[ Downloaded from jms.thums.ac.ir on 2024-08-09 ]

8 s | F oyloit ] oty 5,90/ dyd> oy Ky pale oSl aloe

sopd il Ky S>3 oyl S8 (310)5 5 pOL Cungy S N o duglio sy
sl Slay A

Y oL ) ) N A ) \ ) aar s
Uﬂ?})M(dJ,bMﬁ(dMwabt UG)‘)AJ'W‘:JJA)NM(&[»B‘)J{W)J'

Olnl e Cop e Sy (S pole oSy (bl pole Cliis 55 50 )

oS>

e L bl o BB o ol 55 5 o3 Shkas (sl oY1 Wy oge ulio dlon | inio el SN 2 5 dipoj
S LS i Can b ol adllhs Wgd o Cgmime (daume o) sl oY 3 odes I (S K5, dlge (VL polie
8y plosl ol lazes 1 VA o33 65k Sy Bl 3 (o)l Jleb (318 g (b OBl G i 4 ploly Cangy

ol 33 1 iy cslasaally 5 5 53 s bl g3 g VA 3o 150y il ity oy (e o b e s
A5 oalitol ayT8 ol Lyl s S S g g 50S3Y pigil du I Caled )3 g c8)S ploxl

4 aS g Aoy AV/A 5 ANFF i @ pbl Cunvgy S g gyl Jld )8 bawes YA 0,8 (g5l (51555, Bls e o YL spuls
oS by 355y Lls a8 oy i aRisle] (slaodls jJUT .05 saalin oW cla PH ;5 g 31,5 ko 45,5 ¥0 5 Y0 (lod 1> iy
i Cllas g0V gl b (DS (glo 03ld ploly Camgy 1uS1E 3590 3 aSJle > WS (o0 Soym @dN9 S pgR] ) o)l Sl
Sy

B 0l b ag WA 508 (il (I35 Bl 3 pbl Cungy jruSE 4y Cos (il Jlb )8 5V 2 xS gl 1g S ao
1555 > g cenbio 3l Sy olsie & Msien JIb 005 & s ool dingn b alié 815 Sy olyis 4 3 phly gy S
235 51,8 edlatul 550 Slus slacluy

b Gl de p gl (JUb )3 Hefly WIS

Ol oyl Co i cdiyhs o (Sib i pole ol ¢ 28l pole SlaET S j0 1 Jgtume odiugi L ydlH
aminallahzarei@gmail.com : g s g oyl


https://jms.thums.ac.ir/article-1-469-fa.html

[ Downloaded from jms.thums.ac.ir on 2024-08-09 ]

Ihes 5 Slis)ds

oledily 5 SLjlas (oile (sla 03,918 W55 ¢ ol aias &
(VI 25l o oyl

Pl 4 Cod & Cunl (38 slady) | (S (e Ol

SVl ) LIS, abal Uly 5 jlde (uyd il
e Cls 118 ) Bl (o oes blje sl 5 lagle
Jd opyS a8 20 o odlawl Q3> leie 4 i dlge ]
Jub ()8 a5 SYL i 4 g L bl Cuslegl oy g ]
O P N SN P VER [ P T P FEN IR Y e
Ol 4xg5 3)90 5yl Jlb ()8 b @ ggiie g Auip
OAV) ol a5 )5

i 430 CallB b oo fi)) b 3l Slga T3]
4 oS wl aB)S )18 (ool dagi 3)50 (55)5liS Cluls wile
Cuj oo b )5k Jb cne 53 9 wyiwd 53 (o3b) 5lde
FuSB oLl dwlie Bun byl yiagh (V) asl e
W 5o 8 5k S5y Bl 3 )l Sl (S g bl Cungy
A ety (2l o ks |l

bbs)

9 7S Oype 4 8 Cwl ()8 Giagh So adlae ()]
I oegh onl  céply plol 2Ll Gelde )
SPn S Jlb () 5 bl Cusgy ) odd ag sk
A Caa 3,5 eolatwl A a8 (g3l Ky Bl caas
ol 35 el do U lwgy lunl jo pbl Cowg 1 p)S
e Voo b e el VY cao a5V o0l s
5 00l s i)y pyS Veor cdale L ZNCly b 12
P g o St b Cuwg (el gloj oA G I o
Jas oS w4 Y0 “Cliles cov csl G Gk s 0,65
@ G gl by (a8 03 5l Job (S S
oS oS S Ve 5 ¥ oplilin] e sl S S8
O waw (g9 p odledl ZNCly Gls cas o0l ays
a0 Vo0 slod )3 e g odd atwd yhie Ol bwg
30,8 515555 oole (V4) b Sis cel ¥ e & 0 Kl
YWY Jsdse 01y b 35 ol 2 (i 2090 VA
Jobe ang e 29 ) ol €858 Jpame Jgo p p)S
S IS5, 25V il g p)S e Ve clale L ko
S 090 o clale am Clilojl pbsl can g J> jlade

U lows [ Foploi s 0)0]

o

dodio
5 Seimasl o cdld b 4 olgen o ale
bas syl )8 o (Sogll lsil (oyme 1> (rb slaanl )b
S a1y el ol yim o b Ol o Codgione 4 g
el (291 Y (o tage 51 (S (Y ) WBS py Gpne
5 b ML a8y o by 5 b alidg, i enipdy
sl oYl b ol 5l & wslyll 4 o slaley
(V) $98 (o0 @l cnl 3)lg (955655

b gl (2l glo der jl dlize plo » b S,
oy 5 Sl (li il 5 il (£l B2 g o
clile ol mlio l )3 Gulg Cluy & Ksd o Bpae
o gilio ol o 5 (0 F) sl ) 5l il (sla
oy 5> Sl (0) 3,1 1) S5y Bpae cny i (2l
o P lizee (i S5y Blge (F ek S 390 e
cpl gD Bpan ) LAY a8 smd o ol lad gl g
PH lae @S (390 () 298 (0 NMSB 3l mlo
s gl OIS (glb amsetio 3 ytege 1 YL, COD
4599095 b (olrond HlBlo ol p b S5y (Y &) o
o)l Wl (nyiare o Wgd oo e Al slo 09)S
ol 388 st B oyl (65 g olwglid (i g8l
gl slo S5, (A ) W)l it 0 o)l GbS) e
olyad 4 & 28l o ((NZN-) o5 5l (S5, Jole gqbs
(10 @) 3l s 55 Silog)| e 2iz b S

@39 odzmy Hle bl il oS5y ohug LSS, loges
by 59wl 5> g s 5 Gy 9 1) Giee o
s & b MLl ol adss (1)) 5,168 5 VL ol
o B cos |y axipdy o Ol s oloj 4
e o sl Laee 51 & 3y g5 JU] 1 oS am
Ol 9905 (o sigd ol il & pxie 03)5 (55
Sl cnlply e (o B ) wlag) Jobxe e
dyrge ) e dame Canj g (iligy bl I 5ol
b 4 alss I 48 Wb plo opl 5 gy ol
OY) 395 s

Nl ol oK) e dlise slagty,
w5 g olinl & e dex o] ) 4 3,8 e edlizl
whal olord Opelins] (Soigden adal gl

3503 o)l (oo il 1018 5 3 (22985 plienb 1S

k> Copi (K pole oSy dbeo


https://jms.thums.ac.ir/article-1-469-fa.html

[ Downloaded from jms.thums.ac.ir on 2024-08-09 ]

ohles 5 las) L

VemVeo MO/L clackle odgaze ;5 13K, guml pullS
Gl dae g odal Conty b Al Lolwl 5 g 13,5 )
hilojl o el g Sl oles lawg ead i3
ollly Coles o b (605 ojlul b dses o KTy clale
Vo) by, ok s ol e cdils o 135, Bl
1503 duwle

96 = Lo=C) 100 ")

Co

wlo cbale oumsy i ey 4 Co g Cg gd iy o
A8l (0 13555 (2led g 4l

qe = o ")
1555, cbale 4 1355, adgl cdale iy 4 Cg 9 G Oi)ac\f
Vo sibe Pl cdls 4 iy g Giulejl pbol 5l ae
el (@) o3kl 3,50 3> e 55 iM g (L) Jslowe ooms
Jabo s Car ligle]]l (olad (liabl Jpas g
5 olod oloj aodle 59> PH) o 0 90 ool ainee
) Sle Spgo @ 2l @l g o5 1SS )L g (L
Slislejl Hbl > el snd (3)55 635 ojlul 93 mls
s Jo I adlhe 500 Gl s U8, Jlod il
2 bol s oS (@dwig)d g 1Y) Qo piignl 4 by
A5 oolatwl cuwl  (sBlg wlide 0 b gy opl 28

Cawl 030l N Jgda 53wy 3590 (sl pukio 0d9dxe

H xSl Gl )5 a8 plo Jsbe sl 35, 51 1555
orpan 3 55 o 5 ole Jsbro (il Syt
S s célo Jly +/Y NaOH 4 HCI 5l pH s oy

3,5 oalil ol S e
2 Poe slapiio p et &5 3 (LS (oole e Cllllae
555 gl cble oules ol el > oJsbe PH s
3,8kes 51 boyuie gl 5l adllas oyl o &5 ABl o o> g
S S 5 g gl Cangy S Lawgs 135, i
» Sliglojl dayzally 5l Sopm Sl adlllas (gl S )y
Seb S0y 9 S e YO lo ple Gl ) diey baee
ol Jgloe 3 (oo Vee ) e 032855 el 95LsSSl
G b odsye pn il g 85 IS, pasuie clale
Ju st PH bug) PH s 5l ey abje ol Gua
b dges 4 A 5l pasie o0 (Gl cale WTW
b S ) canlin olod gl B diged (g 1335 25l
oy 518 asuie floj e (gly 4ids jd o0 VW sy
Ll by b diged (ol floj b (g 3 g D
Py cdale colad o g W2 Gl FY eily blo
gy s 5y gy j) ool b ond GBlo Jsle
z3e Job » (T80 UVIVIS Jso) yrogidg pSimsl oK
5hedlatl bl JI8 cpl (sl il (6005 05lu) iegl DAY
A 3038 (55l 155, oS rge Jsb siasiby Sl olSiod

S w5 M aside )b 1) Qle i o

tele] 2590 (slayially oagazma N Joso

(°C) s

(Mg.L-1) Jo el (@.L7) il jyo |

YV AA NOe AV A& & YD N FAXD YO

MO+ Nee VO D YD N A Y-\Y

[ PR KT —.— s S

55 95
= 50 . -
= A
5 . | -
3 45 0 3
3 po)
A a0 A
2 ST
® 35 el
3 3
9 30 H
L 80
< 2
~ 25
20 75
1 3 5 7 9 11 13

pH
a6 Loy WA S8 (53 gI3S5y Blo  Jlme PH 1V S5
mg (2 . .
= 1555 adl Chk) s Jlb S 5 pbl Cusys

l
(P MiN=goles oloj o T=dle

j9d e

U lows [ Foploi s 0)0]

WA a8 (53t 5y B> Jobmo PH

it ) Sl e 3 b aiged adsl PH s
Jub 8 9 ol Cangy ) ol b (18 L5 VAja 3
oMol 3y90 3> 593 L85 )8 qw)p 3)90 5109 )T
adg) Sl 5 aleg] 5550 oo i (o Vov 3 55 0
0 b dges adgl PH g0 0-MO/ ladiges oles 13 155,
w3 S A yoend Y=VY odgame j0 Lo iolojl 51 (6w
o Ky euledl clale (lad loj aids £ 0
Sy Bla leily g g0 PH Q36 51 Lols mls s )5
ol ol ooy i Y S o

Ak S (K pole ol abxo


https://jms.thums.ac.ir/article-1-469-fa.html

[ Downloaded from jms.thums.ac.ir on 2024-08-09 ]

Ihes 5 Slis)ds

Ao (nyieS 9 (i gl g5 & CBL lals S, clale
g/ VNY Cip @ pbl Cung uSB buy 1555, dls
9 155, yid g pyS e Voo g Ve sla clale 3 7 YY/AD
5 Ve cle clale 3 AVIYD 5 AAVY (o)l Jlb op)S ol

ol kel Gty 1555, i oS Juo VO

95 100
F'90 - ~95 o
33 3

D
3 e 4
985 %0 3
] 3
580 | 85 9
2 )
N3 LY. o ~

75 . : : : : : 80

0 25 50 75 100 125 150 175

mg/l 1%, clale
Lug VAol il (liSS) Bls p 155, gl clale 31y S
59 &+ MIN cplas glof) )b Jlb o8 5 pbl congy s
Jub o0 g bl Congy S el s 4 8y VD = 3l
(PH=YY «s,bs
WAje 8 53k Sy o 2 ples o 3]
P b olill i wld 5 el Gloj 3 )y Caz
s VeV ilej ol 3 5 dige by 8,5
ool oad o3l i ¥ S a5 jelailes i )5 plox]
Sl gpd shil 3 Al gy by 155, Blo e
Sl Lyl g odgy S (S I ey Lol w2158
1555, Bls losly pholy cuvgs jiuwSB 550 10 .ol silogdly
N e 4 eled loj 4By We Al Gy I
S Jl o )b JUb ()8 lp &SIl )ty Loy
A5 e g 00,5 Gla I35, 5l o> ANE aids YO oy
oplpls 2,5 Slais yom Bls ledly wile yloj Lyiul3al b
olbej w5 4 )b Jb ()5 g phl Cungy S (ol
0,8 Q] ol oyl olgie 4y a8 YO 4 VY. oled
Wjosh (53l <5, Giior  Lad i
WA e ik G55, Gl sl g oo Pl gy e
om0 g By S by
53 93, 5ile 43 )3 FO g YO FO (slod dwr ;> Lls Slisle)]
cd)S pll b 3l 51 S o (gl el sy alige Lyl
loly Ll o> Ll 48 ol ol gl (0 JSC3)
S 6 85 4 33,5 o Pl gy 5SS Lausgs 5, i

U lows [ Foploi s 0)0]

loly PH 58l b sl ot JS5 51 & £55Solan
ol 428l )33 g, s Ll 51 St Lauogs 1555 Lo
FuSB by I15) Gl oy Vb &S gl 455 &
e 4 PHEWY 53 (00 (6)bs Jb ()8 5 ol gy
3k e 2o yd A/AY 5 B VY L i

Vjeb g3l S5y Bl 3l o> 3

g 5y Blo 1 OBl o3 Sl e Cae Ol Slitlejl
G g3 0394200 53 ()5 Jlb (1) 5 ol Cangy puSL
b ML (g5l Jobro il Voo > pySe/0-)
Fo ool gloj e sl 5 WY PH )3V 08 (g5l (135

¥ JS5) e85 bl Yo £ ¥ °C clos 45 aigds

--ens b s

)l Sl oS

94
67 i
3 F93 3
3 3
63 | L .
:% 92 é
® 1,
% 59 - L o1 ]
i 3
3 =
55 . 90
0 5 10 15
8/ hemilr 350
Casgy S Lawgi WA 503 3k I55) Bl 3l g0 S1.Y JS
mg . o
ooy PHEYY &0 72 = 15, ) k) (8 b o 5 gl
(F-min=_les

S ol caw O3l jed ialiEl a5 oy L mls
o ey Glossly il gy Ll w08 e 1350, Gis
Gla lasily (iul38l sy )8 dlanl jo &S laisS @ sl
Jecdl ooliwl )90 3> jod yudx ya Lol 55 YU 155,
595 5 I35y Gls o]y aSlool 1 s anls o] e
(duoys £OIEY) phol Cawgy yuuSB o oo Voo 3 p)S < /YD
(Joyd PELN) (oo Voo p3 p)Sdhee N G9d 4 s
590 lais a4 p)S oo /YD o3 ] atily glus cogles
Jds @ oo 08 Ol pbl Cuwvg S aig
U 08 dinre 593 Olgie 4 58 i p)S 0 o> il
Ab ol g)bs

Slo olely 1 155, adql clale i

005 9 bl Cavgy JuS dhg IS Qo jlade ¥ S
VA o8 il Iy adgl clale il L 1) )l JUd
Gl ledily wul (astin oS GoSled oy o Ll

ol L )b Jld 12)S g pbl Cungy S by 1555,

k> Copi (K pole oSy dbeo


https://jms.thums.ac.ir/article-1-469-fa.html

[ Downloaded from jms.thums.ac.ir on 2024-08-09 ]

Ihes 5 Slis)ds

@ hiwd 5 pawy Aspe Sl Sl (o 9o dblee
Qg yuSE AY S Cls Sl o (K)) a0V ol
K ool ol (ot 50 & (Qm) LS 5 K90 80

i 1o 1. ol
Ll &wAgC_ngb.o));‘slabM) buws Llg 0 Qm 9

1 1 1 1
t=li 4o ¥
de dm amKi Ce ()

e sl o o Sls
el LS

100

91.4

L og .

912 -
— L 96 3
3910 3
2
4908 ror A
4 il
#90.6 r 92 G,
3]' 90 2
3904 %

90.2 | I 88

90.0 ‘ ‘ 86

20 30 40 50

(C%Les

Cugy S g Vo8 g3l 1S5y o o Lo 31 B JSS
mg " .

39> N T = I Ayl chld) gbos JWb nS g bl
Jud 0325 9 plol Casgy uSB- sl el 40 5 VIO %951?
(PH=YY )b

clo pluly 8 Oy 4 IS ik 4 gliis) p g3
byl Sl (w9 il g 0392 5%eal sl g5) 2
3l o ) UK 4 Vgame o] diles 9 3)l0 4 S5

1
qe = Kfce" ()
Cedib & i 4 g oo @lugd e el 5 K oS
doleo gl ol Sbj)l e dlwly Ol Cud g Ll
o 3 10gge (s b cud 8 5l @Nesd
ol ool s Sliglejl 51 a8 Sla o3y bl log Co
Iy QT aolee zdiigyd sl Cull s (gl 008 0 Ojge
by 5 Jolae wile ad o) S5 @ ol o0
1
logq, = logK; + ZlogCe *)

b Jslore gdiig)s g 290V b p ol mawy cua
Slivle)l g s aws Ve—Vae MO/ 5y clale L S,
JB ol 53 o8 e ool gloj 5 @3l 59> PH > Gl
2ol b pygnl Cole 3 085 pbol g oad e
O%“’)f) 5l alols dh’)i‘])lf. 9 u.zzsliwlo)i sl u»h»l
Oezen (7 JS) 235 ey S 93 g2 slp (dab

U lows [ Foploi s 0)0]

2 bl Cagy Sl g (i) Bl e ot
Lol s sdalie 0L, SKitle 423 ¥O (sled )0 duopd A D90
ooty 2 e 51 Lo> Gl syl JUb S 390
P Ao AVl Bls lesily &S gl 655 4 cuily 1555, Bl
MIFA 4 Jials doys Ve dgie b ol Kool a0 YO (gled

ey LKl dz 0 FO (slod jd duoyd

A T e

95 99
- 98
90 ror =
5 I =
3 % 3
Los 9
A as A
ol S99
}" 93 “g
5 80 S92 g
2 =
& o1
75 90

o s 10 10 200
(i) bt ple
Ly VAol il iS5y SBls p les gloj 31 PSS
% = 135 4yl cdale) ()b JUb )8 9 pll Comgy S
9 Pl Cusgy JuSB (sl iy 4 0 5 VIO %=931>.- 9 e
(PH=VY )l Jlb o8
i gl
S w2k 53 pre b el (S e g5
Bl (gl 0y sl 4 il p gl sl Jde sl Gl
Jslome (slo clale o bl s 5 alitiloj] (sla ool
Wigs oo odlatwl Jols cdls 0 s lise g
P A3 352y Ol ol byl car pgnl Jhe cpiis
G Coonl L @ugd 5 SV Jae W
Gla il Jao can il 5l Ghaggy cnl 55 4 31555
290 pgnl 3 Casl oad odlitel WA o8 gib I3,
2 Sed MolS sl oo 0 Cds &S cwl oyl p 5,8
& el sl T ) e ol 881 o BT O
LY ) ol oozl LB o5

23l (o ) Oyge & pgeSSY pyighl ddlas

_ dmKjCe
e 1+K;Ce (Yl)

oRie e > odd ol J3 Qe 398 dal)
Al Gm g () Jsbe Jols clale Ce (7)ol

mg K T
ool (?) OY S S5 gl b 3y90 Jibjlade

k> Copi (K pole oSy dbeo


https://jms.thums.ac.ir/article-1-469-fa.html

nloaded from jms.thums.ac.ir on 2024-08-09 ]

S Jb (15 g pbly Cungy 1S (695 0 155 il (sly p Tl sl el Y Jgun

&g 8 £ 595

2905Y p 595

gm
/YA +12) AN Ni\ave .5 VWA ol Cagy S
. U o
1.2 -
) 08 -
1 R?*=0.9481 R? = 0.9316
& 08 - . 06 -
g =
= 067 = 04 -
04 -
0.2 -
0.2 -
0 T T T T T T 1 0.0 T T T 1
0 02 04 06 08 1 12 14 0.0 0.2 0.4 0.6 0.8
Log Ce 1/Ce
37 0.06 -
* z
25 | 0.05 -
R2 =0.9465
0.04 -
5 | R2=0.9072
@
= g 003 -
g ] =
3 / 0.02 -
]
1- 0.01 -
T T T 0.5 T T ! 0.00 T T T T 1
15 1 0.5 0 05 1 15 0 2 4 6 8 10
Log Ce 1/Ce

S JWd ()8 5 plol Cawsgy JuS B by a4 YA o8 o3k (6135 s sl (5 9 &) @098 9 (2 9 W) 29eSSY g5l £ USS

o e )3 1355, oole JMosl 39 o s a5 5L 1555,
Do Al Gl iy 1355y eale U 09 s g b talS
3 il Sl SOy cute Hl L sle JgSse e il nle
o UiblS 3yl 005w ) (6558 ale Hl &S Ol 4 VA
(V¥) 2L

W o8 55l S5 Bl 3> 59

byl (obj U &S ol olapel)ly (S @3 59
b G5y Blo ol Bpae LAl Hlude Bl o)h ol
ol 590 il b canl oad oold Lis ¥ ISE (3 VA )8
Congy yuS B (gly 1555, Bls e V- Ofl & /0 g/L

|

[

8 lannj] F oot sy 5301

“9%

coy

WA o3 53k 55y Bl 2 Jgle PH I

JU Gl 095 Gglisg g odigd da odle (ymlis
S Jgloe PH 156 )y oles W] 1555, Bl a] b
55 5 Pl gy 15 L WA o i (SIS, B
2 & GeSled ol a0l L Y IS5 o g)bs Jls
9 2 lp 1355 Glo plie VL cul pasiie S0
Blo e g YU .l 03 &) oL sl pH ;5 L3l

obo (39 (55 Jdd 4 Wl o oW o PH > 15,

dpdes o (Kl pple olSKiib dleo


https://jms.thums.ac.ir/article-1-469-fa.html

[ Downloaded from jms.thums.ac.ir on 2024-08-09 ]

Ihes 5 Slis)ds

A6 lawg 135, Bl iz 2 oled gloj ST Glej]
Pl gloj 4 (pliws lp )b JUb (n)S 5 pbl Congy
oloj 3 plool adds VoWV loj Juolgd 3 e il 3
GBI L oY Gl o 398 e 3] Sloj 4 ol
adol gla loj jd Gls yoolie dopd Ve JID eSS e
YA b oles log ial33l s il alllas )5 oplpliy il
Pl lo ol alxe gl Pl ploj 4 (oliwd add>
il L sl oanlite BB ¥ S )3 oS jglalan 3l e
o OB, Bl plie (Ml b by diges ules o
L1555 sldsge 3)93 0 Jlosn Gialjal s a0 el ool ol
Jol ooles sle oo 3 cmmed bl o il o
slaol o a8 L canl 505 g0 caid 5 YL Gl Cas pu
Jué gl Joxe g 0351 ol VL o 35 clale il )d
¥V V) 315 )13 oy )3 55 (6 ks

Pl gy 3l (gl ol 4 iy ol adlles (ol 4o
4By We CubdS Sl am Al (oo )l JUb on)S Iyt
loj S L bl Cangy Sl bngs K3y o e
Sl sl cplicasl oile (BL ol Lo, 00,55 Slais o
& Wl ggpd 5l 4ids VO bl jlan (5)b5 Sl oS
Ll 02

Wjosh (gl 5y i 3 Lo i

IS 2 FO o YO YO (glod duw jo s lioles] sl gl
Gl b ol st 48 jglailen el 0 o3 Lt O
FuSB Q3 bwg VAjeyd (il i) Bls e Lo
bos il b ol (liee pl8l b (o Gl ol gy
oS oyl T p olend Clo canlo g (39 ;55 5 YD
9 Ol Slis ojlul (Ll e 4 Ly o Jos
@ g oigd o SllgSge (i Fge sladysdp Sl
olessly Hials s bod ilidl Jled pyS 5550 50 Lol il
SlelgSge Claly Jds 4 Wy (oo pl & el 0y 5 S
15 LosS osimd Lt g 1l YU (slalod 1 bl o 31 S5,
(YY) conl Gl aul 8 g

@l p g3l

SNmod ol s anl jasuie ¥ Jods 3 &S deSSlen
@ SOP gdNgd g 2geSY prgnl 93 lp edd sl
Cangy S bawgi WA 5008 (g5l ISy Qo g canl oa

Sox 29 N el 9 m il b S S g pbl

U lows [ Foploi s 0)0]

ol &8l awsly (a3l g, o)l Jlb S el
wored > ol Jlb sleloe slas lEl s 4 il
59 il sl e 135, cbale 5l nb e e
b Oy b LS amy dbel Jlein] Ll b Ll
25 G35 e Job Bl g o v Colus ials
(YY) 298000 pmio i Js 0l & ams

“r Ol 8 1555y Bl lise O3l 9 I L e S
ol Dl )5 a (gl el Gl 4I5S, lade Lol culy
o p1) (0-MO/IL) Jsle (5SS, clale o 12 by oo
2b (o Rl Ol aw oads bl Jlb sledglone Lawgs
o2 & g O gead G s OO ol (Rl 85k 5l
dgbise odalis Guzman (Y0) 250 bl Sims
o Pl pasde Jlade I eslil 3)5e Bl jed aSsle
D5 05 Oygo 1) Bl (e 3 (6 pKedtar il g,
Dl patde jed S &S ey HB 4 S
i o J o g 4B Pl (See Dl i oYL
aalgs Bl ol il 93 958 b > osileudl sV
(v%) slo

e b Lo o 135, adgl cale

9 Pl Cungy S L bawgi Bl 03l 1355, clale (aaljEl L
o2V jlade 48500 > Wb (o0 i (o)l Jlb ()8
oeSe B9y S Lulyd ples )3 QA p 2 aly 53 0l Gl
L 155, Gls ool Lials (YY) (¥ JS3) ams o ol ]
dgie bl g Jlb (gla oo Mo 4 o clale l3E
S5 oo gldl Cep 4 Vb o clale 5 & culgls
Sz s OlF o 38 1) @Al e cud )b il (YY)
JUSl S e g9y d30, clale (Ll L oS dge pds
il 4 Jslomo SIS, (slogSlge joue ooy culplis 9 22
A aw Gk 4 bl 5 b oass bl mle &Y
Ced )b Gl S0 oile 4 (YA) Wb o llBl Ol
9 b9 SO b Jose (0535 pRlBl 4 >
G py JUS) @y doms )3 9 clale LS Sl &
slssse sl Lilial el dlwe pl e o 02l
Cla cedil Gl coles ) 9 Ol Gl dwy 4 13,
(¥ ¥ ol 0l

WA jo)8 g3k S5y Bl eled lej 51

k> Copi (K pole oSy dbeo


https://jms.thums.ac.ir/article-1-469-fa.html

[ Downloaded from jms.thums.ac.ir on 2024-08-09 ]

Ihes 5 Slis)ds

FPELE
5 pbl Cung jl odd A yuSB &S o ol dlols s
Slse GBrme Jolis b YU o33l 5 2L b ybos Jbb oS
G555 Sl Bis g i QU5 o5 lej 59 5 (loos
o) gy ol Gla K0y jlade il o Ly 1) VA 0,8 (55
PH sl e slagal)ly 5t cou Odls Ol
o B DAl e g Ly (led (loj W5, gl clale
Ay ol Gds slaailyd gy ol plosl sla oy 28
bos g poled oo eodls joo PH Lialsdl b Gl el o5

—ooly )y uSe alyl) 135, cdale ili8l b g patiue dlayl,
Ol elyp Gialesl opl ) kel cund 4 Lls Dol gla

P @ @l g 2geSY pyghl 93 jl adlle 3)50 (sl
Ol 93yn gl ol Cundy [ Stused oy 93, Cons
g2yl (Sl gdiigyd Jae

References

1. Shahsavari pour N, Esmaili sari A.
Assessment of Microbiological Contamination
of Haraz River (Mazandaran Province) and
Determine of Allowable Applications of Water
River Comparison with Global Standards.
Journal of Environmental Science and
Technology. 2011;13(4):81-94.

2. Jiménez B, Asano T. Water reuse: an
international survey of current practice, issues
and needs: IWA London; 2008.

3. Odigie J. Harmful effects of wastewater
disposal into water bodies: a case review of
the Ikpoba river, Benin city, Nigeria. Tropical
Freshwater Biology. 2014;23:87.

4. Gupta VK, Ali I, Saini VK. Adsorption
studies on the removal of Vertigo Blue 49 and
Orange DNAL13 from aqueous solutions using
carbon slurry developed from a waste material.
Journal of Colloid and Interface Science.
2007;315(1):87-93.

5. Shi B, Li G, Wang D, Feng C, Tang H.
Removal of direct dyes by coagulation: The
10.Peng Y, Fu D, Liu R, Zhang F, Liang X.
NaNO 2/FeCl 3 catalyzed wet oxidation of the
azo dye Acid Orange 7. Chemosphere.
2008;71(5):990-7.

¥ dﬁ;ﬁmj/f o}w/,o.xu a/.;)/

oy pyignl 0 (Siued culps lwgie Lol sl 03,8
ey 4 b JW S g pbl Cwy Sk )
23s5Y sl j iy (RP=-A¥RD 5 RP=./AYAN

P A b JW S g pbl sy SB ()
aalllas 350 iy i (gl (REZ-/A-YY g RZ=-/ar\s

8y S Ol e 9eSSY p ol Jae nlply A3l (o
Cugy S by bz J WA 308 (53 IS5) Gl
D plgis & o)l JUb ()3 sl @dg,8 Jae g el
pronl 2 M cops Oemen 35 (o By g L]
N Hlade aoya apd o ol b @ |y Cls ©ud gy,
23T i (gl bl 48 el ] odimd s A3l iy
P9 cawlio odimd Hlis VYL N polde sl ol
o N s Jlaie oy ) 93 &S sl 0T (elyy s

(N=3A/Y) dol Cawny VSl O 3 sl JW S

performance  of  preformed  polymeric
aluminum species. Journal of Hazardous
Materials. 2007;143(1):567-74.

6. Dos Santos AB, Cervantes FJ, van Lier JB.
Review paper on current technologies for
decolourisation  of textile  wastewaters:
perspectives for anaerobic biotechnology.
Bioresource technology. 2007;98(12):2369-85.

7. Liu Y, Chen X, Li J, Burda C.
Photocatalytic degradation of azo dyes by
nitrogen-doped TiO 2  nanocatalysts.
Chemosphere. 2005;61(1):11-8.

8. Delee W, O'Neill C, Hawkes FR, Pinheiro
HM. Anaerobic treatment of textile effluents: a
review. Journal of chemical technology and
biotechnology. 1998;73(4):323-35.

9. Movahedian AH, Rezaei R. Investigating
the efficiency of advanced photochemical
oxidation (APO) technology in degradation of
direct azo dye by UV/H202 process. Water
and wastewater. 2006;17(59): 75-83.

11.Kokol V, Doliska A, Eichlerova I, Baldrian
P, Nerud F. Decolorization of textile dyes by
whole cultures of Ischnoderma resinosum and
by purified laccase and Mn-peroxidase.

Ak S (S pale ol alxo


https://jms.thums.ac.ir/article-1-469-fa.html

[ Downloaded from jms.thums.ac.ir on 2024-08-09 ]

Ihes 5 Slis)ds

Enzyme and microbial technology.
2007;40(7):1673-7.

12.Cicek F, Ozer D, Ozer A, Ozer A. Low cost
removal of reactive dyes using wheat bran.
Journal of Hazardous Materials.
2007;146(1):408-16.

13.Luo X, Zhan Y, Huang Y, Yang L, Tu X,
Luo S. Removal of water-soluble acid dyes
from water environment using a novel
magnetic molecularly imprinted polymer.
Journal of hazardous materials.
2011;187(1):274-82.

14.Moghaddam SS, Moghaddam MA, Arami
M. Coagulation/flocculation process for dye
removal using sludge from water treatment
plant: optimization through response surface
methodology. Journal of hazardous materials.
2010;175(1):651-7.

15.Li H-g, Han H-j, Du M-a, Wang W.
Removal of phenols, thiocyanate and
ammonium from coal gasification wastewater
using moving bed biofilm reactor. Bioresource
technology. 2011;102(7):4667-73.

16.Dias JM, Alvim-Ferraz MC, Almeida MF,
Rivera-Utrilla J, Sanchez-Polo M. Waste
materials for activated carbon preparation and
its use in aqueous-phase treatment: a review.
Journal of Environmental Management.
2007;85(4):833-46.

17.Han R, Ding D, Xu Y, Zou W, Wang Y, Li
Y, et al. Use of rice husk for the adsorption of
congo red from aqueous solution in column
mode. Bioresource technology.
2008;99(8):2938-46.

18.Crini G, Badot P-M. Application of
chitosan, a natural aminopolysaccharide, for
dye removal from aqueous solutions by
adsorption processes using batch studies: a
review of recent literature. Progress in
polymer science. 2008;33(4):399-447.

19.Verma A, Chakraborty S, Basu J.
Adsorption study of hexavalent chromium
using tamarind  hull-based  adsorbents.
Separation and Purification Technology.
2006;50(3):336-41.

20.Mohanty K, Das D, Biswas M. Adsorption
of phenol from aqueous solutions using

¥ U'L‘;Mj/f o}w/,o.xu a/.jJ/

activated carbons prepared from Tectona
grandis sawdust by ZnCl 2 activation.
Chemical Engineering Journal.
2005;115(1):121-31.

21.0ng S, Lee C, Zainal Z. Removal of basic
and reactive dyes using ethylenediamine
modified rice hull. Bioresource technology.
2007;98(15):2792-9.

22.Biglari H, Zarei A. Direct Blue 71 Removal
from Aqueous Solutions by Adsorption on
Pistachio Hull Waste: Equilibrium, Kinetic
and Thermodynamic Studies. Iranian Journal
of Health Sciences. 2016;4(2):55-70.

23.Baseri JR, Palanisamy P, Sivakumar P.
Comparative studies of the adsorption of direct
dye on activated carbon and conducting
polymer composite. Journal of Chemistry.
2012;9(3):1122-34.

24.Mall 1D, Srivastava VC, Agarwal NK,
Mishra IM. Removal of congo red from
aqueous solution by bagasse fly ash and
activated carbon: kinetic study and equilibrium
isotherm analyses. Chemosphere.
2005;61(4):492-501.

25.Calvete T, Lima EC, Cardoso NF, Dias SL,
Pavan FA. Application of carbon adsorbents
prepared from the Brazilian pine-fruit-shell for
the removal of Procion Red MX 3B from
aqueous solution—Kinetic, equilibrium, and
thermodynamic studies. Chemical Engineering
Journal. 2009;155(3):627-36.

26.Chakravarty P, Sarma NS, Sarma H.
Removal of lead (1) from aqueous solution
using heartwood of Areca catechu powder.
Desalination. 2010;256(1):16-21.

27.Karthikeyan T, Rajgopal S, Miranda LR.
Chromium (VI) adsorption from aqueous
solution by Hevea Brasilinesis sawdust
activated carbon. Journal of hazardous
materials. 2005;124(1):192-9.

28.Caturla F, Martin-Martinez J, Molina-Sabio
M, Rodriguez-Reinoso F, Torregrosa R.
Adsorption of substituted phenols on activated
carbon. Journal of colloid and interface
science. 1988;124(2):528-34.

29.Hameed B. Evaluation of papaya seeds as a
novel non-conventional low-cost adsorbent for

Ak S (S pale ol alxo


https://jms.thums.ac.ir/article-1-469-fa.html

[ Downloaded from jms.thums.ac.ir on 2024-08-09 ]

e

Ihes 5 Slis)ds

removal of methylene blue. Journal of
Hazardous materials. 2009;162(2):939-44.
30.Al-Ghouti MA, Khraisheh MA, Ahmad
MN, Allen S. Adsorption behaviour of
methylene blue onto Jordanian diatomite: a
kinetic study. Journal of Hazardous Materials.
2009;165(1):589-98.

31.Kuo C-Y, Wu C-H, Wu J-Y. Adsorption of
direct dyes from aqueous solutions by carbon

¥ dﬁ;ﬁmj/f o}w/,o.xu a/.;)/

nanotubes: Determination of equilibrium,
kinetics and thermodynamics parameters.
Journal of Colloid and Interface Science.
2008;327(2):308-15.

32.Namasivayam C, Yamuna R. Adsorption of
chromium (VI) by a low-cost adsorbent:
biogas  residual  slurry.  Chemosphere.
1995;30(3):561-78.

Ak S (S pale ol alxo


https://jms.thums.ac.ir/article-1-469-fa.html

[ Downloaded from jms.thums.ac.ir on 2024-08-09 ]

Journal of Torbat Heydariyeh University of Medical Sciences. 2017; 5(4): 1-11

Comparison of the efficiency of almond shell ash as a natural adsorbent versus
commercial activated carbon in removal of basic red 18 dye from aqueous solutions

Edris Bazrafshan', Mohammad Sarmadi, Amin Allah Zarei'", Fatemeh Barjasteh', Mojtaba Davoudi’,
Hossein Najafi Saleh

1- Health Sciences Research Center, Torbat Heydariyeh University of Medical Sciences, Torbat Heydariyeh,
Iran

*Corresponding Address: Torbat Heydariyeh University of Medical Sciences, Torbat Heydariyeh, Iran

Email address: aminallahzarei@gmail.com

Abstract
Background & Aim: Industrial wastewater is one of the most important sources of hazardous

pollutant emissions. Having high levels of various dyes, textile wastewater is considered as one
of the major environmental pollutants. The aim of this study was to compare the efficiency of
almond shell ash as a natural absorbent in comparison to commercial activated carbon in
removing basic red 18 dye from aqueous solutions.

Methods: Considering the parameters affecting the adsorption process, the experiments were
carried out to determine the optimal conditions of basic red 18 dye removal by means of the two
adsorbents. At the end, three isotherms including Langmuir, Freundlich and Bet were used to
evaluate the equilibrium conditions.

Results: The highest removal efficiencies of commercial activated carbon and almond shell ash
as adsorbents were obtained %98.46 and %92.5 in alkaline pH and at 25 and 45°C respectively.
For commercial activated carbon the adsorption process followed the Freundlich isotherm, while
for almond shell ash, the adsorption process followed the Langmuir isotherm.

Conclusion: The results showed that the higher efficiency of commercial activated carbon than
almond shell ash in removal of basic red 18 dye. Nevertheless, almond shell ash as a food waste

can be used as a low cost adsorbent to remove dyes from textile wastewaters.

Keywords: activated carbon, adsorption isotherm, adsorption
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