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? Inductive Coupled Plasma
* Transmission Electron Microscope
* Scaning Electron Micrograph

o5 Uy

ooldie V3 9 (63 I — 53l slasllooe (Sw) po ol
9 oub olfiule )T J=o )3 a5 wuwl SaKinle )T
pole olisls  wublage  0aSisls  ($J9dgm9 1S
Alsjo iy b anl )8 elml olul SN
o] b aues  suwblise o,i w3l
238 )5 plxil (6 s MBSy 590 » (2IS)AS
slaadale )y 15,855 93 b Jol ala yo p> af
DLl b s 28,5 3 L)l S)ge alise
o) 5 6L adsl wumen 8B H5ILTIE S 55
b Ghmias 9T 590 » oles

Il o550 ol 03 oasboslaiwl il Slge auls
o2 Tao,)8 (FeCl.4H,0) 4T & yaTay U8 alea
o i s /¥0 SligeT (FeCl3.6H,0) T #
o2 =5 (NaBHy) 50348 »9m meaw (AgNO3)
&S S—iles JI (Al-Medium) wiss by=e 5 Jlsb
3300 (5130 A OledT S o e i

Fe;0,@C 9 Fe;0y jkimw

oba) 4o T swST wbhd 5ils asllbae ol o3
s3lie o) ol Gab 2 d5b addss | s S50
LanTE sanTf aTan,l8 wlus s )l e
i) phaiie DT il She £ 0 )3 Vi€ lacmaus
5 by lxe SKlSe v j—od Adiwwg 4y 5 0l
Yo os dled oS e )5V sola v ssumslow s
Yo e an gl il bausss shaio T yid e
A 5 338 aslal Jod=o 4y Huaw 5 Ko asids
bolxo ay .3 osls bMial ju )N asds Ve waw
50395081 /Y0 S L goT Uslomo sl ¥ Juols
blial S6lse v j—ed aliwy 4 )50 4 ads €D
whd ag as Jled (15,5 walis 0 b5 g
osls g pode T Jouw 3 b dus oy T
;L:Luo?\u.;.nd._upa|)7'iwll.;)i£Td.L_gw)A.pf._\ui;

0090 338 SiA orwdw ax s 7- sles o

! Co- Percipitation


https://healthjournal.arums.ac.ir/article-1-523-en.html

[ Downloaded from healthjournal.arums.ac.ir on 2025-12-13 ]

WAL Dle Jsl opleuds et Jw

wablage 9 oM aAl=xo ) -

Szl s plasd slaals )3 S g5 35ub Jatie
VE olo) ol ob s alel Sl K 8 )3 o p9as
Olnlo T a i 9351 wude lgic 4 pieS b diclin
b o bl

D3 wlinlesT seles gulis wxds Gl 38l sl
wzsnl 0.3 &)l (pSilie ) 90 & gl 5 b V1SS
oleasly WAl 3y JIS iz () » S
0T Fe3s04@Ag 5 Fes04@C@AgE w356
Sl RO1SSI 0 55 )l oslaiul b o suS s 5yt bl
5 Fe;04@C@AE LS 5 )l plas pa ploassl)
e -Ln (N/NO) Jge 3 =) 900 & Fes04@Ag

8,5 )13 auglio 3)g0 9 Sk axd T

axsl

5 (SEM) b9 539 piSU o 559 pSie paglsas
=3 gl 3 A y b s »» (TEM) I sl

S aiad o plisFe;04 s Fes;04@C@Ag
690 )= =20 SlLeadsls )50 4 085 )3l
4 by pusbas | JSb .l atuds T S s

3 5o Yl D o it sl pd g3l
4 (XRD) (uSol asisl ol ymy 4 b gy o pa 903
93503 S9n 90 bl )5 9 VAL 15 ) 5-thio
i S 4V b oxb Mol uublite o 38 =) grels
0 03 syl ol Sy el oaul aSDIY K6 o
wmswl 0 )-8 4y ado gy yo &Sl ax s YA/ aysl)
Y7/ ol YO a5l 03 oaubalzl slocsy mlw
bl 5o AV /D s YV/EC FE/E° EE/Y X - /Y
Gl Sy X asibl Gblyy SuUT I Juols molis il 5o
9@)1394_3«_&9},).9.._@)3@\”-/\"03??/?’0
9 i o3 i ) gxolS 93U S 3 s FesOy

bl 50 0 )8 juaic & bgy yo LS polw

BrukerD- olfi w3 g5 (XRD') Lu— Sl
b oslaxwl 8Advance

)3T g T

Jloasi jaiw $la )8 LS Ll ) slhie &
22 9 23,5 oolatwl (5 puahs Mold by slads gos
)90 RS )3 sl sblo S Blas )L s
asBasaas Jl oMol Sl sladsges o ,F
Sl 2 SIS Sl Ol Gl 5 Olg eSS b
9 0ab Jdiio ol inlo )T an alolsly laas gos .aub
)38 aunlio Bl sy ls oS slagyswoiT
s Fes04@C@AE whdgil — 5 lsjo S
133058 o dbale wlyuss il Gues FesO4@Ag
adsl 3o ‘le)lp).i,_.o L 1s)as8 Gules plo) o
3L o dS3=e oslaiwl slaeabld 5 5 ,8L
b el FesO4s@C@Ag

0292 Il G B L il o asllboe -l )3
Glbw s (MPN/100mL) e sladg) j oz
aSDIY - -0 ols die dplasliowl S )y a5 axsT
(V9) 333,55 oaliiwl (APYVE 5ie) ol oot
Al- o) =l 03 o boslaiwl o &S by =o
i by e (5w 03leT Jl (s .ol Medium
2= 03 2, 5 YV/D) 0 jlw &SI Hsimws suib
Slpm OT jln 53 ke 5 345) =uiS bayzo sl
iz alg) Jals 9T JIV =ML (595 waisS boxo
3o ag (ol Ax )3 V1YY Gles b 9MS sl )s 5
=950 wlinle 3T solos .asaub o piawl aiss 10
) 5—aie a0 9 3 plxil slaJe 1D by a0y
S0 /) S 9lg a8 ey Il Lods ges (5 b 313)
303 )5 oalaswl (Sl 8 P2

J2Is Lo Ladiges pbbs 390 slaed) ayd Jl
el ¥ eace a4 alioldy 5 aub ols wuds laaly)
2950985l JAls o grdis ax )3 YOE- /D slos >
A ol VY woe 4 Guuaws 9 253ub oaly )18
R okl an )3 EE/DE- /Y slos b o8 ST ploa

! X-Ray Diffraction


https://healthjournal.arums.ac.ir/article-1-523-en.html

[ Downloaded from healthjournal.arums.ac.ir on 2025-12-13 ]

N ubles 5 03l JUs) Gyigals

L’uu.bl.m © 5 ul).\yb .bu»}) oMols d'.)).bf

H Fe304@Ag

H Fe304@C@Ag
4.5 A

3.5 A

2.5 A

Log MPN/100ml

15 4

0.5

Y. Y. I 5.
(ME/L) 08 s 3 135058 =lale
085 5l 5940530 Jawmgs FC (3135358 Hl Jrols galis A jlages
¥/9 x\:" MPN/100mL (39 5510 &gl 5 9 &s33 Y= ywles plo)

b3 ojlasl ag 0,8 b3 9 RS oS wpad
Al )3 S o8 @S a0 9 Sl S o )i
3 Soe ¥ )lsg 05 (V) 39 daled il LQuT).u“T.s
A A oL el slaaimsls o b s jais
L oo 5o plis wuwl oo o351 oI o) g0
2L el MPN juolio oo (JSoi (ol 4 anss
Fe;04@C@AE w135l SS9 ) Sae )28
Il 6 piiigs Slai L1038 )l aaly S s a5 5,8
ulbea— ) wnwl u.uu PA) Io_m.ulf)b)&o
Mass b slaasges ay s (5 pduiu S48 o9 )5Sk

NN olds ‘).su.ul.\ ro.ux_;,ilf)'))ﬁ_p

- )
30 0 s0 &0
Postion [2The ]

3259205956 43 Joga o X dsbsl Lyl e paguas Y JSub
Fe304@C@Ag

NS FAVAL X D RS AP AN RYETPRN ]
69— Fe;04@Ag s Fe;:0,@C@Ag
o0 3050 (FC) lle S 05 IS slags i1,
o3k aSIY Dlsges V3 AS Hob Yled o8 )5 I8
Oleasihy 15558 ¢yl Jl ol o slaesdale s el
Ol i s a8 sl FesOs@C@Ag
EL5 4 ax 55 b .cawl oaui oals plis Fe;04@Ag
abliso 0 )85 )3 6L OIS 9o (pl VS caubash
CICITNTSUIY FREIPRT RN PRV C&ml S VL as
= Lo pusie ol 13 9 D)1y S )5 ©9ds Ages

b il )T ey 51elS 936 ol 550

! Fecal Coliform



https://healthjournal.arums.ac.ir/article-1-523-en.html

[ Downloaded from healthjournal.arums.ac.ir on 2025-12-13 ]

WAL Dle Jsl opleuds et Jw

bl 9 wwodw Alxe Y

513 935 (6l ym Sazxe oslaiwl olel w2 Sl
(D)0 e ot Sl yu— Fes04@C@Ag
9 5ah ZoLA ages Sl LT Ay & wlh3sib
A g0 B o 0D Joid ads po S 13)38 e
9 wl=ds slass & )ls g s o8 )5 )13 oas Sluy
ol calixo slawass sl b 188 plessh

N

N—o—\_‘

- Log N/NO
o = N w
o, N w

o

0 1 2 3 4 5 6 7
Sa=xe o3latwl

9kbio &3 Fe;0,@C@AZ w35910L5 956 )l 33=0 o 3Ll . )l5g05
© 85 couwa y9 7= mE/L 15355 cdAle .Ml by (105358
¥/ FCMPN/100mL 39 »Sa0 axgl caumon

»_;_J)J)).)H’.QO)_QJ)L)_BT-—_JMAEA—”
slau s w0 & Fe;04@QC@AE =) gsols o3L
sl 03 ASHID Sl 505 )3 0 i 5 T

| 1h M 6h | 24h B EPA oagdtT T s sladlzal

1.8

Fe (mg/L)

pH

15
1.2
09 4
0.6 -
03 4
o - d J
¥ v "

FC removal rate (%)

-log N/NO

Ag (mg/L)

100
98
96
94
92
90
88
86
84
82
80

0 2 4 6
log MPNO

Ay &3 (2133355 Ylosily ) 5L augl 33 i3l ¥ Hlages
Ole) 0 i o pa 7:mg/L 153355 wbble . Fe;0,@C@Ag
Aids Y- yules

03 Bl )l 5o b 135558 pules slagle) sl
8 bl 3rse su amBsf - b i ilo) o)l

(¥ 1> g03) o S
3.5

R?=0.9712 *
2.5

15

0.5

(a2s85) plo)
wndale alicke uled YL 13 FC (s)ilw Jlad jut ¥ 513905
¥/ x1+ FC MPN/100mL 33 (0 385 woums y3 ¥rmg/L 133358

H1h M 6h | 24h
0.15 -+

B EPA SouditT T 5)laulewl

0.1 4

0.05

o -
¥ i "
pH

085 a3 #- mg/L Jodxo (51555 wdale Fe;O.@C@AE a3 )3 0 i 9 5T wnlid ) Calisko uled slagle) 9 pH 6. PIRYV

ALY cm ™ 5ok as s sl YEE- cm™ 5 PADY

AOY) ol 505 4V )3 C-C 59 sl J sl
0aidd gluds s )5 4 VYY) cm’ 9 YADY oL

i&z_‘
AZY - APV AAY oL mis 0o Fes04@C@AG


https://healthjournal.arums.ac.ir/article-1-523-en.html

[ Downloaded from healthjournal.arums.ac.ir on 2025-12-13 ]

'Y Ql)l&oﬁg osl) Jls) ui:}_g)l.)

o lbl y5 i a5 Hob pled w5508 Jl 45 590
0I5 YRSl o 0,8 Sos o> 0I5 Vb b
o A5 35 50 FE104@AZ 5 5 sl G
DML Sl ladsges )3 15538 (pl (Siwisas
QY b ozl $l3)a8 )3 & S)gu0 ) b 50
5 b Jasss JSio il 53958 L5 s S
wdls & juiw Fes04@C@AE slaws) 9uols 93
Ol o3l as aiibls Jhd Jodme JAls )3 3lae
Il manl aibls Jss @ ) 8L sladslw b (ywles
bl plise GRS o S 4 55 55k
SIS )aS ) 4 b oo Fe30y wld 593 I Sl
Dl 5o 03 wilpd EoS ol oS Y v
S 3 93 ) wbale i8I L\ Dlsgai b (salow
23 456 9bas taab 5o inl 38l Yleasl) ol jiiu
03 0 i3 w3l Sl s 0> oS Jue 7+ mlale
olo) aids ¥ jl o Fe;0,@C@AE s 55
olite 29 )50 by alg) I elas s )3 ules
Fe;0,@AE sl 0 alio wble )3 a5 s s .auibs
Swd A 5295 S LAl 2oy 14/70 ssaa
35l wlble Ginl 38l b ghled 9 F6 )l T
b 09 AS 353 )5 cadlibe )l 39 0 Lo s
aelw A a el w ¥ )l JISLi bl PhaseLag
YO wble )a asllas ¢yl )> . asb S Lyinl 381
J=albd )do 0w \;;I);\.,JL_s)'I)__I._‘_J);ro)_Tu_Lp
V-5 CFU s 5500 caumon b cuisS baume slocads
o953 S Fad el VE plo) w3 5
3l A aind )5 ez LY T uized . 3uis 0 Bl
5 ol asunly T wbale & 3656 (529 Ko 205
oo @) Lo el xSae ol 0> 48 ol
wde e )5 Lo )8 Il 3ol (SIS b publ)

(F¥) 352 (Qusiol w58 55 slidlianl)
A3 =308 il 33l ) S, A wude il

9 Sis -blb)l)sg}ﬂlxé)}@@*%)l UI?"L"’ B

* Siddhartha
5 Kvitek

S S )5 il V)3 C-0 53 C-H slaason
J3VEE- em 9 17T slaa b se— x5 (VANQ)
JuS 90340 05,5 0auiS 3wl jus FTIR cab 34UT
OLSoa 5" il il o3 jiine S 3 )3
b9 A wb3eils i85 4 S s )8 (BT
Slay Sl b ol mow 36 g 50 i (St 500
Glaaidly .23 g 50 03 g3 JawS 90340 09,5 Jolib
Ls ools asalliae )3 oowT cawdy mlis b pJaiuwl
DS 5L Sl w5 @0 Sl b & 4355
9V laa b so—as .3l e aylbe Fe;04
(O-H) JuuS 90348 05,5 oaids plis YEE-cm™
(V) ol ool i auS )3 S

Il pmiaS Fe304 w3 pdad bowgio (@) JSub )5
(€) re9—03 )3 vl oo o3ls Ylis Hiogili) - -
2ol \Y 395 L3 Fes04@C@AE SIS ks
V-V 390 )3 oyl b wgio 9 3l o
bl o o 93b

OhLS L as 853,85 i3S oblSes 5 sl
3 05ms b waluue o i w3 sl ojlal
T a8 35bo0 D ge Jole cpl - Sobise il
3y il 391 L punsilS ls pSho b 13,508 Jole oo
39052 YL (23)a8 Yloily 9w )ad azuis > 9
kel Sl % 5 oL Ses 5T SV (V)
o —8 w3l Hlsja S slh— b LQIo_w»lSo
35,5 o )lbl 9 Aiwsls ab gy yo SO 82 SIwsST
o eaalue Gl 3ol 9 b3 o513l Lials b a5
CH PR PREIVITE IS TAY FREIVSUITY PRV S R RER PRYA
A pxie &S A ST D o p85 slagyss i) s
(VYY) S5 50 (2195358 e s )90 plo) Lials
PSS 2 )3l 90 2 VS5 5 pReLL Y g T
) 91ol8 936 A S Sy ylois 15 )35 93—l
(P<+/-8) GIls 5z w50 & FesO,@C@AgE

!'Schindler
* Reidy
3 Lok


https://healthjournal.arums.ac.ir/article-1-523-en.html

[ Downloaded from healthjournal.arums.ac.ir on 2025-12-13 ]

WAL Dle Jsl opleuds et Jw

bl 9 ol Alxe VE

Eusslls p5u0 b gules Oljae 5 03 Hiliy oS )5
b maline aSiyl 4 an 53 b Ll sl e hals
Ol 381 13wl s9a=0 Fe304 L 9 Fe;04@C
Sl L oS 55 03,5 jiiw eS8 )3 o 8 wlale
Obgy o 55 o J5 &5 350 Salsa 50
03 085 placie o 9T Jl pidw slaesbale 9 3o
s s aSly SIS a5 A8LSH puslSls yShe b yules
KU FEQERI U SR TSNP TR JERN E
S8l

03 o 83 dig e dbale b oanidh jaiuw wag ) 9aol8 956
as sls s ¥ s g o3 ) aliske wles slagle)
Ay Sl i)l JIFC Gl 155258 S
ol Hzmed SIS e s RY =78V o b sl
DML (13 )aS = ad aF 38 5o s Jls ges
s Q583 1+ )3 528 b ozl oS 5 sl
L ol (5 piy aub SIS bl 0i)l8 - /Y L
o= JsI=e 03 0a5) slad gl slass aSiyl & ax g5
el a3l LEAL 153005 b (wles gloj el | I
L ooles el S5 Ul g 58 G5 6 8L 590 1A
oLl asal 438l LIS 0385 i) )3 o5 o 7+
oy )L sladslw pialS @) Sba
bl se Jsl an s b S Jl 9w S ule)
IS ccilboo o Lls oS 6l w Sy veilB L as
Sy (590 k932 S bLSes 5 OIS (VY)
S bl ol 3 Fes04@S10,@Ag (ls a8
0 L 0o w1 )aS as suis 5 ey
ol @i )8 1 -/ VIPE ool b 9 RP=-/47 -9
(7) 338 5o S u U3l a0

4 08 Sl &5 pldEudsa=o (3 Shal JI 5K
ooud 9392 Vb gy JSB plss 50 |.)).._\Jf\_§_!()|,.i.c
oslaiwl 5 HLaJb &S FHg0 S .l juaic oyl
L aslgl 5o Sasio wlwds sl yo 0 )85 jl Sa=0
S99 Gl )aS cl sl ) emudga=e ¢l 6392
ol € DIy gei > cabaShl mlis .anles Joass

> Zhang

Slm o Bb355b Jales a5 28 )5 azis YblSes
Ql)_ﬁnuuu__wqrmwim“f.ww&@
Al ) 9 Sgb 50 MIT)I,)S.}_‘ L 1s)ai8 ules
I(PE) aad 50 LS 1) oT (Hld)a8 s
Sh3gil Seas UlSed 5 'Sl s b
Ol szl aww w55 Jals s 1) FesOy
Jooles wasib o &S 3Bls oo B3 o Suublise
5" orzmalin )3 (YD) 8l oe e SIS )3 ef1ys
Lo jo b o Lol ) sw yubds s3lg0 Yed
8 5-n) v gl gan s 3,5 e Sl
Sl 0 )85 )35l (Suisas 9 goxs s
23 UlLSes 5 FL05 58 o I L(YF) 35,8
o393l 1338 ole s (59 s, 395 wilallae
= 09dc 4 Siauw) Azl o=l & FesO4@Ag
23 Fe304@Ag w1355 mlio )95 JSie
o=l jaicw Jl o 458 i 3w S (Jel=e JAls
90 )= (S35 Db Slewd ol juuss w8 )3
s pols azlloe ) AF) 3o b o oadlie 9T
93 o=l VT Jaass o 13 (003 )5 calie
Sl 2 pie wlgie & 1) Gl)S AV 933l Yo

(¥) 35,5 a3l
S5 )3 ) 0,85 alike laedale WG w0
J—olsc 15 I plwSs byl b s Fe;04@C@Ag
L o) uelS 936 s i gloashy I3 S 5l
)33 9393 YL Jus 390 1YL Vg0 - /10 wlile
J=o s -/ A s Vg0 /10 ) spelS 5L
et 33 )3 (o) 15338 Jole plasio yinl jdl
Vel U352 ,ieS s sl Fe;04@C@Ag
o2l 4 J5le3 50 (WYg0-/¥) Vb o a5 wdble b S y3
oamib o )Ll W3 &S Hgb plad Vsl a5 bl Juls
) 930l8 95U SIS 0 0 i endale Gl 331 L el

' Agglomeration
? Jiang

* Dorjnamjin

* Xia


https://healthjournal.arums.ac.ir/article-1-523-en.html

[ Downloaded from healthjournal.arums.ac.ir on 2025-12-13 ]

10 ubles 503y JUs) ui:}_g)l.)

aalllos .3 o 50 (IS ) ploasly Liul 33l 5o
Fe3;04@C@AE )35 9 ilio Sl pizio
MPN 338 s Gl 38l b as sls glis oasbad s
3038 pleash wlws plw) 9 8L eyl
Sl Pl (1) S asllbe .ol 5o sl sl
890 = Fes04@CAE )3 (HlsjaS as
Jsl an)s il pi)lS il sbole )5 slas )it
SLaes o oSl - Sl o 53
I L) 940l8 53L (s )lwlan oo g3 (sl )jais
Lis 45 48 ool bt (59 555 el &3 Jslme
ro.ml)J 113538 Sl )= Sa—=o oslaiwl wlango
ulod 5o 43 500 &3 U39 rie ($3laidl L Jl 5 IS e
gyl e a0 8 5 T wluS 5 3909 Jl asly

Db e S8 sla S

933 9 pSuis
A5 b Slaass b s aebpbly Jl Juols allas oyl
B e ulgie 9 YIVYY-E7--1-4Y
5 Fes04@C@AE) uublize o i wlidsib
(S oMol Olwy (lsjails s (FesOs@Ag
23 bume caibligg wdice bl Suwlib IS ahie
e Al g (s el Ol s Kb jop sle olSiuls
Sl slaenlean Jl D sen Sls)ad 5 ,Sis
Vg S5 jup sle olisly ) buxo 0aSid g 5y
oo 09,5 Solinle)T o jixe (siue 5
eole ollisly wublage oasils loume wublage
6ok B3 ol shal Vs b b as gl S5

References

o )l Sa=e oolaiwl A je Y )l sy a5 s> 50
Oleash (LS e )lS saly o 3l ieS o 3
2a3lde ot b sl sble )5 sl )iSL sl s
D B30 e s V3 18888 plessh Lials s
SLapH s aT L o i oals waws Jl G plss 5o
23 ubed 5 g0 ol s Jed=e I alie
L s AS Ssauw) Azl gl s bS )S
Al w08 w3950 L oot o3ls b gy SSkel yuw
o Syl A3 (Sl pms S50 )50
Sl— da=e oslaiwl w50 HS (ST9 (3S (5
oleasily HiaLS 3905 T Ul sas slap—zs

(YA) 25,8 GBS D lsjais
S o—iituuds HFla s 4§ A s 5o Yluis O Jls g0
SLasl pH =Y )s el YE Sl asy poT slay s
o 85 Slay g (5o &S )50 > 3lisl
I paS) o Jladie HiS1oa 5 391 b Sha oS 3
L slasges G905 03 (0> e S 5ue -/ ¥
—Mools pH a il a4 x93 b .ol s 4 pH=1 Y
G293 03 13wl (PH~Y) Glia 0355 (6 e
O G o i 5 BT Blaw s Jl plaSzad (1S5S
SAUowl 039350 &5 Jsdmo b (yoles wnclis YE I
2L b o5 Jbs il b Gy z_\.alo_\.w).sro.m.T»T
& Yloial [y 3o oslaiwl wilsds b 153358 Glossly

1S s Olgie 0 )8 5 polie red ©b las

auy 35381 L Fes04@AZ iy ) 510l 536 3ol
ObalS alos Sl punilile (paaip alawly &y i )S
s DS S 2o Jl (6 8 sl 5 13,5308 aspuusls

1- Delnavaz M, Ayati B, Ganjidoust H. Reaction kinetics of aniline synthetic wastewater treatment by
moving bed biofilm reactor. Iranian Journal of Health and Environment. 2009;2(1):76-87.

2- Hou Y, Chu W, Ma M. Carbonaceous and nitrogenous disinfection by-product formation in the
surface and ground water treatment plants using Yellow River as water source. Journal of

Environmental Sciences. 2012;24(7):1204-9.


https://healthjournal.arums.ac.ir/article-1-523-en.html

[ Downloaded from healthjournal.arums.ac.ir on 2025-12-13 ]

\YAE Jle (Jsl o plauis A[c.m.m Jlw bl 9 wwodw Alxe V7

3- Xia H, Cui B, Zhou J, Zhang L, Zhang J, Guo X, et al. Synthesis and characterization of
Fe304@C@Ag nanocomposites and their antibacterial performance. Applied Surface Science.
2011;257(22):9397-402.

4- Prucek R, Tucek J, Kilianova M, Panacek A, Kvitek L, Filip J, et al. The targeted antibacterial and
antifungal properties of magnetic nanocomposite of iron oxide and silver nanoparticles. Biomaterials.
2011;32(21):4704-13.

5- Pinto RJ, Marques PA, Neto CP, Trindade T, Daina S, Sadocco P. Antibacterial activity of
nanocomposites of silver and bacterial or vegetable cellulosic fibers. Acta Biomaterialia.
2009;5(6):2279-89.

6- Zhang X, Niu H, Yan J, Cai Y. Immobilizing silver nanoparticles onto the surface of magnetic
silica composite to prepare magnetic disinfectant with enhanced stability and antibacterial activity.
Colloids and Surfaces A: Physicochemical and Engineering Aspects. 2011;375(1):186-92.

7- Chang Q, Yan L, Chen M, He H, Qu J. Bactericidal mechanism of Ag/Al203 against Escherichia
coli. Langmuir. 2007;23(22):11197-9.

8- Angkaew S, Limsuwan P. Preparation of silver-titanium dioxide core-shell (Ag@ TiO2)
nanoparticles: Effect of Ti-Ag mole ratio. Procedia Engineering. 2012;32:649-55.

9- Nangmenyi G, Li X, Mehrabi S, Mintz E, Economy J. Silver-modified iron oxide nanoparticle
impregnated fiberglass for disinfection of bacteria and viruses in water. Materials Letters.
2011;65(8):1191-3.

10- Hansen M, Viera A, Antizar-Ladislao B, editors. Efficacy of combining colloidal TiO 2 or
colloidal Ag coatings with the ceramic water purifier for use in rural and per-urban Sierra Leon. EWB-
UK National Res Conference; 2010375(1): p. 186-192.

11- Garbos S, Swiecicka D. Silver migration from silver-modified activated carbon applied as a water
filtration medium in classic cartridges of jug filter systems. 2012. 87(3): p. 502-506

12- Zheng B, Zhang M, Xiao D, Jin Y, Choi MM. Fast microwave synthesis of Fe304 and Fe304/Ag
magnetic nanoparticles using Fe2+ as precursor. Inorganic Materials. 2010;46(10):1106-11.

13- Mi H, Xu Y, Shi W, Yoo H-d, Chae OB, Oh SM. Flocculant-assisted synthesis of Fe2O3/carbon
composites for superior lithium rechargeable batteries. Materials Research Bulletin. 2012;47(1):152-5.

14- Zhang X, Jiang W, Gong X, Zhang Z. Sonochemical synthesis and characterization of magnetic
separable Fe304/Ag composites and its catalytic properties. Journal of Alloys and Compounds.
2010;508(2):400-5.

15- Rahmawati F, Kusumaningsih T, Hapsari A, Hastuti A. Ag and Cu loaded on TiO2/graphite as a
catalyst for Escherichia coli-contaminated water disinfection. Chem Pap. 2010;64 (5):557-65.

16- Andrew D. Standard methods for the examination of water and wastewater: none; 2005.

17- Kumar S, Barth A. Following enzyme activity with infrared spectroscopy. Sensors.
2010;10(4):2626-37.

18- Bhat MA, Al-Omar MA, Siddiqui N. Synthesis, anticonvulsant and neurotoxicity of some novel 1,
3, 4-oxadiazole derivatives of phthalimide. Der Pharm Chem. 2010;2:1-10.

19- Pinkerneil P, Giildenhaupt J, Gerwert K, Kotting C. Surface-Attached Polyhistidine-Tag Proteins
Characterized by FTIR Difference Spectroscopy. ChemPhysChem. 2012;13(11):2649-53.

20- Schindler R, Lendl B, Kellner R. Simultaneous determination of a-amylase and amyloglucosidase
activities using flow injection analysis with fourier transform infrared spectroscopic detection and
partial least-squares data treatment. Analytica chimica acta. 1998;366(1):35-43.

21- Reidy B, Haase A, Luch A, Dawson KA, Lynch I. Mechanisms of silver nanoparticle release,
transformation and toxicity: a critical review of current knowledge and recommendations for future
studies and applications. Materials. 2013;6(6):2295-350.

22- Lok C-N, Ho C-M, Chen R, He Q-Y, Yu W-Y, Sun H, et al. Silver nanoparticles: partial oxidation
and antibacterial activities. JBIC Journal of Biological Inorganic Chemistry. 2007;12(4):527-34.

23- Shrivastava S, Bera T, Roy A, Singh G, Ramachandrarao P, Dash D. Characterization of enhanced
antibacterial effects of novel silver nanoparticles. Nanotechnology. 2007;18(22):225103.

24- Kvitek L, Panacllek A, Soukupova J, Kolar M, Vecerova R, Prucek R, et al. Effect of surfactants
and polymers on stability and antibacterial activity of silver nanoparticles (NPs). The Journal of
Physical Chemistry C. 2008;112(15):5825-34.


https://healthjournal.arums.ac.ir/article-1-523-en.html

[ Downloaded from healthjournal.arums.ac.ir on 2025-12-13 ]

W oblSes 505 JUisj bl it lise © 585 )3 936 Joww 95 WL ol IS

25- Jiang CJC, Chen MCM, Xuan SXS, Jiang WJW, Gong XGX, Zhang ZZ7. Magnetic separable
PSA@ Fe304/Ag composites-Fabrication and catalytic properties. Canadian Journal of Chemistry.
2009;87(3):502-6.

26- Dorjnamjin D, Ariunaa M, Shim YK. Synthesis of silver nanoparticles using hydroxyl
functionalized ionic liquids and theirantimicrobial activity. International journal of molecular sciences.
2008;9(5):807-20.

27- Chick H. An investigation of the laws of disinfection. J Hyg. 1908;8(92):514.

28- Heidarpour F, Ghani WWAK, Fakhru’l-Razi A, Sobri S, Heydarpour V, Zargar M, et al. Complete
removal of pathogenic bacteria from drinking water using nano silver-coated cylindrical
polypropylene filters. Clean Technologies and Environmental Policy. 2011;13(3):499-507.


https://healthjournal.arums.ac.ir/article-1-523-en.html

[ Downloaded from healthjournal.arums.ac.ir on 2025-12-13 ]

\YAE Jle (Jsl o plauis A[c.m.m Jlw bl 9 wodw Alxe VA

Comparing Efficiency of Magnetic Silver Nanoparticles and
Magnetic Silver Nanoparticles Modified with Carbon Layer on
Municipal Wastewater Disinfection

Zeynalzadeh D', Rezaei Kalantary R?, Nabizadeh Nodehi R?, Esrafili A?, Alimohamadi M°,
Mokammel A®

1. Center for Water Research (CWR), Institute for Environmental Research (IER), Tehran University of Medical
Sciences, Tehran, Iran

2. Department of Environmental Health Engineering, Faculty of Public Health, Iran University of Medical
Sciences, Tehran, Iran

3. Department of Environmental Health Engineering, Faculty of Public Health, Tehran University of Medical
Sciences, Tehran, Iran

* Corresponding author. Tel: +982188622721 Fax: +982188622707 E-mail: roshanak.r.k@gmail.com

Received: Nov 2,2013  Accepted: Jun 5, 2014

ABSTRACT

Background & Objectives: Ag nanoparticles is an effective option for water and wastewater
disinfection due to their high antimicrobial properties. Application of AgNPs was limited
because of difficulties associated with their separation from aqueous environments. In this
study, AgNPs were coated on Fe;O4 nano particles to achieve magnetic separation of AgNPs
from solution after disinfection process.

Methods: In this study composites of magnetic silver nanocomposites and the one modified
with carbon layer have been synthesized and their disinfection potentials on FC were tested
through direct fermentation tube method. Efficiencies of two disinfectants were compared
using nonparametric Wilcoxon test. Effects of disinfectants concentrations (0-60 mg/L),
initial MPN of bacteria (10'-10°> MPN/100mL), and contact times (0-60 min), as well as the
reusability of disinfectant (1-7 rounds) were studied.

Results: Efficiency of Fe;O4@C@Ag nanoparticles significantly differed from Fe;Os@Ag
(»<0.05) based on Wilcoxon test result. The standard discharge conditions were achieved at
40 mg/L of Fe;04@C@Ag after 30 minutes contact time. Reuse of Fe;O4@C@Ag showed
that this disinfectant can be reused 7 rounds without significant decrease in their efficiency.
The effluent analysis revealed that at different pH levels silver ion concentrations in effluent
were lower than the standard level; even after 24 hours.

Conclusion: Nanocomposite of Fe;O4@C@Ag has greate potential to be used in urban
wastewater treatment due to high disinfection efficiency, reusability, production of no
hazardious byproduct.

Keywords: Disinfection; Nanocomposite; Silver; Fecal Coliform; Wastewater.
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