[ Downloaded from journal.nkums.ac.ir on 2026-07-08 ]

Journal of North Khorasan University of Medical Sciences S Olul 5 (S oo oKl aloee
Winter2013;5(4): 741-750 VEA-VOI(F)ONFAY Olis

iheo)) dlis

gL UV/H,0,/Si0, 9 UV/H,0,/Zr0O, ‘slbéag‘ﬁ @.‘)U oWy
T bl I S oo

£ 7 L. 4 . . 7f _ Lr . v 1# .
LS“-’L’//‘D“-"ULA‘//}‘/‘ ‘:_:L./)LQLS‘)J:.}JU)/‘ oabg&nwﬂ/fb‘gaﬂﬂm‘ﬁmcgw/g%‘ ‘:_:L./)LQLS‘)J:.}JW

Jls i (Kb pske olKals coutligy saSidls gmidls Clisind dleS gic 5 ae Cudlogy owiige 05,5 )l il IS (gemeails’
Aol lsal lsal
Sl 158l sl 5l s (K55 pole oSisls cagome by (gmdige 05,5 5 (e S Sless] b Sliskos 3550 lpolinl
Sleal jpli sair (Kij pele ol (Cotlagy 0aSLils g gmiils Clining aLaS gias g Lasre Ciligy (siges 09,5 (S 5T 0,30 (Gymils)
Sl lsal
Ol Slgal lgal sl Guir (So3 pole ol e cublagy (gkign 03,5 ) i T
e olniin o oz a5 5 138 (sleossTd 0S5 Cutlagy 5 sharl Jptees 5 8] 6, Sudligy 0,5 sl 46y Ctlagy ol 157
olx!
i sl ol 5 (K5, ple AN gy oSy pale Ctib s 5 Lone Culigy it 09,5« 5D 0,9 gyls sty
olx!
Lo elag sige 09,8 cIublagy 0aSadls 9l sz (S psle olSails lsal s Jgim odims 95
heidarimfar@gmail.com : 5y xS oy

AY/S118: 55 AT 18/ A:dlsl AY/F/Ve: guog

o>

S MJ‘)U/_)}‘D J.\.wbu_a L;)/.w‘;).éb; L;)LQ/'.\..J& M@Laj/wbwtglmomyf)hyﬁ uLf.;de Ao §
25 Bk LisT 5 DS S gl jo ity (gealbenST g 1 oolinl b S S (55, pol adlllae ol 1S 0, bls
Adlyoe S pete (olo slo sl I g unn ST

C»J)f)/)j e S50 u[.iu > Po) UV/HzOz/S102; UV/HzOz/Z}"OZ L;[.m.\.u/;? o_//)b/u_z}bb colo )/‘-)AAJ )U&j)’ 0/}-0
Ly [ Gt Gl e B L8 iy 090 NS Sl Ak g 05, weST Ly Slig0 (S cle pH 3l loj wiile il ke
CES 18 sy Oy50 i (Bl Sl ] S S ledd]y gy

olodly /Eml jlade b (55,000 aeeST (0958 8L il loas 8 Slodl, S ol e 5 lod Gloj Sialidl b slaaisly
sl olile yolie 5 ait S5ugs doys Vo /A 5 ao,d VIY iy 4 |, S S o UV/H0,/510; 3 UVIH05/ZrO; sloas),s
Ol o pdicn Al e A A8 90 0 ol aig pH lido ol iolS ao,0 A 5 do,o F) s 4 |, ,a5de sloas /s L],
B doy0 £ g o, Fo/F o 4 UV/H0,/510; 3 UVIH,0./ZrO; sloas s fawgr o8ly S 5 S i la],
o slolamos I ST B 0 (5590 45k 4 UV/H04/8i0; 3 UV/H0/ZrO; slodil,s 1 a5 ol lis golis igpmS dzei

Bgad ooldiwl g5 oo

S e AT i j e (63 0)3 il Sk A ST (59 03 Bl st iy (gl i telS 5o 0 g
Bl () W )3 Ol R paie Gee)loz 9 S doddo
SBlasil pozen slaThy il Jds 4 S5 5l oS Sl YA (ol sae b sloyis s 8 Sy S
Culie 5 Vb Cuglio wogd (plo)S able) b spd e 5 0ol ST 1) (prn) gy wy [0 0 Loyl


http://journal.nkums.ac.ir/article-1-121-en.html

[ Downloaded from journal.nkums.ac.ir on 2026-07-08 ]

Q‘)&A}@b)\éé)?&m

w33 UV/H,05/810; s UV/H)O00/Z1O; glats) 5 o1)lS™ oy ps” VEY

ads sy, sl s UV/H,0,,UV/TIO,, UV/ZXO,
15 ek Sl iy slygle anal Ygane V] 555 e
5 &) S5 @3 bl anld cnl osd e oslital
STy il oo (Blo, ang) s> olse bawg (UV
(2,3 L) aalr osle 5 mbe (2 (F90 5B 0 ayxS
ok a8l oo Bl Conl oals 45Kl g5 Jawgi aS
0S|y Fa yué jeb s aS (B3 5ib) gols dass ools
srdy A1y 8 Glp |y B beme (sl oad
o2lyd odd Cdx olge 3l glos S asly o Slends
G (Zr02 ) wdsS ; 9enST 65 0,8 i S o
Glp aS il Bl cools wile Slasie
Yo o3l booyd b ol AL 808 0015 0 150 (5 Lo
PS5 2 @reie YO Gl i ohy gl g gl
0T 65 0,8 b ] e lad 4 aowbie CenldBlS
e e o) Vb ey e s & 5 oSk
B oo )5 LIy yiegil Ve ojluil s ()5
IV IR

P9 5! ol 9 SIS po
5 pseedlS B> ¢l UV/TIO2/H202 3 JblS g3
5 Sl Ko JPTR T Ived 3,5 oolaiwl oy
L A ST T S R UL S
5 okigsle V] wols plil ctags UV/TIONH,0,
pas Lulyl 1o LgS ) 9 Wk )3 gl 5l (50
oolazwl JSo B> jo 59,0 wunST sl ol
69 2 OWlSen 5 sa> ;S0 adlhs yo LAl wo s
B> 50 gl Jole glls hiw 0,3 b codlad
olealy o5 wiols plosl (cimgn S g poanslS 5 o
ol 0 eSS Ve Jlade g pH= Y jo 0oy 20 YL
s plol slacwyp o DY sl cons Cil>
Hy05 ;56 9, 2 YT Jlo jo o) Ken g Li Lawgs
@l TiOs 0,8 5b Lwg 5l Jie 2525 55, 52
o9 ooliiwl HaOy 3l a5 Sloj a5 ol QT S
) g RO IR T IR R VIRH JEREN PR

Jodo 4 IS5 Bdo Jgens lagty; @Sl 4 4295 b
Sl W b anje Guzmes 5 omb @S
slanl 3 ojgyel il e 05 B slaiedgase

1 -Saquib

@ G 5 6T mlio ) e el (S 2SI
5 esliiul 5y50 0 5 ile s bl mlie (Il
sy Sl Glacls 5 xmb glaol, 5l 5 azs,S
Sl ey YU yoolie jo USG5 518 09d co Cay ) Janmes
oS5 T cileys (ggr, NS aile oDl SISCee
55 O 5l s oné s (e lacel ol
5o by UG ean¥l cdale Sl cuilagy sl olojle
o 03,5 dpog il psS e /o) Sawels]

Iy vl
e 5 Opzed il b by, S5 I Sde sl
2z Gl 5 il LA pesSan jeml (ol
ol el e [F-Y] ol sas slprin g g
Jle jsb a4 bl (mlie 5 Llze o o,
Gloyw 4 5 039 Cod (S (oloond 95058 slachs,
Pyl e oy <o lp ol )18
@ @b OBl by, cnl SeS Lo )lse gk
ool Les o)l 092 s il a5 S5ilB slas sl
Codd Wy oK l3ls clile a5 Sl o o,
oS OB o e Sl ke S5 5o oy S
lagby, )6 1 p3¥ idu Sl lasigliSS cal il
Cgmine S ($5deiSS aShl 08y e 8 SSdlse
ek 008 4l Ger onlee )b oehos
Bl gz ol b ol 5 48 95 slag L
oS BB Jge Bd> (gl g, cnl 5l adlioe S
drg & oy jld S 5 Of 51 USG5 gmen
ol 5l Sl vz eolaBl g Fge wax (B,
Ssl> Garo SO dihal Cyz W bes S,
4B sy prnsloasS T sloail b 5l oolital (uKiw ol
bty mlienST slaatyld ol 5l S Bl e
ABl s 59500 STy olyen 4y )3 9L 51 eolal
TiO; asle 51,3 b eolazwl 550 SIS gl oy 5 Jgoro
2l W03 ¢ AL,O; SiO; ZrO, «, ZnO, CdS
51 oolial b ab ey gl a3 45 (-0 1))
g 4 45" SLS 5 (OH) oS5 0m oo, 0l
ST IS g o3l Jed 5l gl slaoanss” wS]
P deSene Sl g e 3l Ned e
H,0,, I eslinad L T slabe


http://journal.nkums.ac.ir/article-1-121-en.html

[ Downloaded from journal.nkums.ac.ir on 2026-07-08 ]

VEY 2 B(F) 1¥4Y Olime

Jod Ol 5 Sy 5k o8Cils alone

o pals agil aliims cile 5l Ban w28 alol
350 <l e by by UV ¥ a6 51 Jol>
Yooo¥eo zge Job b lawge jlzd) UV Y (1)
shite & b asd Lol a6 Gds (jragil
T osls S5 05l plwl (65 550 jebo ay b as)
Sren S 5l ol ppaiaagl] igh bugs 551,
car Liboyl Usb o Ve 1pm es b ebliie
oo U 550 S 50 5 3 5 508 Lsln
TEM  XRD U7 ) S .o solic] S oql>
b pssisS ) dmST 68 9 gSebew apuST (53 D34k
o0 o ylad

sr 9 Weke 5 LisS 05 0)3 5 5l ool b bagiales]
4 arg b Glize gl pH dgome ;0 (59,000 90aS
s flml (A V) iy el

dpsl Jloy o) sl 3l ooliil b 5 pH elass
Pl sl 2855 D90 s dS 55008 9 S 9l
58 U b S U bl el o
Saz On s shie ol e JSE Sl il gl
e edal sy Ve ppmM Seiul Jolre ags
Sham ol as Sol Jobre (nl 5l alizie lacdale
aibe bjpate oo rBlaSs <ol b Jsloe (n) ans
Slaie (359,08 SemST g 058 9l Hlade g Wile o
8 Gesd PH aige

HANNA- 2o pH) 05 cmass ainge pH St 51
438 esle PH 211 (Microprocessor PH meter
2 Sk s Wiy o gl il polie (U
Slade g oaud 00938l i )8 e /VO-F ooguss
0,0 ol jlade g ag PH ,o .ol casay oyl aigs
0eST ol 5l L3 Ul 5l el Ceny ange
Syge ol s e V) edgame o g a0
L85 )8 s

S| Ol Jlade g age 0,0 ¢l lade g pH o
0 ISs abale 3 (k3 ol 5l odel vy g
A0 O b bedile) 1)y o)F e O-Y o3gume
285 B win 29 R e S ee Yo g VO LT
bolpd cod Aol (HBly dse S 69, 2 e
Sl ke 5 atgy Kilew 0,0 5l jlade catnge pH) arnge

9 Y b 2B s 4 aiin plinls]
A azsi 990 Jlews 45l (Sogll sl pas rizresn
axg 3,90 woa VIl (ilise gloil Bl (gl 5 43,5
Sk 5 s 5 (S o bail i nS e )3
sl sl Fodll e Conj slaoasS ool
slosly slacley ;o 0529e (oK S Glagys
Ol $l)5iS 5l Gl 53 izen g 03 Seie
0955 o arng Jlo y0 6loyelS Gizen g pow
S Sy (9> Slaptars 2 omlio S Glody>
G Az b 0pS el Dygo igdige Canj lume o)l
glee 5l g3y olay sk 51 US55 lnl 0 &5 0
Sl il Ky slespliz Gy A Sy Sl
Sl iy b @y 0pf 5 Ky wo gladed
Al B pgi) edie O)ly (s ) g (Hlaw
ooserme b Olnl sl 5 e slaol 5l S
sl Ol Coenl g OISe 4y ax g8 b I ol oo
Oeied 5 oy ol Bk 5l S 5 L aglse ond
clanls ol eolawl aiw; o Sldlas og oS
5 UV/H,04/ZrOy 423 iy Ol
Sols aslllas Lulys (S B g UV/H,0,/Si0;
Foo g o @ Ggrfe SRS o BT Sus L
B a Gk jleagl slacl 5l S 58 Sde ol
byl O gl ol 6
a3l 0 UV/HYO0,/S10,; 3 UV/H,0,/ZrO,
SLEE-TY

PRkl wlie Sy T canl g0 )l5 adllas
5 (ZrOz;-monoclinic) LisS 3 0,5 ok b5 sl
Slge a5 bod ok gl e85 5 (Si0y) bl

QYD) 59,098 dumST - Jolis ooliusl 0 y90 oleonds

ol wad gl ldl S e a8 s 5l JSS Sl g
BELle)] Golide 5o 5581, G 5l eslitl L aalllas
o) Lol aliims Jold s L3S, ab ool
Sl e Yoo b ply onie o lls a5 (ST
abize 5 235 ploxl 1 o (alel Jolie 5 a5 0
o e Syl 5 48,8 5 0 |y Lol aldioe 45 4346
Olyr abize (nl 50 polae ysb 4 Ol aS 55 2 O
(TY 2 Y) il slos o Slinle;] 6ol 4y az g b ol


http://journal.nkums.ac.ir/article-1-121-en.html

[ Downloaded from journal.nkums.ac.ir on 2026-07-08 ]

OLSn 5 Sl )b gy daes

) UV/H202/8102 9 UV/Hzoz/ZI'OZ a2 ;sibl{ w)ﬂf‘/\c\c

0]

(=lsads sl ) as

SUINTLUTT

000 40 % 60 0 &
(204;)1)4_4‘_‘,\)'

[ohsals smly) oz

()

L 1

20 40 60 80
(2 0 ) 4l

0,8 sili=s Sl 0,5 556 -z) TEM 5 (LisS 515 0,5 sl ek 0,8 5ils —all) XRD 3007V s

S aiged VF e baaiged JS olows LY 1SS 8l
55 sBly dised 59, p Olinle)] ALl 4 azg oy,
by ang Ll oSl 5l e a0 wd el
Mol (55, » lisley] wel cawss Satiw Jolxa
Loy o5k sbagld leaily ol sll 550 a8l

03,8 dule 5 Jge 8
E% =" 100

]
clile €y () sl LLSEDD by, ol o oS

il ) e S clle €, 5 agLyJSs <y
l°)" .‘a...uy W Cewdy @L..a ML &° (mg/L)‘_}uJLA)T

(AR

St AL g5, » Ghlej] 5 &5 Ay A
VY B V0) dilise slaple; 50 5 (ol ool s

A JLas (adds
Slahd 6k gilule caa aiges Giolesl plas! 51
aaBs 5 490 YOeo 0 aide Vo Do 4 Jobxw
S (W] el Centrifuge-150  Jow) §ouin il
Slo Jsbra JSi ol Bl CLE (el g i
e ek gy 5l g IT0 S Lags oud
y3iS Lo Philips-PU 9100X Jow) esl i
cliglesT gl 5 luilinl glaig, S el 5 (aile
b ool >k o [VF] o olinal oML 4 I
by abbioe aiged Voo adllas cpl yo 3V ladises


http://journal.nkums.ac.ir/article-1-121-en.html

[ Downloaded from journal.nkums.ac.ir on 2026-07-08 ]

YOS O(F) AYAY s 5

o Ol Sy sk oK1 s

Ol a0 0 lis |y JS5 Bds> 0 UV/H205/810,
ol 5o g b P Ml ang Gigae weST
s UV/H,0,/810; sl jo IS0 Bas SIS Ll i
doys YYIY 5 A /A sy & UV/H0,/Zr0O,
W FYg

s UV/H0,/ZrO;  sleasls oL ol
o JSGS dlse glacdile Bi> 0 UV/H,0,/S10,
cdale ol b cal oads ools lad (g ) B jlogal
Sk & S8l el 598 slaanld plenly ol IS5
oledly p,5 oo Yoo a4 0 5l cdale ioli8l L oas
4 UV/H,0,/ZrO, ¢ UV/H,0,/810; sleasl,s
Qoyd FolB 4 AYY 5l g om0 YYIY a Vee 5l s
8,5 oy rals

s UV/H,0,/ZrO;  sleasls SIS 0 loges
Iy Bly Mol 5l s B WUV/H0,/810;
azBo VYo VO 5wl ley Sulidl b aes oo ol
s UV/H,00/Zr0; sloossl p bhuwg JS6 Bde o1
O FY 5l 92007 L YVIY 5l s 5 & UV/H,0,/S10,
28 glial A

laassly

anls bl s 1) pH 5b (g G loges
JSs B> s UV/H,0,/Si0; 5 UV/H,05/Zr0,
ol b 00,8 o cdnlin a5 jgbjlen ams o ol
9 <8l (Rl sl 93 e 50 s e wle oo
A akds P pleg anld g0 2 Gl aie Ol
slanl B lug S0 Bl el o iy ol a8 F
pH= A s UV/H,0,/Si0, 5 UV/H,0,/ZrO,
50 b 8,5 Ll s ange PH lgie 4 4 ol ceons
0 g/Lo,s b ¥ mE/L S clal aids £r e
only plessl, PHEA o /0 Ml 55,000 ST 1 I
4 US55 Bi> 3 UV/H,04/Si0, 5 UV/H,0,/Z10;
Dg o 0 AVIF g do 0 FRIF S

O9Sakiw ST 65 0,3 b cbale 3T SIS Y loges
a3 oo (i S5 Bi> )3 1) pesisS pj aeST 69
9 WS py ap chle 355 o0 csalin &5 jobplen
b g 0 e Y0 51 o 5 4 g 3l 5o Sl
sl oo

USRS PYRVESRV RS L B Y
5 UV/H)0,/Z10, abyiy oysehipnsS] cloasl s

0 20 40 60 80 100 120
(min) ale;

—4—PH3

—8—PH7
PH8

i PH11

0 20 40 60 80 100 120
(min) ~le;

10 g/L o):) 9.:L» U‘J‘"‘A) J.i,.) B> o UV/HzOz/SlOz 5UV/H202/ZI'02 A..JTJS ‘5»|)L§ BN pH )..)L ) )b}m
(V- mg/L JSs clale o /oml (55,000 0S5 e


http://journal.nkums.ac.ir/article-1-121-en.html

[ Downloaded from journal.nkums.ac.ir on 2026-07-08 ]

AL 5 Syl ()l dass

) UV/HzOz/SlOz 9 UV/HzOz/ZI'Oz sl L;l)lf Ls.ﬂ)ﬂf‘/\c?

—4—PH3
——PH7
—&—PH8

=—=—PH11

0051152 25 3 35 4
(8/U) 235 535 Jlais

0 T T T T T T T 1

0 05 1 15 2 25 3_ 35 4
(8/1) 233 53U jlaie

IS Bl )0 (©) Sl aenST 63 5 (W) possS 55 dunST 60 @3 il cudale 155 Y Jloges
O gAY XpH 5 dd ml 59,008 ST 5 jlade ¥ mg/L S5 cdale)

100 - o
90
80 -
- —e—PH3
—8—PH7
60 -
—d—PH8
50
=—e=PH11
40
30 T T T T T T T T T 1
0 0.10.20.30.40.50.60.70.80.9 1
MI)cy3e e S jlade

()2i oleadly

100 hi]‘
90 - pH
80 -
70 - —
60

50 - —He=A
49 —_
30 iy

0 01 0'%3&;,%&&?@53;&3‘8 09 1

JSs @i, UV/H0,/S10; s UV/H02/Z105 slaoss) b LS 5 o5e,0e0 ST 5 cdale 356 Jloges



http://journal.nkums.ac.ir/article-1-121-en.html

[ Downloaded from journal.nkums.ac.ir on 2026-07-08 ]

VEVAZO(F) YAY s 5

o Ol Sy sk oK1 s

()Sis olaadl,

100

80

60

40

20

—4—PH3
—8—PH7
e PHS

=—=PH11

5 10 15 20 25 30
(me/L)Uss chale

()Sis olaadt,

100

80 -

60

40 -

20 -

0

5

10 15 20 25 30
(mg/L)Jss cdale

USs Gis 0 UV/HL04/S10; 3 UV/HL04/Z10; sl b ol U5 gl el 56 oF Jlages

«all

—4—PH=3
—— PH=7
—&—PH=8
===PH=11

100 -

80 -

Tidis leadly

0 T T T
0 20 40 60
(a3 o)

80

100

120

——UV/Zi02/H202

= UV/5i02/H202

6-5|5 u)l..cls )| JS...» RS )QUV/Hzoz/SiOQ 9 W/HzOz/ZI‘Oz ‘_ngA.;.ﬂ)é ‘_,’_ﬂ)Lf u‘;...n 20 )|.>5A4'



http://journal.nkums.ac.ir/article-1-121-en.html

[ Downloaded from journal.nkums.ac.ir on 2026-07-08 ]

Q‘)&A}@b)\éé)?&m

w33 UV/H,05/810; s UV/H)O0o/Z1O; glass| b oIS ooy o7 VEA

JBGaly olile polie o (V icSTg) 0gd oo JuSis &5l
aeST o a Toame (ad salls Bk 5l feTs 00
@ oarg b (VST osdee bl Giee
2 JeSlapg e sl JGol, 0 6 Y gla STy
P9 Lewd g S ged ESL gelaenST STy
O39ed STy 9 43,5 13 5 slo i sla STy

Y0l ses s 355 0 gHOY (slagyanl 4

H,0, + OH™ = HO; + H,0
(1)
OH+ 0H = H,0,
(m)
HO;+0OH = H,0+ 04
(v)
OH + H,0, = 0; +H* +H,0
(f)
HO;+H,0, = 0; + OH + H,0
(%)
2 IS8 adyl cdale 5l s 55 (Cg D T jloges
9 UV/HzOz/ZI'Oz LgLﬁA...:‘).B @‘)Lf $9)
as .).m‘sa UL"“"" J&u Bi> )a UV/HzOz/SlOz
sals S adyl cdale all b S i lls
adgl cdale 2l b oas ol o7 ol ol s .l
2i> )b gl mhe 6y, it S8 sladsSge
PR steoyi> b S sl JsSge 25Ty 5l g 99 o0
s pi el & oS0 JIS0sl, 5 ead as
el b mls wiS o spFol> bl (o i
L8] 5)ls Slgmea YO Jlo jo o) Ken ¢ LssShe
9 UV/HzOz/ZI'Oz LgLﬁA.u‘).B uLc.bb uu.elf oy )0
loanl 2 ool glesily lie a5 3,5 ploie iz Olgioe
UL 4y Cond (aBly DLl S B>
Ay Xyl jean o IS e 508 sleeanY]
ST B yo (godg JouS g 00 o JI00) 5l golass
18] Wgs o roan¥T (ol 0,5

bog g Lyt cou S Bde pledily on i
4 UV/H,0,/Si0, 5 UV/H,05/Z10; claos b
945 55 olen g w3 AFIF 5 doys PRI (S 5
e wcwl sas ool Hlis (oo &) YV logas
> UV/H,0,/Si0, 5 UV/H,0,/Z10;  glausy) 3
ools sl 1y plexsly cpyiie A PH o S0 B>
Lo bl ange pH lee 4 pH pl a5 ool
3 UV/ZrO,/H,0; sloosls leail, A B pH ol
ASIpH iolsl Jg o5 oy l;8l UV/H,0,/810,
5 olely mals ols pals 1) anl g Gleasly VY 4
G390 SeeST p s Jods 4 Al i pH polis
slaasib b s & wibe o JpSge 5 o35
b LG (i85 dile Bl (g9, 5 a5 SIS Kin o s
aeS| 5 olyen 4 TiO; bl gus a5 5l oolazul
slaadlas yo [0l s)ls Slezan <85 & g0 (59,00
slooa¥l Bi> gy, » Ko 5 uidien oS
UV/TIO)/Hy0; wiglyp basg coyes 5 ¢ 123 cpgmodls
Bio Gy elie ulps oL Luld wols sl
Shaie Gl b [V el s Clsl sass 53 slaoaYT
clacdale o Lol asl il S Bae ol 6,8 gl
b (g @Y logad) (e adale) 16 g/l 51 iy
s a0 o o gl 1y S5 Sl (il Bl
sbasl L mls asbe UV e cud als
9 p9S U8 Bdo (59, p O Sen g (e
AV sjls Slysen wisls plmil 8, g S
Wi oeols las (g @Y IS o a aiS les
s UV/ZrOy/H;0; aul lwg IS0 Bl leul,
0, ol /0 gL clile 3 pH=A ,5) UV/H,0,/Si0,
ol GRIIL (ke 0,3 L1 YO /L 5 LSS
@ TPV 5l ey F ml 4 1Vl G5s0e s
b Jg el Gialidl o000 /A 4 FOIY 5l g o, oVYIY
vml « /8 51 59,0 oS 5 i polie il
g do,of) 4 i a ead o lll lanl s leadl,
ST a5l i polae jo cdl ralS as 000
S 7S Sdled oS JouSTng 00 oGS, G390

1 -W.Chu


http://journal.nkums.ac.ir/article-1-121-en.html

[ Downloaded from journal.nkums.ac.ir on 2026-07-08 ]

VA B(F) 1Y4Y Olime )

Jod Ol 5 Sy 5k o8Cils alone

SeST 5l eslitul 45705 plgie iz olgier 0L o
@ Nlgige ool I3 OIS 6l b caS S 0 B3

aboz 5l g3l slooan¥T Bio o Jse (o3, olsie
3o a5 Sgel glee b andl ol axil op IS S
S e oMb s USs @YU slackl
U adlbos adad Ay slaghsy @ 5l 553 slaghs,
3 95 de slaanld 3 b esls als |, IS5 cdale

b il S8 Sl
P9 GRagh drwg Sglae (Jlo Solex b (pagh 00l
o)lads 4 5lsal jold guiz (S psle olSiils (54l
el 1) 053 iRk il dlie (Bains

Ayl e
References
1. Joshi KM, Patil BN, Shirsath DS,
Shrivastava VS ,Photocatalytic removal of Ni
(I) and Cu () by using different
semiconducting materials, Adv Appl Sci Res.
2011;2:445-454.
2. ShirzadSiboni M, Samadi M.T, Rahmani
A.R, Khatace A.R, Bordbar M, M.R S.
Photocatalytic =~ Removal of  Hexavalet
Chromium and Divalent Nickel from Aqueous
Solution by UV Irradiation in the Presence of
Titanium Dioxide Nanoparticles. Iran J Health
Environ 2010;3(3) :261-270.
3. Kabra K, Chaudhary R, Sawhney R, Solar
photocatalytic removal of Cu (II), Ni (II), Zn
(IT) and Pb (I1I): Speciation modeling of metal—
citric acid complexes, Journal of hazardous
materials 2008;155(3) :424-432.
4. Rajic N, Stojakovic D, Jovanovic M, Logar
NZ, Mazaj M, Kaucic V, Removal of nickel
(II) ions from aqueous solutions using the
natural clinoptilolite and preparation of nano-
NiO on the exhausted clinoptilolite. Applied
Surface Science 2010;257(5) :1524-1532.
5. Gondal M, Sayeed M, Alarfaj A, Activity
comparison of Fe203, NiO, WO3, TiO2
semiconductor catalysts in phenol degradation
by laser enhanced photo-catalytic process,
Chemical physics letters, 2007;445(4-6) :325-
330.
6. Czech B, Effect of H202 Addition on
Phenol Removal from Wastewater Using

s UV/H202/Zr02 sbhagly Ll
ol claboe S Bds s UV/H202/Si02

(ol ploj asile olapaie Slg 285 (15w p 050

s gy )
e g wled ploy Ll b as sls lis alol> zols

Olyee o yiian a8l olidl bald Gleasl) ol,d 6l
laonl s Ly adly Mok 5l IS Bis oled
9 Fely sl A sUV/H202/8102 9 UV/HzOz/ZI'Oz

Gl 55 laanld ledil) iored g 05 duo o £4
St ML 4 Connd (28lg OB 51 S8 B
.)9.:J~o5

TiO2/A1203 as Photocatalyst, Polish J of
Environ Stud. 2009;18(6) : 989-993.

7. Salinas-Guzman R, Guzman-Mar ],
Hinojosa-Reyes L, Peralta-Hernandez J,
Hernandez-Ramirez A, Enhancement of
cyanide photocatalytic degradation using sol—
gel ZnO sensitized with cobalt phthalocyanine,
Journal of sol-gel science and technology
2010;54(1) :1-7.

8. Lopez T, Alvarez M, Tzompantzi F,
Picquart M, Photocatalytic degradation of 2, 4-
dichlorophenoxiacetic acid and 2, 4, 6-
trichlorophenol with ZrO2 and Mn/ZrO2 sol-
gel materials, Journal of sol-gel science and
technology 2006;37(3) :207-211.

9. Malakootian M, Hashemi Cholichech M,
Survey of Photocatalytic Processes Efficacy
Using Silica and Zirconia Nanoparticles in the
Bivalent Nickel Removal of Aqueous
Solutions and Determining the Optimum
Removal  Conditions, JOURNAL  OF
MAZANDARAN UNIVERSITY OF
MEDICAL SCIENCES  2012;22(93) :87-
96[Persian]

10. Samarghandi M, Nouri J, Mesdaghinia A,
Mahvi A, Nasseri S, Vaezi F, Efficiency
removal of phenol, lead and cadmium by
means of UV/TiO2/H202 processes, Int J
Environ Sci Tech. 2007;4(1) :19-25[Persian]
11. Saquib M, Abu TM, Haque M, Muneer M,
Photocatalytic degradation of disperse blue 1
using UV/Ti02/H202 process, Journal of


http://journal.nkums.ac.ir/article-1-121-en.html

[ Downloaded from journal.nkums.ac.ir on 2026-07-08 ]

Q‘)&A}@b)\éé)?&m

w33 UV/H,05/810; s UV/H) 00/ Z1O; glats) 3 o1ylS™ oy o7 VO

environmental management 2008;88(2) :300-
306.

12. Heidari A, Younesi H, Mehraban Z,
Removal of Ni (II), Cd (II), and Pb (II) from a
ternary  aqueous  solution by  amino
functionalized = mesoporous  and  nano
mesoporous silica, Chemical Engineering
Journal 2009;153(1) :70-79[Persian]

13. Hong L, Na Y, Wenjie Z, Influences of
H202 on degradation of Methyl orange on
TiO2 AND mixture of TiO2 and HZSM-5.
Adv Mater Res. 2012;485:357-360.

14. Standard Methods for the Examination of
Water and Wastewater. 20 ed. Washington
DC: APHA, AWWA, WEF,; 1998.

15. Chu W, Wong C, The photocatalytic
degradation of dicamba in TiO< sub> 2</sub>
suspensions with the help of hydrogen
peroxide by different near UV irradiations,
Water research, 2004;38(4) :1037-1043.

16. Malhotra S, Pandit M, Kapoor J, Tyagi D,
Photo-oxidation of cyanide in aqueous solution
by the UV/H202 process, Journal of Chemical
Technology and Biotechnology 2005;80(1)
:13-19.

17. Monteagudo J, Duran A, Guerra J, Garcia-
Pena F, Coca P, Solar TiO< sub> 2</sub>-
assisted photocatalytic degradation of IGCC
power station effluents using a Fresnel lens,
Chemosphere, 2008;71(1) :161-167.


http://journal.nkums.ac.ir/article-1-121-en.html

[ Downloaded from journal.nkums.ac.ir on 2026-07-08 ]

Journal of North Khorasan University of Medical Sciences Winter 2013;5(4):751

Original Article

The effectiveness of the UV/H,0,/UV/H,0, and Zr0O,/SiO,
processes in removal of the nickel from the aqueous environments

Heidari Farsani M* ’, Ahmadi Moghaddam Mz, Shirmardi M3, Mengelizadeh N, Heidari Farsani A 5,NaeimabadiA6

'MS student in Environmental Health Engineering, Member of student Research Committee, Faculty of Public
Health, Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran

* Assistant professor, Environmental Technology Research Center and Department of Environmental Health
Engineering Ahvaz Jundishapur university of Medical Sciences, Ahvaz, Iran

? ph.D student in Environmental Health Engineering , Member of student Research Committee, Faculty of Public
Health, Ahvaz Jundishapur University of Medical Sciences, Ahvaz, , Iran

*MS in Environmental Health Engineering, , Faculty of Public Health, Ahvaz Jundishapur University of Medical
Sciences, Ahvaz, , Iran

> Bachelor of occupational health, Department of Occupational health and Responsible for the health and safety
of food products and sugar company Chaharmahal, Hafshejan, Iran

SInstructor, ph.D student in Environmental Health Engineering and the Faculty of Public Health, North Khorasan
University of MedicalSciences, Bojnourd, Iran

*Corresponding Author: Abstract
Ahvaz,  Ahvaz Jundishapur Background and objective: nickel is one of the most important
University of Medical pollutants  resulting from various industries such as

Sciences, Faculty of Public electroplating and battery-making that its presence in the

Health, department of environment is risky. The study is focused on the removal of
Environmental Health kel . d J dati . h h
Engineering, nickel using advanced oxidation in the presence of the

nanoparticles of the Zirconia, silica and hydrogen peroxide from
the aqueous solutions.

Material & Methods: After the construction of the pilot,
effectiveness of processes of UV/H202/UV/H202 and ZrO2/5i0O2
in removal of the nickel from the aqueous environments was
studied. The variables such as the radiation time, the pH, a
concentration of the nickel, and the dosage of hydrogen peroxide
nanoparticles were studied. After determining optimum
conditions, tests also were followed on the real waste.

Results: with increasing contact time and the amount of
nanoparticles, efficiency of processes was increased. Adding
hydrogen peroxide up to the amount of value of 0.6 ml improved
the efficiency of the UV/H202/UV/H202 and Zr02/SiO2
processes in the removal nickel, respectively 72.2% and 90.8%; it
decreased values in excess of the foregoing process efficiency to
0.6 ml, respectively 41% and 55%. The optimum pH value was
determined for both processes as 8. The maximum amount of
efficiency of Nickel removal from the actual sewage by processes
of UV/H202/UV/H202 and Zr02/SiO2 was 69% and 60.6,
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respectively.

Conclusions: the results showed that the UV/H202/UV/H202
Submitted:1 July 2013 and ZrO2/Si0O2 process can be effectively used to remove the
Revised:31 July 2013 nickel from the aqueous environments.
Accepted: 7 Sep 2013 Key words: Advanced oxidation, Silicon dioxide nanoparticle,

Zirconium dioxide nanoparticle , Hydrogen peroxide, Nickel
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