3isT )3 b (T 6d Jghxo jl ¢ yudSalwl yi5 B3
Nano Zero Valent Iron/UV/H,0,

i@‘} Lo, dezes .v;é‘*-’v > ‘Yuf.L""'J ol 'uf.L""') S90S
Ol e Janol o sl (S psbe oKl (el sdSils came iy odige o5 S
Ol O O i g Sy ke ol (il adSiils caes Codligy digs o5 S
Ol sl Glaal 5 xls st (S psle oKl (il edSLails apms Sy odign o3 S
Ol ¢ gl ¢ Olgial (S psle oKl il adSLails dapms Coiligy pdige ey S

WAE/F/YY 1gbpady &L ¢ WAE/Y/D o w3l &)L

o.).g_&__;_

cobe Glea sla (SIS 5 (oS plsie 0 s g0l ooy bauas o b S g (BT swilaidls [ gena 1 3u8 g dise)
LS (ror B0 b 3aia Gol ol sut ol il Olial (el Ol ey 5 LT GlaS JBS 6 550 5 cal sad
S o see o] b basas 51 GaGLl B S5 BT 45525 e (UVH0NZVI) (56 4ad (38 iy 58
ol = ed S aladl baas slon oy (AL ST Guliie 5o S 5 (a5 dalllas S Balias (ol ilgedigy 9 990
be Jodas sid 5o a8 s or s Jolae 31 5l Hoa S e s gVo-Ye—fo wlale ¢y Satin Qs () hie
PH oLl 5 S5 5T e (T b 50 1555 el clile il LS6 calol 5 5 S S
Opand Oloe)y o Joole S s, b Lasiel sl 51 So 58 (6l dugs bl b 5 (Llo! pulad Gl 5 Gl 8 555y aks
50,2 54T COD ol 5035 5 UV-HPLC 6l€5eas baew 55 palolead 55 g 057 agod wlile 56 5L 5o s £
e V0T —50 sla mhle Hu s aigs bl o GaLLlT S5 (BT i el 4 als plas b e 43Sk
ol 3us 53 YY/AO 51+ [¥—00/0A-Y 0/t LCOD (Bia Hliee 5 aumya VA 5V -+ =28-A0 iS55 4 5id 5o a S e
3501 5 e oAl a3 Bl Haaa 5o a8k w8 S IS saias lis 3:8a3 sla Gl 15,8 daail
T ples B3a 5o iy ol LIS rines aml e Ll T S s BT gsla OIals Bia Hu (nal s

DS I8 s 3550 SIS (o0 3 (S5l wiead 4 o lie (sla S

Ol 53 S5 g BT ¢ Rd sl Shs ol o3 50 BEl G 55 o e ol i saals oilals

. . R . Voo .
o Ol 50 LeSosn ol s G e ujlo 55
Y’n_q~&_ﬁ “>‘Lz_w\°M>)jTﬁJYh.h.hU\h.h.h
U e 0 3 b S (5T Oile i 00 (s

Paos Ty bl s oy e s ANl aS Eb 8w

LR 7Y
I S e sols LS 5 ke Sl s S 2T

L u.a:%l_s uJu.I: c;.:jﬁbﬂ 9 L;ia:;']:ﬁ‘ﬁ 9 Lfi";ﬂ DL ‘}/L oau.';.u\
Gl osms ol Sl dame 4 ity s Jleasl 5 O

Ol g lgal aatligy oaSils Glpal 5 ls s Sy o ske o205 OladS 1Ll *
SN=FYTVIAY : oled o )les - hs.rahmani@yahoo.com : fues!



Ollsea g Sleay i) ss

OS2y gladsyT b sy s el b ol
soul ao e 45 Slaal b o dyls i3 (AOPS)
s Lyl 5 5 Les o (OH) JomS 55 35T IS,
ol 53 Al ey ol 51 S sl e Gl
s 5 ol Sld U il O g wlienST AT 5
Ol Al e Sl Al sl 5 0555 ST
50150 ez 53 343 Ol 4 o ol D3 b 43S
Aas e OLES 1 e 2l T (I 5 0351 o o8
Sl s S S Sl o3l s s olys g
Sla S0l oss s b e e il s J5SUse
Sl o plend 5 (SO (G0 embliae (SO
5 ol Gho Al a5le) Jho i b Ll il
Sla Jams ol Gl g fsn Jolse Gho S35 5 pee )]
e b Lol sl eslizal Sl5ls pl w3 diteas o301 T
oS5 Do s o s Sl Sl s & @VD) Lis
3 e sl 5o b et VT s 53 hensl 5 bl 5
sxieo S bl ol al Sld plesdhe s s
Lo ooVl sl 3 jio b b L ool Olge 4 LIS o0
ol O3 S aS ol osls 0l Slids . s 58 eslizad
ST S Sl L3l ol etV G s Wl e
o ST e s 5 T T sl ol s
Tleas T T s s TN el s s Sl
ol 3O 5,8 13 eslinad sy b S T 5
Ay cale i liee sl el 3 s (i

VAV

Yy v\

BRRC U U S JU S P W BCH P PR PR WY

L oR9) 9 dlge
)90 dlgo
u—:j ‘@K_.iﬁl.aﬂ Slads e = s aalllas ol s

YA & VA lianls F o lack (a g0 Jle ¢ lasans Cacdlags saige dlas

Lo 505 Jlad e o5 0 VAr e Ll S
AN .
CTAS el

oISl 5 S STl Sltle 5 Sl st ) 9 3o

b Sl
OH
OH O OH O 0]
CaH24N,04 JL*W Jﬁﬂ
444.435 g/mol Pe O35
170-173°C b ki
10 mg/mL <l s e

Jals pe bl L il sme pboaed DLS 5 cpl W15 53

b 3 Lo (ST LSt sl 5 S5
53 oSl 5 S (STl Tt A S e
s rjjjjg.:ﬂ VAR T F-0 T WP G >T PP, W1t
e S
! e Bl a3 sl 5 O sl i

a8 LS 4 Sl i, B ol 5L e ol 5
Sl gl Sy wial Calis sl 55 55T Sl ealinad s 5l
b i O gaeeldenST U013 3 g dal g e sls LS S
S5 805 b alie 53 clis 15l S Olss 40 (AOP)
ool g e oy Alsy I S Sl S S e
Lo ST cpl Sl b S s ey o B e sS
S 5 s Ok 6,50 5B e 3B G Sl Sl L
S el 4y (S5 gls ki S e e L
CiS Sl s e (e w e S OlS 5 sl
Syl b o5 e ssdos i e (S5 e
UGty s 5l Ol jan (68 o g L O sl
s VT S il ol eslid Of wtsd 53 oKs LS55

0355 B bl oy o Sledyy ple sy 4 5550 sl



Nano Zero Valent Iron/UV/H,0; aisl § b o sl Jslas 3 alSsleal yi5 Saa

b S e BB gles

20 3T ey gib yiiam

) pasie Sl Gio sl D3 5L e e o
5 opad kel ¥ ge /AT (NaBH,) L sdin 5550 b J sl
S LIS Jslome 4 D o 5 i O Lyl o
T Dl an LMl 5 ad es 58l Y 4e 0/ (FeCl3.6H,0)
s S IS ho ol Sl U Aol b il aalsl aiss
i a8 Bl e s Sl S ol S5 O 50 4
() S1s) K

)

2FeCl; + 6NaBH, + 18H,0 — 2Fc’| + 6B (OH) ; +
6NaCl

o s nd Dl oz (mnd g aslsl o
U IS 5 03l s o S 30 s (S5 55 0
o)L s S S s Son ) gdd 5 i sl Sl
g_.;ji,.djjit,a 3 XRD) Sl anil 3,8 oK (SEM)
(VJY Jg.‘::) L eslaa! (TEM) e)‘.lf djjlﬁ\

e

e
ffﬁ.'fi‘;

s

8
Tefyran

00T WP g - cn00n% Wo= 34 ERT=15.00kV o
i lag = 80.00% WD = 34 mm .00 ¥ . >

(LSl 5l

day (B) sty 5l 3 @) SEM , sas 1Y (JSl

)‘ ul..é}}__g U_l‘ BE salea 3,90 &w )bﬁ J.LLHJJ HPLC
&3 S gl = Sigma-Aldrich s .

U plxil g,
L Sl s S 5T Bl (rasy onl 5o
Fol S Y 2y ey b 3 HPLC olKaws 5 oslina
o (3l sslal g oSl QLS ol gl s S o
o5 e e 5 o S S 8l 3
i sy pe o Slesliul b olilesT sb s eds
AU e sl an s S ke e c Bl o) 50
SYem0 A=Y o) D5 sdes S| clle it gla e
VoY e80T -4 ) las Ole o 5 Jse e Vo
oS e T s V0T —10) S Sl adsl ke (aass
om N=r Y= Yo /8) Jio sl Sl U s (2 s
Sas = (Dl =A=00) il 3 Y Ol 5 () 5o r;
2o SISO 8 S T Bl S il ke
olaie 53 Sladllas slad o3 S 51,5 o 5 e s
53 5000CC o L phaiie Sl s 5 AL

= 208 b

AFAY Ll oF o jlack p g9 Jlow CJasas cudifagy cwaigo ddas ¢ V4P



Ollsea g Sleay i) ss

10004

800 1

600 4

400

200

nZvI
nZv1
< nZVI

90

XRD ;ya (b S TEM , ya5 (@ ¥ Joibs

L axsL
Sl 250 0lag 3 ol SO s w0l el
bl S b b olilesl Iyl al e s sk !
AUV Y 0l pH=Y (omg/l) S5 s sl oyl
35 S (v mmol/L) &, A ST, e ble 5 (Ol
(/e 0=s Nt Y=o ¥ /8 QL) i cpal Sld U Cilases
Syse (Ve=Ye—fo—N— 4 min) aids 4+ Ole) Oe b
ol osls GlLii b Koy a8 55b Oles (03 S 13 s

ol

—o—0.05 g/L nZVI
—4—0.2g/L nZVI

70

(%) SBo> o

20 30 40 50 6 70 80
Position (2Theta)
odlaiwl 390 Sl oliwd

S S5 g T Bl Sk e ke
4 ¢ Shimadzu, LC10A HPLC Jus HPLC-UV Ks
Jsb 5 6/Amm dxls ,h3) Cig 05w LUV 4 S5
Vo olind 5L Jgde gl bl Jol> 5L 5 (Yormm
Fo e AN ) s sakd slae : (PH=Y) Y50 s
g esliul e g YN 2y Job s ) ML min? ol
Sy PH a5 (51, (HQ 40d HACH) Jue e pH Ks
S 305 COD (6,5 o3l jshae &0 5 3 S 415 oslinul 5,4
(DRB200)  Jis COD 551, 5l rs 7 5 $2505 sla
(CECIL Aquarius) Ji—s e 55 55wl o&ws 5 Hach
LS eslaal

—#—0.1g/L nZVI
——0.3g/L nZVI

45

60 75 90 105

(4ad2) olod Oloj

W) pH O emg/L) S5 5T adsl clale) Jilosl bl s 5o (dSGlul s e ol Gl 0Ll 3 i ol 3 56 5o ol i 56 € Jub

Y4V ¢

AFAY Gliewsls oF o jlacki p 99 Jlow ¢ Jasas cudifags oeunigo ddas

seise peles Oley e (A UV Y ol



Nano Zero Valent Iron/UV/H,0; aisl § b o sl Jslas 3 alSsleal yi5 Saa

ol s gla oo WT i s a0l 3 LIS 5 (108
(=0 -V V) pH s 36 wolaglesl > e opl s
Slesl s s (ISl 5 S ol Gl olely
b oly Vo mgiL) dSSlul 5 g T Ayl clale)
Ol oSl e - ble S (Ol A UV Y
D3 s g 250 o ol oyd U ang 53 5 (Ar mmol/L)
23 Bl LIS op i oS 5h 0l Slilesl mls 28 8
Oledly aS 55 J= 5 ool .Gl LAY Ol 40 5 PH=Y
TN LYo e i as s csl Jals pH ol b Gl
il o pl s by ity Ve 5V 0 PH O s TRV
.c,,..:\o.uT'\Jii);
= Olss Ol peids 30y p Getes ol Sl 51 S
S g 51 B Olye 0 (AW 5 AW—0eW) il b

2 UVIH0, nZVIE ads aul 3 b Sl

Oy ¢ /YOIL U i sl o3 5L 53 Jaalsl b
YOI 53 5 5 ol Rl Sl s S ol Bds
910 Ve S a5 cal Lhals plely v/EgIL
RWRNAR

SUGYGIL) jio el S35 ang 33 e 5l e
—0r—A=Yee mmol/L) 55,0 AuS| bl o s
Sy ldSOlal 5 S ol Bl GLls o (Ve-r
S T adsl e el sl 288 I e
PH 5 (s A UV Y ol 5 (Vo mg/l) - oLl 5
b (YOIL ) o ol o33 b 53 5 (PH= V) Lasms
el o3ls LS 0 JSTd js aS b Oles 4 § L s
maia e U 05550 A1 chle 2131 L o
Shy LA w5 sl ilssl Gl oLl (Ar mmol/L)
Ay 10T 4 Gl ISV e mmol/L s Lle s

AU bl pH s ad 5 05 aly s sladul b s

80 - =—10 mmol/L ~#—30 mmol /L 50 mmol/L
=80 mmol/L =100 mmol/L

IV

0 H

) —
3
9
S

O 1 1 1 1 1

0 15 30 45 60 75 90

(4ads) olod Oloj

MY/L) Sl 5 S5 s 5T adyl clale : iulosl Ll o pdSolal 5 S 5T Gl Dbl s O asdes dunSly clle s 36 0 JSub

et olad 0l € (Y OIL ) Hio ol 003 U 55 5 (PHEY) s PH 5 (o5 A) UV Y olg (Ve

AFAY Ll oF o jlack p g9 Jlow Cdadas Cudilags cwaigo ddas ¢ YAA



Ollsea g Sleay i) ss

—&—pH 3
90 pH7

(%) Ba> woyd

—#—pH5
=—>=pH 10

0 1 1
0 20 40

(4839) o3 O

60 80 100

Y Ol Ve mE/L) ISl 5 S ol sl il tnll Ll s s SOl 5 S 21 Gl 0bekily 0 pH Sluis 36 1 )loges
eite olad Ol (/Y /L ) i pal 0y3 56 55 5 (A mmOVL) 035,50 AS) g chle (ol A) UV

aseia 45 5 5b Oles ol ol 0303 OLES 4 IS 53 COD
LS e 355 W ges 3 ekl 215l b el
S s opl ol aBl 2als COD G s awl b ol
PUPRCTI S L] WOR - JUPIE ] IS WP PRV FRPL SP
nils 4T3 b COD Gl 8 sy 4> 55 LG LCOD
oS o T 5 V0T =80 sl cLle ;3 UVIH,0,nZVI

ol s 5 doys £F/AO 5 V4/10-04/0A-0+/8 ) 3

120
100 |
80

60

(%) Go> woyd

40

——UVow—E—UV38w

S5l adsl clle 5s 5 (pH= ¥ (nZVI= /Y gL H,0, =
sla Ol b wlad s sl (Yo mg/l) o JSSLul o K g
STIV0 Gl 57N e Gl 3 515 UV il
CJU-\}O' ul}_}.LUV%JYJW)JU:&LAJIS&Jﬁ
2 UV ¥ Uls ol i 1 ol e Al s 4

el 0 03l QL&.:V Jg'“’

UV 50 w

0 ¢ . .
0 15 30

60 75 90

(4884) (ulad e

¥ nZVI= Y g/l cH0p = Armmol/L) Jiolasl acg ol 5o oSOl 5 s 51 Gl 0l 5 UV Y 0l 5 ol i L6 5 JSob

YA4 ¢ APAY (liewli F o ladd a9 Jluw ¢ Losas Sudilags (ousigs dlao

eite s 0leg €00 MOIL) SOl 5 S5 5T adsl clale 5 (PH=



Nano Zero Valent Iron/UV/H,0; aisl § b o sl Jslas 3 alSsleal yi5 Saa

120 r —o—15mg/L —8—30 mg/L
45 mg/L =60 mg/L

100

80

60

(Yo) Bo> woyd

40

20

0 1 1 1 1 1 1
0 15 30 45 60 75 90

(42) plod Ol

Y gL cH0p = Avmmol/L 2 lesl i bl 5 5 UVIH0INZVI 0l LS o cdSolud 5 Ko o1 clale ol s 36 A JSoik
e olad Ol sty 00 UV ¥ 0l 5 pH=Y cnZVI=

(UV=0+W ( pH=Y nZVI=+/Y g/l HO=A mmoOl/L) 5o ol 55 ) 2 3550 Sl eyl g polie o 51

23813 sl sspe (ad s e S oo B 5 V0T —10) USULl 5 S s 1 s gls cble Gl sl g S

Sgm S chale Jllbaids Yo- ¥ — 0- T A Sley gl o3b b s cond st esls QLS A IS 3 45 55k Olea
RCO PPN CO % P B C P O W

—— 15 ppm COD Removal ——30 ppm COD Removal
80 r 45 ppm COD Removal == 60 ppmCOD Removal

(%) COD Vi w0 yd

0 1 1 1 1 1 1 J
0 15 30 45 60 75 90 105

(4883) plod Ol
sls cbile 53 UVH,0/MZVI o adls 4yl acg Jaul -3 55 sl COD 5 KoLl 5 K g 51 Sl Ol oo aeslin A JS0ib
ISl 5 S ST V0 — ¥ — 0- mg/L

AFAY Ll oF o jlack p g9 Jlow CJodae Cudilags cuuaigo ddas ¢ Yoo



Ollsea g Sleay i) ss

bl Olee ol &8 Cod 4Bl (2ol (5 Ry 5k PH=
= PH= Ve s a S el J s ) g AL e de s Ve
Sl Sl e DS 5 Gl Ol pHET LS
| bl G PH S das e DL s ol il
Los 53 jio pal D3 U LS e Wl e 2155
Al Gl Ll A L aslis ) (6 re Il el g
54l Syps an o pal O3 gL W Ll s s
AeST i L D3 el 5 s DS S AT e s
Sl s o Gl ey BB 5k ) 055
S 3, Nas Ghul Gla lase j3 4t iy O senldlS]
Sldlae M il dal LI sla b 4 S
PH o3 gd e e V=8 s (gl PH oS il osls 0L
sbmel Oliione o5 dy b ASL (o 0525 JUS15 6l n
LB 6y STy el See 5V sla pH s s
Gl e 5 5VL gla pH s 5 558 sdalis (gl aa>Dle
T s e pasdeee 5SS HyOp a e STy (o US
LB PP Pty JURPL TGN LN VR VY o] R VR WY
Sy GuS1s 50 s o2 PH & ansly sl &5 L5055 55
PH L Ls 530550 JB gla S 28Ty 5l dleses ls
Db STy acalsl 5 i bl o S el sl
N e B3 0T s 65 Al oo i S~ sl
SOl 551 b JTgladed o JTL 5 Sdes Sl
S3b —denl Slasiin glyls Y game ol LSl e 4yl
Oy S1s (b s PH Jals oo e Vsame 5 035 (55l
SASAST Hu8 gl sla pH s ioeen - LS e
3ol iy oL Gl pH @ s S 50 I,
LY il o S GUWE Gla pH s 55 05 dsle i
= M20s a2 O Sapdme 5 JUS o e 0dd S5
b FE¥ 0 il e (F 5 2aS) el pH a5 S
oAl X Sl maS PH s sl e o2 Jske D50
F=0 s PH 5o Lol cd il o J e D0 a0 S 3
sodal 53 U IS Old Sype 4 Kb ol lgis
Fe05+H:0 &) 5o 0 S5 ol st 0 51 SVUPH s

¥l e ATAF Ll F o jladd a0 Jheo ¢ daias Caclags seadige dlas

S g o5l cadllan ool 51 ol ls anl ol

Qv sty obey 5 1) s s’ﬁs‘c‘\" chle b ISl
ASly 5 o o b L Al Sl gL sl 55 4dds
sl s 8 G =Yl S (il 5 55, 5 05,0
Jns SOty A5 cath iy Ol eS| (sl 3
el Ol o 5l iise Lol se 4 oS LS o fonS 5 n
Ll o s wlad Ol SRl b Guiss cpl 5o agls Ko
Vlazs| ol ol s a8 il Jiulsl Gl Olel alie
Jdled JLGaly Ay ke an LS wlas Olay Al 58
ke 5 ST Sl (SLS o B bl 5 S s
Sl e SOl 5 gl U5 5 S soen IS,
Ak 5 058 O gealdonST AT 2 S Son sba el e
L S sls 0L gmld A3l oo 05t ATy sl (023
S e e A L S ades denSTy Sl
cbale s aS sy J sl sl il i Olesl
A8 Sl rals Gl Oledil, oS s edalie Jge o Voo
AV 2slie 55 05550 LS| oS Sl g 5550 00l SSL
Jls sla JLSesly a5 (Salasl S sy ki
o a0kl ansl ralS o 5 axdls | S s den
el Sl ol s Ly addllas ol 5l Jols il 338
Lo .“;)\g calks Javed Ali Khan Lo g o el
o o Al DS U 5 0550 eS|y sl o
Lo o o2 30050 ) (0 B e Sl (6,5 5l g
Ul 53 LAl 035500 AenST STaS cl oals OLES
JeeSooden la JLSGal, L 055 4S5 550 Lles
Sl 3 a2 28l o ol (] oS sl S,
SIS Sl a5 L ey 35 o e S0V
Olss e O3 ssdp eS| A mmol/L Ll s
il sy e 53 SLSI OS5 sds denST a8 3L s
oS sls OLlid 50 Ol s Antoine Ghauch gla asl .ol
ehLS Saall s ag clale U 05550 AST )5l
Y3 el VT G Ol el @ 4 55 Lol dal g s



Nano Zero Valent Iron/UV/H,0; aisl § b o sl Jslas 3 alSsleal yi5 Saa

VT e Rl L cnl ol 5 A a5 5 ae 5 g s
HUNG- 45 s 53 . ol dalys fals anl 3 TS
L asS ud e fe Wil esls plasil (AL 5 Yee Shu
s Ll o el a5 LIS VT ke o3l
EY/IAO 5 Ve/10-04/0A=0+/8) 4l 505 COD Sls Ol

s Lo g7 s 2 Dl LT 1 ol b 5 (Ao
b S e Olg o (Ao )3 VA 5 V00 =48-A0)HPLC- UV
s b sl s G Ol 5SS Jlesl S
O3 and Al a3 5 eslial b SOl 5 S S

RN Pe

PO S 5 Slegen [ pa 55 S 31 0L il

40) LS Olej o3 5 O5odes uSl oy 5 o sl old
NZVI=+ /Y gL UV= 00W) g Ll 5 5 5 (i
S g 51 Yo MO/l S5l o ble 5 H0,=A+ mmol/l
Jels G ol e (PHE T s S
bl 3 dal s COD (s s Ve ol 5 oSSl 5
UVIH,0./NZVI adls aol p aS oob 8 aoms Ol55

AL e Sl 5 S ST Gl g el i,

1. Jeong J, Song W, Cooper WJ, Jung J, Greaves J.
Degradation of tetracycline antibiotics: mechanisms
and kinetic studies for advanced oxidation/reduction
processes. Chemosphere 2010;78(5):533-40.

2. Halling-Sorensen B, Nielsen SN, Lanzky P,
Ingerslev F, Lutzhoft HH, Jorgensen S. Occurrence,
fate and effects of pharmaceutical substances in the
environment-A review. Chemosphere
1998;36(2):357-93.

3. KUmmerer K. Significance of antibiotics in the
environment. J  Antimicrob  Chemotherapy
2003;52(1):5-7.

4, Emmanuel E, Perrodin Y, Keck G, Blanchard J-M,

s Catalkaya ©Uidss " Wl o s, Fe (OH) 5 4
XS o a1y rassy ool 3 edel Cows 4 S 55 Sengul
r.

b slaanT B LS 5 fse s gla el e |
5 st Gas 53 Rl 0 358 D8 Al 8 S
Jlsd sln ISty A5 e 5 0 VT s 30
YL e 51 30 a8 Rl5E Sl e JenS s des
G 53 S 55 358 S o o ol 3 5L
sl ISl A5 ials o edle a8 55,8 (o gl
A 2 etV SRl 3 5 s oled ( JouS s
PO e 33 ag (Gl ol 3 das e S s
il Ll s w Y OIL i b B L el il 3
ol G Sleily (ly 00 4 DIV I UV WY Ol
Ol b slas p mte QUS4 by e 5l pl &S 3L
JeSsoder b sbs Il W5 5 adis 4525 55 2oy
o IS S ST e e s 2
.\”’\ .,\.J:b

ctoppm \roppmla e lale s 4 S sl OLAS dalss
JNve 5 /AL CIA VA 5 5 4 Vo ppm 5 Y ppm
)Jd&\_?r.ﬂ)" A K5 MTWJ@W.&W}J NP
Sl Sl s b ssdes Gl W g lds el Ll o
LTl Jaoe 53 oV Sliie ol 5ol L1 cile sl

xlo

Vermande P, editors. Effects of hospital wastewater
on aquatic ecosystem. Proceedings of the XXVIII
Congreso Interamericano de Ingenieria Sanitaria y
Ambiental Cancun, México; 2002.

5. Rahmani H, Gholami M, Mahvi A, Ali-Mohammadi
M, Rahmani K. Tinidazol antibiotic degradation in
aqueous solution by zero valent iron nanoparticles
and hydrogen peroxide in the presence of ultrasound
radiation. J Water Chem Techno 2014;36(6):317-24.

6. Buxton HT, Kolpin DW. Pharmaceuticals,
hormones, and other organic  wastewater
contaminants in US streams: Wiley Online Library;
2002.

VWAY (lieasli ¥ o jlack ca g9 Jloo ¢ Jasns Cudlags uuaigo dlae ¢ YoY



Ollsea g Sleay i) ss

7. Karthikeyan K, Meyer MT. Occurrence of antibiotics
in wastewater treatment facilities in Wisconsin,
USA. SCI Total Environ 2006;361(1):196-207.

8. Kot-Wasik A, Dgbska J, Namiesnik J. Analytical
techniques in studies of the environmental fate of
pharmaceuticals and personal-care products. RAC-
TREND ANAL CHEM 2007;26(6):557-68.

9. Gomez MJ, Petrovic M, Fernandez-Alba AR,
Barcelo D. Determination of pharmaceuticals of
various therapeutic classes by solid-phase extraction
and liquid chromatography—tandem mass
spectrometry  analysis in  hospital  effluent
wastewaters. J Chromatogr 2006;1114(2):224-33.

10. Lindberg R, Jarnheimer P-A, Olsen B, Johansson M,
Tysklind M. Determination of antibiotic substances
in hospital sewage water using solid phase extraction
and liquid chromatography/mass spectrometry and
group analogue internal standards. Chemosphere
2004;57(10):1479-88.

11.Sung H, Francis I, Cheng I|. Nanotechnology for
environmental remediation. J Springer Sci 2006;3:5-
17.

12. Junyapoon S. Use of zero-valent iron for wastewater
treatment. J Kmitl Sci Tech 2005;5(3):587-95.

13. Dickinson M, Scott TB. The application of zero-
valent iron nanoparticles for the remediation of a
uranium-contaminated waste effluent. J Hazard
Mater 2010;178(1):171-9.

14.Ponder SM, Darab JG, Mallouk TE. Remediation of
Cr (VI) and Pb (IlI) aqueous solutions using
supported, nanoscale zero-valent iron. J Environ Sci
Technol 2000;34(12):2564-9.

15.Xinhong Q, Zhangiang F. Degradation of
halogenated organic compounds by modified nano
zero-valent iron. J Prog Chem 2010;22(2-3):291-7.

16.Choe S, Lee S-H, Chang Y-Y, Hwang K-Y, Khim J.
Rapid reductive destruction of hazardous organic
compounds by nanoscale Fe 0.
Chemosphere2001;42(4):367-72.

17.Zhang X, Lin Y-m, Chen Z-l. 2, 4, 6-Trinitrotoluene
reduction Kinetics in aqueous solution using
nanoscale zero-valent iron. J Hazard Mater
2009;165(1):923-7.

18. Zhang X, Lin Y-m, Shan X-g, Chen Z-I. Degradation
of 2, 4, 6-trinitrotoluene (TNT) from explosive
wastewater using nanoscale zero-valent iron.J Chem
Eng 2010;158(3):566-70.

19.Li A, Tai C, Zhao Z, Wang Y, Zhang Q, Jiang G, et
al. Debromination of decabrominated diphenyl ether
by resin-bound iron nanoparticles. J Environ Sci

¥ 4 TAY Ll F o jladh p g9 Jles ¢ Jaaas Cuddifags (oeunige dlas

Technol 2007;41(19):6841-6.

20.Shih Y-h, Tai Y-t. Reaction of decabrominated
diphenyl ether by zerovalent iron nanoparticles.
Chemosphere 2010;78(10):1200-6.

21.Wang W, Jin Z-h, Li T-l, Zhang H, Gao S.
Preparation of spherical iron nanoclusters in ethanol—
water solution for nitrate removal. Chemosphere
2006;65(8):1396-404.

22. Shin K-H, Cha DK. Microbial reduction of nitrate in
the presence of nanoscale zero-valent iron.
Chemosphere 2008;72(2):257-62.

23.Joo SH, Feitz AJ, Waite TD. Oxidative degradation
of the carbothioate herbicide, molinate, using
nanoscale zero-valent iron. Environ Sci Technol
2004;38(7):2242-7.

24. Elliott DW, Lien H-L, Zhang W-X. Degradation of
lindane by zero-valent iron nanoparticles. J Environ
Eng 2009;135(5):317-24.

25.Gholami M, Rahmani K, Rahmani A, Rahmani H,
Esrafili A. Oxidative degradation of clindamycin in
aqueous solution using nanoscale zero-valent
iron/H202/US.J  Desalination Water Treat 2015
(ahead-of-print):1-9.

26. Khan JA, He X, Khan HM, Shah NS, Dionysiou DD.
Oxidative degradation of atrazine in aqueous
solution by UV/H 2 O 2/Fe 2+, UV/IFe 2+ and
UV//Fe 2+ processes: A comparative study. Chem
Eng J 2013;218:376-83.

27.Lau AH, Lam NP, Piscitelli SC, Wilkes L, Danziger
LH. Clinical pharmacokinetics of metronidazole and
other nitroimidazole anti-infectives. Clin
Pharmacokinet 1992;23(5):328-64.

28.RP-HPLC TDFB. Method development and
validation for the simultaneous estimation of
ofloxacin and ornidazole in tablet dosage form by
RP-HPLC. J Method 2010;1(1):78-83.

29. Ikehata K, Jodeiri Naghashkar N, Gamal EI-Din M.
Degradation of aqueous pharmaceuticals by
ozonation and advanced oxidation processes: a
review. Ozone: Sci Eng 2006;28(6):353-414.

30. Catalkaya EC, Sengiil F. Application of Box—Wilson
experimental design method for the
photodegradation of bakery's yeast industry with
UV/H202 and UV/H202/Fe (1) process. J Hazard
Mater 2006;128(2):201-7.

31.Farzadkia M, Rahmani K, Gholami M, Esrafili A,
Rahmani A, Rahmani H. Investigation of
photocatalytic degradation of clindamycin antibiotic
by using nano-ZnO catalysts. Korean J Chem Eng
2014;31(11).29-40.



Nano Zero Valent Iron/UV/H,0; aisl § b o sl Jslas 3 alSsleal yi5 Saa

Tetracycline Removal from Aqueous Solution by Nano Zero
Valent Iron/UV/H,0, Process

Kourosh Rahmanil, Ayat Rahmaniz, Hasan Rahmaniy, Mohammad-Reza Zare”

1. Department of Environmental Health Engineering, Ardabil University of Medical Sciences, Ardabil, Iran.

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

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

4. Department of Environmental Health Engineering, Faculty of Public Health, Isfahan University of Medical Sciences, Isfahan, Iran

*E-mail: hs.rahmani@yahoo.com

Received: 26 May 2015  ; Accepted: 12 Sep 2015

ABSTRACT

Background & Obijectives: Nowadays, antibiotic residue presence in environment is a world
concern, so there discharge control necessity is unavoidable. The objective of this research was the
study of Tetracycline removal from aqueous solution by Nano Zero Valent Iron/UV/H>Os process.

Methods: This research was a lab-scale experimental study that conducted in laboratory
temperature. Synthetics wastewater with concentration of 15, 30, 45, and 60 mg/1 prepared from stock
solution (500 mg/l). The effect of operational parameters such as pH, nano zero valent iron
concentration, Tetracycline antibiotic concentration , UV Radiation , H2O» concentration and contact
time determined by one at a time method. Tetracycline antibiotic concentrations determined by UV-
HPLC equipment and COD variation analyzed during the study.

Results: The results showed that tetracycline antibiotics removal efficiency in optimum conditions
and initial concentrations of 15, 30, 45, and 60 mg/1 wete 85, 94, 100, and 78 petcent, respectively. So
COD removals were 35.4, 55.58, 60.3, and 33.85.

Conclusion: Nano Zero Valent Iron/UV/H;O; process is a efficient process to the removal of
tetracycline antibiotic from the wastewater. So efficiency of this method can be evaluated in removal
of other resistant antibiotics to biological treatment.

Keywords: Fenton-like processes, UV Radiation, Nano Zero Valent Iron, Tetracycline Antibiotic
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