[ Downloaded from journal.rums.ac.ir on 2025-07-16 ]

[ DOR: 20.1001.1.17353165.1395.15.4.6.7 ]

29y dlo
Olmwd ) S pole oliils alo
YoV-YIA AYAD 15 AD o9

3 03kl b Cymaol” 99 g 0 g2 KT el G157 935 4 3005 (w2
gszT S tu=e 33 (CuO/UV) 0 S | Q‘)fnglS

Eaigplitgs il Fas” 5Bl 3918 M OLiSldy (w381 ¢ ygs lace & 5 wed

RO/Y/YUidllao Bpdy  A0/V/IA toius g 3 dodol cdbys  A0/V/) iz dlol g okimg g5 4 dlie Jlol  RE/NV/VY dllio 2l 5

e o)
Ol ool 5o asles ol Ll s gl SMSe Wlgh o (o 9 oo @ilie jo BT (Sogll :dud g dine)
@ e o glaclile o > a5 sk 4 wiyleyes iy lehis Sl Sl b S Cuslie oy b Sg S
Bl sl alie slagig; 095U a5 wales rmsleS s s S 5T (nl 5l (S igdse 19l Cuaglie
L o sladslne 5| GrlaS sl s Bl planily gy e Cal 5 Bam gy cnl ol e b IS ]

31 e ST 0356 LBl 325 aty] 3 51 w0l

Jslowo PH aiile glo il 35 28,5 plov] aimsnl whs b (6,551, o (oallialejl aalllae ol i by 3 Slge
VeoorVe) Sogmonl adgl cdale (aido VOV ) LiasSTy ploy «(nd 50 o5 /N =2/ )) 0,346 390 «(¥-V))
olSos I esliwl b Sign il chle w85 1E puyn o0 (Sl A oY olg s G eS8 ke
853 i 990 gl YVF goe Job piSTas ;0 (LUV-100A) (6 yegidy Sl

boaddlas cpl 5o el Cowis 5 30 08 1oV gV ol 5 @ e 3T 0,0956 590 9 PH (61 aigy polie sloasdly
Sosb 4 10,5 Iy GhalS (S slg s B lonily diBo 7o alg oy )0 Siigm il (50959 ile 38l
T sy VY Ll B oy wclle atgy Lyl o oS

welyl57 5 S50 gy Sy plpieds I se s ST 0,360 (2Bl 28 il oS 0ls i ol b (g puS amt
g 48,5 IS o sl sloro 5l (rpalaS 5ldg pros S T Bd 5o

S g 5T e dannST 0,356 ¢yl gl g s ¢ S BIS 928 ) 525 1 guudS” glaollg

- J

Ol eanlze0lanly (S o ste ol s Wl Slighod 55 chan Sbligy otign 03,8 Ll -\
Ol Olaalzelanly (S pske o&ils wdlon 5 )| Sl 55 n cdagme Suilagy wdign 03,5 slel -
Ol elaaly Olanly (S psle otils candln sl Sliind 35 chama gy udiga 058 g a Y
Ol Ol clasly (S pske oM&ils (g ymtils Sl aaS camn Ciligs 05,8 il i)l (U s ki ) -
Nahidkhoshnam92 @ gmail.com : S5 =31 Camy  OF-FYEYOVEV: SIS, 55  OF-FYEYOVIOL : ils


https://dor.isc.ac/dor/20.1001.1.17353165.1395.15.4.6.7
http://journal.rums.ac.ir/article-1-3127-fa.html

[ Downloaded from journal.rums.ac.ir on 2025-07-16 ]

[ DOR: 20.1001.1.17353165.1395.15.4.6.7 ]

...U«AA.,..f\cabbj\ij\c:\iu\wa}ﬁ}m&é}g&TMU\fﬂqﬂw)ﬁv'A

A eosr oo Sles b GB)lS 5 ek i)
Gi>  slp & olagsy, IRV W,
S oSt bSsm il K00 g emlaS glby s
o9zl [A] (5lolas slalias @ Jols cunl oais a3 5
wps D] ggmlocnst [Ve] fgenl ilagt (4]
ol 3l o asbes DY Cas g Y] adlls g
as o lis liizs [VE] el i e sloss,
Sy (S lealy 5 (So5d slahs, 4 Bd> &S
Glaghs, 4 kel 5 ablioed 1055y B SSsn K
o ilr SVsame oy 4 pmie oo lend
M S el 525 (slaany ] g, ool 51DV0] 25 e
adlgs GrlaS sy s Bd> g e 6ln clis
B 938 o5 YL lendl, 5l Sl ] lallas
Tio>-Zn0, wsile glable,des b 1, crowleS slig
Gosks b oami iy senlanST o VE] ol oos
slp CuO e gobbaes o 5l ((SeJblgs
ol wilb 4 cod b Wil slapg 2SIl (5,58 (Sl
Sloeys 5 opl 09 so solitsl UV axsl 5 cos
oo i ol jon 4 Colun Wil 4 el Jiie 5 4z Sl
odg gl bl cud b wil e sadall cote
D0 0,05 o 513 oslinal 5,90 oS 00n JIS500,
OgelienST laanl b g5 (bl 9id laan] 3
o aS cal ol slaouST ) olanul b asd ey
Jaloe 5 JT ooyl Gias ol 5 slaJle
550 ol o5 (e Gy OMSe Js @ 029,80
Jold anl @l pesillo ol a8 S 18 ohg axg
ol CBle g soloacs oole ay iauld axdl il

g Col Colan Wb @ eyl il Sl g xS S SS

doddo

Wy Seoiny 5 e mle o ol (Soyll
sok (Sogdl ules sl bl cwdle gl SWSie
2 ey sl g g Sl slacudld &b 5l oves
o Gl S el Gy lae S)ly ol S
YU Gl s 4 o5 ais oS gm 5T dnonsyVT
DT sl Glogg ool cpls g sl oyloys 4o Ll

oS shamoen DM S50 9 ol 950aS 4 4z L
oindy sl & boley 5 LS 4l axnss
oolitol Sl iy 5 IS A oo o ooy
L ollee opl ol a8 )5 18 axg5 5,90 o 5l oaza
pll (Siglom 5 (olrerd «(Sugd slaanlb 5l eolia
ghe 4 (295 ol cuiaS Jeax Uy o9d e

el oo 3,905 V] Wb oo aolsl 59250 (slao sl

Yooooo O u[_e’.> N b&ng G yas Ry
)9.104.: o9 pao )‘ o= Lbs_i,.)yu‘su‘ w‘u_;\” ..... 5

o Bl 1A B Y 5 igd cod oxdplie Gy 5o JalS
5 AVl g, ol sl sl oo (BL S Ojg0d ads
VAceos Lalpls oy 509 5 Voo e bl on e
Ir] o9 g0 s oo 3l Jlab Sgm 5T o5
Sy bz cbli> plojle Jod BB o jlaiti]
Flp S Vool o g BT jpa> ol
SN S T - Y SIS R A -
9 Obasl 61y &5 axten 325 BBt slaSii g S
S S omelaSolig e 0] Wls 05 e
g 4 oS Sl (slenS jls S slaSTsn

olfiws slacsgac Laya.?u.a Whghe ey )0 00 ulE

¥4 Jle of o la (VO 0y 90

aw,é‘zﬁr}m@mw


https://dor.isc.ac/dor/20.1001.1.17353165.1395.15.4.6.7
http://journal.rums.ac.ir/article-1-3127-fa.html

[ Downloaded from journal.rums.ac.ir on 2025-07-16 ]

[ DOR: 20.1001.1.17353165.1395.15.4.6.7 ]

Yeq

Oan 5 551 pile 3 5 o3 8

| AN f L
o S At s s ahensit -..fu.-...d'“uk....h-f\-.-..‘.:-n-::-q....».

2 Thta

CuO 0,346 XRD sk 1 S

8T <Cilads —F_ICS

ansl Hlelg b 5 cedblS e anl B plol cgs

JS2) slaceds jg551) 5l e ST 23530 5 il 6

demS 000 0]y adgi el 9581 (oSl
oSt le 5l DY) s o Glakase o
oo Lo yblsy ue aST ly36ib 51 eolanwl (o308
G lisoglsS 031l yiin 13 5 gy 5o clans
Jbo 5IYL Gleaily b9 5dblS lyieds (e sloosgs &
YRRV ST AV RCHPRYVPPSC SV ELE
Sogmt] il gs A e adllae
9 A.».MS‘ u_:‘)é}:b )| salazul la u.u»LwS}Jﬁj)w

g GJ slel=s ,5 (CuO/UV)

g, 9 Olgo

15 Wugnl oSl Sy o alile)] anllae oyl
Goy ¢ WA o o shsly il easails
Sismstl gl S Jslowo 5l il glacbale
285 plonl (sl 589 s

Sl Sod )l St Jolmo i3le cox
JAA osls az )0 b (CiHIFOINS) paslS sl s
shie Ol )0 Sosel il LSw c85,5 Jpams
OileaS ol8g s (StOCk) 8,050 Jolore wau0 T ool
9 4s (e Sygo S g Sl 00 cdile b
20,5 (6l S ol T il az 0 F gles o5 SHLL o
CABem Vee 0o YO Ve ekl Lo csle @l
S S gl Jolowo 51 Gid 5o 05 (oo Y0
95 Syl el 5IpH s 6l 5 65luE3) colio
A ooliiwl LT Merck 8 o el Jlos /) sgu
Pl b gl 8o -Ae pla b e ST D350
S Jpaze ol 5y 5 595 Sidsise b7 AR

A Sl ) pglal ol sy LS

A8 Jle of o lad VD 0y 90

Blidy (K3 p gle o515 dlona


https://dor.isc.ac/dor/20.1001.1.17353165.1395.15.4.6.7
http://journal.rums.ac.ir/article-1-3127-fa.html

[ Downloaded from journal.rums.ac.ir on 2025-07-16 ]

[ DOR: 20.1001.1.17353165.1395.15.4.6.7 ]

...U«AA.:..{\Q\)SJ)’U)'\ML&:.«\\gww}ﬁ}m&é}g&TMU\fﬂqﬂw)ﬁV\’

5 4td Ssm sl s S oo 00 ClE b o5
I e s S
Oley e ;o UVigiy (oyme )0 g 005 adlol aigas 4
slesl jo 28,5 1,8 ,euSTy (9,0 (akBs Fr) ascine
AL Gl g 5l g ab adly p diged (led oo
Baws 3 ol Ll e S Y (Spe
ISy el 4528 Clo LUV = 100A Jos « ragidy 2o
I, Bd> sleadly, (oYL &S glahds 5 008 cdl)8
el [0 g b Ol dgy abads lgedy (s
SomlBl g i S oy p ebie @
2 b iolesl UV/ CuO anld o pwlaS glig
ooled loy CuO il jo 0,5 +/+0 cdale) agy Lol
sleosls plod ol plxil (V' Jolo pH 4 agds #-
Sype Yo Vo ases Excel 1581 oy 5l oolawl b iolos]
5 8 el 5 4
Sl e » pH b 5 ol mls
Lol oals ools las Y loges o puwliS gldg s
Ol oldg s Bd> e ¥ B Y I pH ioli8l
el 51V 51 5V glapH o a5 oo sl ilial
Vol PH (nlple ol aluls enloSglog s B3>
Bd> Gl PH cpl jo a8 ol Ol e pH lgicay

llae a5 0 oolitul [VA] alivs lalllas bl Y
W‘°MJ-'S"*‘-'M5¢)‘)}‘S|)‘J1W

> Lgl)b as (Wﬂﬁ alaaso) ‘;.o‘ albasme -\
2 ool Jolie IS S 0g e 00l e
28,5 bl )]

bé@‘d.fa’ixmdf)ing.z:}@@ﬁjuwm—f
UV b 5l Jols gles pals Gl g as,s 5 o
oY G e o S ol o ol eglae Gl
Loiios 45 39y 65,155 Lindigs b (LU 100A) jranl 3
ol IS o eals eals 18 STy alaase (oYL o
it U ekl 6Tl Gl s
oyod.wcwsoweﬂ

Sim pleadly e Gl el S e jslaie 4
o)éjjb' 399 ‘ui;.:Slg uLo) S Ssle LJ""“"L“‘SﬁLQBJ“""“J
plxl (Lo 0eeST + UV Y andl) 2l Ojge 4
(Cu0) o 2T Dl )3530 il az 3 (VY0 A+ VD
g, (Vg eleQ = o[oY — o[ed — +[s¥ — +[e))
5 Gl cbale o [Y-] W0V ca v o0 Y) pH
Slg (A) il ol g id e S e (Yoo 0N
z5e Jsbo ASla lsien TV e Jsb o 5 i plosl
88 18 i 050 Bd leudl

MTT Jswo yo pH oKiws 5l age pH sl Cg
Ol colb Lol eolal ol pl jeiS cSle 65
oley 0,356 550 alax 5l Bim 105 56 sl it

¥4 Jle of o la (VO 0y 90

aw,é‘zﬁr}m@mw


https://dor.isc.ac/dor/20.1001.1.17353165.1395.15.4.6.7
http://journal.rums.ac.ir/article-1-3127-fa.html

[ Downloaded from journal.rums.ac.ir on 2025-07-16 ]

[ DOR: 20.1001.1.17353165.1395.15.4.6.7 ]

ARR

0K 5 55 Slaan 3 S 093 3

Sis pleadly VL @dds £ led by o
St bt gloy SRl g bl oo Bl Sge
2y S Sl Bis s b T
oSy e by Oy abeds Fo uled oo ases
s ol
lo iz 55,5 5 )3 S b 5 bl abee
Jolre 5o 0adiresd e wled Ol 9 0,353 55 PH
Lol 0dds aME Y loges 4o ] =S as Al Cawods
g Ve cdile s Bis lesil, oVl loges gillas
JERFUONE TR PEREI A S JE
«SSgm bl (99,9 cdale mulEl L o sl sy

8,5 o oy Lials o] i il

sl 5 Ve Cdiléiiinnn gl we s e VO CAL - -
P s o O CLL w0 ) ) e Ve S

Yoor o 3108 o V0 S e 4 i s e Ve Chilimme

>
3

TP YT LA LTI YT

R
Feod A.--u-""/, — —
.
= [l A
-

.
,.—"4“
'_....---‘
d
(4

ol 5By s B 0y
T T

’

.

T T T T T T

T SR 7 S 7 N CHR Y-S L
(ai32) (olod ylo}

Cilko (SlacLilé 5 ulei Olj Dlwd -1 ldgei
ool 389 st S gus T S 33y Cigus T
(Y g PH o35 /¥ dingy 053956 95 9 9 Aoy ki)
diog lp Yeero oad pbul oldlas olal
oy 4 @l JI OllS s cdblS g w e

IV ] g oolinul ajo St 3 g 5
45 dreg slp 38 Joe 58 adlhe ol o

S las g ab ool aalaS sly s tandlS 25

-
.
-

1

>
-
1

-
.
L

32 buS3l8g o Bi> aus yo
~o

-t
-+
L

)l Y [ A4 1 b Y
pH

il 385 s il Ciliko SOPH I 13905

90 S 2 15 Ao O il 85 s CBLE (NG A 0Y)
(4385 T+ lod Oloj « p o5~ +/+0 093956

590 0,3550 iy 590 cdalé g pH (o 5
ol 0aal ¥ Jloged jo ] s a5 co )8 18 o

oY B oS ) 5 e,360 590 malidl bal cvslie oS

TN NIRRT S IRC RN

Yoor - s G0 Gl em—ds ol b

YA
L fens
LY S

L Yaus

Gde cudyl

P N T
(0551 03 9l 399
o0 eI T 09353 90 Cilisko (SCLUE i1 13905
P o 00 ol CLle Y PH A oY) Cyilen 585 s Sl
(4283 Ve Colf led Oloj 3 Cypala 5489 s 4l 52

1ol Cawds dige 0,396 g aige pH 3l ooliil b

aS o eamlive (wled yloy 8,5 paie g (L3 >0

A8 Jle of o lad VD 0y 90

aw,é‘zﬁr}m@mw


https://dor.isc.ac/dor/20.1001.1.17353165.1395.15.4.6.7
http://journal.rums.ac.ir/article-1-3127-fa.html

[ Downloaded from journal.rums.ac.ir on 2025-07-16 ]

[ DOR: 20.1001.1.17353165.1395.15.4.6.7 ]

e o ST 3 50 31 03Ul b panlaS” gl g yanms S gy 5T U 58 40 5 iy p TN Y

coale [VY] 5138 o il @l 3l Glases o Shee
PH ol o caiome 55 (ol oy s Sogmn 1]
[\ IRVON. SR VW RPIT o) s (SR W) Py
p8 lply 5 wdlios Agigp ©)ygots Gl slig
IO (o 5 Lend SlapH )0 tasien Lagygsls L
PR 9 Seder 2 JeuSe)S 095 I (igyee VIV B
sladslxe o 1058 o0 Il (b 95 (132) Sdgius)
S 5w e S ) Ggign VIV i pH L
w1 g [VF] 098 oo QI b8 olig s g
P RAPRCHICUPIN XN I PN SCRPNE
Sl a5 sl ools yles @ladlas [Y0] ol sus Lyl
slapH ;o GewluSgldgrnn o> plonsl; (I3
pHzec 5 PKa yiohly 59 & (lgion 1) 2L8 5 ol
5 OV S aldg s slp PKa (liwe ols s
wibioe VF L ply e ST SL3gik pHzpe olee
JRYRUURIN JNEISUUOVIIVS SN I NN S PPV | £ 8 ¢
5l S PH jo o 0T &l,3436 5 O/Y 51 2eS pH
Sbshle polae ol 5h YL o 5 i b e A/
idlbise )b e polie (ul 095 5 (a5 0 g Ak
59 VF 5L VL5 OV 2eS SlapH o g0l
5 bS5l s 03l 90 (hled 5l el sla Suo
E VS VT R AUV AT
Cel a5 oad wllls K0S 4 Cond oole g0 (ol
PH 50 (pl oo comizpd 00,5 o0 Bd> Loy rals
VY] sl oo a3l i el
ol &S o, 4 opl 4 oK 9 Bobu

HOy (slogygs JoSis iulidl el oo pH 85lasl 51 i

WSS o Gopm 2 Jol az e dolee S 1 a8
w‘ I W) 43‘)| \ Jﬁ‘b )o &-JL..M;L?UJ CJL..)

ComlaS” 989 yows 4 125 Sl dr 55 Sitigw S polsl ) v

mg/l gog;9 il K b ol R?
B Vegx\ oY R=-/Y£OA
A ANy T R=-/VYA$0
O Yaxy .Y R=-/AYVY
Yoo S IVx) T R=-/A0Y)
10+ - 100x )T R=-/AVVY
Yoo AL AR R=-+/AVAY

Ln C./C

Aol S e Ve e Fd e et s
S psS (leo be e s ey o ¥ere
VA 4 P e e Ve Sl pes e ¥0

W Fe FO Fe YD A Wd  ITe 1T
(i) oles ylo

el 3489 s & 7 Ll o —£ g0

3 : 3

o598 ctlrond okl B 5,30 Jlse 5 (S
Ablee Jolowe PH caid i gawlannST slans) )
PRCALY pH 4 w‘e ‘S\LM L;LQU‘J‘ﬁ C,&)u
JIRCEN CRRCH LRI eins ol b ool Oy g0d
Oy gyie slaJlsl, g s,k 5l pH
Jolee pH &lyeis [YY] 5,105 o 13T o gamlosns)

g2 e 50 5 0al Oldgil chie b cude 5L 4y yenie

¥4 Jle of o la (VO 0y 90

aw,@ﬁr}m@mw


https://dor.isc.ac/dor/20.1001.1.17353165.1395.15.4.6.7
http://journal.rums.ac.ir/article-1-3127-fa.html

[ Downloaded from journal.rums.ac.ir on 2025-07-16 ]

[ DOR: 20.1001.1.17353165.1395.15.4.6.7 ]

YiY

0K 5 55 Slaan 3 S 093 3

Sl P e polml g fouS g oen Jlb JSuol, 0
sladsslse @ JeuSgon J0l, ale> 5 ST
olas ol adlas mls .yl oo oald |, g o]
Sl ety el gley malpl Loast sl
Jebs e Stz Gl 55 el 5bs s
sl o 2STy adsl slagyle; ,s Bim lenl, jo ialsél
axid )0 g 00l mhaw o i (59,95 5 0ye>
LAYV ol Gis L5 5 wis ahaiie mhaw ol
S5e5slr el 5365 895 (53U 595 lsee il
JBasly Grae gy S0 J00l, oy )
Ol MBI (i 1090 o0 o5 slaJenS g 000
5 WS Joo D3l lgear o3BT gUlS 0
69y 2 Sismsl (S ola Gl Gl el
L¥y] 00,8 o 595061 mlan

oals Bi> ledly «Sgm ol cdale ol58l L
clale a5l a8 wil cpl wls IS ol sl oe
a5 ol Gl codosle Gl e 4 &,49,..‘6...7
5 3l ase wuld el sl i olej & 5L Yl
Sei mals Gl g S oo oo j2hd lgieas oole Ll
C o il 8l Qg cdzml (0 0l oo UV andl ol
NEERRTA I SRS EEXTERE RO RRH)E
I¥¥] 65,5 0 )13 02

obesily oS da el plo o9 LSy 4 425 L
Ly Dyge o lgiee 1) cdale aulBl blae o
Gl sl dacdale solos o aSyl 4 ks a5 58
3 Sgm Bl i onlply bl GLaSo 350
slp SN s e walyr i S slacdile

chle wldl Loas cwl ol sy ol 4y

5 SloS Gog At OH sl J0ol, Sras g
IYAL sg8 oo ol S

G G0 skl ddlas o o) Kes 5 Rahmani
)‘ wwslsﬁw B> B J.JLMS‘J: M o‘)‘o&
Jdo a5 wio gl caws 4 Y 1, aige pH ¢ o slolae
b oslaSTy oS (ol PH o 0305 ol (2l PH
O399 adgs Sl g wmd o0 STy (390 slag
Sis YL pleaily @ e 1A g 0ed 0 ullST,

0,350 90 ialydl L as ols olas adlas ol @l
3 e2hl5 Grals cpl wls b oo ials Bas leadl
Jdo a4 0,350 590 sl w5l w8l o
B ladiigs Lawgi Jsle ;o oddolmyl & )508
STy Sl Gl g i 395 alS crge 45 aBL
Slaggg by odd (b jone (IRl Grizmes y UV
Ival asbo Koo BB S mlaw ials 5 )9
G SoiS g adlae o oK 5 Kermani
09a> 53 69l (G505 sl ey Jslads e
O8I L a8 o) does ol 4 o e aST 3650
dgdx 4y Bd> leaily i o 0 5V dgas U ca Ul
T ogus U dblS iy (]38l g oy o0 2oy QA
S S o5 B> leaily o Slais b ) e 6
qr-]

5 aup Sl gl e cel 6,551 loy (o obsS
ol al b o Shas (g5, slabasdle LB 5T 5,1
gy wled loy laiedy addo £o uled ey bl

Sl BB s loj (rizmen oy o0 HhNa Johee

A8 Jle of o lad VD 0y 90

aw,é‘zﬁr}m@mw


https://dor.isc.ac/dor/20.1001.1.17353165.1395.15.4.6.7
http://journal.rums.ac.ir/article-1-3127-fa.html

[ Downloaded from journal.rums.ac.ir on 2025-07-16 ]

[ DOR: 20.1001.1.17353165.1395.15.4.6.7 ]

e o ST 3 50 31 03U b il 91D 3 anms S g 5T U 8 0 5 iy o TV E

Bl 33 013 4 s e LS aslllae ol s
Slgioe omb ol Do 3 e w1 0)350
e o &S (5 9bar S Bix ) llSgleg o
22)3 VY & (sl glog s B> (e i Ll
0350 il g ulad (loy Gl b riaren )
59y ol W e Gl B LIS (e ST
hal Sy ol g g oy, Olyed Wl
S8 solitul 0,50 29)l0 Ol a4 0oyl (slalae
S5
S0y 9 Sl

KWK @9’9’3‘3‘0 bl mbs b8y dlae oyl
Sz Hpihas 05 (wes B Ss glesal) 4 wigelitss
S pole olRails 5wl e wd)l wlid )5 ax s 35
SIS 55 85 Siaje aon 15 Jle glie e Sz el

25,5 o0 (S0,08 5 Sis (los,S (6 K allis ()

lodsse  abussay  oadioanli gy <SS
03 S Sl o @ 9 0550 i S g 3]
o8 Olealy (e JBlS Ol )3 den S o0 pae don jo g
5 El Sayed [¥] Wb oo pols ooe bl o>
J93lais e Sisan il (Bl 928 @328 5 o San
L aS wl Cows pe ol 4 e ST 356 L
oo 2alS i lely a1 adsl bl ls8l
0959 Cawd A sly 0gd e lgiien HLL o [val
5 e dile ooy 5l o Sgm il Bio VL lead,
xS Geizen 5,5 eoliiul 0,350 YL (slajeo
5 LS gn bl K0 Bis j0 e oS &340
OelaSslig s B> 3 b Sl 25T

P

References

[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] Hemmati Borji S. Naseri S, Nabizadeh R, Mahvi
AH, Javadi AH. Photocatalytic degradation of

phenol in Aqueous Solutions by Fe(IIl)-doped

TiO,/UV Process. Iran J Health & Environ 2011;
3(4): 369-80. [Farsi]

[3] Kummerer K. Significance of Antibiotics in
environment. J Antimicro Chemother 2003; 52(1):
5-7.

[4] FDA, Guidance for Industry for the Submission of
an Environmental Assessment in Human Drug
Applications and Supplements, Food and Drug

Administration, Rockville, USA. 1995.

¥4 Jle of o la (VO 0y 90

aw,@ﬁr}m@mw


https://dor.isc.ac/dor/20.1001.1.17353165.1395.15.4.6.7
http://journal.rums.ac.ir/article-1-3127-fa.html

[ Downloaded from journal.rums.ac.ir on 2025-07-16 ]

[ DOR: 20.1001.1.17353165.1395.15.4.6.7 ]

AR

O1)Sen g )9 ilaan 3,8 g3 3

[5]

(6]

(7]

(8]

(9]

[10]

Andreozzi R, Canterino M, Marotta R, Paxeus N.
Antibiotic removal from wastewaters: the ozonation
of amoxicillin. J hazard Mater 2005; 122(3): 243-
50.

Ji Y, Ferronato C, Salvador A, Yang X, Chovelon
J-M.  Degradation  of  ciprofloxacin  and
sulfamethoxazole by ferrous-activated persulfate:
Implications for remediation of groundwater
contaminated by antibiotics. Sci Tota Environ 2014;
472: 800-8.

Wu S, Zhao X, Li Y, Zhao C, Du Q, Sun J, et al.
Adsorption of ciprofloxacin onto biocomposite
fibers of graphene oxide/calcium alginate. Chemi
Engine J 2013; 230: 389-95.

Avella A, Delgado LF, Gorner T, Albasi C,
Galmiche M, De Donato P. Effect of cytostatic drug
presence on extracellular polymeric substances
formation in municipal wastewater treated by
membrane bioreactor. Bioreso techno 2010; 101(2):
518-26.

De Witte B, Van Langenhove H, Demeestere K,
Saerens K, De Wispelaere P, Dewulf J.
Ciprofloxacin ozonation in hospital wastewater
treatment plant effluent: Effect of pH and H,0,
Chemosphere 2010; 78(9):1142-6

Sun SP, Hatton TA, Chung T-S. Hyperbranched
polyethyleneimine  induced  cross-linking  of
polyamide— imide nanofiltration hollow fiber
membranes for effective removal of ciprofloxacin.

Environ Sci Techno 2011; 45(9): 4003-9

(11]

[12]

[13]

[14]

[15]

[16]

Liao R, Yu Z, Gao N, Peng P. Oxidative
transformation of ciprofloxacin in the presence of
manganese oxide. Eco Enviro Sci 2011; 20(6-7):
1143-6.

Van Doorslaer X, Demeestere K, Heynderickx PM,
Van Langenhove H, Dewulf J. UV-A and UV-C
induced photolytic and photocatalytic degradation
of aqueous ciprofloxacin and moxifloxacin:
reaction kinetics and role of adsorption. Applied
Catalysis B: Environmental 2011; 101(3): 540-7.
Carabineiro S, Thavorn-Amornsri T, Pereira M,
Serp P, Figueiredo J. Comparison between
activated carbon, carbon xerogel and carbon
nanotubes for the adsorption of the antibiotic
ciprofloxacin. Catalysis Today 2012; 186(1): 29-34.
Zhang C-L, Qiao G-L, Zhao F, Wang Y.
Thermodynamic and kinetic parameters of
ciprofloxacin adsorption onto modified coal fly ash
from aqueous solution. Molecul Liqu 2011; 163(1):
53-6.

Shi W, Yan Y, Yan X. Microwave-assisted
synthesis of nano-scale BiVO4 photocatalysts and
their excellent visible-light-driven photocatalytic
activity for the degradation of ciprofloxacin. Chemi
Engine J 2013; 215: 740-6.

Skoumal M, Cabot P-L, Centellas F, Arias C,
Rodriguez RM, Garrido JA, et al. Mineralization of
paracetamol by ozonation catalyzed with Fe 2+, Cu
2+ and UVA light. Applied Catalysis B:

Environmental 2006; 66(3): 228-40.

W48 Jle of o led VO 090

owws.zﬁr,m@m.ueu


https://dor.isc.ac/dor/20.1001.1.17353165.1395.15.4.6.7
http://journal.rums.ac.ir/article-1-3127-fa.html

[ Downloaded from journal.rums.ac.ir on 2025-07-16 ]

[ DOR: 20.1001.1.17353165.1395.15.4.6.7 ]

vee ot dneS 1 D13 536 31 03Ul b S 318 9 s K g 5T e U 528 4 5 oy o YN

[17] Rezaei A, Masoum Bh, Khataei A, Hashemian S.
Effect of UV radiation intensity on photocatalytic
removal of E. coli using immobilized ZnO
nanoparticles. Kowsar Medi J 2009; 14(3); 42-
5149-156. [Farsi]

[18] Han W-K, Choi J-W, Hwang G-H, Hong S-J, Lee J-
S, Kang S-G. Fabrication of Cu nano particles by
direct electrochemical reduction from CuO nano
particles. Applied Surface Science 2006; 252(8):
2832-8

[ 19] El-Sayed G, Dessouki H, Jahin H, Ibrahiem S.
Photocatalytic Degradation of Metronidazole in
Aqueous Solutions by Copper oxide nanoparticles.
J Basic Environ Sci 2014; 1: 102-10.

[20] Rahmani A, MehrallPour J, SHabanlooA, MajidiS.
efficency of ciprofloxacin removal by ozonation
process with calcium peroxide from aqueous
solutions. JQUMS 2015; 19(2): 55-64

[21] Elmolla ES, Chaudhuri M. Photo catalytic
degradation of amoxicillin, ampicillin  and
cloxacillinAntibiotics in aqueous solution using
UV/TiO> and UV/H,0./TiO,.  Photocatalysis
Desalination 2010; 252(1): 46-52.

[22] Pouran SR, Raman AAA, Daud WMAW. Review
on the application of modified iron oxides as
heterogeneous catalysts in Fenton reactions. J
Clean Produc 2014; 64: 24-35.

[23] Lizama C, Freer J, Baeza J, Mansilla HD.
Optimized photodegradation of Reactive Blue 19
on TiO, and ZnO suspensions. Catalysis Today

2002; 76(2): 235-46.

[24] Avisar D, Lester Y, Mamane H. pH induced
polychromatic UV treatment for the removal of a
mixture of SMX, OTC and CIP from water. J
Hazard Mater 2010; 175(1): 1068-74.

[25] Peng H, Pan B, Wu M, Liu Y, Zhang D, Xing B.
Adsorption of ofloxacin and norfloxacin on carbon
nanotubes: hydrophobicity-and structure-controlled
process. J Hazard Mater 2012; 233: 89-96.

[26] Mahdavi S, Jalali M, Afkhami A. Removal of heavy
metals from aqueous solutions using Fe304, ZnO,
and CuO nanoparticles. J Nanopart Res 2012;
14(8): 1-18. [Farsi]

[27].El-Kemary M, El-Shamy H, El-Mehasseb 1.
Photocatalytic degradation of ciprofloxacin drug in
water using ZnO nanoparticles. J Luminesc 2010;
130; 2331-37.

[28] Bobu M, Yediler A, Siminiceanu I, Schulte-
Hostede S. Degradation studies of ciprofloxacin on
a pillared iron catalyst. Applied Catalysis B:
Environental 2008; 83(1): 15-23.

[29] Alimoradzadeh R, Assadi A, Nasseri S, Mehrasbi
MR. Photocatalytic degradation of 4-chlorophenol
by UV/H,0,/NiO process in aqueous solution.
Iranian j environ heal sci & engine 2012; 9(1): 1-8.
[Farsi]

[30] Kermani M, Bahrami Asl F, Farzadkia M, Esrafili
A, Salahshur Arian S, Arfaeinia H, et al.
degradation efficiency and kinetic studyof
metronidazole by catalytic ozonation process in
presence of MGO nanoparticles. Urmia Med J

2013; 24(10): 839-50. [Farsi]

V48 Jle of oyle (VO 090

owws.zﬁr,m@m.ueu


https://dor.isc.ac/dor/20.1001.1.17353165.1395.15.4.6.7
http://journal.rums.ac.ir/article-1-3127-fa.html

[ Downloaded from journal.rums.ac.ir on 2025-07-16 ]

[ DOR: 20.1001.1.17353165.1395.15.4.6.7 ]

ARN¢

O1)8en 5 5 g Alaan 5,8 093,

[31] Tyrovola K, Peroulaki E, Nikolaidis NP. Modeling
of arsenic immobilization by zero valent iron. Eur J
Soil Bio. 2007;43(5):356-67.

[32] Molinari R, Pirillo F ,Loddo V, Palmisano L.
Heterogeneous photocatalytic ~ degradation of

pharmaceuticals in water by using polycrystalline

TiO, and a nanofiltration membrane reactor.
Catalysis Today 2006; 118(1): 205-13.

[33] Behrouzi-Navid M, Olya M, Monakchian K,
editors. Removal of  Metronidazole in
pharmaceutical industrial effluents by UV/H;O;.
The 5th national conference and exhibition on

environ engine, Tehran, Iran; 2011. [Farsi]

W48 Jle of o led VO 090

ijé.ﬁ}y:r}lﬁa@b&u


https://dor.isc.ac/dor/20.1001.1.17353165.1395.15.4.6.7
http://journal.rums.ac.ir/article-1-3127-fa.html

[ Downloaded from journal.rums.ac.ir on 2025-07-16 ]

[ DOR: 20.1001.1.17353165.1395.15.4.6.7 ]

...U«A-\.,.5\@\)5)3\5)’\6)\.5.1«‘waﬂ}m&é}g@TMU\fﬂqﬁw)ﬁV\A

Survey of Photo-catalytic Degradation of Ciprofloxacin Antibiotic Using

Copper Oxide Nanoparticles (UV / CuQO) in Aqueous Environment
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Background and Objectives: Surface water and groundwater pollution can cause health problems for human.
Antibiotics have special importance due to inducing bacterial resistance in a way that even in low concentrations
can cause drug resistance. Ciprofloxacin is one of the antibiotics that various remediation methods have been, up
to now, applied for. The objective of this study was to investigate ciprofloxacin removal efficiency from aqueous
solutions by using CuO nanoparticles photocatalytic process.

Materials and Methods: In this laboratory study, the effects of pH (3-11), nanoparticle dose (0.1-0.01 g/L),
reaction time (15-120 minutes), initial antibiotic concentration (10-200 mg/L) and lamp power (8 watts) were
assessed on ciprofloxacin removal efficiency in a batch photocatalytic reactor. Antibiotic concentration in output
was measured by the spectrophotometer (LUV-100A) at the maximum wave length of 276 nm.

Results: the optimum obtained pH and CuO nanoparticle dose were 7 and 0.7 g/lit respectively. In this study, at
the optimum reaction time of 60 min, by increasing the concentration of ciprofloxacin the removal efficiency
decreased. Under optimal conditions of concentration, the removal efficiency was 73%.

Conclusion: On the basis of the obtained results, it can be concluded that CuO nanoparticles photocatalytic
process can efficiently remove ciprofloxacin from aqueous solutions.
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