[ Downloaded from ijhe.tums.ac.ir on 2026-06-26 ]

B9 ode gaollad (Cows ) o 9 Cuodlw alxo

Olp! e clilogy (oode (pozsil
YYY GYIR Sloio VFe v Slis; ooz o)l oo oz 030

0

&b

Available online: https://ijhe.tums.ac.ir

‘,f‘f‘“Jj’:’, Jle

- ol ST U gl b ans 6155 5 Syonitn s (51313 JUod () ikl i3 (53w sty
Silwgyls Ol s yo pewslins WU g P
ekt (Slo by, ( SIS x5

=

Al el o ol s 9ol (codl 3l3T olKsls a3 Lana 09,5

Ou\ﬁ—i’{ cadl s0 ool =M b

Sl =8 a0l as el (YL Sogll lyls (g5lmg,ls crio OIS i 8ud g o) VFoe/+q/)F el )0 U

Gl osliiwl Ly saali sloaanl)d 00,5 abal o oo a4l YFos /Y)Y toilpg g,
shasllae ol o Enl OIS ahal )0 ;e jete sLosil 35l (oS0 plgmm AliZe yPel/yY /oy toh ey b
slo b slusl jpas> 0 B4 ¢ S e e oo lyls Jled o aals ol 3 VP AY/YY 1Ll C")"‘

el sai osliul Fe O, /TiO,
Gl et >l bslesl s wlla o JUlae ol o0 omwy o P9,
Silw 4 anld 1 a sla e (Response Surface Methodology (RSM))
«(Dissolved Oxygen (DO)) Jsl=o oS! cbale JFAS o ul b sla e .o
S gy awl o L_sj(mediafilling) L oo So 5, ss)e B
pH (o Jbls s anlp sla,ase 3 (Hydraulic Retention Time (HRT)) Fe (Sl al i w8 ol
3,9 (reaction time) _:STy ;\Ls; ¢ (catalyst dosage) condllS jlaie coMsls oSk ) BB 558 i ld S e
8 F 18 ol a5 aslllae Shopls AL 5
sYfh o, HRT & mg/L .|, DO JFAS asld a g bl 0 :lpasdl
clale U 5155 oo, 00 sl (ol)S s ,e £0 1l media filling
sl 5l 29,5 oy COD cbile ()5 S5 oylauily 5 YYYO mg/L oI, COD a_Jsl
g ol 50 o Bl s a ] )8 (o e .8l ials Ve F mg/L S5elsn
#- mg/L |, catalyst dosage 4 \-0 min ,I,, reaction time $/A I, pH
V-t mg/L il 699,6 COD (255 Lai o baS o sl a0 A aild SIS
sl gl VY mg/L ol g e lale
gy e i Blis o gy 0 4]l ol Joibiasl oLl s 15 S A
dges alB S Lamme 4 JSe bl g0 Gles oo ) Sl 2l 3l (o2 P Sl

t g 0 My g5 (g SIS Comyy

r.mafigholami@wtiau.ac.ir

Please cite this article as: Khodaygani N, Mafigholami R. Optimization of the combined integrated fixed film activated sludge and photocatalytic
process via iron oxide-titanium dioxide nanocomposite in treating pharmaceutical wastewater. Iranian Journal of Health and Environment.
2022;14(4):719-32.

Copyright © 2022 Iranian Association of Environmental Health, and Tehran University of Medical Sciences. Published by Tehran University of
@ @ Medical Sciences. This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International license (https://
AT creativecommons.org/licenses/by-nc/4.0/). Noncommercial uses of the work are permitted, provided the original work is properly cited.


https://ijhe.tums.ac.ir/article-1-6591-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-26 ]

DS 5 09 oo (a8 ] B 53 (i o Jsb rs
SlaS 5. () Sl o 5 28,b jio ol Fe O, asle ol
‘5'»LM:T Gilulas ijls a5 wbliae cosls s 4 ool
el Slus b 5 okl ol )l teceas |
olall (b (10) cwl oas arsgs Fe,O,/TiO,
ol codls zals 1) wlisle;l slass Wl o )kl & jga
Sk b s al ) an e 5 lagles]
& k! Jas s (Box-Benken Design (BBD)) o, <+
Caz oy Sliglel 5 ol oS claools (gl a5 o
BBD .sls 5,5 Sldas Ll 5 (g3 Joo (e
Je 0l -0gds oo oolitul (alStslojl byl (55le aige sl
Shalojl 39 58530 slo yiie e alyy WS o0 SaS (gl
age byl s BBD Lol Gan 0gd diwloe g (s
Ko g Chavan «gladllhe 0 .(V)) ol (5,0, 0,00
P i 5 Bl eS| il
@l el 435 I3y p 0)50 (Sabe ML ada
oy AY 51 oo caslyd ag bl 8 0 aS ol las asdllas
1) Sl 4 Ly (O0Y) sl azily zals 4l COD )
il ool sl eslai il caddlas ol 5l Bas cenl
(Integrated Fixed Film Activated Sludge) IFAS
Silugle A5 coluy CotsS W)l Coz (Gl
Wl YV Jlo o ol Ken g Casas glaalllas 4o .04
o8 ashai 3,50 MBBR (Sy3sl5er al)d bawsi 1) (85 ore
oolaiul 0,90 asl 3 a8 sls lis addlas 5l Jol> zuls .aisls
Lulyd )o g anals (85 Jore aledh abai o oYL <ol
s 1y adgl COD 5l asyo A rals LUy olyd ags
SIS il IS gy o azl Ll i |y o
5 Svojitka s ladlas o uizmen .(VY) S o o
Silpre sl p QL Glasdlas (LYY L s olSes
addllas 3,90 (55lug o Caro BB aans o |, MBBR
Alidee Ll cow 5e; OAr (b yo peiST) cnl hassls 18
@S ey adllae (pl Ban 28,5 18 (gl 0 e 9590
BL31 L anls LIS 0s 00lol (gl 535 5 e Vs
130,85 oy Linl3dl 0o 0 AY B Y0 g eile b Jsilie 0,5

AR

e Al 0l g5l Al

Ao o
shls Jypame odys wnlp ulaly (gaie LG
(V) st Golite (Soidlsm 5 (alrerdsSard la Sy
s 2o b BB e daodlol 4gSnl S i 4z
@8> o p35UsS malio (e 55 sl JT LS 5 o
Jle 29yl SlS 5 asile glad OlS 5 jea> Lo &
@ o)yl 45 el MSB 0 3950 slaoan VT I sl
() b oals fos Shn ey e Jare S
ool Lo 43550, ] s slinsl, 4 ko (glo by,
slaanlp wdbL (S50l Ghe) 4 Olpier oS Sl o
Sl 5 alide (Sosglen laanl (g ) ead Grie
o Lol (rhaw S anl g penlannST slaaild Lo b
ORaash (2o Sl kS W) cex () oS
sl opl by o (Al lahg, @l Jlss «
Sglen laanls leslitul ((Aadli lasulp 5l (S
S e STy aulp wile wd i eealinST
sl 3 (Moving Bed Biofilm Reactor) _Sj¢gm
2 .(0) cwl (Photocatilytic Process) . Jblsg:s
abse sloaiST (g5 yre 23,50 4V L plids MBBR w2
boe ;0 Hslid (Safelsm 0098 i (nl 4 g 00,5 W) g
shls (Sjglom o9y ! (F) wes e Gl 1, AL
2 b ol gy wiile cslie Sl slo (S
4 Sl S o7 0 o Sy s 1L Sed il
(V) el 7S5l 090 5551 5 Seiglem Jglaie slavul 2
GBS 928 loie 4 oS 5 ey Sl adUlS e anld o
b 5 o)) ol g2 nl 58,5 s oslinal THO, ki
ade 4o ol ol Loead (5l (gl)ls 5 004y coms
e 928 Codlad il Cead (S Sl 5 (658 sla S s
OO o 53 9 Sl B (09 (som e e ploed DS VL
Olye 4 psslis 1y Jlie )3 (53,65 5 Gl jd pas
olb das a5 oo 51 (A) o5 oo ookl gl US43
35 1S e i 1y it b 5l (s dais THO,
49 i do e il s il oald dgazme oS 5 oyl
el &5 (SLS 5l (So 0gd e coliinl it SlS 5 )

g{fﬁ yﬂy
100 ylimoj /,lg2 6l /s lg2 695 s

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6591-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-26 ]

N g Gz Gz

2l COD jals” Jlpe j0 0l )3 g0 40

L gy g 3lgo
lfaslwaﬁ)sls‘)‘—iisml*w’.p“-.’)935‘)&.:-3‘—%’.)"«55*“3
OleSS 39, aled (b o Ol Claseie aSi) s 4.0
91 @ i (29,5 | labad & jgums (610 diges 092
W8S D90 A nas 2 399 5] J 9 oy LS LS
Caio L abar o oo Ll glaa])d 50 gw) p s

3 03l COD _2alS” e s 5] 5 5bwg I
IFAS a6

Ml (ool i e -

o Y

Sl boe (ool a5 Soislem 25T, Y
a.‘»‘ya = —'f'

alss 5 -0

g2 al® 3 ()8 g Gloim @9l Slay e &S s
a3 b bl 0 (VF) o5 oy yials s YA & oIS
Ssal a3 YVl yo San g Verma . oo Jls gs
(TiO,) pylics spueS (55 5aJb08 55 5l o2l L 1, el
Snyg andl g UV anisl cos ol lase 10 56 gigm 4
SIS 53550 5 5155355 iyl el aiols 3 aalllas 3 50
4525 e b 00,8 o8 5 (H)0,) sy 039,00 L,
ol a3l ool b LT ooims aaldl 1) ki oo s]
(V0) aisS w355 1 9,10 oplowo 0 Av sislys RSM. 55 b
ald 50 4 bgype (gl yiie (gile gy anlllae () 5 o
ot 13, 3 COD (e (20l g (U5 528 5 IFAS

A
515 958 9 TFAS w8 Sl g guay =) S0

® gﬂ%
y%ﬁ J 1Eoo glimo] /P lg2 0)lodh /3,12 0195

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

YY)

JERIET SR

Oyer =7
il Y Y
B gg8 a8 55 A


https://ijhe.tums.ac.ir/article-1-6591-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-26 ]

#+) reaction time (V- - mg/L 4 Vo «0-) dosage
55 8 55 (8ly) (9> piie Olyie & COD gl
Gl e ) o S Foge & el ad)S s w8
JUisl bl sis eisT) 4 odLol JFAS auls oo
S8l g L e slaws § ol Jow 4 axg5 Lol
&)y g e VY olaws TFAS osl 8 ol Design-Expert
b ie alizee Lyl b s V5 US55 w3

Y Jgaz) als &l

o bl al B o5l e

ald gile e
o9y 4 RSM L soss o)Ll ol 5l eoliwl b wliole;]
ey .85 e Design-Expert 1330 s 5,0 BBD
5wl Sl wwlp e 50 oS slayualll &5 o e
6l s Sl b e 0090 casline lalllas olusl
Wb patie gl 4w BBD g, 4 arg b e
s VA OY) HRT (oo ,ime TFAS 0yl 3 o a5 (1 Jgoz)
0+ «vo) media filling 4 (f mg/L 4 ¥ .¥) DO «(Yf h

catalyst o paie cewdBlS g8 0l 3 10 5 (aoyo VO 4

oG5 958 g TFAS wiyl,8 50 oud Lol edguxo g (g yolyly =) Jgu

Y ¢ ¢ Y
Yo Vo Vo Yo
VY A} AR VY

‘ﬂ

YA

mg/L DO

% Media filling
IFAS

h HRT

AR

%y t_—m/ﬁﬂﬁ’
1Foo liuo] /olgz o o /s g2 0095,
-

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6591-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-26 ]

er g SKIas ez

el G5 g8 g IFAS aulyd (ol o ko byl s 50 Design-Expert 1381 o 5 lawgi ool &1yl gdcans -Y Jgus

I 'Y Vo Y \o o q- 0 A Vo
to A Vo 1 Vv As \Ye Yo A vV

@ ﬂ%
.’//%9 C_—//f V€00 Gliuoj /ole2 0lai /pa3,lg2 093

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad VyY
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6591-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-26 ]

2 s COD Gds e o) dlolae wlool s aslsl jo

Co— C
E= 0 *e x 100 M)
Co
»suld o5 s mg/L s COD ol cdile

! M)o (S g

aisly

9y «y9a8 ITDS DO pH BOD COD ,;0li0
(slo gy bngs L2 S 20 Colan 5SS S i JS
{(1vyo mg/L) COD) was cymns oo &l s sl
Jelme Slasl> Js (0/0) pH «(YOA mg/L) BOD
J5 o595 (V20 NTU) & ,905 (VY3A mg/L)
Slasl> J5 (V-4 mg/L) s ,aws (VA mg/L)
L oMol . ((YFA ms/s) o xsdl colan (VAQY mg/L)
o TFAS anl 8 o)l losl ooy aseie COD jlase
IFAS .ul,s

sl LS Jole @l 5 485 S g Sk el
G Y. o el o (6lp ool iy pai oogame ,o IFAS
celalor oo Jow olgiing Geluly b comlie doys 5
ol @S 5 ob plbxl oo s, 2 ANOVA Ll 3Gl
Sy3e 6L ekt Cymt LiiSad el o0l @l ¥ Jgaz 4o
\ jloges ,o media filling ¢ DO HRT L3 5 o)
HRT casdlla 550 b jiie s o ol o0 ools tslod
(=FYYI0) cils Koo e 90 b anslie jo 1, 23U o yiien
g <db il s COD Gis ¢lls HRT zolidl b
i cdzmsis yo aiilS paitians dlail, 90 0l 45 0 osmline
RUPTRIRVS FUURRVEG & & o) IPONEL PRGN PR NE T ORI YV
EAVVD) 55 DO clale canylyd ol 4o 38,80 ie
el Coway Yo mMGIL b ply ine ool cale ( jasee
GMie pl & s e alS L Gl L oS ok
media filling « 51 0 .0,5 0 lag 2als &5, COD

Og 0,55 (656S (6,105,505 Ko ke 90 A G

vy ¥

e Al 0l g5l Al

Fe, O /TiO, ce Jils

32 ol Ker g Mufti g, 4 Fe,O,/TiO, wl 356 ags
36l IA s MG casds jghay .(VF) ol plxil YoV 2 L
w51 YomL L (Y--Y - nm ks L Fe,O,) ool oS
Sae dy 361 gles jo g ol oS 5 /Y M clale b poilis
LS o 00,5 Ll b Jslone s .05 0508 )+ MIN
oyhd ohd &yem ¥ M cdile L (NH HCO,) pg.s50]
5 00l (§y9) ez ol i & oge, canldl [0 ol pLS
Gl glod 55 s 5 03 A ojimo ST L b pair
85 13000 °C Gl o Y h Goe o e 9 0 St
gt Jol>Fe,0,/TIO, sla 5Ll b

oilosl i,

(DO600) g 35St olSiws 51 DO e Lol sy
el )l Olacsl b v (39 G2yb 5l 5o media filling 4
4 Fe,O,/TiO, cabllgl I cpimen ad aculxe
3l ol eolaul o JBlS e ailid 0 sole das (lgie
M cdile b ol SG,l55 008 5 anS g 00 o Jolow
sbow 5l TFAS [g51, o ol eolatul pH pdas cpz )
b i 5l g 000 MM’ Sge mhaw L Kaldnes ki
o oslial +/F0 g 39 5 VYO xV e MM slayl 5 k]
pr ) b (2iSly aliae Jols TFAS s,
Joe) (poly e oy (g b0, aiges YT, (YO L
g odlgp w4 e (Fr MY/h g g YO KIS W
W g5 b a5 51 L3S 5 20lsn cg ol LIS
ool (35 B 40 o cuai Fo /D aslea L YO
JIETRN PR P U PR VIS P [+ L LU E IR
Jsb 9 V¢ W 55 L YAD nM osgoze ;0 UV Y 4
30 Ay polie ol astive jl e .o eolatwl VO cm
5 YOF NM zse Jsb L UV ¥ (o dblSgzs ayl 3
215 53 a3 ,Shae b s 35l (sipn 530 s
S g e8]y Slgime Guizeen Wigd wy» COD
Jlade 6 pSojlul Cuz Grizren ol 035 (Sl (jen
old o5 5 (B¢ + +-DR Jaw) yiegisy xSl 51.COD
s 03lizsl COD el Jis b Q70KT Jos) COD L

%ﬁ yﬂy
100 ylimoj /,lg2 6l /s lg2 695 s

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6591-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-26 ]

BLOSIRURLVIRCapguE 3¢

age slopxie b Lioles] pll b aS ol s i doyo Aoy FYIV L ply st ool (ol ags jlade .(F=2Y/VY)
04/Y) Y-¥/#7 mg/L L ol COD i csolpriss alols b oo media filling DO cdale asils i oonlio
] ‘stl?w‘ J.\.«c OO w‘.».o RS- ul.uo) as Sg (J.«a)o wLef).b "\‘“"QS" COD U““‘MS CA:L, v alags )‘ u.oﬁ)f

NFY mg/L L il COD LIFAS 55T, Cley caslsl o wodly giie 5 "ol 5" L gl ypeiie 30,5 ki b
RVRETI (LT RNCT RSN $e08 Ly COD 2als i yiSTas oyl o

. . v

3 L - e - 5ol 4
g s W =\‘ 50
S : :
; an, 3
o] . o E
| “@, 40,
357
L)
30 0, 30
%
3 4 5
R
B: Media filling (20} A DO (mgl) B: Vedia Glling (%)
: Me g (%)
122 12728

TFAS gl )3 )5 1 B ol )y (iiSod py i =) jlg0d

IFAS wislyd 6l y slakos 30 Joo (ANOVA) il g 30T ol -V Jou

Model AARAVa\y q 1¢4/41 \1v/40 < /oo

B-Media filling 08/ | or/vs 0/ e

AB e \ eeas eeas Veaas

BC eeae \ eeae eeae Veras

B2 04Y/Vo \ 04Y/Vo o/ < /vy

Residual VYo v +/AQY4 - -

Pure Error ewas 1 Veeae _ -

® ﬂ%
-_//%9 E_—/f V€00 Gliuoj /ole2 0lai /pa3,lg2 093

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad VYo
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6591-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-26 ]

w28l il3 COD (5 cange Jlaie 40 o alS L
i oy 57 it gkt 05,5 ek bl o
L xly COD ol gliee onyiin oSl atels
009 cembin olulid Sz 0l o i ae )0 AD/- -
iloj] ¢ prile dus 00 i e dinge bl Lo el Jowe
Uil a0 A+ b ol COD alS olie g s ),
o s g blis aods O Jsaz (VYA mg/L) ol

amo_e ol |, eadilS 25 o TEAS syl 3

COD _zol5 lieo 59, 2 S35 gaio b0

o Ll ph o) (6598 e g9 dm cadllas 5l 25w Gl o
D 03l B () j50 69 @ £9 U e S
ly GBS 28 anl 3 50 a3 S g0 iale)] VY ales
e bl b ol Sinleyl odle a caigs bls 4 o,
Jsb b UV ¥ b e bl Jow conls ololis sl
M-+ b il COD ials 45 b5 plol YAD M 50
£9 &IN50 plulis cum adlsl jo 0l (5155 ws)e
zse Jsb LUV ¥ bange LW L ol Ghalejl e
anl gl (bl ol el (S50 59 b G 5 YOF N
Sials & o5 YOF NM g0 Jobo b ceaY b andblS g2
S0 9 b jpa> b (izmen s COD jlas s AYNY

il 1, COD 5l as,s FV/A rals o 08 s

0 a0,
80 It
= ", -
2 z ™,
S =
60 =
Gt
0, 50,
1040 120
80
B: Dose of Catalyist (mg/1) Al (gl C: Reaction Time (min)

S W01 RO P IS W C OV

e85 sl
3 bS58 a8 S ol Ceway @l bl
ol 2o 0 AD B OO (o« el )b 2 (6l 00l oy a5 00900
2 ANOVA (¢ LT 56T« glaboz 5o Jow sloiio lol s
el oo @) Jgax o ] s g b pbil Jow 9,
d=—3 5l s s Gl it o S
Y Jlsges ,o catalyst dosage 4 reaction time .pH
reaction time «wulp cpl jo .l sl ool isles
A=09/YY) sl SO0 yusie 90 G yo ) 3l o iy
Design-Expert 138l ¢ 5 g5l aigs 9uld @ 4z L
el Cowdy VoFIV MIN L plp pscie cpl alals o g
ol SGo3 yuxie ol 6l (GBSl o3l JiSTas 4 Jlase oyl
COD (5ee oyl ol 0 Cond 2alS b ol L Ll
clale 38,50 e cpegd cdlol jolcdl aoliEl s
2l e eiiie cpl jlade o e (F2FV/0Y) s el
Slalezgo Joo 4 azg bod o i #+/FY mg/L L
4 S CeandUlS lale alS L 0l330 L conds sleiiny
53 .0,5 oaaline g oo |, COD Jlade (aulj8l ¢ jlaie oyl
(= 1FY) casls sl o 1) b e ieS PH oliee 5]
PINY L ply seddblSnd 551, 50 PH cll> 0 s

O (%)
E

7

T
Acphdmgly ! Rencion Time {min 60 B: Dose of Catalylst (ng/1)

60 50

FlBl g8 a] 3 2Ll p b ol (AiSon p p3U-Y loged

A4

égﬁ yﬂy
100 ylimoj /,lg2 6l /s lg2 695 -

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6591-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-26 ]

er g SKIas ez

G5 955 w13 (sl slabezr 93 Juro (ANOVA) (il g Ul gl -F Jgur

Model YYO§/8Y q Yo./84 (RYats <a/eeny

B-Catalist Dose Y0/ | YO/ £1/01 < /ey

AB \Y/0n \ \Y/00 VAT Y VYYD

BC \Y/00 \ \Y/0r AT Y /OYAY

B? qq/¢y \ 44/ %y /eYVe

Residual Yo /ov Ve Vo/4 - -

PureError e 0 YO _ _

Sili 0 ly8 65l die ol -0 Jgua

FIA - A pH
A A 7% min B Reaction time U
i mg/L C Catalyst dosage

® ﬂ%
.’//%9 E_—///) V€00 Gliuoj /ole2 0lai /pa3,lg2 093

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad ARG
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6591-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-26 ]

YN0 Jlo yo ,5ea g Zinatizadeh .(VA) 09 o 00
> MBBR anl s j0 1) OB Sl on)S 5 0398 S
L LT asols 13 anlllas 890 (6,10, 0y calises Ll
3,50, VY h g A mlaws 4 HRT (1, RSM 5l oolal
SdlS landly s (30,5 cdmlie aS wSals I3 delllas
sy oo Jol= HRT o jiSTas 5o (atnly ae) COD
(2) S o Sty |y ol anlllas gl ool ol a8
Jl o Ker 4 Trojanowicz lwg a5 glaallas o
00,8 s b 5l oMol Gley aghar i sl Y419
posgel Silsr o gmwlocnST anlg ¢ (nitritation)
(Y+) ¢85 1,8 adlls 5,90 MBBR ,s (anammox)
s VIO /Y0 ,slie LyRSM o1, DO ke le Lyl
Oy e 45 38,5 saslie g 9s,S (g5l age ¥ mg/L
Sl Cawas (Y ME/L) sl o3b yiSTas o sl el
Sl Slgen anlllas pl 4o odel Caway jlade b lads aS
Sl iSL Y-V Jlo o o 5ea 3 Shokoohi (s ,b |
Ser Sl lows LS g5l a5 MBBR al s o L
B YO o 1y 69558 OS] cilale gl cais S anlllas |,
JuSis pldgn b mhaw (g, b axisls 455 Y/0 mg/L
00 Al eS| dale a8 el e cpl o (YY) 0
el LT Bl 03b 5o anlllas oyl o

e bl 55 sl

Cgr CaiseelSsl gl Jb s UV zlsel 51 ool
sl bl Gl (ol Bds eSg e JB0ol) adss
Jslms adsl PH sloyiie 36 aslllas ol 45 .ol
I8 cwyp Oy50 CujemelSel Jlade g reaction time
2 L el on pegenln Sl (S ol ws S
1 syt el el Jagms PH. (15555 sl
Ui 0 oS jshailan el Coanl o 55 anlllae ol o ]
ol L gladame 4o anld SIS s o Lal mbs
3o o pH el g COD zals sl (pH=F/A)
@9y » oVl Qi (e g, 2 Sl gE )l
Gl S 556 00T (600 325 ¢ (izeed 9 CenndUIS
Wl p ol ooy S jea> Jodo 4 29l SleS 5.(YY)

YYA

e Al 0l g5l Al

IFAS 557,

5 TFAS |51, il anlp gjle dige canllas ol 5o
wias s FeO/TiO, sl lslogh b oo dUls ys
adlas mls e85 18 adlas 5,50 (g5lugyls DL
H5STy JBIs e Blae Shise (e Il a5 908 e
flool Slallas ololyy 058 0 syl yd S Lialsdl cely
» wlgy oo 4> wi> simedia filling a5 oi aseie sols
a5 sl ol LS o5 ol sl IS ,56 a8 LS s,
FB ol iol3dl el oo 0 ly jo Luw slass 201581L
wale> Soielsn Y BSAT 5 (29,5 08 sl e
2,52 5 McQuarrie bug a5 sladlhas b .o
kel 3> media filling el oo plosl YoV Y Lo
ol w8 oSy lawgs b plend) I8 30 o el
S slads o oolaiul 550 shoe g98 bl 5 ol
ool 45 0 0Ll anlllan ol 53 (V) ol o0 slgiions
(s3l92 (2 9 SrST (20 s3leR) LTy Sl o 0570
media filling . \Foiws ool Sglie Sodp s,
Aoy 4y aS Wols slgaion | LM 55 sl wo o FY
g Gl Gl Ll SG0 5l adlllas ol jo aige
media filling laeuslS g, Ko iy slp o yiws BB
5 oo e 5 9)9e 551 Ol 8l sl Wlgs o
oo BB maw s oS Lol 5ol rals « molsa
s ol Sglie VYoo MYMP o lbas 4o
g do 0 Glgin B sloas s (it Clllas o
el oy ]

L a5 5405 aseie [FAS 018 is 10 )l adllas s
Sial33l LB aaar s ol s oIS HRT 5 a8l
31 Selgmer wile plos JFAS sloanyl 3 o ai8 oo lay
ol Sielen ahal QDS S,S6 else 0 yiegs
achai sl pi¥ oloj el vgzer el it ol Sl
35Ty 5l oo ope b pgm 3l eogdise laoal YT JlS
Rhse G2 55Ty 50 (9,5 Wle Gl gy O s

aylol o980 Somez b ad el (295 bz 5

g{fﬁ yﬂy
100 ylimoj /,lg2 6l /s lg2 695 s

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6591-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-26 ]

N g Gz Gz

00 g Azl 4 U3 Hles &S A o i 40 mMiIN
YY) ol anlllae ol 4o

Gl ooliul 300 anld aS Wi et @l elul,
5 ol (3log s Coo ASE ahar o ulie LS
ahal auld Sy ol @ deanld ol Sl eslanul Sl
Oole a5 TFAS ool 8 ag bls jo .cwl pald Lls
5 Yf h .1, HRT &¥/- mg/L .l DO clilé el
OUY sl SIS we,s FOIV Ll media filling
WY mg/L L, COD adgl clile b .o 355 wo,s
2wy 5l ozer Sley COD cdile 953 loil,
ailyd 4o piomen o 5,15 Ve F/Y mg/L b il IFAS
PH Jl el &lee o ayl)b asge Ll o« iblS 3
catalyst 4 V- ¥/Y min ,l, reaction time $/A ,l,
S 2o, MY+ anl s SIS # - /f mg/L i, dosage
NoFY mE/L s 65555 COD 28,5 L o b oS o
ol il 2als VYYA mE/L il s, il
a3 s Bl ylojles Lawgs oot a5]] gl it
e JSie sl g plgoe ) Sl l 5l (295 Sl
g0 4lsd e b e lac Az ) s e

O Mo
el e ool S i Jels B SIS S Suiys

Wloo S ol dllin cpl jo 1) (g3lwosls g laosls oy o cailS g0

@‘é}éﬁ 9 ,S.w )
Sl ag” Glsie b asbbl 5l Jols mlo sl oyl
Sl 5398 9 S oo fms (SoGelam H955, (Al sl
Aol coas )l o Fe,O,/TiO, sl ,tslugl L
)5 ahie (o5 asddllae)  gilug)ls Zuis
aibos oy olps ST oBiils o ylhee wdige o)
S8 ,50 Jelse 51, glo a8 5 Siad JleS dllas B asung

)l 1) Shegl el

® gﬁ/
yégg J 1Eoo glimo] /P lg2 0)lodh /3,12 0195

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

AR

GLERREL Y o) & UV FRUES JUNV Y|P PP VO U ES
Sloea YA Jlo o o) Sea  Song s b axllas
Ag/g-C N, sloca blsgs ) ootz b LT (YY) ol
NS gwyp |y oS geldlgw 4325« (Spe 9 9> b
2 ep)ld onl @5 e (nidin a5 3308 samlin L]
o0 e jlaie 4 SuoP a5 C8 S S0 £ Ll PH
XY Jlo 3 oL5an s Oh fppizes ol anlllas oyl o
SCN 5 Ag-SCN ceedlS 5 osliisl L (glaalllas b
75 g Bd> 3 (Bl g8 wl B QL Sl s (e
i Ol lid ol oS s y J3blalge Sgm
PH o5l .(VF) sldl glisl #10 L ol pH 5 G lond,
Cowdy 4 4 a2 b aS 0 W) B Y o Wl bl
Sty 5 adllas cpl )0 00l o i PH ke o]
Sype adllas (nl jo &5 plapite 51 K00 (S sb o
@by Cendlls i lacdale S cd 5 18 ow)
L o5 g0 oamlive oals aSl)l guls jo a5 jshiles .ol an] 3
aigy e b COD Gl lonil, canndblS e o33l
SraisS LS5 s 4y ol ol a5 aily o Gialjl S
ol (V) el JunS g 000 G0l sl ol 3 oausS aS|
ol @ CadlBlS W slacdale s Gis lewd, ouile
Jolowe o canJBlS ol cdale jga> a5 wws oo &, Jdo
e yol by ool 53Ty J2Is o UV Sse o Shes 5l ile
CendBIS GYL CBIE oyl eodle 05 e Loy il 4,
oS 05d JeS gy JIGol) adg il8l 4 e wilgi e
JBel) oaing) S (lse @ Wlg o 525 955 Jos )
Sl S g joun G0, g uiS Jee (radical scavenger)
L @bl cdlamis )0 5 W9 p o 5l Lo o 00l JSaS
o3l ;o g Hlade (o red @ (V) 0o oy all
59 i S ST Jlade o addlas ol o bl
o, Ken ¢ Darvishi reaction time . s b LL3)|
b US55 a3 40 5, Bio e YT o 4o
SR Al 590 1) (59, daSTolw ()5 slacy ol 9l
reaction time o asllas 5,50 slo e 5l (S .00k

Sace 4o lacie ol RSM (g5l a4 asg5 L aS 09


https://ijhe.tums.ac.ir/article-1-6591-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-26 ]

References

1. Von Sperling M. Wastewater characteristics,
treatment and disposal: IWA publishing; 2017.

2. Shahbeig H, Mechrnia MR, Mohammadi AR,
Moghaddam PE, Rouini MR. Pharmaceutical
wastewater treatment using membrane bioreactor-

ozonation system. Water and Environment Journal.
2017;31(1):57-63.

3. Fent K, Weston AA, Caminada D. Ecotoxicology
of human pharmaceuticals. Aquatic toxicology.
2006;76(2):122-59.

4. Wang J, Wang S. Removal of pharmaceuticals and
personal care products (PPCPs) from wastewater:
a review. Journal of environmental management.
2016;182:620-40.

5. Cai Q, Wu M, Li R, Deng S, Lee B, Ong S, et
al. Potential of combined advanced oxidation—
Biological process for cost-effective organic matters
removal in reverse osmosis concentrate produced
from industrial wastewater reclamation: Screening
of AOP pre-treatment technologies. Chemical
Engineering Journal. 2020;389:123419.

6. Barwal A, Chaudhary R. To study the performance
of biocarriers in moving bed biofilm reactor
(MBBR) technology and kinetics of biofilm for
retrofitting the existing aerobic treatment systems: a
review. Reviews in Environmental Science and Bio/
Technology. 2014;13(3):285-99.

7. Andreottola G, Foladori P, Ragazzi M, Tatano
F. Experimental comparison between MBBR
and activated sludge system for the treatment of
municipal wastewater. Water science and technology.
2000;41(4-5):375-82.

8. Ohno T, Mitsui T, Matsumura M. Photocatalytic
activity of S-doped TiO2 photocatalyst under visible
light. Chemistry letters. 2003;32(4):364-65.

9. Xuan S, Jiang W, Gong X, Hu Y, Chen Z.
Magnetically separable Fe304/TiO2 hollow spheres:
fabrication and photocatalytic activity. The Journal

A

e Al 0l g5l Al

of Physical Chemistry C. 2009;113(2):553-58.

10. Chen C-T, Chen Y-C. Fe304/TiO2 core/shell
nanoparticles as affinity probes for the analysis of
phosphopeptides using TiO2 surface-assisted laser
desorption/ionization mass spectrometry. Analytical
chemistry. 2005;77(18):5912-19.

11. Reghioua A, Barkat D, Jawad AH, Abdulhameed

AS, Al-Kahtani AA, ALOthman ZA. Parametric
by Box—Behnken design for
chitosan-benzil/ZnO/

Fe304 nanocomposite and textile dye removal.

optimization
synthesis of  magnetic
Journal of Environmental Chemical Engineering.
2021;9(3):105166.

12. Chavan A, Fulekar M. Integration of photocatalytic
oxidation and biodegradation treatment processes to
enhance degradation efficiency of CETP wastewater
contaminants. BioNanoScience. 2018;8(3):761-68.

13. Escola Casas M, Nielsen TK, Kot W, Hansen LH,
Johansen A, Bester K. Degradation of mecoprop in
polluted landfill leachate and waste water in a moving
bed biofilm reactor. Water Res. 2017;121:213-20.

14. Svojitka J, Dvorak L, Studer M, Straub JO,
Fromelt H, Wintgens T. Performance of an anaerobic
membrane bioreactor for pharmaceutical wastewater
treatment. Bioresource Technology. 2017;229:180-
89.

15. Verma M, Haritash AK. Photocatalytic degradation
of Amoxicillin in pharmaceutical wastewater:
A potential tool to manage residual antibiotics.
Environmental Innovation.

2020;20:101072.

Technology &

16. Mufti N, Munfarriha U, Fuad A, Diantoro M.
Synthesis and photocatalytic properties of Fe304@
TiO2 core-shell for degradation of Rhodamine B.
AIP Conference Proceedings. 2016;1712(1):050009.

17. McQuarrie JP, Boltz JP. Moving bed biofilm
reactor technology: process applications, design,

and performance. Water Environment Research.
2011;83(6):560-75.

g{fﬁ yﬂy
100 ylimoj /,lg2 6l /s lg2 695 s

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6591-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-26 ]

N g Gz Gz

18. Leiknes T, @)degaard H. The development of
a biofilm membrane bioreactor.
2007;202(1-3):135-43.

Desalination.

19. Zinatizadeh A, Ghaytooli E. Simultaneous
nitrogen and carbon removal from wastewater at
different operating conditions in a moving bed
biofilm reactor (MBBR): process modeling and
optimization. Journal of the Taiwan Institute of

Chemical Engineers. 2015;53:98-111.

20. Trojanowicz K, Plaza E. Combining numerical
simulation with response surface modelling for
optimization of reject water partial nitritation/
anammox in moving bed biofilm reactor.

Environmental Technology. 2021;42(18):2823-35.
21. Shokkohi R, Alikhani MY, Torkashvand Z, Sedighi

Hemmat M. Isolation and Identification of Dominate
in MBBR for
Treatment. Journal of Student Research Committee

Sabzevar  University of Medical
2017;22(1);1-9. (in Persian)

Bacteria Hospital Wastewater

Sciences.

22. Shi S, Gondal M, Al-Saadi A, Fajgar R, Kupcik
J, Chang X, et al. Facile preparation of g-C3N4
modified BiOCl hybrid photocatalyst and vital role
of frontier orbital energy levels of model compounds
in photoactivity enhancement. Journal of colloid and
interface science. 2014;416:212-19.

23. Song Y, Qi J, Tian J, Gao S, Cui F. Construction
of Ag/g-C3N4 photocatalysts with visible-light
photocatalytic

activity for  sulfamethoxazole

degradation.  Chemical Journal.

2018;341:547-55.

Engineering

24. Oh W-D, Chang VWC, Hu Z-T, Goei R, Lim T-T.
Enhancing the catalytic activity of g-C3N4 through
Me doping (Me=Cu, Co and Fe) for selective
sulfathiazole degradation via redox-based advanced
oxidation process. Chemical Engineering Journal.
2017;323:260-69.

25. Chen G, Feng J, Wang W, Yin Y, Liu H.
Photocatalytic removal of hexavalent chromium

by newly designed and highly reductive TiO2

® gﬁ/
yégg J 1Eoo glimo] /P lg2 0)lodh /3,12 0195

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

AR

nanocrystals. Water Research. 2017;108:383-90.

26. Saeedi S, Godini H, Almasian M, Shams-
Khorramabadi G, Kamarehic B, Mostafaie P, et
al. Photocatalytic degradation of phenol in water
solutions using ZnO nanoparticles immobilized on
glass. Journal of Advances in Environmental Health
Research. 2015;3(3):204-13.

27. Soltani RDC, Rezaee A, Khatace AR, Safari M.
Photocatalytic process by immobilized carbon
black/ZnO nanocomposite for dye removal from
aqueous medium: Optimization by response surface
methodology. Journal of Industrial and Engineering
Chemistry. 2014.1861-68:(4)20


https://ijhe.tums.ac.ir/article-1-6591-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-26 ]

Iran. J. Health & Environ., 2022, Vol. 14, No.4

&

)

£
&

HETH AND EXVIRONMENT

,&b‘
6 e
f‘g

et uel| U,
N
R &
gy \@

Y,

Available online: https://ijhe.tums.ac.ir

Orginal Article

&
&

%, &
" of Environ®™®

Optimization of the combined integrated fixed film activated sludge and
photocatalytic process via iron oxide-titanium dioxide nanocomposite in treating
pharmaceutical wastewater

Narjes Khodaygani, Roya Mafigholami*

Department of Environment, West Tehran Branch, Islamic Azad University, Tehran, Iran

ARTICLE INFORMATION: ABSTRACT

Received: 05 December 2021 Background and Objective: Pharmaceutical wastewater has a high level of
Revised: 19 February 2022 pollution load that should be treated before discharging to the environment.
Accepted: 22 February 2022 Integrated processes using different mechanisms are one of the most fruitful
Published: 12 March 2022 methods in wastewater treatment. In this study, combined Integrated Fixed

Film Activated Sludge (IFAS) and photocatalytic processes are utilized using
of Fe,0,/TiO, nanocatalysts to decrease the COD value of pharmaceutical
wastewater.

Materials and Methods: In this study, the variables of each process are optimized
using Response Surface Methodology (RSM). In the IFAS process, the variables
were dissolved oxygen (DO), media filling percentage and hydraulic retention

Keywords: Moving bed biologi- time (HRT); while in the photocatalytic process, the effects of pH of wastewater,

cal process, Photocatalytic pro- catalyst dose and reaction time were investigated.

cess, Box-Banken design, Phar- Results: In optimal conditions (DO 3 mg/L, HRT 24 h and media filling percentage
65%), COD removal rate was obtained 59.15%. With the initial concentration of
1725 mg/L COD and the mentioned efficiency, the concentration of COD in the

effluent diminished to 704 mg/L. However, in the photocatalytic process, during

maceutical wastewater

optimal conditions (pH 6.8, reaction time 105 min and catalyst dose 60 mg/L),
The efficiency of the process was determined 81%, which by considering the
input COD (704 mg/L), the output concentration was reduced to 134 mg/L.
Conclusion: According to the standards provided by the Environmental Protection
Agency (EPA), the effluent from the combined process can be discharged into the
*Corresponding Author: environment.
r.mafigholami@wtiau.ac.ir
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