[ Downloaded from hsr.mui.ac.ir on 2026-06-25 ]

[ DOR: 20.1001.1.17352363.1397.14.3.20.4 ]

[ DOI: 10.22122/jhsr.v14i3.3413 ]

DOI: 10.22122/jhsr.v14i3.3413 Vesnu Publications

155 4 5 155 — SN0 i 31 0ol b AT T 31 Jg3hokig 0 U5 58
(g-C3N4-Ti02)

"3 8 s oo e 0 b yo ) L Lo

02,59
Ol 4y )36 glhtio adeds gladt| 3 4 o 53 g8 3y S § Jammn 4y st gy 5 sb 4 10T & Sl 0 ol e glsp e oz 51 LSS5 1 5T 5§ 3z 1ok
eSSy 3 ) (Sladlo 53 3 55 o @ 5515 OLdl SaBl 0l (s hy (g D ble S50 4 i 5 il oo o Laee 3 el 3 i 00T
L5 28 ST p sl CadBlST G s Sa b Sl s el odd B e T e 1 Lot VT o 55 g e (5555 S Ol 0 4 iy
w235 Sy g ST ladass 31 Jg3lis 2o O3d> 43 (@-C3N4-TiO, L Graphitic carbon nitride-TiOz) _zsl §

05 S9N G Sy Son sl 25T S ey 5elS S Slaieia nd S 5 8 5 G-CaNeTiO, CendBIS 1l 63,1, — (ool alllan ) 55t 8
(DRS \, Diffuse reflectance spectroscopy) (Ll wlSsil awwcal 5 (EDX) Energy Dispersive X-ray «SEM L Scanning electron microscope)
e 5 (Ve 5V OF)PH (2] (.J?dt:‘ Yo 500 00 Jaslss e adsl ke (@-CaNg-TiO2 cundblS” S 5 53 9-CaNy lie il oo asils 56 s s osliza
W38N g 3050 Sl e

Joildssme adsl Chle Jols g Llys 55 anlp oS ST ols 0L dojliis e o po 55 1) it (AedbS 3 4 520 Obetly TC3 coJUlS” il
T s 4y Lo y3 A S 5 aia ¥E s Ol sPH = Ve () e 8 eV

Sl 553 ssb 4 0-CaNag 5 )8 5 Wil oo oT Laows 51 Jgilis e ol S 6550 B35 @-CaNaTiO2 CodblS by (2B 3 Ul 5 26 i domd
s o 21511, TIO, 28 520

LS5 p55led ¢ 21 8 S (BI85 Al (515 e S ST (S0 3lg

1S W o) LS Tg3 egnilid 1 aaliiusl U o dame 31 Jg5lanig pie Ul gid Bl . caga L1555 e (oM copo (gorbes e (Lol 1El
FoP=Fea:(F) VF YAV cwodlo pllss lidiss dbxe .(g-C3N4-TiO;)
WAV/O/YA ddlie 5 dy

WAVVNG 1ol WAV/Y/Y tlie 3l s

03 s 1Y) Bgdion Cguma sl wlia p s Ao I S
sl 355 5 Slgly 51 o2 (5558 sobly, e liml cla gl Lite
(1) 28lioe Clbls adead i g sbagiial | (IU cuti 5 50 S,
Olgie dn (6 b AL Sl dbual Gluy i8S oo Sladlles )
o (5 @) ol osd (Byao Lo & gl 399 wteo sl o S (S5
3 Sglie slaanlp cod )l o )3 (29)ls Jlb SleS 5 Span
8 Ly oad opdalie JS3 e ple LS5 jl ook e 5 005 0
e ol 2 (F) 29500 MBS hal s 9 OIS 3l 04 0j)gike
Galisee sblis (gpd GNSB alaar > )b g4 FA LA 0 (jo)l55
(V=) sl g BB oy S5 5 25 Sy pol ¢Sl o 51 e
an Lagyls 2955 b 5l 1500 (S0 Sliwjlow NS 500 (gow
Sl b aioa 4 bl Cluy 39)5 G900 3 &5 3l oo G baee

doudo
S Salidl el dasre 4 gyl alss 5 ncSKgm 5l 5 agy 0 ool
LS 5l 50 g gy 53 psST 5 ol el b L)l
3t Ol (od 9 395 o0 03daplie il (3 )3 e Sl ny Sigm 51
sl Jols SYgane g icdplio e 23,5 o0 @3 o ) e
o § B 6 pslaar Slapims 3)ls oludl s 5l @3 5l G
S92y (ailigy M de alan (V) 255 0 AL slaaslBdins
Cenglio dloul o] omwt o ) 059 4 Conj base )3 Wb SKign 51
0155 Shy2ge plu g lis)len Lo Sl ptn sG> (Sigm 5]
by oo i liseo (sla Sy 5l ey (a)h slooay VT 5955 (6o s
(¥) amib e oyl g glaass mlio Jolis T il 5 S il
SlacsSTl 5 aio Glaclay (lw)lon Glacle; (b gladlbaias

Email: m_salimi97@yahoo.com

Ol elyts oyl (S pale olRKuiily ccuiling 0aSKily o Cubligy (cwdige 095 jluatils =)

Ol olyd (ol yl (S pale olRutily cculing 0aKuily clazme Cadliny (awdigs 05,5 «(5 5S> (goomitily =Y
Ol colytg (il (i pale olSuiily cuiling 0aSuiild clagre Cadiligy wiizs 04,5 cliwl =Y

(o 20 19 G0 0y g3

oy

http://hsr.mui.ac.ir


http://dx.doi.org/10.22122/jhsr.v14i3.3413
https://orcid.org/0000-0002-9178-2735
https://orcid.org/0000-0003-2425-1413
https://orcid.org/0000-0002-9178-2735
https://orcid.org/0000-0003-2425-1413
https://orcid.org/0000-0002-9178-2735
https://orcid.org/0000-0003-2425-1413
https://orcid.org/0000-0002-9178-2735
https://orcid.org/0000-0003-2425-1413
http://dx.doi.org/10.22122/jhsr.v14i3.3413
https://dor.isc.ac/dor/20.1001.1.17352363.1397.14.3.20.4
http://hsr.mui.ac.ir/article-1-1034-fa.html

[ Downloaded from hsr.mui.ac.ir on 2026-06-25 ]

[ DOR: 20.1001.1.17352363.1397.14.3.20.4 ]

[ DOI: 10.22122/jhsr.v14i3.3413 ]

& e 5153l e (oS g o

Lagdis,

595 J> ojgd Ol b oy eede 12 )5 F 9V ) (gl dl> o 0
LM 590 4dds Ve o &y o Rad Blad Jolxo S (13)5] cawd & (gl
= s 4 o 4y o ad o) TICly 32 oo /0 s 1235 )1)3
8 )F )8 LS 30 punbliie 5em ) oolizl b 5 133,5 adlal oypedle
Dby b 55 05 Sl gMS 51 4y el Csd & pgmmilpmges pgd A ya
P el ¥ Ous dn Guw g <8l JWsl yud o Ver cud)bb b g eles
U Oyl el g0 ol 5 g A5 (00 3,5 ko 43 )3 VA- (sloo
Gdo dy 00 Jols 03l pyuw ddoye 130008 Siis celw Vv Gie
8 yianad] (lon cod ]S ol 4y 00+ Oyl boysS S el ¥
O oo d 04 jiiw LaC bl (oMo jludo & do g L (YY) C8)S
TiO; Lalls sladiges cunlio (glp 13,5 (4,385 TC3 4 TC2 TC1
15 a3 TICHL L oM 9381 (y98s i @1 )5S 2213 1 0-C3Ny
b o sl 695 41355 51 ookl b 0 5 sacandBS gigs ollS
3350 sl ST PH aiels 5 5 Lo (clod 5> Jgjlasig o Siga 5]
Cndbl 8 alLS oy slrgielef] sl psbaie 4 .285 )13 o)
ek 59 Ol g )5 ol U 95 (gjlusalie bl o i
o ConedBS g8 b Bls aiyld LS oa ¥l el oy
Total organic carbon Bis] gjluw sies (ylime ¢ uioren 435
855 )1 ey 250 [(TOC)

ol 5 0 LSt Cooad 93 5]yl adlllae )3 o3lizul 3,90 55T,
Alp Jolye plad a8 90yl (oo ¥oe tide oo (il STy dlaioes
1y ool i 48 agils alaione 43S plosl o] 53 1S g6
ol )l 5l Bun 4 5g yid e Se v dgas Mbe wz (> g €5 oy
395 il by polie yob 4 ol 1 Ol g gy STy dlaiee )3 Lod il 455
e Szl b ygisTy 5o LWL 3,8 sl Jocslle e Bl 51 e
548 plosl Gl (slaglej )3 ()l pdigel (85 g0 i 5 (urbliis
oad sl o581, .88 )18 gy 2590 455, cnl 3 Usilasgsie Bl g,
ol o 00y i V USG50 ol ais d eolitwl 3y90 4

e o

oamlu"y_,yisbyu_)m.\ Js

SlacaundblS 5 ) s 05 /A L o otn U538 olo yiisbo 5/
9 V0 ) il slaclale Ly S ol sols Jobone 4 o0 it

G=tod ol (VY) ol wmled yioli8l ]y aslia al an (63959 )b o5 4
09)5 WY s Gleie gy VY cbale )y an aS o, IKen 4 Verlicchi
Ml 3 gy clale a8 oy lis sy yy (Sl ylaw BB )> Calises
Lol oizman (V) (3 ¥ 2905) ol (5068 AL 51 2y Sl oy
818 e a5 5 Ll 03 £33 05 (slagls dacSiggus T o5 13,5 )5S
W (y 3j90 (29)> LS 5 plo Gl 1y cdale o VL 02
G 3 8,5 )55y 09de Jg3lasig e Saign 5l ik cnl 2 (1Y)
World Health Organization) cuilig ke olejle gyspm slag,ls
2 Slopis Sl (36 sacigas play oM & cul S5 &
Sy oaliial 3550 bl (5595 9> Cowydl Kb 4 Sdgm 1 oyl ¢y ladl
olois ol 8,5 )8 Jds s ST 48 JUs 300, S
{IARC L, International Agency for Research on Cancer)
o ol 01335 5ian 0l 5 bg)l 5 b3l Sy 3 ol 5l edlis
Spgme Sl 2 )l cal 51 iy 2026 Car 3L sl imgy S0
(VF) ol 05 3135 S (B> g (oalad sy Lol e 5

3 oolizal daKgn 5l abex j1 T ooy ¥ Gis glans) b alos
56 JUis) Legs byl b () 53 bl ebdbiso oyl yilid 5 (ol slaas 3
OBl el i @ 3 25 o g0 0 0 55 5 395 o0 plox
by st Mo S (glym B 8 slanis] ) <yl ol 53 (VD)
bl o (V) conl oo (3 yme (T claos oV @350 ales I Conn
Bl A GlsTe cunill g S Sluogad dlex S g0 e
2 (W) 2505 0yl jas (gilulply & HUles 5 olend (6)lL o S
ae cde 4 TIO; (TiO, ZNO dles ) calises slacwblS g lo
e 55 9 4028 sl Fhe blo) das Sl 4 o pie g (b
oy 4 LS o LSal3,8 dily cpl 55 (VA) 315 5,08 JT (slmosi, Y
(UV L, Ultraviolet) zaul, 8 o5 3 cplolinls o wJblS g Bis
195 s5lals &Sl (cdy g iU YIY i) T 08 b o3 YU e &
lazss Job @5l b 4l sl o )3 3l o0 S |y (e
Oy 4 45 Ay 498 5l o3 O ke &S Jl 3 )b UV 55 4l
Uy Gl sl 3L s (V1) 0,8 o )8 4ol cpl )3ty 0
dl)_: SR> 5 ol 04 Pl_>ol Oy )P T|OZ K:AMAA.H}K}AS cllad
LS Ay )5 (e oSy p95 3 Lacl g8 el )
bl das S lese 40 (9-C3N, L Graphitic carbon nitride)
Bl 58 plyie an pla (g dnels )3 1) b Sl (290 5 yeed
cemolio 59,580 L Lo ol o3l )] i a5 1> 9,8 sl i s
B ales 3 (V) ) L3be oYU (obowdsSujd co)lul s 5 3,
Bis e 0-CaNgTiO, cujonalssil s 3l imgly plol ) Lol
S3lmgims olie (o g ol lamo 31 Jgilasia e Sism 5l osile Bl
D92 Jojlaig pte

foF

http://hsr.mui.ac.ir


http://dx.doi.org/10.22122/jhsr.v14i3.3413
https://dor.isc.ac/dor/20.1001.1.17352363.1397.14.3.20.4
http://hsr.mui.ac.ir/article-1-1034-fa.html

[ Downloaded from hsr.mui.ac.ir on 2026-06-25 ]

[ DOR: 20.1001.1.17352363.1397.14.3.20.4 ]

[ DOI: 10.22122/jhsr.v14i3.3413 ]

S 5 bl ol e

)l oalauwl LJ ) D)9 dl_mqublf J ..\Jlg d}))l W) STy 4..>l)
Al o ansbee 8 o

Ti
Youu
c
Ye++| O
O+
c Ti
d - -
. 1.
31 (EDX) Energy Dispersive X-ray il y guad ¥ Jsid
TC3 callils
Epg = A/\YY- Y dlal,

TCL G-CoNy TiO; o1t i (slacoudblS 55 S 1 (5]

ey a,SI YV 5 YIVD XIAY XISY XI\F sy 4 TC3 3 TC2

bS5 8 8L (6550 G-C3Ng 2939 b a8 ol Lis lnasdly ol o
il il bl g el ¢ ials g-C3Ny-TiO,

(au)ws

Yoo Yo Yo Yo ¥ Y- b 1 S
UV-vis Diffuse reflectance 3 gs byl Gabs ¥ g
(UV-vis DRS) spectroscopy

g jlasiy pio s 43 ot jiiw (GBS yi 7 sy o

Jihisigyio Bl Glodly 2 00 Sih (SlacundblS 135 )y joliato 4
PH =Y 3 TC3 3 TC2 TC1 -CyN, TiO; i bls s o Jlib
> poS e A CandBlS Jlade g i) )5 e VO Jgjlasg e clale
35l ol glmasily olial oy (0 JSs) e S )8 L5yl )50
Sgmotl Bis cgr il e il 1 Calise clacanbls

Ot Sl Ggmeiliwgus (i g9y 1 B 0 039331 (5 o p)S (e V'
Job 0 .00,8 (6)leS ()b celo ) a4 Glsly —Gls Jols &
4iBd 5oy Sy 5l Jylme Sl (s lide (sy95 4 slapilej]
L gl (bl,5 gilog,S" ol jl ooliul b Sigm ol clale o 03 (6 pSdiges
L, High Performance Liquid Chromatography) YL, |,L.S
comml Jilis 5 S oo .00 s jegil VY g0 Jsbo ,» (HPLC
G b Jgilsio g PH=Y/0 L Vg0 +/+F Slawd 59,06 pumliy
51y S il 43 YO (slod g 4ddy )5 gl Lo V olSiwd (5 9 Yo Ve ie/e)

Doy 9)50e Vo B diged wa (V) 43,5 el

Ladadls
Sl G-C3N4-TiO; ol jiliw Gy jaro 5ol Olmirgins
L, Scanning electron mIcroscope) —ivg, 9,y oSy Suo
G- 00 s slacendUlS Clid ojlul 5 (<G5ls8)9e (p o (SEM
TiO; 59y 2 0-CaNg mjy .cd)5 )3 odlanl 3,40 (TC3) C3N4-TiO,
ol o o3 i ¥ S 5o

: v
SEM HV: 20.0 kV WD: 9.18 mm | | VEGA3 TESCAN

View flald: 5,54 ym Dot: SE 1pm

SEM MAG: 37.5 kx | Date(m/dly): 10/31/117 | Chamatry & Chamscal Engrasnng Resaarch Conter

3 (SEM) Scanning electron microscope (stas .Y Jsui
g sas ) LS5 L TC3 cunllils

wIind S polie Mo)d g 95 (e jslaie 4 g plley ooy p Sk
i cewdBlS 9, 4o 55 (EDX) Energy Dispersive X-ray ;Jui
00 st ConndBS 48 il ] oaimd Ui ¥ S 18,5 O g0 ok
sl 045 Jui.iu Ti 9 ONC ).\oL& )I R )90 TC3
Diffuse reflectance ) ¢, lasiiidf  mwrlSeil eisvdil>
;1 J—ol> (DRS) UV-Vis UV-Vis (DRS L— spectroscopy
JS_s 3 TC3 3 TC2 TCL g-C3Ny TiO; oiis it (slavcanJblS 48
)‘ )_.45 T|02 u,\> YW} u.&> chw LSLIMJI.) UML»‘ » Lol 005 K\JI)] ¥
g‘C3N4'TiOZ 0l Fw LSLM_A_.M:JUK ‘DLAJ (el Dy ).Layb ¥
¥ USS 50 a5 G685 lod 039y (S y95 anl )0 saduiie (Sl gl gl
u.l_'> dul)_‘ﬁ‘ P JJ[B ).u;L ‘g'C3N4 )IA.M wl)sl g o odnlio
Cuow 4y DRS (izio )0 (5108 el g cully Spo yo slozse Jobo

.0

WA 3l /¥ o)l INF Jlus [ pllss liions aboeo

http://hsr.mui.ac.ir


http://dx.doi.org/10.22122/jhsr.v14i3.3413
https://dor.isc.ac/dor/20.1001.1.17352363.1397.14.3.20.4
http://hsr.mui.ac.ir/article-1-1034-fa.html

[ Downloaded from hsr.mui.ac.ir on 2026-06-25 ]

[ DOR: 20.1001.1.17352363.1397.14.3.20.4 ]

[ DOI: 10.22122/jhsr.v14i3.3413 ]

& e 5153l e (oS g o

S = Jsilisig i adgl clale b ) Jols gl (8,5 )8 ()
adlas j) Jobs loadl olul s cosl ond o3l (L5 V S5 3 5550618
ol ppSihe Ve adgl clale > Joilasgyie Bl e (i Sl

2kl 5l ao ) Al

—
1

& oo o
éx

. Ao
&

:_':’ 7‘; Feoo
) 3, ¥
4

P

F

'2:

-

11

(5 2 ﬁﬁulw) gl cdals

OF 33a lasily ya Jghans g yie dal gl catite ,ala v sk
(TC3 cacusllils jguda ju g 48aSa VP ulad Gloy PH = 11)

Al ity 42 Sy jlaciy pio (sl iro Glise oy p
Jo3lasigyie adgl clale) oa el Cuwd 4 disge byl yd cov i Aun/ 5508
TC3 laceubiS sl ;1 oslizul Uy (pH = V- 5 52 1y S L)
e TOC tglofl 31 ooliztl b (gls idmo jpo 9 35 plol (6,1 yie
5 Jaiicsis o Scip i Gin ) 2 013 ks TOC e o8
3 Jodoee TOC wossl cawd 4 ol (bl ol 005 03l L5 A JSs
TCB canlbl b 551y 5 ] s Y5+ 338 ]t e Ly
b yials Lo ) YA

<t € © 0

(a ) TOCis

¢oa N & e«
(id3) oloj
Saa il (TOC) Total organic carbon o yuuss A Jsu
clite) TC3 ouds Yilew Cacasllils 3 ouldiol b S jlass g yio
D a8 A 5 5HBIS G99 Al g3 p Schie Ve Jg)lasg sie
(PH = v+ gaiasarre Gulad ol

UA-.l

slolid ¢l EDX 5l 5 (s55lgdy90 paseis sl SEM I 5l adllas >
ol b odd i CaunndULS j98 4y Gy ¢piomad .103)5 oolitwl 51 ,bs b

ool age lacwdblS laie 4 TC3 cundbls d IS5 55 Jgilisg e
28,5 )15 oozl 350 W stalesl sam Jolpe 1 9 03,5

all

—
)

>
1

(053) Jg3lis o S UIS'58 & 525

g-CsN, TiO,
[XVRTNORy P YW L3
TC2 TC1 g-C3N; TiO; sudd yitew slacsullils ,uili 0 Jsib
doilas g sie clile PH = V) Jg5lasig e Sia lesily n TC3 4
) 2 pSisles /A CollBls 30 5 il 3 p S rkee 10

Js3ligsie Bl 1) 51 PH 55U (ouw

el 58 22215 S 32 PH 5 sy polaio 4 ol 45 5
I e sme Ve gV F el 3 PH lpss ¢ Jilasis e Blo
Bl j9md> 33 9 5 o ) (o 10 Joilasy e adgl clale) b8
2 s PH Sl (il plse @ Jgilads e Bl ploily oy (TC3
edly oy codal Cond 4 guls olul ol ods ol lis & IS
ol e 9 PH o2l 3 03,8 Jools PH = Ve s Jgjlasy e i
ey Jopd V¥ & Jgilis e Bl losly @i Y8 yolad

x& -
;?‘ Ve o
g o
—i;’ka.,
43
Yo
__}
R Y. -
=

A

f \

\

pH
suldicaf LY e gV . ¥ lide GLAPH ju Jg)luad g yie dajad £ b

2 pSetee 10 g lasi g yie culdld) Seuallils 938 Sia il S 5
(TC3 cacuslBlS jgudin ju g alasda ¥F+ ulad o) « sl

Sils Glosily s Jg g pio dy) CBilé (G sy o
Sl )3yt Uy VS8 Bl WS 8 19/ i 15535
CnnBS 593 9 Ve ane PH 5 (5 2 p)S (oo Vo 930 )+ ) Jgslusg e
dy5-0 (S0 095 RS oS A VP ulad ploj gy S e +/A

http://hsr.mui.ac.ir


http://dx.doi.org/10.22122/jhsr.v14i3.3413
https://dor.isc.ac/dor/20.1001.1.17352363.1397.14.3.20.4
http://hsr.mui.ac.ir/article-1-1034-fa.html

[ Downloaded from hsr.mui.ac.ir on 2026-06-25 ]

[ DOR: 20.1001.1.17352363.1397.14.3.20.4 ]

[ DOI: 10.22122/jhsr.v14i3.3413 ]

s 4015 o535 Jpihicsingie gl Jles ws)S ©50 clilllas
ool 025 G155 ol JUb 5o JIS00ly b Ty (sl St b b bl
Sgmo 4 Joiligyie aS PH =V 3055 4 5 PH =V )3 e 5 (VA)
55 g CondBlS paw 0 o oas S5 Jlainl )b 399 Jolmo p> i
ol gy Jb (slo Sy SotisS Lnwg
VISt 3 B8 1) py S o A SIS L oS e Y
B g3 Blis loasily o) 4o S eo Ve oan YT cdale galS
oy eyt o S ko Yo B Jajlasigyie clilé a3l 5 e 15
Poon 4 Chen .8 o iy ialS )y 3y50 slacSign bl Bl
cbale (il b condblS g by (I aan ¥ cls olls a8 asbdly )
(V) b o ials s

L sloe oV giame Siis Jloinl Judo 4 ¢ Bl g8 slaail)é o
s cgr (il Same j (madls lgie 4 TOC (s ¢y oo
Gl 5l il TOC e cpols anlllas 1 ol cund 4 gols bl p .(¥+)
25540 p5Y g0 10y YA TC3 condblS bawgs Jojladg o Sigum 5
Lo a Ol 4o 1 lad alS corge i (Gl Sdne o ol
.(Y‘\) J}»’JL;O

S S
) fL‘XJ‘ Jln),:”.l_.db Uhgy g'C3N4'T|02 u_mJl;lf e (Egeme )
90 (Sye 195 2 Jaisigyie 4328 b o i CanUl LU 58 b
T|Oz ) S ~ g'C3N4'TiOZ W) e LSLD.’WJUK p&)f )‘)5 WP
295 4 g 4 asl (Lol BB (Spe 595 3 o (bl cled o s
byl o 1) oyt bS58 cJled TC3 ylo ol 55 g 2000 Gy 5o
S ol )03 00d i SlaCanb 4 Cans (2B}l alie

hayad g S
Comas AF VWA o)l Uy Slidios o )b jl 48,5yl ingj
O oot QLT alsg iy e lnl (S35 pole oSl
248 3l als 5 (gymls sbyre g (o3b Al (oo (odigs s(solunerss
e Jas & 13,35 5 St isgas (6, Kan adllas oyl (sl

References

5 oacel Cowd 4 ol wlal p.cdS 15 oy 5550 (DRS) UV-vis jI
Sy maw g9y 816 o b 4 TIO, Gldgl ¥ JSis 55 SEM
EDX jJUT jl Jols zolss a4y av g5 b ¢ pminmend Cowl 00 20595 §-C3Ny
O € .Tijlo)le oad i CajouelS sl (s paie oo 5 45 05 03] (o
5 o3lizl Ly DRS 50U 51 osoles 4y gl (¥ JSC) sl N
zo—= Jsb » (o=l; Shimadzu sy UV-2550 Jio) yrogidg oSl
Gl 336 15 BV 8wl 65,1 L TIO, & ol s szegl 5+ b Y-
EacadblS )5 Ti0, b auglie )3 (F US5) ol yo 158 j] ags 5
@ yogll ¥oo 5l VL clagge Jsbo )3 595 ix G-CaNy-TiO oais s
plosl sl »5e8 551 L 098 woms 3 b GRIP (2 BB 5k
SB35 1y (e s90 an dl (LSl col Sl (U g8 i ST
S92y Cite U 5 hlKon o LU adllas )3 amd o yial58) Ul 923
(V0) sl s )38 TiO, 8 b ilj3ly §-C5Ny

35 0-CaNy e (c5ludings bl bl g4 53l oy jobaio &
85 5 ey 3y0 Jgilsig e Bl > o Ol b 5 THO, Jisls
bl 58 GBI LS al33 G-CaNy ke @l j1 Jobs sl
o pls bl ol ond ol (LB S5 53 Sy g ) Jgjhig e
Ail o el Foo I S Gl Wb ad 4l)h TIO DRS I asel cowd
S a (¥9) 3o UV o5 a5l (il e lad ST g ol il
azaly M0, U (o955 ¥8+ s u0b ad 1) 9-C3Nyg o jonels’ JuSiss
o 5 5 3bioe BRI (e sg8 G 4 UV 95 48 I TIO, Gl
TC3 cedls gomo 3 (V%) 29550 ol S 58 b Sl e
g S Gloie 4 Jgilig e Bl car ol VL S ele
23,5 lsesl

A ol cop PH dex Jl o8 sl il gilodige
gl PH 31 s gl sl (59958 (5 p0l iU Sl aljd o)
bwg Gl GlapH ) Jjlasis e Bis ¢ US98 2218 o)
Jolowe PH 25Ty (650 2] ) 12855 )8 gy 390 TC3 S
Sigmistl Jglome )3 talejl g 20,5 Sl Ve 9 VF Sdg Il gl
Gl 4 sl Lt s )8 Spso yi) sy pyS ke 10 cali |
15 5 e oyt TCB S g PH = Ve )5 el oS'se]
©ygmo 4 ¥ 5l S PH 5 Jgjlisy e ail e jlade (nyieS PH = ¥
Sygo 4 VY 1 iy PH 3 &8 b 3 9l jeas aud )b y5sm sladisS
55 glmassS ©ygo Y B o PH 3 pian 5 sl sloaisS
2lg3 o o)) aw ol ol & TC3 Bl ,b yao alaii .5y 3939

1. Homem V, Santos L. Degradation and removal methods of antibiotics from aqueous matrices-a review. J Environ Manage

2011; 92(10): 2304-47.

2. Lapworth DJ, Baran N, Stuart ME, Ward RS. Emerging organic contaminants in groundwater: A review of sources, fate and

occurrence. Environ Pollut 2012; 163: 287-303.

3. Lamastra L, Balderacchi M, Trevisan M. Inclusion of emerging organic contaminants in groundwater monitoring plans.

MethodsX 2016; 3: 459-76.

4. Nakada N, Hanamoto S, Jurgens MD, Johnson AC, Bowes MJ, Tanaka H. Assessing the population equivalent and
performance of wastewater treatment through the ratios of pharmaceuticals and personal care products present in a river basin:
Application to the River Thames basin, UK. Sci Total Environ 2017; 575: 1100-8.

http://hsr.mui.ac.ir


http://dx.doi.org/10.22122/jhsr.v14i3.3413
https://dor.isc.ac/dor/20.1001.1.17352363.1397.14.3.20.4
http://hsr.mui.ac.ir/article-1-1034-fa.html

[ Downloaded from hsr.mui.ac.ir on 2026-06-25 ]

[ DOR: 20.1001.1.17352363.1397.14.3.20.4 ]

[ DOI: 10.22122/jhsr.v14i3.3413 ]

& e 5153l e (oS g o

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

Gros M, Petrovic M, Ginebreda A, Barcelo D. Removal of pharmaceuticals during wastewater treatment and environmental
risk assessment using hazard indexes. Environ Int 2010; 36(1): 15-26.

Jelic A, Gros M, Ginebreda A, Cespedes-Sanchez R, Ventura F, Petrovic M, et al. Occurrence, partition and removal of
pharmaceuticals in sewage water and sludge during wastewater treatment. Water Res 2011; 45(3): 1165-76.

Batt AL, Kostich MS, Lazorchak JM. Analysis of ecologically relevant pharmaceuticals in wastewater and surface water
using selective solid-phase extraction and UPLC-MS/MS. Anal Chem 2008; 80(13): 5021-30.

Roberts PH, Thomas KV. The occurrence of selected pharmaceuticals in wastewater effluent and surface waters of the lower
Tyne catchment. Sci Total Environ 2006; 356(1-3): 143-53.

Lindholm-Lehto PC, Ahkola HS, Knuutinen JS, Herve SH. Widespread occurrence and seasonal variation of pharmaceuticals in
surface waters and municipal wastewater treatment plants in central Finland. Environ Sci Pollut Res Int 2016; 23(8): 7985-97.
Vergeynst L, Haeck A, De WP, Van Langenhove H, Demeestere K. Multi-residue analysis of pharmaceuticals in wastewater
by liquid chromatography-magnetic sector mass spectrometry: Method quality assessment and application in a Belgian case
study. Chemosphere 2015; 119(Suppl): S2-S8.

Al Aukidy M, Verlicchi P, Voulvoulis N. A framework for the assessment of the environmental risk posed by pharmaceuticals
originating from hospital effluents. Sci Total Environ 2014; 493: 54-64.

Verlicchi P, Al Aukidy M, Galletti A, Petrovic M, Barcelo D. Hospital effluent: investigation of the concentrations and
distribution of pharmaceuticals and environmental risk assessment. Sci Total Environ 2012; 430: 109-18.

World Health Organization. Essential medicines and health products, WHO Model Lists of Essential Medicines. Geneva,
Switzerland: WHO; 2017.

Gurcu B, Koca YB, Ozkut M, Tuglu MI. Matrix changes due to the toxic effects of metronidazole in intestinal tissue of fish
(Onchorhynchus mykiss). Chemosphere 2016; 144: 1605-10.

Escola Casas M, Bester K. Can those organic micro-pollutants that are recalcitrant in activated sludge treatment be removed
from wastewater by biofilm reactors (slow sand filters)? Sci Total Environ 2015; 506-507: 315-22.

Lu M, Pei Z, Weng S, Feng W, Fang Z, Zheng Z, et al. Constructing atomic layer g-C(3)N(4)-CdS nanoheterojunctions with
efficiently enhanced visible light photocatalytic activity. Phys Chem Chem Phys 2014; 16(39): 21280-8.

Di Paola A, Garcia-Lopez E, Marci G, Palmisano L. A survey of photocatalytic materials for environmental remediation.
J Hazard Mater 2012; 211-212: 3-29.

Li H, Liu J, Qian J, Li Q, Yang J. Preparation of Bi-doped TiO2 nanoparticles and their visible light photocatalytic
performance. Chinese Journal of Catalysis 2014; 35(9): 1578-89.

Farzadkia M, Rahmani K, Gholami M, Rahmani A, Rahmani H. Investigation of photocatalytic degradation of clindamycin
antibiotic by using nano-ZnO catalysts. Korean J Chem Eng 2014; 31(11): 2014-9.

In S, Orlov A, Berg R, Garcia F, Pedrosa-Jimenez S, Tikhov MS, et al. Effective visible light-activated B-doped and B,N-
codoped TiO2 photocatalysts. J Am Chem Soc 2007; 129(45): 13790-1.

Wang X, Blechert S, Antonietti M. Polymeric graphitic carbon nitride for heterogeneous photocatalysis. ACS Catal 2012;
2(8): 1596-606.

Cui Y, Ding Z, Liu P, Antonietti M, Fu X, Wang X. Metal-free activation of H,0, by g-C3N4 under visible light irradiation
for the degradation of organic pollutants. Phys Chem Chem Phys 2012; 14(4): 1455-62.

Hao R, Wang G, Jiang C, Tang H, Xu Q. In situ hydrothermal synthesis of g-C3N4/TiO2 heterojunction photocatalysts with
high specific surface area for Rhodamine B degradation. Appl Surf Sci 2017; 411: 400-10.

Trivedi KD, Chaudhary AB, Mohan S. Development and validation of RP-HPLC method for estimation of Metronidazole and
Norfloxacin in suspension form. Int J Adv Pharm 2013; 2: 5-11.

Lu X, Wang Q, Cui D. Preparation and Photocatalytic Properties of g-C3N4/TiO, Hybrid Composite. J Mater Sci Technol
2010; 26(10): 925-30.

Yang Z, Yan J, Lian J, Xu H, She X, Li H. g-C3N4/TiO2 Nanocomposites for Degradation of Ciprofloxacin under Visible
Light Irradiation. Chemistry Select 2016; 1(18): 5679-85.

Sud D, Syal A. Investigations on the phase transformation, optical characteristics, and photocatalytic activity of synthesized
heterostructured nanoporous Bi,05TiO,. J Chin Chem Soc 2016; 63(9): 776-83.

Khataee A, Kiransan M, Karaca S, Sheydaei M. Photocatalytic ozonation of metronidazole by synthesized zinc oxide
nanoparticles immobilized on montmorillonite. J Taiwan Inst Chem Eng 2017; 74: 196-204.

Chen J, Poon Cs. Photocatalytic construction and building materials: From fundamentals to applications. Build Environ 2009;
44(9): 1899-906.

Lai WW, Hsu MH, Lin AY. The role of bicarbonate anions in methotrexate degradation via UV/TiO,: Mechanisms, reactivity
and increased toxicity. Water Res 2017; 112: 157-66.

Kermani M, Bahrami Asl F, Farzadkia M, Esrafili A, Salahshour Arian S, Khazaei M, et al. Heterogeneous catalytic
ozonation by Nano-MgO is better than sole ozonation for metronidazole degradation, toxicity reduction, and biodegradability
improvement. Desalination and Water Treatment 2016; 57(35): 16435-44.

fA

http://hsr.mui.ac.ir


http://dx.doi.org/10.22122/jhsr.v14i3.3413
https://dor.isc.ac/dor/20.1001.1.17352363.1397.14.3.20.4
http://hsr.mui.ac.ir/article-1-1034-fa.html

[ Downloaded from hsr.mui.ac.ir on 2026-06-25 ]

[ DOR: 20.1001.1.17352363.1397.14.3.20.4 ]

[ DOI: 10.22122/jhsr.v14i3.3413 ]

DOI: 10.22122/jhsr.v14i3.3413 Vesnu Publications

Journal of Health System Research Vol. 14, No. 3, Autumn
Received: 21.04.2018 Accepted: 20.08.2018 Published: 07.10.2018

Photocatalytic Removal of Metronidazole from Aquatic Environment Using g-CsN4-TiO,

Ali Esrafili*®’, Maryam Salimi®®", Mitra Gholami®, Mahdi Farzadkia®

Original Article
Abstract

Background: Through the widespread use of antibiotics including metronidazole, they are continuously released to
the environment, while traditional treatment processes are unable to remove them. Therefore, they are accumulated
in the environment, and led to unpredictable risks to human health and ecosystem. In recent years, advanced
oxidation processes have been introduced as effective technologies for the removal of pollutants from the aquatic
environment. The aim of this study was to evaluate the efficiency of catalyst g-CsN4-TiO, in the removal of
metronidazole from aqueous environment.

Methods: In this fundamental-applied study, the catalyst g-CsN,-TiO, was first synthesized. The scanning electron
microscope (SEM), energy dispersive x-ray (EDX), and diffuse reflectance spectroscopy (DRS) analysis were used
to determine the characteristics of the nanocomposite. Then, the effect of factors such as the content of g-C3Ny in the
structure of g-C3N4-TiO, catalyst, the initial concentration of metronidazole (10, 15, and 20 mg/l), and pH (4, 7, and 10)
were investigated.

Findings: The catalyst TC3 showed more photocatalytic degradation efficiency mineralization. Maximum efficiency
of this process was 83% at optimal conditions (pH = 10, concentration of 10 mg/l) after 360 minutes.

Conclusion: The results of this study showed that the photocatalytic process based on catalyst g-C3N4-TiO, is an
effective method for removing metronidazole from the aqueous environment, and the use of g-C3N, effectively
enhances the photocatalytic activity of TiO.,.
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