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Evaluation of the efficiency of TiO, coating on stedl substratesin the
removal of E. coli using the photocatalytic method

A. Seifit’

Extended Abstract

I ntroduction:

By growing the population and expanding industries, the need for sustainable and efficient
wastewater treatment methods has become increasingly urgent. Among the different
technologies, advanced photocatalytic oxidation is a promising technology, gaining attention
for its ability to disinfect water and wastewater with minimal formation of harmful by-
products. This study explored the use of titanium dioxide (TiO;) nanoparticles for
photocatalytic disinfection of water contaminated with Escherichia coli (E. coli), focusing on
using different stainless-steel substrates to enhance disinfection performance. The primary
objective was to identify optima conditions for achieving maximum bacterial removal
efficiency while ensuring the stability and reusability of the coated substrates.

Materialsand Methods:

In this research, TiO, nanoparticles were deposited on various stainless-steel substrates,
including the inner surface of stainless-sted pipes, brushed stainless-steel sheets, and
stainless-steel meshes. The TiO, nanoparticles were coated at different dosages (5, 10, 15, and
35 mg/cm?) on surfaces, and their performance was evaluated under UV light (6 W) for a
residence time of 90 minutes. The brushed stainless-steel sheet was coated using physical
vapor deposition (PVD), providing a durable and uniform TiO, layer. In contrast, stainless-
steel meshes and the inner surfaces of stainless-steel pipes were coated using solution-based
methods by brushing, followed by heat treatment to stabilize the coating. To assess the
effectiveness of these coatings, laboratory experiments were conducted using ultrapure water
contaminated with E. coli at an initial concentration of approximately 10° CFU/ml. The
photocatalytic disinfection process was carried out in a reactor equipped with a UV light
source (6 W). Samples were collected at intervals (2, 5, 10, 20, 30, 60, and 90 minutes), and
bacterial concentrations were determined using standard agar plate culture methods.
Disinfection efficiency was calculated based on the bacterial log reduction and removal
percentages of E. coli. The pseudo-first-order kinetic model was applied to analyze the
disinfection data, and reaction rate constants (k) were determined to assess the effectiveness
of different coatings. In addition, statistical analyses, including the Mann-Whitney U test and
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Kruskal-Wallis test, were employed to evaluate differences in performance between various
coating conditions.

Result and Discussion:

The study revealed that TiO2 coatings on the inner surfaces of stainless-steel pipes achieved
the highest bacterial removal efficiencies, reaching 99.99% disinfection within 20 minutes at
dosages of 35 mg/cm? and 5 mg/cnm?. However, the coatings on stainless-steel pipes exhibited
stability issues, as TiO, particles gradually shedd over time, which could reduce their long-
term effectiveness. In contrast, stainless-steel mesh coated with TiO, nanoparticles at a
dosage of 10 mg/cm?, combined with UV irradiation, achieved a removal efficiency of
99.96% within 30 minutes. This configuration demonstrated a balance between high
efficiency and stability, making it a reliable choice for sustained applications. Furthermore,
the stainless-steel mesh showed better resistance to particle shedding compared with the inner
surfaces of the pipes. The disinfection process was effectively described by the pseudo-first-
order kinetic model, as indicated by high correlation coefficients (R?). The highest reaction
rate constants (k) were observed for coatings on stainless-steel pipes (35 mg/cm?) and
stainless-steel meshes (10 mg/cm?). Statistical analyses revealed no significant differences in
disinfection efficiency between these two configurations. This result suggested that stainless-
steel mesh coated with 10 mg/cm? dosages of TiO, offers an equally effective and more stable
aternative. The findings established the critical role of nanoparticle dosage in determining the
performance of photocatalytic systems. The findings from this research provided valuable
insights into the design and optimization of sustainable water treatment technologies that
align with global efforts to address water scarcity and pollution challenges. Currently,
numerous water treatment plants worldwide are equipped with UV lamps that use ultraviolet
light for water disinfection. However, studies have shown that relying solely on UV light can
lead to the production of smaller-than-average colony phenotypes in surviving bacteria, which
can pose a serious health risk. Therefore, the industrial-scal e application of TiO, nanoparticles
as a sustainable and effective disinfection method in water treatment should be considered.
However, challenges such as costs, nanoparticle stability, and the need for advanced
technologies to separate and recover photocatalysts must still be addressed. Therefore, it is
recommended to investigate the durability and reusability of TiO, coatings under continuous
operation, to evaluate the effectiveness of aternative light sources, including solar or energy-
efficient LEDs, to reduce operational costs, to extend the findings to pilot-scale studies to
assess the feasibility of implementing TiO,-based photocatalytic systems in industrial water
treatment facilities, and to examine the potential environmental risks associated with TiO,
nanoparticle shedding and devel op strategies for nanoparticle recovery and reuse.

Keywords: Nanomateria immobilization, Stainless-steel mesh, Disinfection, Coating,
Pseudo-first-order kinetic model.

Citation: Seifi A., 2025. Evaluation of the efficiency of TiO, coating on steel substrates in the removal of E. coli
using the photocatalytic method. Iranian Water Research Journal, 56, pp. 35-44.
https://dx.doi.org/10.22034/IWRJ.2025.15044.2649



https://dx.doi.org/10.22034/IWRJ.2025.15044.2649

&
L L

. ’ — 0

/ _
— %o (JEE D

olpl o Ghagh ale
(FP-Y0) VFoF 4o /05 by /Y o)lois /N4 ol
https://dx.doi.org/10.22034/IWRJ.2025.15044.2649

apg s Al
w9598 W9y LE. coli B jo Jutwl b pwn p TIO, JSlisasY o) () p

" i p 51

ol

Slajls ol yslaie 4 Mald 5 T 10505 (sl b piony gmmilienSTsish (gi slaby, 5l oolitl (5 sla Sl 5
4 035ll T (2l05uiS gy Ban b (ighy cnl sl €85 518 azgi 550 sl 15l pae SLaS 5 28 b 0538059,
Looad SlasaY (el 6,9 g jlouis Juiml 359wl dlg) 3l iso Jals) molam 5l eolizl b E. coli s xSU
VO e ade 4 O3l by e il ad pll US55 slaa] )b e (TIO,) pawili aesTiss 34k
Sk aoagll (Al Ol 00 (o) (AREL3T Ll 5o lacs 28l Bdo plawdly e yie il 1 0,8 koo YO
65, IO, Slesay g, 45 sls lis b i by, Ols & s LUV 2l cos 1 * CRUMI Ly i adsl il |
@i B Vo gl a5 g0k @ ¢ Sl iy B9, UV (b b olyen mje o le a8 s Ve 590 b el 698
sleosls b n95 4 Jgl axjoas S Juw as ol olas ool Gl Juds ol Casoas haa/as i oleaily
el sty il (5585 595 5 Sl g (55,0 GLaiaY glp i a4 K lake (itey w0l Gldail ek (g xSl

el @lo30S Glensly jo SlasaY byl b g Ol3gl ja0 axgs BB Sl eaimsylis mlis oyl

ol dz jodis St Joo (Slada¥ ( olo5ais ol (5,65 wlge ol Conis [guudS gaejlg

OF olnl o Loy alre. bl 5353 g, LE. coli Bim 5o il sl iy 5 TiO, Slisasy IS oy VF-F (51 i 1g Lo
https://dx.doi.org/10.22034/IWRJ.2025.15044.2649 . £ £-Y0 . aw

Oolidy s o8l (o] cwaige g pole 05,5 Luils =)
a.Seifi @V U.aC.iT : Jghums oo g *
VEYVNA LG5 00 b VEY-AINY ledl e sl


https://dx.doi.org/
https://dx.doi.org/
https://dx.doi.org/
https://dx.doi.org/
mailto:a.seifi@vru.ac.ir
mailto:a.seifi@vru.ac.ir

wbb’y,s o¥9) LE. coli G 30 Josw! s s 9 TIO; @L:.sqy ‘5.’.‘)15 e A\ d

Rincon and Pulgarin, 2007; Chen et d., 2014; )
YIY Ly TiO, 5,0 Gl (Von Gunten, 2018
o Ygane il slasgisd & Canl gy Sl
Sl 5 (ROS) b )5S sloisS slys S0
Zhang et al., 2019; ) s4i 0 TIO2 oL S o 56
(Saravanan et al., 2021

Lwd 90 A Swdllgigd  olojaiS slapiaow
b slaptans 5 Blee Caddbll OS5 L plagiaes
50 Blre SIS Wgh oo el 0l Condd Ul
sl iiSTly dooso¥T b yiis wled Judo 4 o Jole
Sl yls0 Ll ol 5 sl Ll iyl (i m
slcwbls = o (Hosseini et a., 2022)
oVgd il diile oYy (g5, Slgegil oahais
Elgl 5> 5 ol 03ls g Jetul 9 Sl ( SS305
Marugan et a., 2015; ) wigd o 43,5 S Lo, 65T,
Sidg b S5 aY SO wgw, (Hosseini et al., 2022
L 6oy (Sl gberd Pl whe Sooss,
Kislaeta.,) aas oo 518 15t cov |, a¥ ) e
(2023

slanlp gy 99 4 by 5, Slse sl Jlaiay
250 pll (Lol jgome by slaanlp 5 5o Jolone
Wb gl bl jeme]olne sla s,
Sy9abst (2352 i bty 2SI sla ity
St 4 podyyg e 5 e 0be &5 s 5l
shoslanal ohls g ¥ ;5 g5 )0 plaadgue Ll
oyt gy dile gzely slagis, Sl Pl
L Wl 51 (CVD) b alesd wow, 5 (PVD) b
9 Npss o Tolaw (BADg lp ead pSud olge
ol L aisS o sl 1) algol g ooy by itia
S A yin Sl 4 g 03 pole) g oz baghy,
(Kislaet d., 2023) usls

oS wnls Sb)l Gl lesis lids
TiO, @lydgl jl eolarwl b OMoB bl gigd

UV b jgaa o Gt golaw (59, ool Slasay
595 550 0,ly by ol inl bl oals ploxil
Ghey 9 SEY el bg wibe pley w39l
Alggo Il cpl Sho ol vezy Sluial
ahal 5> Gi9eSS cnl Sl esliiul (sl (650 peeas
(o s (He et al., 2021) w8 Joges |, ML

doddo

o\.\mm uLM..: )| oolawl ‘M)Jam MLAAA} 9 u—|
el 0ols il 1) s glad g o (g5,0laS (o
HBE Slass (OMSE 0 3990 i o Jolse
SE bt 5 S sl SRy 0 2F
b sloill> o (Tabatabaei and Najafi, 2009)
5 Bsas slaosSas Bio S Sl
Oleed loias 4 ol ol adas ol slolas
3yls Ol il jo Sl L bl al> po oy ,5]
s o glojus Gas (Mecha et al., 2019)
Noamo JSid jrals aslh doyysely g5l s e
;1 .(Hrudey and Charrois, 2012) col ols;0i8 Sl>
)‘JCAM:}) 9 )‘A.JL: Ao B |'°'§ Lgl.mvws) )| oolawl 5)k)J‘
IR Ay 000 ol olojasS gl S Lo
lass 8

lsel 5 305l e ezl il glabs; ()5S
X, “5:))15 sloals ool uT 6,1.)).\.5 6‘)’ uvC
Bole e slagtogllas 5 adgs Lol el (g cn el
sgaze |, o 51 eslaul IS et 5l sl olylas
by, (Zazouli et al., 2015; Pgjandi, 2012) &S
4 5 e 0 g 00 (il Sl cpl W8 S5
solil (Garoma et al., 2010) 54 o o oy5umsS]
SrdeaSy b pleadly 9s2g b UVC gloal
Pablos) ailesls o\Lis | sas Jled i (slags 5Sb saze
(etal., 2013

slaghy, 51K plpet Gulilgd glaas]
Jolds (grio loy5iS o mly 5 (g eelen
oole )3 i ot 58 WU o8 aleendt sla STy
gy e a5 ol cpl aiee caJBlS g6
Amanighadim et a., ) ais oS g0ue JSGol,
OBl g 03,8 Gras 7S oy g 5,0 (2017
el Gl Jls (o aiS se e2l)8 1) 105008 eole il 5l
(TIO2) pausils amuSlgs wiile S dbligigd il )3gils
lal (6lod S 8 S Gy dame g ol aghas o
51 la Gl (il 3 b awd o5 558 b L TIO,
L Bssber slows Soe s Il slaSogll 5 00,5 wdss
0392 Iy 5 40 38eS ¢ om d odle (pl WS (o0 4325
WS (o0 xS sz g S Sazme 0, 5l



Yv

VFef Sl /08 ols /Y oyleis 1A wde / 4l ) ol gy alxo

b9y 9 9lge

adg GBLT 5B TIO, gL e 5l yols s e
SLasay Jole ol ons ool Lol sla i
el py Ojge il Sglate sle i

o YoF Lol dgd sl TiO, wldgl slasay -
ol () US5) pertaisile p oSk YO e
Lo¥ef ol ayd sl sz (V) ol
A 9 (05 SiSler g a0, YO o pu S g o]
50,5 Jgloe (Y) ol il am 0 Yeu 0,05 j0 ools
g a0y Yo Jgbl 50 TiO, ob j0g o5 VWA laie
S Sk P I8 Sl o s Jole uil,
ot YO s g0 il sl Jsb) late ol b
YO clile a5 bl g eog el O o] kb s
che ©9; TIO2 $b 00 @pyutle » oS e
TiO, 9l ,o9 lade oplpby scol oo bl Ll
5 oo oolel Jalowe (¥) (0 sl 0,5 VWA L ol
Sl S5 3,50 gl 2o 4 pe iz ) S Al e
4,0 YV slod b sloysS )0 dgf aspe j2 5 00,8
Hoetdl., ) os ools 1,8 celu & e 4 g o 5 il
(2010

L TIO, @l ydgil b s SLEGAY Yo F il algf - JSCi
&30y il 3 p)F o VO clald

o YoF Lol dgd s TiO, wldgl glasay -
@2 Jole Jold s ta il p o5 (hee B lada
Lovef el ayd b esiaes (V)
A 9 005 SiSler g ao,d YO oy lS g o]
50,5 Jgloe (Y) ol il am 0 Yeu 0,05 j0 ools
PH sailu, g hie Ol 4o TIO, &l)dgl o5 ¥ lae
WN Sy g el b o dae 4 5la5 5590 Jolone

Seieas  lp Gl gleygSlhgss o Slee
E. 65k ssl> ol lapsmibsms Bl 5i58
5681y A oles (g9, TIO, Slge gl 1ol sy peOI
Sl as ol lis mls wal Slasay el s g
Gy Jd TiOpzbw (e 5l (o TIO, &Y Ko
cled ax 31 aes o rels ) e pSL o B
olegs 5l oS ouls Slasa¥ le,eSTy olojaus
Slp 4B VAL Cae o gals Sy F) 8, TIO,
T olse il ) 6ty Caaglio 5 (55lanly Ll (DL
il slasillas 4o (Van Grieken et al., 2009) asls
s olyer 4 TiO, (TMiIP™)ouiedlol pgilis i
&y TIO, (TMIP™) g5luyl asly s 5 UV oY
E. coli culy it (pl ool soliwl T Sloj0ss
a2 jhals (6, Rei b 4 4l VO b |, OB
slaax b 5l 5,50 Liagp o (Ochiai et al., 2013)
Slondly 3l sy 4 TIOs Lo laiay (ssb
cos Eocoli (6,55l canedBl 5398 o 50 (gl o lideS
celo Sy b baz by ol s ool UV-LED s
Judps 1) sl Jl ar ot (Seew Joo b
ol yizmes Wi coalin duzme Wby g wid)S
(De Vietro et a., 2019) o aul Ll same oolizl
o g Ky clcdile | TIO, Slaay lsjas i
Soys Sy Fomb cdale ad ) p ated 695 w0
5 9,5 obml @l b,y ol 10 gy ileled s
oS axds VYo sl e e Sl Yhasly KPRES
(Isopencu et a., 2022) s
oL whal ane) ;0 03,05 slaiagh e b
S i b iy gbignS] g, 5l eolitd
E. 2ojuf jolate 4 TiO, lawgi ouls Slasay !
ol Gadod (ol 18,5 118 axgi 090 eS COI
o9y 4 oagll Ol 5l g len lags 251 Bdm lendl,
oo Slas ¥ TiO; @l gl hwg wablS g4
OB oS el s s i Gy @y )
Wt Oloy mess B8 E35 15 (o) 3590 il 2
Ly cos Eocoli glag oSt Bas gl wles

W PR WA L&"L““’d”y Wy usLL.A



wblfyss ‘_;59) LE. coli Gl ) J,;..wl tSL"’};'““! » TiO, @L&«N cs*..‘)l: Yy YA

|
V+ mg'em? rm mygenr

boud SLida¥ 1Fee go ¥oF Jowl 5y9 -F S
2SS0 gV b lacdale LTIO, wlydel

&0 o il

LYe¥ jlogis Jetel Gy 9y TIO2 Slasay -
s O e ;o 5 odd demal posilis PVD s,
(S Do) s 2B 03l 1Sy 58T L VL (655
Yo¥ o Jutal 39 9y Sib slapkd g0 @
onds plomil il A5 o anl 3 ol as § 18
V Jges 5o b ylas Slasie aodls (¥ JS2) col

el o a5l

A Loud SLESAY YHF oS Juswl )9 Y JSCi
PVD gy 41 oS 35 9 pguibis

Sl 9590 sl Wlasiiio Ao =Y Jgur

@(Lm“g::z;p SLaY SISy
Yo Sl ) Spipe, 35mg/cm?
o el g Spipe, 5mg/cm?
- St o9 Spipe
- Jogas Jeiwl 3,5 Ssheet, Ti(PVD)
o Jel (559 Sscreen, Smg/cm?
Ve Sl (5,95 Sscreen, 10mg/cm?

0 Jwl (5,95 Sscreen, 15mg/cm?

ol 0 b dslome 05 Y Ll TIO, Siasl 59)
(¥) owp 5 52 o8 Vo sae 4o ,0,055 0
@ ol Oyl e pailey 5 S8 jleyS (95 05
Slaie 53,5 ol b (g el (F) ol 5 il a0 YA
ool 18 5 dg) Sl mhaw (g, el oole] bglses
ples b anld 1SS aido 0-) Soe 4 0yg8 4o o
Slasay Ay cols 18 () was eole] bl oo
Sz () el ¥ Goe @ 0)95 j0 LA 0590 ol
Sl L ol (3 mhans s § GBI gles j0 dlgd (0,8
(Ji20, 2020) ,lais

LYF Jool )5 sy TIO, oldgil liay -
ol > lmpeie il g p S dee 10 9 Ve B polis
ol b VEe e e oyl Yo F il 55 5 Lbs,
Ererestls Y50 10 slul b 09,50 & slaassy,
odls 1,8 ol dlg oo glas a¥ 51 w9 colaiu!
b kil ol TiO, cldgh aF VE Jlaie s
FIN Jsie 5 qupopia il p oS koo Ve clle ol
s oeSke V0 chile ly TIOp Slgl 68
JS5) a ool a0 )50 bglive 5 (355 0 e sl
(Jiao, 2020) (Y

Sy slaisdy, b illae wad bl glachle ol
3 Jle glge @ el Gl Gldlas jo oolaul
e e sile K 5 TIO) psF oo ¥ e slasllias
A oolaiwl LS"Q)"\'*? )5;1;‘) )9 L_sJLMJAJy J,«.ow.:‘ &y9
(5,590 adlas 0 pumes (Ja0 et al., 2021)
S gl TiOs aF ke YY 5 YY) claclil
2o el s Sy Jel 68 @il
4 wilesls ylis Slallas ¢yl (Wongaree et al., 2022)
slejee ol adlhe joauil ails Slojas LIS
bl sl @y Setle e S de V0 5 1 O
wlad) e Y gyl s pleily 5o (m s Slpss
e Glyie 4 @y etle p oSl YO 50
b anslie 5 2loj0s8 2l Sl ow) sl ST
el 00l uL?(.u‘ ):;Q"':‘.L’ 6Lb)5.)



Ya

VFef Sl /08 ols /Y oyl 1A wder /1 ) ol Lapgy aloxo

LRV = —log (:..l) (v)

Jol 4y 4l Siw Jow p olojasd laosls
(Wang et al., 2018) wouis osls 33l

log (%) = =kt (¥)

il o LSy e o ol K T yo a8

iz sloghy, G IS gkl slaJulos 5 450
sty by SPSS ke 5 sl eslanl b« glasayy
Mann-) lyome ¢ (Kruskal-Wallis) edlg= JSus,S
2 bl (Whitney U

ool JlisaY by s olojuss Lol
Lo YIaxy "t CRUMMI Jsles E. COIl g ST adgl clale
FoFO XY N0 N DY bl o 0e Jslxe
P Slp g @S 050 Jolowe ) aids -
Sl P IRE = IV NCa PRE PR S P
GHSL yee g S o gy 0,5 drule (651 Conaz
el oal 00yl B o il sl b o
Oloy a8 L anl B oS el (ot o5 jsbles
el 398 o 4l Lo S slass 5l g Wb oo il
Ayl i iz ool o B coil 5L i
2 opSeke YO cll L oous slasay el
Sly £ oles LUV Y 5 TiO; &gl o ye yie sl
N D slapley ;o0 B> leusly aS wes o ol
5 A4/AA AU QUYL ol w4 aids 1O
Corox @aids 10 wile ol b .l asye 44/44
FO 5l e s VXV CFUMIL & L 500 5,551
mizmed ) 5l e oy, VYoo CRUMMI 4 aido
TiO; wlydgil @petatlo » pS e 0 SlasaY
e UV ¥ olyen 4y o1 015 5 sl dlg) S5
2ol i 8)lge plo a4 cans ) 6L JralS azes
YO o ¥ e lagley jo 5L Sumex il o)
YYEx) T 0asx) T CRUMI slasl 4y ool 5 4 aido
e Ayl Sl Gl az 5108, pals 0.
ooy p Lol cesls 1) B coli s ,55b i o mls
3 TiO seay lnl a5 ol oles eyl

WIS so iy 9 5 sl el gl (490 ai8 S

1055 Wl 8 plevi!

Sy Slaiay Glize by, b ou)p @l
JIoiis il Gys 9y e il gl U5l ol calisea
E.coli 550 Bix by pals o Yo F Lol 6,8 9
o ags Ecoli 6,55, Y/ox Y -1 CRUMMI gol>
4 5 oolatul E. coli (6 ,55L K-12 g 3l ol sadss
Nutrient 9,5 cuiS oo 51 o] 85 jglace
o b oolaul ke O y8 sals | wl Broth (NB)
Ol 658l ol S Lo (405 o2 el FA
FogigheSpml ol ;5 6L adyl Cumezr 5 i
ONley Hshe dr ol aniles gl FY - zge Jsb o
eas g Y)Y CRUMI lode 4y St ol
Sl L 6L gl syime 55led) (sSh Cunex
Saae 4 Haww, b Ol e (505 5 pll jlhade
VAU JE RNV RR

uv wy Jpa> 5O Lg).»fb U"‘ O oo5ﬂ g.j L;;Sauyg
ond Glasa¥ Lol gla i Guizen 5 Sy 7 g5 L
FO X Y A0 N DY els dalise slagle; o
0L w)f LgLﬁﬂbs.oJ I8 ared W rbl?u‘ A.Q.dé Q- 9 7
CRUMI o LT e b wias ol st ceas
e Sl 5 o anld nl )0 00,8 e
Ja.::u)o 9 (o 0 & L;J,.,.SL\ WSsu—‘ Lgl.hd.s}.o.}
VE Soe 4 Jols slodigas b plosl LB Agar cuis
s Sl Goled g 9 28,5 1,8 H9lsSSl o el

bl

&bl s Julos

25 Wolae Golel » (R) olssSL plojuss oload
iR 3

= (e {0 |

) ('-. "'"'Iu ) it ( )

5 (CRUMIL) (6 5SL slaswi i i N g Ng ] jo a5
ol il a2y T8 bl Gl ey 5 T8 555

ol (10g) w8 Jlaie bl 5 glojass leusl,
@230 Jeily Sl &5 0500 ol 365 (LRV)
sl » LRV ol gL glaJld e sl
Som s 80 50 6 pSL cdalé cons 5l 65w,
((Zhao et al., 2020) 54 o Cyarns dniai 21,3



Mblf,:,s g;‘ﬂ) L E. coli [EReS I J.\.\M‘ ‘_gl.b).’}..mg »TIiO; @W@Y Gg‘l)lf 33y f.

Slidgl gy ol 2 p S see Ve b ond JliiaY
Y ol 5l osdse i UV Cly £ owY 5 TIO,
30 g 039 hF Gyge 4 oloju leasly wads 4
Sy b ialdl aspe 99/99 @ aids Ae ol
el @l plesdly Jloged s Coo (o)
ool (0 JSa) ol sad 08,91 5 ctalS o 8 jlade
Siledps lp @S ety SLe S0
alamde el iz slagle; o E. coli slacs ST
oled 2 6L Gels LRl g, a5 9sd e

1o 392y wled sl e

ol HLas VFee e Josl 6,95 g9, TIO2 Slasay
2 pSke Vool 4 Lo mli Gayg o
TiO; glasa¥ b (o5 b a5 conl ape o il
ol ools plis PVD iy, 4 Jlsgis Jeiel s,
Senal peili 18 as ol (LA PVD (g, mls anslie
Sl Fend S5 Rl s (59, 00l 0oly g g
LSl Comex s jo TiO; &gl g9l> 05

Ll
Jsl 4ids To b ool sasie ¥ S5 51 45 phailan
Jeiml 6355 e S co LSl weys 2908

. )li’

E. coli (655U Coros LalS

110 -
5 1001 b e e D a2 2]
3 ]
o) 90 ::F
4 e
2 70
‘,»1 | —&— Spipe, 35mg/cm2 TiO2 & UVEW
« 60 —e— Spipe, 5mg/cm2 TiO2 & UVEW
5 50 4 ——t— Spipe, & UV6W
u‘-j —x- = Ssheet, Ti(PVD) & UVBW
= 40 A ——&— Sscreen, 5mg/cm2 TiO2 & UVEW
. 30 4 Sscreen, 10mg/cm2 TiO2 & UVEW
3/ +eseeeee Secreen, 15mg/icm2 TiO2 & UVEW
20 T T T T T T T T )
0 10 20 30 40 50 60 70 80 90

(ad0) oo

4880 A+ wilo (b U (2L 5,1 0590 ool SLidasY Juctuw!l 6l yaww (105005 ylonil ) duus o —F ST

8 -

7

6 .

5

4 -

3l S A K T T e
——@— Spipe, 35mg/cm2 TiO2 & UVEW
—@— Spipe, 5mg/cm2 TiO2 & UVEW

21 et Spipe, & UVEW
=X+ = Ssheet, Ti(PVD) & UV6W

1 A == Sscreen, 5mg/cm2 TiO2 & UVEW

A Sscreen, 10mg/cm2 TiO2 & UVEW

eeeetseee Seoreen, 15mg/cm2 TiO2 & UVEW

0+ . . . . . . , . , .

0 10 20 30 40 50 60 70 80 90 100

(aids) oo

bl 9590 eud Sl Jusw! (6l ym (S (v 515 dunny Lo -0 IS



g

VFef Sl /08 ols /Y oyl 1A wder /1 ) ol Lapgy aloxo

ool ¢ sl dg) L5 b (55, 5 35MGICT? 550
o5 55, 10MQIEM? 555 1 TiO, liiag b goline
590 50 a8l ymals leadly wojle VFee e ol
S g gpepagile pTiO o8 (Lo Ve 5l S0l
) o5 Ylas!  (Sscreen, Smglem?) Lol s
el Geizmed ol (bl i Sl aw palS
glesl o 4 cewl S Ssereen, 15mg/em’ lsasl,
ik Jld gblie 4 UV (b (o jiws palS 5 mlans
5 951 sl 5o, adgs rals cel wilgs o oasay oyl

Dyl gl Hlealy ¢l

omdlgm J8g,8 yg03] 0 WIAYY L ol H o)Ll laie
AlSre Gl i e Gologre Dglay a5 ol ol
Ol 4z oyl (p-value=0.007) s ,ls 34> Slasay
L solosne job @ boog S 5l (S o oS ams oo
B ¥ Jgaz jo o)l aglay jleadly jo ooy 5 ples
Gl boyles i amlie jshite 4 (Llsoe 95
O Gl sire BB aF 5gd o abaxMo Lol oa
Sscreen, 5 Spipe, 35mg/em’ B> lesil, Sl
L Spipe, 35mg/cm® sl Ll 5 ,lus 345 10mg/em?
o sxe Sscreen, 15mg/cm’ 5 Sscreen, 5mg/cm’
2 TIO, Slisa o conl cpl Sl aomts ol il oo

Cilisio 6l yloud (2195055 (yloily dunn o (51 (Slgre (3903] s =Y Jgur

pvalue U ool Sl o slmog )5 pvalue U ool Slamslio slog,5

-y oy Ssheet, Ti(PVD) Spipe -Java fY Spipe, 5mg/cm? Spipe, 35mg/cm?
s st Sscreen, 5mg/cm? Spipe sy £Y Spipe Spipe, 35mg/cm?
IAs- £y Sscreen, 10mg/cm? Spipe [y £A Ssheet, Ti(PVD) Spipe, 35mg/cm?
olevy £ Sscreen, 15mg/cm? Spipe ooy YA Sscreen, 5mg/cm? Spipe, 35mg/cm?
of.ay - Sscreen, 5mg/cm? Ssheet, Ti(PVD) o.ay $- Sscreen, 10mg/icm?  Spipe, 35mg/cm?
-Java v Sscreen, 10mg/cm? Ssheet, Ti(PVD) ofee¥ Yo Sscreen, 15mg/cm? Spipe, 35mg/cm?
Ivvs 00 Sscreen, 15mg/cm? Ssheet, Ti(PVD) Y% £ Spipe Spipe, 5mg/cm?
ofeay A Sscreen, 10mg/cm? Sscreen, 5mg/om? lofY #¥ Ssheet, Ti(PVD) Spipe, 5mg/cm?
NZX! Yo Sscreen, 15mg/cm? Sscreen, 5Smg/cm? ey Y Sscreen, 5mg/cm? Spipe, 5mg/cm?
-IvAQ ay Sscreen, 15mg/cm? Sscreen, 10mg/cm? ofeay L Sscreen, 10mg/cm? Spipe, 5mg/cm?

vy FA Sscreen, 15mg/cm? Spipe, 5mg/cm?

S 005 anle yeyiatle p e e YO jlade
sools b Jol azjo 4l Sow Juw o0 o0 olid
Alis fuiren )b Hs5 s Bl Lylps )l
9y @ Fatle p S e 10 5V B Lyl
Oy Caalies gl a5 wes oo plas ol g8
a5 e Gals o U, ohjasd lewsly cnl S
LUV b i 2ol b oglsl s 4 Yl
39l gy S9biee Sleidy (rlple ol b mlan
Gad olie 5l i LS slcwbks LT S
g boed ShlS o i ose el wilg e
Llys » UVl Glise gload eoes

WS (oo (28 Jol 425 4d Jue 09d (o p (210505

Ol sl azps and Seiies Joe B Y Jou o
NEW PR WP Gslo)dj 3 deols slrosls  oas ools
g cbale el cepw Sble Sty ey ool
Lolyd lp oy 4 K lade il gloj Job
s opSeke 0 5 YO Jde 4 gl 3l Slasay
a5 wa e lid polie ol iael Casddy g e e Sl
5 odd bl 65 dge job 4y STy vl 90 cnl o
(5 ek 4 el adl galS Sa e CRUMMI clale
@‘Q)Jj (o G")K OMQQL..«; k ).;yl; )L.\.Q.a
0 polie b Jowl (595 S jluy Sumdg g3 o
Ol 1) @bl (n S qope el S (e VO 4
ady Jol glasaY Glp R? jlade oYL aisls



wa.]blfy,ﬁ L;‘S) L E. coli Gl o) J.u.wl ‘SLEM »TIiO; G,L.Mmy ‘Sg‘l)lf Yy fY

Slul glacisas § SzsS Gl S e bLS | andds
Sl o0l ools uLA.MJ s_iue.u‘su—l LY ‘aslﬁ.a 9 o.A.:.;Soj.c
5| olizl el p3¥ ol (Robertson et al., 2005)
Ml Gy S Ol Sare wlie ;0 TIO, O350
255 )18 arg 850 Ol dhal j0 2105955 (6l i5e
a5k g Ddgl golal dean e Sy Sla gl L
sk s b Gly adin slagidess

g a3 )F e s Glizmes Wb e B g8

wr $lp blwese ) ol Syg0 4 STy &5

ol pll g o 3B Vs slayilesl 3 Gaes
Oz ol 5o goase sbalBaial ol > o
sl il gl a8 attes UV glacw 4 e
s (J ol b oS e oslinad T lsjus
Sl o oles 4 UV e 5l solaiwl a5 wleols L
bugio s> | 35558 (S Glacias w4 e
@ Wy oo ol (nl a5 09l oilogdly onij slags S o
Sy 5 95d had Codls lp oz s S

Jol 4z yo s Soiams Joo gt -V Jguar

Jol 4250 dnd S ol R? k (1/min) Sy ggi
In(C,) = 0.154t — 15.373 MY ot Spipe, 35mg/cm? TiO, & UVEW
In(C,) = 0.154t — 18.062 -[sa¥ ot Spipe, 5mg/cm? TiO, & UVEW
In(C,) = 0.098t — 17.97 -Is¥a of-aA Spipe, & UVEW
In(C,) = 0.083t — 17.504 -lg -8 o[- AY Ssheet, Ti(PVD) & UV6W
In(C,) = 0.070t — 19.929 -Ivay ey Sscreen, 5mg/cm? TiO, & UVEW
In(C,) =0.111t — 17.94 -Ivoy NN Sscreen, 10mg/cm? TiO, & UVEW
In(C,) = 0.084t — 14.37 -Ivag oAt Sscreen, 15mg/cn? TiO, & UVEW
Sle P g Sl Kl SO *‘-"‘95‘5‘ MLUSJ?S LS)'S“M

Sl Sogll oyme p0 g OleS Gblie o Ol dda
wan| oladsy jo oS Sgu oo Slgadion 2Bl 59,50
TiOz ey g)lnly sste 69, rtier Slallas
Ol Dan @Yol SIS pw) g a2l Gloan e alS
Oeizer 05 el 1555 Glagelie jo o,
Sl @ BrasS b b 5 @bl ooliiul pu)
Al ol sileange 5 leanse ials 4 wlg oo UV

S S

P g

ool YIEEY - o)l tmghy bl 425 Alis ol
5 Ol 5,5 cgles b &l VEYLFLE £
slaculos 5ol oapm, plol 4 Glo,S oyliwl LB
oSl diloras £S5 0l

OB e i 2l Sl

ol g o)l vgmg xdlie olay aiSme dlie ol o
] i g5 ded Aol 090 alis

TiO, l)3gl 5l eolaiwl a5 ols lis Guiow ol ol
Al oo ol Glize gl 5 oas Slusay
ST SE ol 551 Bi 8 j55e b, K ol
TiO; slasayy whgas oS Joe UV il cow 004l
Grefagile e S Vo590 b el (6585 555
Sae yo 1y ez BB olojaid lewd]) ol anilys
aS ol ol gl (mimmed L055] Caws @ olisS e
AV slaes b il sladly (s, slesey Lyl
Coex g5 0 G o Sles Wiz TIO,
ok ley Jsb )0 smeS glb Lol wccils lags S
Jol 4z ads S Jow (Gudss cpl o o
o Sl Glas o leosls L ) sldail o e
5 OLdgl 593 s b bl ol Ko
gl las ) plejass ety o Slasay Lyl
3 69kl 3l eolatul (gl pole Gaass gl el
San s sl asle e ixio s
wbyi LGIIESS a4 jld 9 Vb glean e daayy
S wb bewdilsg giluler 5 bk sl

Sl 58 (Jo ol Loogh 4§



VFef Sl /08 ols /Y oyl 1A wder /1 ) ol Lapgy aloxo

black dye in a rotating corrugated drum
photocatalytic reactor. International Journal
of Chemical Reactor Engineering, 8(1).

. Hosseini, F., Assadi, A.A., Nguyen-Tri, P,,
Ali, 1. and Rtimi, S., 2022. Titanium-based
photocatalytic ~ coatings for  bacteria
disinfection: The shift from suspended
powders to catalytic interfaces. Surfaces and
Interfaces, 32, p. 102078.

. Hrudey, S.E. and Charrois, JW., eds. 2012.
Disinfection by-products and human health.
IWA Publishing, London.

. Isopencu, G., Eftimie, M., Mdlinescu, A.,
Dancila, A.M. and Mares, M., 2022.
Recycling of glass waste by deposition of
TiO2 for the intensification of the
photocatalytic effect in the purification of
wastewater. Coatings, 12(11), p. 1794.

10.Jiao, Y., 2020. UV/Photocatalyst based

photoreactor design for water treatment.
Doctoral Dissertation. Laurentian University
of Sudbury.

11. Jiao, Y., Shang, H., and Scott, J. A., 2021. A

UV C based advanced photooxidation reactor
design for remote households and
communities not connected to a municipal
drinking water system. Journal of
Environmental Chemical Engineering, 9(3),
p. 105162.

12.Kisla, D., Gokmen, G.G., Evrendilek, G.A.,

Akan, T., VI¢ko, T., Kulawik, P. and
Ozogul, F., 2023. Recent developments in
antimicrobial surface coatings: Various
deposition  techniques with nanosized
particles, their application and
environmental concerns. Trends in Food
Science & Technology, 135, pp. 144-172.

13.Marugén, J.,, van Grieken, R., Pablos, C.,

Satuf, M.L., Cassano, A.E. and Alfano,
O.M., 2015. Kinetic modelling of
Escherichia coli  inactivation in a
photocatalytic wall reactor. Catalysis Today,
240, pp. 9-15.

14.Mecha, A.C., Onyango, M.S., Ochieng, A.

and Momba, M.N.B., 2019. UV and solar
photocatalytic disinfection of municipa
wastewater: inactivation, reactivation and
regrowth of bacterial pathogens.
International Journal of Environmental
Science and Technology, 16(7), pp. 3687-
3696.

15.Ochiai, T., Masuko, K., Tago, S., Nakano,

R., Nakata, K., Hara, M. and Fujishima, A.,
2013. Synergistic water-treatment reactors
using a TiO2-modified Ti-mesh filter.
Water, 5(3), pp. 1101-1115.

16. Pablos, C., Marugan, J., van Grieken, R. and

Serrano, E., 2013. Emerging micropollutant
oxidation during disinfection processes
using UV-C, UV-C/H202, UV-A/TiO2 and

Lodld &y cw ywd
5o axd S alodl 6&’&5}] s 5l G ol sleesls
C"L“" 9 SleMbl don v ol 00l C‘)’.L"““" C)J’ gﬁ)b

] o0 @3l dlie e 4o

OB w9 &5y Lo

ool plxl Jgl ediing lawg Giogh >l (led

S gl
hoe 1ol Ll g plol o 1) BWS Jeo! ooy s
ksl aea anl 9,90 Ero90 (nl 5 Wleoges Cule,

bl o

&lw

1. Amanighadim, A., Dorrgi, M. and
Lotfihayayee, K., 2017. Investigation on
TiO2 nanophotocatalysts performance in
simultaneous removal of humic acid and
biological contaminants (E. coli) from
contaminated water under UV light
irradiation. Applied Chemistry Today,
12(44), pp. 55-68. [In Persian]

2. Chen, Y., Huang, W., He, D., Situ, Y. and
Huang, H., 2014. Construction of
heterostructured g-C3N4/Ag/TiO2
microspheres with enhanced photocatalysis
performance under visible-light irradiation.
ACS Applied Materials & Interfaces, 6(16),
pp. 14405-14414.

3. De Vietro, N., Turs, A., Beneduci, A.,
Chidichimo, F., Mildla, A., Fracassi, F. and
Chidichimo, G., 2019. Photocatalytic
inactivation of Escherichia coli bacteria in
water using low pressure plasma deposited
TiO2 cellulose fabric. Photochemical &
Photobiological Sciences, 18, pp. 2248-
2258.

4, Garoma, T., Umamaheshwar, S.K. and
Mumper, A., 2010. Removal of sulfadiazine,
sulfamethizole,  sulfamethoxazole, and
sulfathiazole from agueous solution by
ozonation. Chemosphere, 79(8), pp. 814-
820.

5. He, J, Cheng, J. and Lo, I.M., 2021. Green
photocatalytic disinfection of real sewage:
efficiency  evaluation and  toxicity
assessment  of eco-friendly TiO2-based
magnetic photocatalyst under solar light.
Water Research, 190, p. 116705.

6. Ho, N., Gamage, J.D. and Zhang, Z.J., 2010.
Photocatalytic degradation of eriochrome



Mblfy,ﬁ o9y LE. coli Gdo jo Jucw! s iy w TiO; LSSWQ‘Y Gﬂ)lf ey ¥

27.Zhang, C., Li, Y., Shuai, D., Shen, Y. and
Wang, D., 2019. Progress and challenges in
photocatalytic disinfection of waterborne
viruses: a review to fill current knowledge
gaps. Chemical Engineering Journal, 355,
pp. 399-415.

28.Zhao, Y. Huang, G., An, C., Huang, J., Xin,
X., Chen, X. and Song, P., 2020. Removal
of Escherichia coli from water using
functionalized porous ceramic disk filter
coated with Fe/TiO2 nano-composites.
Journal of Water Process Engineering, 33,
p. 101013.

UV-A/TiO2/H202. Water Research, 47(3),
pp. 1237-1245.

17.Pgjandi, S., 2012. Evauation of removal
efficiency of trihalomethanes (THMs) from
water using titanium dioxide (TiO2) based
on nano photocatalysis. Master's thesis,
Water and Wastewater Engineering. [In
Persian]

18.Rincén, A.G. and Pulgarin, C., 2007.
Absence of E. coli regrowth after Fe3+ and
TiO2 solar photoassisted disinfection of
water in CPC solar photoreactor. Catalysis
Today, 124(3-4), pp. 204-214.

19. Robertson, J.M., Robertson, P.K. and
Lawton, L.A., 2005. A comparison of the
effectiveness of TiO2 photocatalysis and
UVA photolysis for the destruction of three
pathogenic micro-organisms. Journal of
Photochemistry and  Photobiology  A:
Chemistry, 175(1), pp. 51-56.

20. Saravanan, A., Kumar, P.S., Jeevanantham,
S., Karishma, S. and Kiruthika, A.R., 2021.
Photocatalytic ~ disinfection of  micro-
organisms: Mechanisms and applications.
Environmental Technology & Innovation,
24, p. 101909.

21. Tabatabaei, SH. and Nagafi, P., 2009.
Effects of irrigation with treated municipal
wastewater on soil properties in arid and
semi-arid regions. Irrigation and Drainage,
58(5), pp. 551-560.

22.Van Grieken, R., Marugén, J., Sordo, C. and
Pablos, C., 2009. Comparison of the
photocatalytic disinfection of E. coli
suspensions in durry, wall and fixed-bed
reactors. Catalysis Today, 144(1-2), pp. 48-
54.

23.Von Gunten, U., 2018. Oxidation processes
in water treatment: are we on track?.
Environmental Science &  Technology,
52(9), pp.5062-5075.

24, Wang, L., Wu, W., Xie, X., Chen, H., Lin, J.
and Dionysiou, D.D., 2018. Removing
Escherichia coli from water using zinc
oxide-coated zeolite. Water Research, 141,
pp. 145-151.

25.Wongaree, M., Bootwong, A., Choo-In, S,
and Sato, S., 2022. Photocatalytic reactor
design and its application in real wastewater
treatment using TiO2 coated on the
stainless-steel mesh. Environmental Science
and Pollution Research, 29(30), pp. 46293-
46305.

26.Zazouli, M.A., Ahanjan, M., Kor, Y.,
Edamifar, M., Hosseini, M. and Y oussfi,
M., 2015. Water disinfection using
photocatalytic process with titanium dioxide
nanoparticles. Journal of Mazandaran
University of Medical Sciences, 24(122), pp.
227-238. [In Persian]



