[ Downloaded from §jimu.medilam.ac.ir on 2025-12-27 ]

qQWsla)a (@03 d)Lad (@9s Cauyy 5)9s el (i) eolc alGibils (ilag)y (olc alas

o5t B 33 (5Sin OS5 5 b5 o ] 1 g 5 Amlis D
&l 6 lauxe 51 pgaodls

Ll e oSl e

S osSubp pole alSuiuh dblag aasuib)y daae cdblag 29551

AY/N /N b Foyl AY/F/VO bl > fo,l

S

ol 3l Ban il SBjls o lamo )3 sy @05 5 ol B 5l Slogas > & popedls tdontdo
29§58 SlS 5 g b )b sho ol Sl gl b Clisee Lyl )3 predls (ygy Bl (g

o5t ol agnl adllas 1 day 505 il pgte )3 00 odlitel (clb gy b b Wil B Wi, 5 Spo
5 bk o oal Sd g by (uled ploj g cbale PH ciliseo Lyl cod) Sttt Jolomo 5l pgradls
A5 ptalejl s o NS digad Sl pgradls’ gy Bl ol (65800 S 5

Cabyb it (19 (Seelted 585 T bawgi)agy yogil YA b gl o3Il S0l i pibig iy (ld Sl
adgl e v ol pH)age bl p> ()b jao ool @b b by Sttt Jslomo )3 popedls’ (g ol
Lol Sy g alan 3150 1S (6 bwgs 9 OAY MG/ (4id> £+ oles oloj g powedls (42 51 Vo mg/L
@ (a8 Ve lod olej g poeedls (g 51 Y ME/L adgl cldale A il pH)aige bl )5 S8 STy un
yho oyl Sl gl by daio OMSB | paredls Cils SIS o it el Cows 4 VYA ME/E 9 VWO LS
13,5 Jeols 103 YVIA 9 YA &Y o S0 dansS Tyt b o S 35 5 46T, 580 10| (63 b o

3 poradls’ Blo (gl ol 2 Wy sl (65500 LS 5 5l it (286 jhio ol 0)3 il by ixtio S

psredlS (g 5Sie SluS 5 il sho pal Cli 950 (5 0l

QL»; vg..'i}_! r_,l,c Lisls ;Q,.JU.« oISl ;.]a.:xs g;.,.i..\.« a}jf J}f....» a.\:.....ﬁ_,]%ie

Email: m.malakootian@yahoo.com

qr


https://sjimu.medilam.ac.ir/article-1-1095-en.html

OB g HL3GSLs sans—...)0) LBAA )3 (5)iTIs C0ASYS § ¢, T8)b yb1 ol O1)3gil (315 aslas

By Jds @ cas SOl ool @ldgl sl oas S5
YL atidly iz o 9 YU (g 4 gaw S (92
alfle Glo gl YL cudils (uSly sla e
Caols il 4 Sy )bl g Wyl 1y S
2y el o Joloxe 1l o sl (sloliz (olyia]
o e 55 o (5555 LS5 i o 1)
3990 PH (sl odgue plod aw o (S sl
aau VT (gilulis (5 a8 soles sl o gl O
(W)l (oo cool bl (5518 sl
5l 4 (sl 29290 b s I o315 ol
al el & ol sbanld bl NS
Sy sles (sdlge I eolatwl g Wl o (IS
4 Jaol b g cpl ) paradls gilwlis 3 0580
oalatwl dlyj Wled e i Byl 5l o plad
3 sla oW GBis (gl 1) 95U o9l 5
sl imety ploul 4 ases b8, S oudls
BBl ity b ) dwlie xS
@ ol glio (Sagl 938l j) Cenl g poradls’ (1S
sl (G3958 5ol iy Akl gy (s e 8 )
Gis LS dulio adlas ol jl Gan ol
sl g o slo bae I byl 93 pgradlS g
4 58 Ol 5 g ik jho pal @l gl by
o 4l clile 5 pH (ol olej Lylps L

dodde

@ b 93 peradls (g dlea I i I3l
Sl o3bj e St (g pdy g5 g s)luk s
Sl pasedls juie il 31 (V)esl 038 slon] oy Laro
S8 )5 Jll il eons Jolds lusl oM
o lid il plenl e 4 dedo (e jey
o by oo Rl g A 4 30 (g5l el
Y ooln! s Sle culig glojle o lulin] gl oy
(Y¥)cd 2 53 53,500

Cue by sl Gy e sl plagh
‘L;U“Jlfy.s sbanly  wwl oad oslaiwl oasﬂ
e o RYWRV IR S|
UP9) u—" alox )' opS g L)"?S’“' )mul cJM> C‘P“-‘—W |
Jed 5l oMo glyls b gy ol Lol (F-V )i

805 olge adgs Vb (IS dplopus aisa oleds gyl
el Jls 3 sl o oy g ol Bl llS sls
silen 2 (slo O3l 5 5 gyl 08 5 ealisl i3
Sl Lol oS5 g wlham (S sst (o
)5 I3 drg djge S Clils Bl > S48
ol Gla cud)lb Y oplad Jodo 50 (A=) )]
poxodlS o Bl gl odlatwl Dyg0 gb wluS 5 gl

OS5 U 31 5155 b 031038 (392 i Sy ) 0yl Jgn

[ Downloaded from §jimu.medilam.ac.ir on 2025-12-27 ]

& Os gl clale il bl 5l &y O Ayl clale Gl cud )b > 4

poredls (mg/gr) (Mg/L)pgeesls (mg/gr)

(mg/L)

\a Ve £IvY S <3l P o- VE/AY 5 liagll -y
s lo
yobs adllas \ \W/o Wl 50 1Sl (63 Y \ ol-v5 oS sl dy gl
o)l s>
yols dalllas \ WYW/A b oS 5 alpan 58 auST (oo Yy g Vi/¥Y Fe304 ol 4t
[E R ISEW Cuavgy b o Mol
J,
yols dalllas Y. OA/N bk yho ol Sy gl Yo 2 Y0 NiO «l)346

Olell Spe 855 51 VL ogls a2y L oslitul 550

L pogsedls” 3yl slo Jolo and sl 235 45
15 03litl pagedls sy 8 Kad Ve e e ML clale

o b il g cwl o gl adlas )l
laol (31,8 (lo apd YO)5b1 glod )3 dtwgnl &g

Dol ($9) » w9 Suttiw b Jobxe 59y p

a¢


https://sjimu.medilam.ac.ir/article-1-1095-en.html

[ Downloaded from §jimu.medilam.ac.ir on 2025-12-27 ]

qQWsla)a (@03 d)Lad (@9s Cauyy 5)9s

el (i) eolc alGibils (ilag)y (olc alas

Voo gl gla )l ol Il Sl S 5l e S e
Ao S e Ve cble bl Jele i) e
B> )3 ye3 Voo Sy b )Sed gy p g D A
4 b anslS addy We BY sl by wie sly
byl (g9 » ptalef] ik @l g (gl lix pslae
panodlS L ol L2iSly lyd ol b b8 18 Mus V/S
g b Aty Bl 09y @le JB w Ngd (el &
Sy 5 235 o pselS o evle Bl il
Silw Blo gy 4 @i gl Ol (gilule
2235 o3liil Zudaigyd g eSSV sl p g
1/ q=1/Qst1/Qo.b. Ce :5uY Juo
Log q==1/n Log Cc+Log Ky :5Juig,é Jae
el g (mg/g)ole cud )b cnyidn Ple iy 4
cbals ply ey @ Qe 5 Ce il o (L/mg) ol
sl gloy > (Mg/g)ois cud )b o (mE/L)gsls
4 g Mtk Fllig s gla <ol 1/n o Kpaiwa ol
s )Y > GAD 5 oda Cud b oaiad LS i
Jieo il ols S ob)l cas (V0N )ail o
25 oMl o j 2y 4 epgd 9 Jol 42> 4nd sl

Log (g —q)=Log ge:Jgl 42> b Jao
t/q=1/kp.qe” ipgd> avp> acs Jao (ki/2.303) t
+t/qe
e gl ot Ky g Kiooaklyy, ol oo
Ay Qe 9 q «@idy & ol t (g/mg/min)cis
olei gt plej » iy & (ME/g)ode sl cud )l
(WA sl o Jobs

N RS u)’tob Lged (§9) 2 dalllao
Bly Mgl 3 peadlS o Sl 2L o))
Mol S o diged ¥ oliws do L3l Loy L
OB adar il Jolie e I Ve oo 4
Erb gz )3 @l ol el ixo Sad oML
Os chls (OB wses a9y Jole ) Ve
ol Ol gy 4 aml S (St a5 L pgradls
b gilae (o8l OMUSE wiged a8y (ke polie

..\41 Cuwd Y b)‘.o.:: J5A>

40

oKyl paadlS e clale (605 ojlul cas
98 cale Pu 9100X Juo (o3l Gls yiog Sl
195 il VES Jae GLSg M oSy o eSS
s HNO; ;| pH oot caa o oolitwl udow
5 pH tocies (sl 45 odlitl ,¥ge /- NaOH
oslitw] Wl yui8 cslw Hanna 211 Juae e pH
s o3ls 1Sl polie 5 )85 b dw Slivles] den i
SPSS vol.16 38l p 5 bwg £Y/VY jlre Bl,sl b
S re ghaw (ooyp Caa b GBS g dnslre
ool 9wl oled poredls g clals (y SMB
oy Sy b odliul t-test ygesl 5l b Cdls b assls
A5 oslazw! Microsoft Excel 2007 I s lges

bk ho oal b gl e G35l o3le]
ol lp b 4 s 5 ca (D)l ) b
oo & me 3350 5350 Vg /10 oo plsio
Odo 4y (e byl Lol Sy 955 Yge o/ VY
onl Sl 6l (gilwlis 5w 55 bglske aids V-
PRIV (S PN NN SR
0y3d OS] BB Lo > g i Jgibgnonl
3 dyb sao ol @l g o3l s (gly (VY)eid
ZEN Js Zetasizer Nano Particle oK
AS edlitw! SOl Malvern eS,i céle 1600
(Vo) )ohlen 5 Sy Sl (bg) 4 5580 OlS
Whid 356 swSl (00 dnd Caa Nab asle
ly g 235 Bl e CUSey @ o Slguges
LT gy0m b oS 5 a8 suST (0> el
b 28l gy SlSie 4l el Clilgw 48
We b jSed g9y p 4Bl g & b Jglome e
& 3l da A bolote ddds Fr Gde (sl Al )3 g0
yogl +/¥0) Millipore jilé bwy b Ol s
HCI Jgbeo b <l 55 5 sl (ME 25 Juo
(V)i atnds jlaie ST L g 348,

g Gl 1S 3 Abogls e Cldllas
b )3 b OOl 5l 00 ML (55 0 poredlS (452
MY BY o b Jsle pH Lylys glyl cov o o
WA VY A Fe Fe X N DY ol b ol
S R PRV IR/ JI R WA RPN
Jslome (g3l o2lel Cpr b (o)1 p3sodlS (i 51 2
Ll paredls” g cilizee gl clale §I 5,8 sl
oo cdntd Voo ME/L clale b pgadls 055 Jolo
oslel o syl sl o Lawgi (sile 355 L


https://sjimu.medilam.ac.ir/article-1-1095-en.html

[ Downloaded from §jimu.medilam.ac.ir on 2025-12-27 ]

OB g HL3GSLs sans—...)0) LBAA )3 (5)iTIs C0ASYS § ¢, T8)b yb1 ol O1)3gil (315 aslas

LT e sxiuo S s OB diged (obound S 55 Y 5ylowd Joua

= e bl
mg/L YAIV poredlS g cuale
- a/ys pH
Fo o) (s FIA Sl culin
mg/L YAY- 'COD

2bors 3L 3,90 (y5awST :Chemical oxygen Demand*

Gl ado oy by bk ho ool @b bl
Jols ddds £o loj e (Moyd WN)pawadls (g
ol S5 g alhan 58e 1S (63 gl iz o
Ol 4883 Ve ploj Gde )3 658 STg)ue L
prigpl (s la ove (Stuwen ol Cound 4 Loy
Cawd 40 ojled JSb 0 &S o0 sl 03 L eSSY
e (Strad Iyt (4R L AVl Rl
A R)ps o ol b &duigd pignl sl
O pp oAb Jobs £ oojles S o (/AN /Y
O Sl el ppdn eSO dble Bl
seaST (63 (b b i ool C)d gl (g9 1 psedls
P S auSlyam b ool S5y Gl K
o WYA 9 WD DAY plp ey & aigy blys
el Cod 425 105

b cle bl ) Job @l sl
Joi)pod x> 4 5 Jol 420 4ud (S ©¥oles
ad (Saipw Jlo (Siwwed o5 db lis (VY oojled
(+IA B /AN il Rz)u;.)y;.'; sl oy bopgy ax
(+JAD B <IAY ol RO gl s ps acs Jas 5yt
Ll

Gged )3 290 peredlS (e > o)y @l
W obe xS aB aheas ably M
ApPH bylpd cov adls jio pal @) g by
GlaSy bwg opix mp @ddd £r wles gloj o ¥
by Ve bt gloj 94wl PH Lailyd 3 (o580
t o90i] 31 s 0 Jols ¥ ojlass JS5 L llas
SPSS vol.16 I8l 5y lws odd duwlxe test
sl Lged j0 39290 poeadlS g cdale o BB
1y ol sy by als poles g adly yoles alStylo]]
&l dg0d 13 Jg (P<0.05)sl> oL jly ize

a1

oARgF W 4Bl

DLS= Dynamic )5 Seelis> 5,5 5JUl zols
ol Gl ojlul 63 o5l ¢l (light scattering
IS5 b illas 055990 Ol gl e ) b b s
VA iy old oiul cpSike o8 o ol V) ejlas
o9 Bis 3 pH Wb Y oyles JSb ail o yrogil
St oo (gl Ve ME/L gl clali | pgpodls
P 5Sie S5 g b ho oal gl Ly
O Bl e e o ol 1y aady £ uled ol
OBl b byl i gl Cld gl bug pgedls
oy A g Cudl il Mgy cepw 4 YUY I pH
PH i (1581 L Jg cdowy 2o )3 AV & o jd VA
Gl e D9 32U paedlS e Bl e WU
Vsl pH 5 (5555 <S5 9 y2 bawg pgrads’ o
Sl gy PH SR8k (Jg 592 50 4> ) 9 520
Sl Sdo Glie VLRl pH > 5 <8l il
Sy b o) Sy g w5 wus]
poedlS (g2 i e > sy YL PH 5
a0l LS ¥ o plous IS b s ool il s liie
Py ke Vo ) Sl pgedls (i el clale auljEl L
oo 3 39290 poredlS (e Sl 2D 1)
e PH 3 (2818 jio ol )b 5l bagy S
oili8lcal (ili8l ao > AN & Mo d VY e a
o Gl > sSae b peedls g eyl clale
Il oS g5k 4 ol (i (65 LS 5 b
3 S e Vo 4 ) ) psedls (e algl clale
P suS] (g3 bwg e pH » Glo e
Lol eSy Glp g 2o YA & SAY 5l aljun
<l ials aspn YA 4 A LS50 aSTlyyaun
poadls g Bl 0 loj 5l awlie ¥ ojles JS5
5 b yio ol b $b g dinge bl o8


https://sjimu.medilam.ac.ir/article-1-1095-en.html

[ Downloaded from §jimu.medilam.ac.ir on 2025-12-27 ]

qQWsla)a (@03 d)Lad (@9s Cauyy 5)9s el (i) eolc alGibils (ilag)y (olc alas

Slpss 6580 OS5 sl 5 (P<O.05)390 )l  xo b yao ol ald gl glp bid  xie oMb
D95 > gme glel Jlas 5l clale ol 5l a9 LB paredlS (g sla clale oy BB

Mg/L 29031 (392 gl Sl ¥ ol o PH) sd )b o (ol O3 93U (59, 2 @9adl (g0 i (Suiianws (5l kol y by Y 0 lowsd Jguar
(4833 Vo wolod loj o ) ME/L 0ase3l8 90 Aol CUAIE A ol o PH) g 3iSie S 5 o (43 No wlod yloj o Yo

a0 ad (St sl yiel sl Jol 4o )3 and (St sl el )y Gl el ol
£9 (mg/g) s 25

R’ K2ads Gl el R’ K ads Gl cud )b

(¢/mg/min)  (mg/g) s 55 (g/mg/min) (g/g) 5,55
<IAO¥ of e hS sy <IYAY o[-\ VY OA/N bl yho ol ol dgils
-IAMY -[+yva VO/AY -IVY- -1+AVD VV/¥D WD @lyan 535 1] (6
-IA¥FY RN o/ Y -IAYY RN VN \Y/A b ) 5350 4T (65
S8 Sy

Statistics Graph (1 measurements)

1 10 100 1000 10000
Size (d.nm)

I Wean wih +-1 Standard Deviaion ero bar

adyb yhuo ol O3 o3l 05101 g8 251031 51, DLS lag05 .Y 5 ylowd JSWo

100
90
8o S
—— ] o 3 b
70
a 60 e skl g
h} 45l e
3 = 4
50
4
2 40 —— B0 sl s
L (2858 Gl e
30 S sl pue
20
10
o
o 4 6 8 10 1 14
pH

9 b b o ol O $iU g Sitiow Jolone (5lpr Vo ME/L adgl CE b pgpodls 99 Biios 53 pH Y o )los S5
a8 T oled Gloj 3 3K S 5

v


https://sjimu.medilam.ac.ir/article-1-1095-en.html

[ Downloaded from §jimu.medilam.ac.ir on 2025-12-27 ]

OB g HL3GSLs sans—...)0) LBAA )3 (5)iTIs C0ASYS § ¢, T8)b yb1 ool O1)3gil (315 aslas

100
90
80 0] 03
70
‘\1 .
3 6o e sl ga
20 4l jun
A
3 40
30 — jF 3l g
) b g i 4l e
o S sl ya
10
0

o 10 20 30

(Ig/L) psad (. 4 it

o1 1,3 936 51 ¥ ol PH 3 4By e wled loj b b bl Jawgi i s 2 pomedlS (90 Aol Clile 3 Y oo JSCd
SF%e Sl 5 gl A g sk Hho

100
90 5
e 2] 0 )3 910
8o
70 4
3830 skl 63
2 60 - Al e
ST
I 50 —— B0 2l (ga
9 40 - L 485 4l pae
S8l g pue
30
20
10 1
o T T 1
o 20 40 60 8o 100 120
(4ids) Blay

Sl % 9 0ol 0,3 5 glr V) PH e sl o Cod 1 O3l Lawsgd 0900318 (y90 B> (50 2 (3lo 3T dun o £ 0ol JSUS
(5 5%a S 5 g1y Y mE/L g o2l 0,5 3L g1y Yo ME/L)oguodls (152 Al adg) CAlé g (L5800 S 5

o y=0.0037x+0.0132
R2=0.9755
014 -
012
Sx+0.0268
o 0971
v o onlongl
S 008
" y = 0.0024x + 0.0159 )
0.06 R?=0.9891 e e sl g2
224 T Adlus B0 gl g2
2l 98 b 3 5
0.0 S

&l % g )b o (A1 O15 9 (0 ¥ il PH j3 1 O3l bwgi 090038 i (511 oS i 13905 .0 2,lowl S50
SFRe S 5

aA


https://sjimu.medilam.ac.ir/article-1-1095-en.html

[ Downloaded from §jimu.medilam.ac.ir on 2025-12-27 ]

qQWsla)a (@03 d)Lad (@9s Cauyy 5)9s

el (i) eolc alGibils (ilag)y (olc alas

4
35 4 y=1.0051x+0.4165
: R2=0.7149
3 1
3 2.5 4 * ol 039l
g
o 2
&
5" 15 il R 3eS] (63
1 4
05 - A dlyun ;% Sl 6>
seSlyya 8,5
0 - i3
0 1 3

Log Ce (ing/L)

&l A g b sheo (ol 1,3 96 g0 ¥l PH p3 1 Cdla (55, 2 @9u0dl e (gl g B i ylag05 T 0 kol JS
S0 OS5

100
90
80
70
60
50
40
30
20
10

\:_uﬁ)‘h

Jea A Gl gl e auSl g9

40l yus

W s da
JECTIRRIP:

L aal s
S0 Ll g s

St dag) i o3 aalllas D490 dla £o5 A Jawgi (2Blg OIS diged 4D 39290 P9medlS (9 Ll Lol Y o lewd JSUS

A6 @ pHpe 5l 5wl sl pH 3 o8 el (a0
B o dbul g ocute b YL anh
(Y9)22)5 (o e e 51 glo (Siliasl )l
poredlS Oy &gl clale Jnl3dl b dos ol
Sl 5 g b )b yho gl Gld gl by la i
sl clale 3 .cdl Jals s Gl ey 4 i
2 sl 3 panedls o (Y mE/L)oly
O 2 Olie (Pl Jlb sl (e (392 oy
2o g Sk o gl S gl o) p e poredls
sl cale o Ll cwl Yo (5% oSy i)
@l Ol sl )3 poed s 1 (Yo ML)V
O Cudgime Cle 4y (g5 SLS S ) 2
Olie 5 Wb (o0 R CAS 4 (Ol gl
Sl Js 4 (b s ool @l g ) 2 ol
@Y 53398 5 ponedls slo (o Sl 0Np Ll 98
9 LS Bud b e RIEI (aw
ol bas cuwl i ssalie o (Y4IY) ) Ken
S b awgs o] Bls lise poredlS g adgl clale

aq

S5 ot g S

Cosl gl Sily adlae ol )3 PH Sl g 0 mlis
sl pH » b Ui buy peadls e Bl &S
Loy cwl (oaw Qo wuld b (Yol
a8 popedls auSloyuen LS5 Jds 4 pH Silj3)
so ol Sd gl g poedls (g Blo 53 a3
@ ol ol b cad S50 g o5iSie luS 5 g )b
J 5 e (S 55 @l agld o ol
B Sloi (23 Cawy Jlul Cunl o panl b
o ()] o5 Sl b 3l s > pgadls
35 gl e adllao ol 3 PH 156 ol iz
S92 P G e > (VWW)ohlKen o J);
(Ve)tol cowd & 0)S slo dg) b

Gis hlS 3 (YY) ohKas 5 LS adllas 5

Sl ols Pl o)l win ) sl Ay Sl
@ byye PH 36 Jds ggie epn b (N))ecdly
b 4k & Lyye PH) PHpse 5 1o ol (ol


https://sjimu.medilam.ac.ir/article-1-1095-en.html

[ Downloaded from §jimu.medilam.ac.ir on 2025-12-27 ]

OB g HL3GSLs sans—...)0) LBAA )3 (5)iTIs C0ASYS § ¢, T8)b yb1 ol O1)3gil (315 aslas

Stusod olpd b (228 Sliplejl | Jols clo o2l
duslio b asdly JSlod b (695 polae L +/AY (oYL
By OSB Ligas g9y 2 pialejl 5l ol (slo 03l
H B )b 9 poeadls (g Bl QL5 &5 0 asuie
o G1d B o ol Db gl bausgs ixkio S
0 totest oejl Ul (380 bS5 5l i
Fam g Jd poredls g slo cale o (xe B3
Sl wigas sl o (b jho (al Sl gl les
Al G ixkie BB Liges (sl o2 g 2KL]]
chle pH) dae sbojial)l il opl @bs 3.
2138 dgazme Jalge ((oled (loj 5 posedls (2 4l
Cpyiby dome da bulpd el b g aien )b
s Job b Ol hugi peadlS o Sls a5k
(VAV)ohlen 5 Slgn 3ui5 3o (piz o2 29
4 b yho pal &) 6l by S 3l i
Wy ublite ilolia oy 5 M e
o Sl 2L ppie 5 b 4 (7wl
$U bwgs (A8l OIS 5 St Jle )3 pgnedls
A ey 4 de bulyd oo 2l jho el o))
bly Mol wged b ol aso AY 5 QA
S g Seti 903 I 5 b Sl gloslly Gl
s390 sl g2l 1By L 292y Egdge ol e
e > 85 515 Gl peedlS o b OISB
Oz oo (IY)dl o @S gl gy 2 i Gl
ST (63 bawgi poeedlS (g Blo QLI (p i
Cos Sob aaSlgn b ol oS5 g Sln 315
Slp 2oy FAIY 5 FAY ply sy & algy bl
Mo w0 (gl doyd TYIA 5 YA «Siitiw Joloro
L aS 5,8 oty lgs (oo oyl 0 Lo el o 4y sl
sk o ol S gl e Jeloe sile e
e sl AL )3 9290 peedlS o S sl
sl (5850 DS 5 5| 5 canlio gl sl Jglme
S5l Swlow

Clis Sy wgas b B GS
Cogee Jlo Coles b g e cubliyy wlige
4 ol)S Sy psle o8l gyl b 5 Cliios
g o Sl ] G850 cawd 5l a8 ] oy plodl

Voo

ol cdale b mls (V)b o (il cunSe
danj > (V- ¥)oliSen 5 J Limgiy ol b alas
01 1S o ) gl bwg peedlS g s
(Y¥)o)ly cadylles

23 $U 59y 2 pouedlS (o ol (e (i
Gde ) i @S OlaS 5y ()b jho ol
Bl hegh cnl > BBy Ve g 4k Fe sl loj
T 9y 2 p5edlS (g e ploj e il L
b s 3i8te GluS 5 ) o (b jao ool @y gl
Lyl s o e Jlb o Joxe 5 0,5 ol olss
Lol
5 gl 5y 5 9290 o JU il oSl o5
s e glp dddy £l Gl 2 NiO al
wds a8 Wby L 2g3 adllas (o 50 (Y43Y) o) K
bog CllS 5 gy S Gla m (e
ol o 4y 4iBs Vo oloj S )3 o ol ]
i) 89 2 P O el e Gloj e
4wl aidy £+ b (ES 467) 550l saiS doleo
cilbe G pl @l L &S wal okl cawd
aS ol il peSSY e p el sla el (YY)l
o ol b gl ) p pgedls Clr bl
@ ol gla cud)l I iy (A me/g) il
Lol S5 s (W0 mglglslna i 3]
ol o o cwl (WA M) 8 STy nn
Dl Gl el )bl iy (s Cle cldib e
o Y MPE)Sis B s S b
Bl ¢ (F ME/G)5u8 Cuvy (Y/YY mE/g) b
Ost i g (VeV)ohBes 5 uble g
5035 Som eSSV Jdo 1 Jlb (o bawgi pgresls
ol I p5 32 Jse (e /Y0 Gl Gl i
gk o slo C3b s el ] S oS el
sl S & ab s o9 wls (YY)asl o

93y pgd dxyd aud LiSTe Ly sullay oy by ol


https://sjimu.medilam.ac.ir/article-1-1095-en.html

[ Downloaded from §jimu.medilam.ac.ir on 2025-12-27 ]

qQWsla)a (@03 d)Lad (@9s Cauyy 5)9s

el (i) eolc alGibils (ilag)y (olc alas

Reference

1-Ozturk S, Aslim B, Turker AR. Removal
of cadmium ions from aqueous sample by
synechocystis. Sci and Technol 2009;
44:1467-83.

2-Naiya TK, Bhattacharya AK, Das SK.
Adsorption of Cd(II) and Pb(Il) from aq
ueous solutions on activated alumina. J
Colloid Interface Sci 2009;333:14-26.

3- Institute of Standards and Industrial Res
earch of Iran (ISIRI). Drinking water Ph
ysical and chemical specifications, 1053.
5™ ed. 2009; ICS: 13.060.020.

4-Ansari Khalkhali R, Roksana R. [Survey
productivity efficacy of active carbon with
chemical various materials on the heavy
metals absorbent from aqueous solutions. ]
J Environ Sci Tech 2002;14:57-71. (Pers
ian)

5- Samarghandi MR, Nouri J, Mesda
ghinia AR, Mahvi AH, Nasseri S, Vaezi F.
[Efficiency removal of phenol, lead and
cadmium by means of UV/Ti0,/H,0, pro
cesses.] J Environ Sci Tech 2007;4:19-25.
(Persian)

6- Akhondi A, Khodadadi Darban A, Gan
jidoust H. [The effectiveness of electro
coagulation process for the removal of
cadmium from water.] J water and was
tewater 2012;2:85-92. (Persian)

7- Alvarez E, Sanchez A, Querol X. Puri
fication of metal electroplating waste
waters using zeolites. ] Water Res 2003;
37:4855-62.

8- Sheela T, Nayaka YA, Viswanatha R,
Basavanna S, Venkatesha TG. Kinetics
and thermodynamics studies on the adsor
ption of Zn(II), Cd(Il) and Hg(Il) from
aqueous solution using zinc oxide nanop
articles. Powder Technol 2012;217:163—
70.

9- Su Q, Pan B, Wan S, Zhang W, Lv
L. Use of hydrous manganese dioxide as a
potential sorbent for selective removal of
lead, cadmium, and zinc ions from water. J
Colloid Interface Sci 2010; 349:607-12.
10- Tripathy SS, Bersillon JL, Gopal K.
Adsorption of Cd** on hydrous manganese
dioxide from aqueous solutions. J Desa
lination 2006;194:11-21.

11- Zhu H, Jia Y, Wu X, Wang H. Rem-
oval of arsenic from water by supported
nano zero-valent iron on

activated carbon. J Hazard Mater 2009;-
172:1591-6.

12- Tonkin JW, Balistrieri LS, Murray
JW. Modeling sorption of divalent metal
cations on hydrous manganese oxide using
the diffuse double layer model. Appl
Geochem 2004;19:29-53.

13- Hardiljeet K, Meera J, Denis M. Kin-
etics and thermodynamics of cadmium ion
removal by adsorption onto nano zero-
valent iron particles. J Hazard Mater
2011;186:458-65.

14- Yongpeng X, Leisan Y, Jingkun Y.
Removal of cadmium(Il) from aqueous
solutions by two kinds of manganese
coagulants. J Eng Sci Technol 2010;7:1-8.
15- Langmuir I. The constitution and fun-
damental properties of solids and liquids. J
Am Chem Soc 1916;38:2221-95.

16- Zavar Mousavi SH, Fazli M, Rahmani
A. [Removal of cadmium from aqueous
solution by nano structured y- alumina.] J
Water Wastewater 2011;4: 9-20. (Persian)
17- Chen CL, Wang XK. Adsorption of
Ni(II) from aqueous solution using oxid-
ized multiwall carbon nanotubes. Ind Eng
Chem Res 2006;45:9144-9.

18- Gupta VK, Rastogi A. Sorption and
desorption studies of chromium (VI) from
nonviable cyanobacterium nostoc muscor-
um biomass. J Hazard Mater 2008;154:
347-54.

19-Bahrami M, Boroomandnasab S, Kas-
hkooli HA, Farrokhian Firoozi A, Babaei
AA. [Synthesis of magnetite nanoparticles
(FesO4) and its efficiency in cadmium
removal from aqueous solutions]. J Water
Wastewater 2013;3:54-62. (Persian)
20-Zazouli MA, Yousefi ZA, Taghavi M,
Akbari-adergani B, Yazdani Cherati J.
[Cadmium removal from aqueous solute-
ions using I-cysteine functionalized single-
walled carbon nanotubes]. J Med Sci
2013;23:37-47. (Persian)

21- Kosa SA, Al-Zhrani G, Abdel Salam
M. Removal of heavy metals from aqueo-
us solutions by multi-walled carbon nano-
tubes modified with 8-hydroxyquinoline. J
Chem Eng 2012;181:159-68.

22- Badruddoza AZM, Tay ASH, Tan PY,
Hidajat K, Uddin MS. Carboxy methyl-
cyclodextrin conjugated magnetic nanop-
articles as nano-adsorbents for removal of


https://sjimu.medilam.ac.ir/article-1-1095-en.html

[ Downloaded from §jimu.medilam.ac.ir on 2025-12-27 ]

OB g HL3GSLs sans—...)0) LBAA )3 (5)iTIs C0ASYS § ¢, T8)b yb1 ol O1)3gil (315 aslas

copper ions: synthesis and adsorption
studies. J Hazard Mater 2011;185:1177—
86.

23- Gupta VK, Nayak A. Cadmium rem-
oval and recovery from aqueous solutions
by novel adsorbents prepared from orange
peel and Fe,O; nanoparticles. Chem Eng
2012;180:81-90.

24- Li Y-H, Wang S, Luan Z, Ding J, Xu
C ,Wu D. Adsorption of cadmium(II) from
aqueous solution by surface oxidized car-
bon nanotubes. J Eng Sci Technol 2003;
41:1057-62.

25- Sheela T, Nayaka YA. Kinetics and th-
ermodynamics of cadmium and lead ions
adsorption on NiO nanoparticles. J Chem
Eng 2012;15:123-31.

26-Yousefi J, Younesi H, Haj Ahmadi Z.
[Determination of optimal temperature for
biosorption of heavy metal mixture from
aqueous solution by pretreated biomass of
Aspergillus Niger.] J] Water Wastewater
2011;4:37-42. (Persian)

27- Srinivasa Rao K, Roy Chaudhury G,
Mishra BK. Kinetics and equilibrium stu-
dies for the removal of cadmium ions from
aqueous solutions using Duolite ES 467
resin. J Miner Process 2010;97:68-73.

28- Gupta VK, Jain CK, Alil, Sharma M,
Saini VK. Removal of cadmium and nic-
kel from wastewater using bagasse fly ash

VoY

— a sugar industry waste. Water Res
2003;37:4038-44.

29- An HK, Park BY, Kim DS. Crab shell
for the removal of heavy metals from ag-
ueous solution. Water Res 2001;35:3551—
56.

30- Cimino G, Passerini A, Toscano G. R-
emoval of toxic cations and Cr(VI) from
aqueous solution by hazelnut shell. Water
Res 2000;34:2955-62.

31- Tan GQ, Xiao D. Adsorption of cad-
mium ion from aqueous solution by gro-
und wheat stems. ] Hazard Mater 2009;
164:1359-63.

32- Hammaini A, Gonzalez F, Ballester A,
Blazquez ML, Munoz JA. Biosorption of
heavy metals by activated sludge and their
desorption characteristics. J Environ Man-
age 2007;84:419-26.

33- Huang P, Ye Z, Xie W, Chen Q, Li J,
Xu Z, et al. Rapid magnetic removal of aq-
ueous heavy metals and their relevant
mechanisms using nanoscale zero valent
iron (nZVI) particles. J] Water Res 2013;
47:4050-8.

34- Hardiljeet K, Meera J, Denis M. Cad-
mium (Cd*") removal by nano zerovalent
iron: surface analysis, effects of solution
chemistry and surface complexation mod-
eling. J Environ Sci Pollut Res 2013;
20:6210-21.


https://sjimu.medilam.ac.ir/article-1-1095-en.html

[ Downloaded from §jimu.medilam.ac.ir on 2025-12-27 ]

qQWsla)a (@03 d)Lad (@9s Cauyy 5)9s

el (i) eolc alGibils (ilag)y (olc alas

..~ Comparing the Efficiency of Nano Zerovalent Iron Particles and
Manganese Compounds in Cadmium Ion Removal from
Aqueous Environments
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Abstract

Introduction: Cadmium is dangerous due
to the properties such as persistence and
accumulation in the environment. The aim
of study was the survey of cadmium ions
removal in various conditions by nano
zerovalent iron (nZVI) particles and man-
ganese compounds.

Material & Methods: Absorbents were p-
repared according to the used methods in
literatures. After batch study of cadmium
adsorption in synthetic solution by nZVI
particles and manganese compounds (und-
er various conditions of pH, concentration,
and contact time), the removal efficiency
of cadmium from industrial wastewater sa-
mples was also examined.

Findings: Average size of the nanopar-
ticles was 78 nm (by Dynamic Light Scat-
tering analysis). Maximum cadmium ion
adsorption capacity from synthetic solu-
tion for nZVI particles in optimal cond-
itions (pH = 7, the initial

Accepted: January 5, 2014)

cadmium ions concentration= 20 mg/L,
and contact time =60 min) was 58.1 mg/g
and for hydrated manganese dioxide and
its combined substance with ferric hydr-
oxide in optimal conditions (pH = 9, the
initial cadmium ions concentration= 1
mg/L and contact time = 10 min) was 13.5
and 12.8 mg/g, respectively. Maximum e-
fficiency of cadmium removal in industrial
wastewater by nZ VI particles, hydrated m-
anganese dioxide and its combined sub-
stance with ferric hydroxide were 91 %,
28 % and 27.8 %, respectively.

Discussion & Conclusion: Results showed
that nZVI particle is more effective than
manganese compounds in cadmium rem-
oval from synthetic solution and industrial
wastewater with provided optimal con-
ditions. Therefore, it is more effective for
removal of cadmium in contaminated aq-
ueous environments.

Keywords: Nano zerovalent iron particles,
manganese compounds, cadmium
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