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Abstract

The aim of this study was to inactivate spores of Bacillus subtilis in water using TiO,
photocatalyst under sunlight irradiation for a duration of 180 min. Two forms of TiO, were used,
Degussa P25 powder in a concentration of 0.001 to 0.05 ¢/L and Degussa P25 dip-coated filter.
Since Degussa P25 powder is suspended in water, its elimination after treatment is very difficult.
This research, thus, used a dip-coating technic to fix Degussa P25 onto a filter. Polyethylene glycol
molecular weights of 1,000 to 6,000 were used as a binder in a concentration of 1.5 to 25 mg/mL,
while the concentrations of Degussa P25 were 1, 3, and 5 wt%. The results showed that a 0.005
¢/L of Degussa P25 powder was the most efficient condition to inactivate the spores (100 %
efficiency) within 120 min. For the coated filter, 1 wt% of Degussa P25 and 20 mg/mL of PEG
molecular weight of 2000 (TiO, concentrations of 0.6-1 ¢/L) gave the best inactivation rate (100 %
efficiency) within 180-240 min. However, increase the number of coated filter did not enhance the
inactivation efficiency. Since the filter in this study was too thick, the sunlight could not thoroughly
penetrate, consequently uneven free radicals were generated. Thus, part of the filter with less
radicals could be a place for the microbes to hide. The results from this study can be applied to

any water disinfection.
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2" run: UVA 0.81-1.84 mW/cm?, UVB 0.69-1.65 mW/cm?, UVC 0.05-0.14 mW/cm?, water temp. 26-34 °C;

3" run: UVA 0.99-1.88 mW/cm?, UVB 0.75-1.63 mW/cm?, UVC 0.05-0.13 mW/cm?, water temp. 26-37 °C;

4™ run: UVA 0.93-1.88 mW/cm?, UVB 0.8-1.65 mW/cm?, UVC 0.06-0.13 mW/cm?, water temp. 24.5-37 °C.

Figure 1 Inactivating B. subtilis spores with Degussa P25 photocatalysis.
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Figure 3 Inactivating B. subtilis spores with Degussa P25-coated filters using different binders.

PFG100 PEG200N

PFG200

RE(-ANN PFGANN

Figure 4 Morphologies of Degussa P25-coated filters using different binders.
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Figure 5 Inactivating B. subtilis spores with Degussa P25-coated filters using different binder

concentrations.
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Figure 6 Morphologies of Degussa P25-coated filters using different binder concentrations.
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Figure 7 Inactivating B. subtilis spores with Degussa P25-coated filters using different Degussa P25

concentrations.
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Figure 8 Morphologies of Degussa P25-coated filters using different Degussa P25 concentrations.
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109



Thai Science and Technology Journal (TSTJ)

Vol. 28 No. 1 January 2020

d

sUN

U

9 WUINMISITURUNTDUAGDU 1
uiy Tiuszansnmlunisminadssuinninnasiy
LN UNTOILAR BUNANEWHY 1A8AULTUT UV
Degussa P25 Tuthannnsldukunsos 1 wiuiiu 3
Fauet 0.6 lauds 1 ndu/ans anwnsamidnales
Taunuanieluian 180 fa 240 wnd vausding
Degussa P25 Mdnalasaununnigluiian 120
Uil mmﬁ;‘ﬁ"LLw'umaqmé'awmmwiuiﬁﬂszﬁw%
AARIng erafumssuRunse wsas us gl
ATUNUN (gﬂi‘?‘i 10) wasanaeingaaliianunsa
nearungsnuluvsasuasliuunsaslaagng

Wil nsndneyyadaszdslunioneiuaniis

Wndudey vinligdunidnenaaudeuagluuiou
Wududlan NiguLAgIiy il

ududaiveuyadasyliifud
oyyadasyaztineglanziiiveslmmidenla
panlydluszeviiies 5 Tafiuns uaziiongiiies
350-400 ps %150 0.0004 Sy [10] Tunns
maam‘fuﬂdwsﬁm’:tmmfﬁaaeh&dau@mlﬂﬁu
Wz oudafiny eyuadased fidudiuauun
U3 nadluiaduuureslkunsesAd o uT ld Ty
waseiing oraduiatugdunidiivavgoustly

R unsaanuatsbusreganf dunulvauly

A11150M9RAUDS FIUUIIUIULKHUNTDITINNN B

¥ '
N A A

lvidunidiinunlunisvauteusia Uss@nsam
Tunsidasanas demnldununsesiiunanind
YIOUAINANDMNdANNTndDMERIUARDULA
Sasvegrafud Useandainvesnismsnales
SEMINATIING Degussa P25 LagiHUNToUARDY

naglnaifesiu lnganuguuesdnannsiduru

'
=]

N384 1-5 WNY LAWY Degussa P25 uanng3y
10
JUA 10 wudiauguveananmsiy

WHUNTDY 1-5 WHUTUNUpsuINkayABUY19bng

110

\Agaiy (223-278 NTU) 1agAuguannnIsLisne
Degussa P25 §aflunnnin (322 NTU) slasunany
Juresnavlivhagldiadefviliussansnmues
N19A9AaUDTA19AUINAITITINIUIULHUNT B
\douiFneiu ImmmﬁuﬁﬁaﬂmﬂLLamﬂﬁLﬁui’l
N159QAYBINI Degussa P25 71LAABUBEUULLHY
nsaslaeldarsdaia PEG2000 fuilesuin

LULREINU

b

1 pcs 3 pcs 5 pcs 5 pcs P25
(e |Ge/) (5¢1) (7g/L) (0.005 ¢/L)
278 NTU (224 NTU 232 NTU 223 NTU |'322 NTU

Figure 10 Degussa P25-coated filters and water

turbidity from reactors.

4. agd

M9 Degussa P25 ALTUUY 0.005 N3/
ans ilszaninmgeaalunisidnalesves B,
subtitis uri Tasarnaduduiidesluvilinisuan
oyyadasluunnwei azidnavesldegied
UszAnsain drunnududuiiuinlyinlieig
AU U NsHAnoYyadaszTuAnldluidud

WUl eiY 9819L5ARIY NISHENKIDDNANNUIT

'
= '

SN EAUNI AD NS

a

U1Uanalnsevinlaenn 3

\AADU Degussa P25 vulnunsedlneldansinin



i 28 aviuit 1 uns1Au 2563

215815 Imemansuazinalulad

Wusagae §enasldarsinfin PEG2000 A1
[WugU 20 adnsu/ladans saunu Degussa P25
1 % Tnevmin Wiszansamlunsidnades
gean wazilewSouiisunisldudunseandoudu
w4 Degussa P25 WUIKe Degussa P25 0.005 n5u
/a3 anansardaaosaununnelussesinand
Funin (120 wrd) drunislduwsunsenadou 1
wiy Turnuutulnmdeulaeenlen 0.6-1 n3u/
ans anunsanmanaUssaunuaniglulian 180-240
Wit Tnesuuusiunseandeufiiudulalldveler
Awasselunsidnalesiiiudy esnnusiy
nseafildfinnunuuazthasduiivavdouiives
BuNFS wasenfingfinzqriulivosdanaliinng
wAmayyadaszintutosaulsifivmesonatidn

avasNviaugaunInan?

5. inAnssuUsenIA
FuiTedunisilflunsinuidinannis
AUVAYUVRINDMNUITEUNIINGITETTTUAIANT
Usesrdeuussunas 2555 audayyiavi .
22/2555 @1Un15ILATIENAIUNE 099 aNT AL
SldnnssuluudninsalasunuayAIIziaIn

3

Audmalulaglavsuaz Tanuviayd amny. Ay

e

5%
o aa

IVUVDVBUNTYANIN 2l 91

N

e

6. References

[1] Thairath Online, Illness from Contami
nated Water all over the World 1.7 Million
Cases per Year, Available Source: https://
www.thairath.co.th/content/411678, June
6, 2018. (in Thai)

Wang, L.S., Wei, D.B., Wei, J. and Hu, H.Y.,

2007, Screening and estimating of toxicity

111

formation with photobacterium biocassay
during chlorine disinfection of waste
water, J. Hazard. Mater. 141: 289-294.
Macauley, J.J., Qiang, Z., Adams, C.D.,
Surampalli, R. and Mormile, M.R., 2006,
Disinfection of swine wastewater using
chlorine, ultraviolet light and ozone,
Water Res. 40: 2017-26.

Betancourt, W. and Rose, J.B., 2004,
Drinking water treatment processes for
removal of Cryptosporidium and Giardia,
Vet. Parasitol. 126: 219-34.

EPA Victoria 2002, Guidelines for Environ
Mental Management:  Disinfection of
Treated Wastewater, Available Source:
www.epa.vic.gov.au/~/media/Publication
s/730.pdf, January 4, 2017.

Shon, H.K., Phuntsho, S., Okour, Y., Cho,
D.L., Kim, J.B., Na, S., et al., 2008, Visible
light responsive titanium dioxide (TiO,): A
review, Appl. Chem. Eng. 19: 1-16.
Sunada, K., Kikuchi, Y., Hashimoto, K. and
Fujishima, A., 1998, Bactericidal and
detoxification effects of TiO, thin film
photocatalysts, Environ. Sci. Technol. 32:
726-728.

Nawarat, S., Supothina, S. and Chuay
bamroong, P., 2010, Removal of Bacillus
subtilis from wastewater using
photocatalysis and ultraviolet- C, Thai
Environ. Eng. J. 24(3): 33-42. (in Thai)
Pelizzetti, E., Pramauro, E., Minero, C. and

Serpone, N., 1990, Sunlight photocatalytic


http://www.epa.vic.gov.au/~/media/Publications/730.pdf
http://www.epa.vic.gov.au/~/media/Publications/730.pdf
http://www.koreascience.or.kr/journal/AboutJournal.jsp?kojic=GOOOB2

Thai Science and Technology Journal (TSTJ)

Vol. 28 No. 1 January 2020

degradation of organic pollutants

in

aquatic systems, Waste Manag. 10: 65-71.
[10] Murakami, Y., Endo, K., Ohta, I., Nosaka,
AY. and Nosaka, Y., 2007, Can OH radicals

112

diffuse  from the UV- irradiated

Laser-

Phys.

photocatalytic  TiO, surface?
induced- fluorescence study, J.

Chem. C 111: 11339-11346.



