4. niger with a 10-min fumigation of H,O, only,
but with addition of UV photocatalysis a 2-min fumigaiton was adequate. This result illustrates that UV
activation of H,O, mists generates powerful oxidation of hydroxyl free radicals. Ozonation of H,O, mists
most improved its efficacy for E. coli/coliform inactivation compared to the other methods. Ozonated 5%
H,0, mists applied for 8 min was able to completely destroy E. coli/coliform. Ozonation also enhanced the
destruction of 4. niger. When hydroxyl radical UV and ozonation activations were combined, the reduction
of E. coli/coliform was accelerated at all concentrations of H,0,. A 4-fold reduction in fumigation time was
still effective for bacterial disinfection (the more difficult situation between the two). At 5% H,0, treatment,
the fumigation time was reduced from 8 to less than 2 min. The application of combined O, and UV treatment
totally disinfected both bacteria and mold with just 1% H,O, mist. Hence, it is possible to use a minimal
H,O, concentration making residual chemical from this combined scheme minimally toxic due to rapid

disappearance of the highly unstable free radicals.

Keywords: Wastewater-free urinal/ Free radicals / Hydroxyl radicals / Ultrasonic fumigation / Bacteria and

molds / Advance oxidation processes / Disinfection
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Oxidizing Agent Oxidation Potential (V)

Fluorine 3.06
Hydroxyl] radical 2.80
Oxygen (atomic) 2.42
Ozone 2.08
Hypochlorite 1.49
Chlorine 1.36
Hydrogen peroxide 1.78
Chlorine dioxide 1.27
Oxygen (molecular) 1.23
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The Spectrum of Light
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200

Puk Germkidal
264 nm

400 780 Wavelength (nm)

UV-C-Radiation used for disinfection is most effective
at a wavelength of 264 nm.
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U520 DM 899 IURUTIVZHAAIHAVOUTUIUANNTNVITITYT (UV intensity) Hazons1n1s Ina

VDIDIN5H A (flow rate)

2.5.3 madalfSinavesSiaonsllean

[ @ Il v Ida X a J
Yimnums1959@ uv azdalagldniine Tulasind-Tuniles.au. FunankagusznINANUINY9

=4 S o %)}

= 1 dy ~ v J @ [ o 1 [ a = [ 9
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1 Ay 1 = Y = T v W A 1 ] 1< A ] 1
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4 Y] 4 9 1 g 1
m1ai 2.2 P5unased uv alglumsaine Isaaeg

ﬂnﬁﬂmmg%a@auﬂ%ﬁ aunnvaalIn Ultrads*
Salmonella typhosa T5a'lnlesd 4,100
Salmonella paratyphi Tsnan'ld 6,100
Shigella disenterica Tsatia 4,200
Shigella flexneri Tsatia 3,400
Vibrio comma Isnetinanlsn 6,500
Lebtospira spp. Tsaasu 6,000
Poliovius Tsadunaoniay 6,000
Unidentified Tspauentey 8,000

v a = a
* Ultrads = thJIﬂi’JGIG] - AUIN/NTTUFUALNAT

w

a J .
2.5.4 nalnves39@ne9aun3é (Krishnamurthy et. al., 2008)
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& 91 v A o = s = 9 v &
WeuauU 4 52 Tue unumslFarnunuluasazarseiuiad lad a¥anmsle e Tsuainisoa o
] ] a 4 a J ¥ ] H [
Tsned1alawa Wiomsld ROC anudnduioonit 1 un./aas ievend ladiye 1sna1eg Nogluidon

U HIV Cytomegalo Virus U9 Staphylococcus

o P P v P}
2644 m3l¥lelsurinfahluvhfudssawazdeislninaraziivduy Tael¥msnauieTo Tau

a ' 4 9

Y { ] { 1 U
asluh Mo Touaz lilvhanomaiiufegiduiie wru MaueuTuils MalaTasnuda g fudu

9
v w

o o w dy 1 Y Y I A a Y v 1 9°I 19
Llﬁ$ﬂﬂﬁ?ﬂ?iﬂﬂ?ﬁ]ﬂl%ﬂiiﬂﬂ?ﬂ‘] ulﬂﬂ'JfJ ngudumsmutsnaeongnuazaelvinuuracii uaaes

Y
A (4 o 3

{ 1 1 o 1% { v X o v v 2
I¥nudafinniivuadwa 1deutuly duilildnudaiihnergieoniiil i lidadmariniu
o ' J 2 g o 23 &
15091991113 MA1NINT 1M1 UNAINADY FUYUD1115V03TAI1UUAN4 (Strong et al.,1999) A3
F

a A a I A A 4 dal ] A o o dy . .
aanaunIodnas 1o Toy Hunteuuinlurhiumizi@esesuasulullsemanSuaainemaase Vibrio

=)

o o o ¢ a 4 {
vulnificus Tao1udl a.a. 1972 Tanudszavanudrdalunislsle Toumdaie Tnanesuuuaiisen
I @ ' a 9 a ' Y (o a YR a ) @
uduaseaeszDUMUALIMITUIRYS Ina dawa lddSusdnaanesuasylane 1,400 Alansu/ i

(Forchtman et al., 1977) a@auludszmeoniiaes n13ld lo Tsuthnuasluiiniiie 195a Taura

. A d a 9 o o @ 9y 3 1
Syndrome Virus (TSV) it udungldwandadanilszimaanas 80% v lioasisoavesdegeiuni

60%

2645 milHlelsuivaamitelu Cooling Tower dTuATolfuoImavualuaiioldanly

[

a 1 a 1 1 I o @ { a A
e e meuinudiulszneuany duaunadingihldlseaniamlumsszuion
Y :) aQ = a A [
Fouday namsgadslszanimwlumsilsuernia
9" o w A 9] a o d' 9 g = ] fl
2646 milylelsufsanau Manbuaz Tavgmin A lanmindels9ugaa NI Tua1e WU

Aas

Tssnunang Tssnuraaeiinsziles uazlssnuendon dudu §33msde fanuleTyuasll
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%,’ = Y 1 Y A v 3,’ a A a A oA g
Gll!u%ﬁfl Llaﬁﬂaﬂﬂﬁh’iﬂﬂﬂgﬂﬂu ‘Vii’é]ﬂTﬁGUﬂﬂﬁiuu%ﬁﬂﬂNWWﬂﬁﬁ@u‘ﬂiﬂﬂﬁ%ﬁuﬁluunla%ﬁﬁ

UHUIUADY

(%) 3 a d
2.6.5 nalnlumsdiugsgdunsdveslolsy
4 A 1 [ a
Tudl 1976 mﬂﬂsﬂﬂﬂmﬁm’mé’ammmmgmmm (U.S. Environmental Protection Agency, U.S.EPA)
\ A A o 4 .. . v o 9 v & A
WU O, ANT0NNFOAUNI1A (Antimicrobial agent) tazsusosanuilasanslumsldo, ainreya
~ g 9 1 =) [ 4 1 [ a .
unsegluiinla (U.S.EPA, 1999) ¥ UIA8INVOIANITOINITUALYULHITHTIBLUINI (United states food
4
[ 1 a 4 o
and drug administration U.S.FDA) #0503 1% 0, lumsainseyauniduaziinnmilasanelunisly
AUBI115 2 811115 (Food additive agent) (U.S.FDA, 2001) aaoAIUI1BUMIAnYI Tag U.S.EPA 111l
1 %l A [ Yy 9 = a A o dy
2007 WuH1 1o Tu (Ozonated water) N5EAUANMTNIY 6-10 ppm NUszanTamlumsansiuiuige
k4
wuANIS e Bacillus atrophaeus, Staphylococcus epidermidis Q¢ L¥951 Rhodotorula mucilaginosa,

Penicillium brevicompactum WasHana319aes Iduaz luadreaves 14 99.99% lunai 24 ¥ Tuq

(U.S.EPA, 2007)

= = 1 1 A A . . . = [ =
ﬂ”ISﬁﬂEWL‘IEEJ‘UL‘VIfJ‘UWﬁﬂJ@Q O, ADANNUDYTDAVDILUANITY Escherichia coli Tﬂmiﬁﬂumaunumimu
A a1 dal .. A a Y 1 dy A A 1 ’.f o dy ~ A .
NUAVUAN 1D (Disinfectant) muauhiummwwaummiﬂ W“lJ’NHWIE]I"BH‘VIWQWEJL"HE]LLU?]‘V]SEJ E. coli

Y 1 = A =N . L. [y a ana a @

1aan1Aae3u (Chlorine) uazsa@dans1lalataa (Ultraviolet radiation) mﬂmimﬂﬂgﬂimaaﬂ% LAY
o A g J aa = £ = ] A 9 J == Yy 1 <3 o YA 9 4
NUDHULFAAVDILUANLITY llf]‘VI‘ﬁIﬂfJ“]ﬁJNWULEJ@HJJL%EI@”U?NLL‘UWVILﬁEJ]lﬂﬂEJNﬁ’JﬂLi’J wﬂmﬂauuwaa

= A <3| A A v = J ¥ ' 9 J a A P~ .
qagmaanummﬂﬂummaaﬂmu Lﬁﬂauﬂaﬂﬁ'ﬁuula%ﬁﬁWaclfl’fL%ﬁauﬂﬂﬂliﬂllﬁﬂiuﬂq@] (Osmotic

bursting) ﬁﬂ!!ﬁﬂﬂugﬂ‘ﬁ 2.6 (Cho et al., 2010)
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Chlorine Dioxide UV irradiation

v v QU 4 0’
g‘ljﬁ 2.6 NIND1Y Transmission electron microscope (TEM) LlﬁﬂﬂizﬂﬂﬂﬁL%ﬂﬁﬂWWﬂlﬁlﬂlgﬁlﬁm%aa

wuANITY E. coli MNHAV0I O, (c) 1f3ouMeounuansiail chlorine (b), chlorine dioxide (d), UV

irradiation (e), aZNQUAILAY (a)

! %’ [ (% a g’/ a {
Murray tagaaig (2008) wua1ti1 e Tsuauisaiiate lh¥a ldvareyiia iariianligau (Enveloped
. A A (= Y . Y ' . . .« . .
viruses) Lbag ¥ uw”lmqwju (Non-enveloped viruses) laun herpes simplex virus type-1, vaccinia virus,
9
adenovirus type-2, U8 influenza A virus HONIINUU Thabet LAZAMUE (2007) BINVI1 O, TINITONIANY

' a . .. . v
lllfll"’lJ’tN‘I/‘lEﬂ‘ﬁ Schistosomiasis mansoni Bluﬂlﬂﬂ

r Y
ms“l%’ﬂiﬂwﬁmﬂmmwmEj'ﬁuc] U Oizumi Lagaue (1998) mmsanu lurasanaasa (In vitro)
< < ¥ ° . . '

uaaalimiuanudlu il 1d1ums i Te Twurmanuazeiaiu Celiberti tazanse (2006) W15 149
%,’ o L) 1 =) Qy 1
i TeTausihanuazetaiu ludinalan aeaisiadoulu (Enamel) A00AIUAMATHUDITUA I

{ 1 a A o [ %’ £
denture alloy 114 1u%091/1n (Suzuki et al., 1999) M3naassludesfiamsdanuinirlo Tauiigns

Y
AWFUANGY Streptococcus. mutans, methicillin-resistant Staphylococcus aureus (MRSA), 1182 Candida

k4
albicans LL@LA19A Biofilms Y4 ¥euUATITY Legionella pneumophila, Mycobacterium spp., Pseudomonas
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aeruginosa, 8% Candida spp. 14 (Arita et al., 2005; Murakami et al., 2002; Estrela et al., 2006) Tae'lai
[ 1 4 . . ] L4 9y %’
A9HanDIYAA Epithelial 1u%0311nv030Y 18 (Huth et al., 2006) Baysan tiagansz (2000) 1511 To Tasu
Y ' Y
Glufnﬁ‘l’iﬂﬂﬂﬁﬁiJ‘1/'”\‘]1/]uﬂﬂ331JWU'J']ﬁHJ']3E]EJ‘]JfNﬂ']3L‘ﬂ3flJuLWllfﬂo']uﬁuéll@QL%@LLUﬂﬁGﬂUﬁL?ﬂ!UWﬂLLWﬁ

[ F b
M17¥e aamsaaouuaiisvouiiofunienadld (Rickard et al., 2004)

Y
Tagnalnmsvareornnainla 2 dnwue edrusnie luanavesle Tswdr lUhilgase Tasasany
A ' I a A . = g A (Z a
a1sinlNegluyadyaun3e (Hunt 11ag Marinas, 1997) 1asdnanyMsAD YYAAINA1NDATE (free

I o o Ao < 1 [ o
radical-mediated) 1Wudd11a1e 11nu3selaenaa Tuwun TeToulinademadwuusy ToTawa

[

v
ady T5au vazuves lviulumadyaunis il ldsauluradinamssudniludeu waduan

? , Y o . ¢ o < 2
UTQﬂiQW’]J’J']I’E)T%’u%&ﬂﬂ‘ﬂ']ﬁ?ﬂiﬁfﬂﬁ?ﬂﬂlﬂ (Respiratory system) UDUF AR maamummmau”lw

a A Y

9 w o J o J
ﬁ’lﬂinlUﬂ']jﬂ’lﬁ\i%Wsllﬂ\ucﬁaﬁ Llagiuﬂ']\?ﬂiaiaicﬁu%gﬂ']a']ﬂ DNA 1o RNA U23$aa3aunsygn

Q

=

v
a 1Y

Y
ToTsuannsadudinsnsgav Tnvesuaiise lanaunsuuInuazunIuay (Restaino et al., 1995)
gjj ] dy A A Y Y a A ] dy A A éj (%
FwNIasaaurenuaiise laale dszaniamlunmsangeuvaiGovesle Tauiusgiuaiy
Yy 9 Av o W dy A A A d dy dy 1 9
Wuduveslo oy szeznandunanuyoluaiizotasan i pH N unsavetomsiaouroaz 3ol

Tolousinyounnnize laauY (Kim et al., 1999a; Khadre et al., 2001)

a v d‘d Y [y QwJ &, a A d
.6.6 @M Wa"llﬂ\'iﬁﬂ1W!nﬂf:lQNTINWEIVI@ﬂ‘lﬁﬂﬂﬂﬁl‘ﬂﬂﬂauﬂﬁﬂmﬂﬁiﬂimu

[
=0

dy v A Y 0o R =X o gJ/ a S d é’ [
nattle wmmmmmmmmmmiumsa‘um@aumﬂﬂmﬂﬂmumuagﬂu

2.6.6.1 @MUV

K
Y k4

a =t A A =t o Y Y a A ' 49’ é’

gungiivesermsasuyonanasinarilnlo Touazarelan dszansamlumsiniesz gedu lu

= [ % Y d' a dy
yauzineIny To Teuszaaredn laieloguugigeau

I J
2.6.6.2 ANNAlUNTAAN
= @ A dy A ~ a3 1 a % Y dy

ToTouvzlinnuasdninuuInau e pH anas 7t pH il uawzimansaatsarvesTo Tau lddretu

a a R a A J 2 A i 3
Uszanimunlumsauyegaunidvedle lsuazgaun ieegluaniizilunsa

g o v d
2.6.6.3 ANUBUTUNND

Y 9
o Y

a a ] ,3 a ~ J = 9 g‘/ =\ ,3 [ 4 A
ﬂizfm‘ﬁmw“lumimu%afgaumwaﬂaimu%gwumamﬁuuummwuanwmgq ANUHUBDINITNU
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v
o

IS) v ' tﬂ'd
A, geaziinnu hnuTe Taunnnomsid A, @

v |
2.6.64 ANUABINITVEI 0 TsulueImisieure
v 4 Y A p
Tugn1mne11518eureiounToa13g9 A 1WABIN15 1o 15U (ozone demand) V2 g9 1u 1 A1e
a a ] dy a A o 1 AN 1A Y
Usz@nsnmlumsainreqaunidveslelauszanas ualuanmi lulinnwdeenisuesTeTau (ozone

Y Y
demand - free) To Taruazansoainyogaunsd lannaiu

=)

P S P
2.6.6.5 ANUANIIVd T lsulumsinnuregaunsd

Y A do w Y

dy a I~ 1 a a [ dy 19 dy a A I
DuFeyaunIsTuANTunguieulszansmmuedlo Taulumsdurorzanad uAnIFoYAUNIIUMT

Y 9 Y
N3L19AIVDNNN IBU N3N Ultrasonic treatment T@Twmzmu%mmuu”lﬁ'qwﬁu

a

2.6.7 Asmannenlylumsnanlalay

A KX A

4 { o v I a ' a <
iioann 0, tdesdetiuud Idu aarednauiiiumaeendau lddie IaseTia (Half-life) 12 %2 Tu4
[ %’ ]
1uus5871018 (Horvath et al., 1985) HaZINed 20-30 mﬁmﬂazmﬂagium (Kim et al., 2003) H39Na17

Y 9 1 9 ~ I Y] g‘; I [ o o ~
ulﬂ')']ﬂ?'iﬂlflf 03"l,illlﬂ'li@]ﬂﬂN‘VI%&ﬂuﬂu@]inJﬂlﬂ ) a8 ﬂi%uuﬂﬁTNWU’NﬁTﬂNHHfJW'lfJﬂlﬁ]'i‘U o, %

(% Y 9 o o 9 a A = A Y ~
FLAUANMTNIUA (>0.1 ppm) Tl szvUMUAumelaszaefes, Yiarivy, nauld, uazerdeu

' v
= (Y 9y °

18 wSemnldsunszaunnududugs (> 6 ppm) 9z1Aan19z /oAU (Pulmonary edema) 18

v y X ' o

1 1< 1 o A
(Horvath et al., 1985) aamnalmiadie o, uaziny 13ve higninsaii 18 edesadediu e unasnez 19

v A axy

uae msntienlslumseaale Tauluegiiudl 4 35 (Barlow, 1994)

2.6.7.1 Corona Discharge

o o

WuisTaesnsiia o, mulsingmatilusssunalasldaszualih anuandndgeiaie

a

v 4 g a v v W %) a a I
Tuanaves 0, udrvsaanasnu Tuanaauiee lHinanmsdudinuves Tuanasendauddas: 1Ay

a

A P ) A A v 5 v 119) ) 7 a v
0, Tunga Wwutsnlsnngaiisannaunuaazaing o, lawnwe lumslalse Toaizansa

2.6.7.2 UV radiation

]
= =)

I Al o a a 1 A Yo gl.z ~ =< =\
WUITI1209N1540 O, 1uﬁ35u%1@ﬂﬁ13ﬂ@1%5ﬂﬁ uv mmm’mauﬁuiﬂﬂ RNIEN 254 nm HIVLY

v ! o ' I ] a a 1
wasnunnneaziih g Tuanaves o, luades 1ailuTuanasendnuddszudrveade o, laln
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wazkan 0, laeanm

=
=De
2D
=
=

=
=

e

i HEAT

— ELECTRODE

—— DIELECTRIC
02 ) DIS[:;'IS,RGE b 03

—— ELECTRODE

; HEAT

= ¥ Y ax .
E‘IITI 2.7 HAUNWUEANNTEUIUNTHIN O, AI87F Corona Discharge

2.6.7.3. Electrolysis

o

Y ' H ' %l
Wi laglnszua Il ludnih dhinliaauziduveaunad (Blectrolyte) 19w 111 %30 H, SO, 33

E4
Hilszansamlumsnan o, liadidesmsmswannaely

2.6.7.4. Radiochemical

Y (% I J o 4 I A, { a =
IFasnutiuasad (Radioactive) i uunasnasnuionsn lutana 0, 11wt Anaa 0, 18Suawn

AunuaadeslinauguaNlasaisnane

Y A o ' U ' =
2.7 maﬂmmmﬁmamamnmzmngmaziajcﬁu

~

o 1 U 1 1 a a a L g’l j’ a U 1
Tumshausunusznigives TeTsudawaliiasulseansamlumsdudureyaunsdanelal

=he

2.7.1 Y32@nTANMIMIAVOINTLTVIUNIG O, / UV 390AUINa U 52@nTaIngeniin1snidn
a ' v A A .. 2 1 Y
msmmmwmTaimuuamﬁgamm (Prado and Esplugas, 1999) UH1AUVDINA synergistic HLUANAIINY
Y 9 v
Tvuegnumstuidlouniteuly (Prado 1az Esplugas, 1999)
v A a a dg! 9 a U
2,72 n32UUMS O, / UV saunuiidse@nimmunyulunisaiveyyaleasendaninnin

H 4 1 % 4 U a Qo’
ATLUIUNST H,0,/ UV fstudwiie ldanududuveseandouminy esnndudlszansog
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A 4 1 1 1 % I~ 1o &
ansouves luanaued O, i 254 W1 Twwas JAuAnIdUnIves H,0, Fuaasliimunsuiluded

[

9 A Ao 1 A a A 1 A 9y a 2 @ ) [
ﬂ’nmmﬁ‘umﬁﬁg’mm’nwmﬂimm H,O, wqaﬂ’mwaﬁﬁmugaqamammma’muﬁmau

AFTUIUNITNITDIY (Glaze et al., 1987)
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UNN 3

U

4 oA a v
’m@qﬂnim HasNIINUHHUIIUIVEY

4 a g v o )4

3.1 egaunsdfillumsnagevlszanimmmsianuazaasinyelodaariy
v Aawv A 4 = 1
Escherichia coli DMST 4609 aa11iu3seImenmansuazina TuTagurailszmalng (ngumwd, Uszima
a J 9
Ine) waz Indnesugnuenainaninindon
v Aawv A 4 1

Aspergillus niger ATCC 44310 an1iu39eanensnansuazina Tu Taduralszma’lne (ngamme,

Uszine lne)

3.2 Equipment and instruments

1. Hot air incubator (é’ﬁm%mmuamu%’au), Memmert Model ULM500, Japan

2. Laminar flow cabinet (§1/aaie), DWYER Serics 0325, USA

3. 6-microwell plate ("lmiﬂmmwam 6 GI)"EN), Costar, USA

4. Autoclave, BECTHAI and HIRAYAMA Model HA300D, Japan

5. Auto pipette volume 10 microliter, Autopipette, USA

6. Auto pipette volume 200 microliter, Autopipette, USA

7. Auto pipette volume 1000 microliter, Autopipette, USA

8. Balance accuracy 0.0001 grams (m’%m%’a 4 @HU), Metter Toledo Model AG204, Switzerland
9. Balance accuracy 0.01 grams (m’%m%’a 2 @KUY), Metter Toledo Model GG4002-4, Switzerland
10. Digital camera, Olympus SP 570 UZ, Indonesia

11. Plastic petri dishes (mmwm%awamaﬂﬂmquq)

12. AOPs equipment (Q‘ﬂﬂiﬂi AOPs) (Figure 3.1)

- Oxygen tank (D900NFIIN)

_ Ozone generator (1A3IHAA 1o Tas1s)

- Ozone tube (N® 10 Tay1)

- UV-C 4 lamps (a0 1g3-% 4 vaoa)
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- A model chamber with dimension of 34x34x34 cm’ (ﬁ’m%ﬁmm, NUNNATOVUUIA 34x34x34 cm3)

- Ultrasonic transducers (IA399651990051 151in)

[

J o
- Flow meter (91n3ai399aa351013 I11a)
.. = Cu W
- Venturi mixer (U3 Qﬂﬂim a ﬂmwms'lwa)
& 3
- Water pump (1111)

- Valve (315’3)

a

H @ & A 1o a {
31 3.1 dnvazmeluladaanznelasaielsn Unannnau lihldiRemsnszneanulaazian

32UU OHe aerosolization
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3.3 Media and chemical reagents (ﬂmmémg%mmzamﬂﬁ)

1. Non-selective media (91¥113 Lé}ﬂu%’ﬂﬂiﬁﬂ Non-selective)
1.1 Trypticase Soy Broth (TSB), HIMEDIA (Ref M500-011G), USA
1.2 Plate Count Agar (PCA), Difco, USA

2. Selective media (91¥119 Lt’gt’NL% BN selective)
2.1 Potato Dextrose Broth (PDB), HIMEDIA (Ref M500-403G), India
2.2 Potato Dextrose Agar (PDA), HIMEDIA (Ref M500-096G), India
2.3 Chromocult coliform agar (CCA)

3. Hydrogen peroxide (H,0,), Merk, Germany

G a ¢
3.4m§mmm;aumﬂ

3.4.1 Escherichia coli

9

I &‘ A ] . Ad A 3 A a
ﬁmam%ugmﬂu"l’ﬁu Tryptic Soy Broth (TSB, Lab M, UK) NUNAL¥03590 20% LagnUNYUK) -
' ~ 9 ° 2 A o = .
18 °C ﬂaumﬂﬂmm 1/]1ﬂ1iLW1$LaENLL‘]Jﬂ‘V]LifJGlu TSB Gluizﬂznm 18-24 "])”JI?N‘VI 37 °C (Keskinen,

et al., 2009)

3.4.2 Aspergillus niger

< { 0 1 { - <
aApnae319MiwnIziaea 1y Potato Dextrose Broth (PDB, Lab M, UK) igaingil 30°C 1iluran

U

3.5 MSIABND MDY

. A A dao oA a
3.5.1 Tryptic Soy Broth (DTN IAYIUFDNNDIUTIADI-LANG W)

g = a o ¥ )
lﬁ%ﬂuﬁ'ﬁaga’lﬂ TSB ﬁ'liJﬂ’lf)ﬁU']ﬂslu"lJu@'E)Uﬂ']iLﬁiﬂnmﬂ\iﬁwaﬁ TSB 3 N3y aga']ﬂcluu']ﬂau 100

a

a aa ] dy A = 3 = Y & @
UAaanT NUFOF1TaE018 TSB nguUngy 121 'é)\?ﬁ’ll“]fﬁl“]ﬁlﬁlﬂuﬂa'] 15 umiuwnammm&m

U

(autoclave)

3.5.2 Plate count agar (PCA)
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9 v
193 eNA1T02A18 PCA mum@‘ﬁmsﬂumumumﬁm’%ammé’waﬂ WU PCA 4.7 N5 azaneluii

a =

) Aa aa [ ¥ y I %
nAu 200 dadans sin¥earsazats PDA Nguugh 121 ossnaFoaidunat 15 wiiluwileils

U

ANAY

3.5.3 Potato dextrose agar/broth (PDA/PDB)
- 9IHISUUY

A o A 2 a a o 3
WIguaITasaly PDA mmmﬁmﬂumumuﬂﬁmwmmlﬁ’wam Wdy PDA 7.8 NTU azmﬂum

a =

nd 200 T0AAAT AUAEAITAZAE PDA ‘ﬁqmwau 121 sasusadoaiiuna 15 wiilunsdeii
AUAY

- 9113

iw3eNE15aza1e PDB mmﬁm%maimﬁy’umaumim%ﬂmmzﬁ,’wﬁm Nar PDB 4.8 ndu azaneluih

a =

) A Aaa [l ¥ { 3 %
AW 200 Hadans dinFoa1sazale PDA Ngmugi 121 esrusaidoaiiunal 15 wiiilundeils

@

AINAY

3.5.4 Chromocult coliform agar (CCA)
9 Y
L@ﬁﬂuﬁ'”ﬁﬁ$ﬁ?ﬂ CCA mmm@‘ﬁmﬂclusuumaumsm’%amml%j'wam W'l CCA 2.65 N34 aszﬂum

< a aa 9 1 A 9 = Y3 dy = o
AU 100 Haaans aua1Tazaly CCA Lla$ﬂ3uﬁ3uwauﬂqu13ﬂigﬁu1m 35U Glﬂlﬂulualﬂﬂgﬂu

) =
3.6 MIAIYNAIAY
~ Y = J J ~
ma‘fmmiaza1&1&11@11u§a%wa1ﬂa1iazaw”lﬂmmmﬂasaaﬂ%ﬂ 50% (Merck) 9138U@1302QY

ﬁWLWE’ngﬂ citric acid monohydrate 0.1 M (J.T. Baker, Phillipsburg, NJ).

3.7 anmzmssnivlasaz HiIunmania
i 4 J a [ ,i’ <] 9
msnageuuaazaewus laeldasuuriveseoriisudslunumziyovuiamn 19 Potato dextrose agar
y g
(PDA, Lab M, UK) 482 Plate Count Agar (PCA, Difco, USA) INIZID89%D E. coli / coliform tiag 1nlatl

. o w A < @ v a ~ J a = dy 4 2
A. niger MUAIAU auuaﬂ@u,aﬂmammaumﬂﬂ‘%mm 30 hllliﬂiﬂﬁi inagredszui 10" CFU/cm
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o a I a ¥ a J o
Glﬁﬂ’m’)‘l’iﬁﬁﬂ']ﬁ']ilﬁl\iﬁj’wﬂa']ﬁ‘ﬁ“l/l (glass beads) ué’m@mumm%mﬂuiaﬂﬁﬁnz AATIEHITUIU
PR PPN o o " X ) Yy ¥ 9y A A
a9 mrmwmmﬂmsmmuimuumumm%mmﬂmsﬂmuuuuazmumwmﬂuw 37 93N

v Y
FATIALAE 5-7 31 N 30 PIRUFATIATIMTUFDI (Du et al., 2003)

3.8 Aerosolization Yo soyadaszlansenda
o a 2 @ s
ATu OH- thaYuINMsHay To Tsuuazansazane lalasuleseen lad (H,0,) Taeld venture mixer
. a %] a [ = a =1 1
(Rano tech, Thailand) To Tasunan Tasn1sileunsesndau (1U50910 0 89 2 aa35/119) H1uMasa
ToTaru (7 g/l air-cooled ceramic ozone tube, Arinnovation, Uszinet Ing) M3 lnaeuvesoyyaddsele
a g‘/ o v d a d' ] LY 3 =

asongauaz H,0, uugn W lama ladlaenaoa UV 4 vaon 15 TnanogiiaNogrnasointluriyuiion
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S v F
v 4 a g

v 9
M3197 4.3 0ATITIUMTTVIUTIADAVDN E. coli YoIMITUEININAN U IHLuYe ladaaii

Sum of Mean
Source df F Sig.
Square Square
A 32913 2 16.457 105.768 {000
B 17.255 1 17.255 110.900 2000
C 39.063 1 59.063 379.607 000
D 253.260 8 31.658 203 466 2000
AB 2204 2 1.102 7.084 001
AC 2.781 2 1.391 8.937 {000
AD 7.027 16 439 2.823 001
BC 16.528 1 16.528 106.228 000
BD 5.889 8 736 4731 2000
CD 16.447 8 2.056 13.213 2000
ABC 3.377 2 1.689 10852 {000
BCD 19828 8 2478 15929 2000
ABCD 11.361 48 237 1.521 038
Error 16.804 108 156 - -
Total 1003.929 216 - - -

RI= 964



9 9

v 9

AT 445513 IUMITUSUTIARAVDI E. coli / coliform YoM ISUSInanuani i udaves
a1z
Sum of Mean
Source df F Sig.
Square Square

A 19.865 2 9.933 70252 J000
B 13.702 1 13.702 96911 A000
C 30.254 1 30254 213980 A000
D 303218 8 37.902 268.077 000
AB 726 2 363 2.568 001
AC 3532 2 1.766 12.491 (081
AD 8903 16 556 39306 001
BC 2959 1 2939 20930 000
ED 10.871 8 1.359 9611 000
CD 18.432 8 2304 16.296 000
ABC 2.793 2 1.396 9.877 1000
ABD 1.788 16 112 790 693
ACD 3.070 16 192 1.357 177
BCD 8709 8 1.089 7.700 000
ABCD 5555 16 347 2.456 003
Error 15270 108 141 - -
Total 762.519 216 - - -

R2= 966

52

1o
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Tatlaang

aafi 4.5 SandumsduduFeataves 4 niger YB4MITVINIMUANNURAIA UL UUD
Sum of Mean
Source df F S1g.
Square Square

A 699 2 349 70252 {000
B 1.755 1 1.755 164.610 {000
C 1.755 1 1.755 164.610 {000
D 327412 8 40926 3.8390E3 {000
AB 699 2 349 32739 {000
AC 699 2 349 32759 {000
AD 1.227 16 077 7.191 {000
BC 1.755 1 1.755 164.610 {000
BD 3385 8 423 39686 {000
CD 3385 8 423 39.686 {000
ABC 699 2 349 32759 {000
ABD 1.227 16 077 7.191 {000
ACD 1.227 16 077 7.191 {000
BCD 3385 8 423 39686 000
ABCD 1.227 16 077 7.191 {000
Error 1.151 108 011 - -
Total 413412 216 - - -

R*= 997
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