[ Downloaded from ijhe.tums.ac.ir on 2025-04-11]

295 ok asldhal () e 5 Cuodh dome Ry Al

Ol Jams Clilag ke el
Y45 B TAD ks VAT 5l p e ool cpiis 058

S9o 2 i esliul b ol Gladasue 51 1,48, Sl s )
555 SIS g b ks Mol i 5 I S

VLQ.U)LAJ i 4“@))’){ u\».a f&)_x_(,,.,\ Q.LGJ»}‘ dei-w& ULJB ;%‘Q,l.;j k;dd-d“

AF/1 OO < oy AAAAUSSISEFglH

NES
oo 7y mbis ozl mbo Sl (ol 03 200 48 ola Shs i b Sy 03 o oo LS5 1 G st 58 ibda g i
ms gelio ol Sl ol Sl 3 il L lle 5 ylaliy 03,8 o 515 Gy 350 s bl (IS 5 S i s
Sl 3 gl SIS e Lo Ao) Codsity oL 3l DB s vt ) G 5 Laes 35 i g0 5 4l
el o gl daa I 55, 58

8 SIS gl o3lézl b 5 b (gl 5 Olonij Ol O3l I SO 5l ot 20 w/f@uj/’@;j/dwww/ﬁ e A
Al ol ol s g J&éﬁ;.@;jjﬁc%\;/sj_}» e e Bl cg= (CTAB)

(o oalial 3l 33 1 > i pnd A3 P8 5 OF dpulm ckivgy o o ook =Sol i g2 5 Jlnd (S (5 S Olanki claasily
3 G LIS .l ials Gl LIS oLy i 8 sl Clilé il sl U Ly sl iulssl LIS ool edle a5 5 oulas Olaj Ll L
St Clafllas S e sy PR 5 P ;J»nucw/gﬁﬁijJ;d/ﬂd;ﬁjzﬁiﬁJa;&;}'U&,g_w/l:,_@dl.apH
ol LS (5 ety Citllan y saSY ke b s o sloosls ool SIS 3 a3 855 S il 53 o> ok Al ol OLE

glée )3 S35 LB slaloily Ll g0 nnd 3l S Olyins CTAB Lot =Sl Cod ity 45 315 DL ol AS sk 40 205 S e
ol L 5t Sl oled Olaj 4 (35 b dim o 3L azils Jy 43 58 Cidm 3 lai o STL

Olden &.ﬁg""ﬁ (’_91; Lisls g;_)li}z.w_sl.) Jlﬁj).j JSJA ;g_,\.&‘.l.g_: 0SSl g.la.:.>u= g_,w"e\.l.@_s kg A}; )libl:.w‘ ;.12.:.>u= CM»\.L@.: LSJ:SJ (J}:M aJ.J..w.l)D -\
mostafa.leili@gmail.com ¢« m.leili@umsha.ac.ir

Q‘M u'{‘:‘ﬁ rjl.c aK..i;.]\.) thi}z;...b L«”‘A}}l J,Sf ‘\_,\.»:l._x.é_l S ISiS]s c.]a.:m \_,\.»:l._z\.é_l Jw.)u.é.ﬁ L;.uL.J«)[S 6}?:..2.:1.) -y

A Sy esle o8l (el 2 aSils cJams Sl wdige 05,8 SLslind (ae Cilig (6 S5 Y


https://ijhe.tums.ac.ir/article-1-5432-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2025-04-11]

arlsn OSB3 PnoSdl s et 00 e
Eel iy glacdale Lagalpe ol oai OT L il
2 OT 350 53 ladllan 5l 353 o S 03l
asdllas J5 23S ol VAAY Jlw 55 ol slalass
Coas )38 53 . Cosl 3 3dows Hlwsy St glalas 550 0
O =Verme/kg w s gl p SL LD, e sl
Pyl 2 LC, lais s ¥ mg/kg ) Sise
S0 53 SeMblLA) Cleds 1SV /0 mg/L
Sdome bt pale Ot 53 dlysh 58 DI 5 Ll Ol e
Lo 5 0Ll 2 0T S 3168 o (51 el oy o
o w8 5l e 1 s s8 sl Gl Ll s
SHdlshs s Gl Gl a5l adal patde s 4 s
A (232) oo S5 (b slahs Sl S
OY=I) (3l e 5 ol sl ) (SSidsm 5 (0
53 (V) 0L es 5 Anbia (& ol Ol g .ol ol o3li il
Slllas Yord Jle 55 (4) O 5 Singh 5.+ +4 JLs
Bl b glacilr b g o S dlshy b o 3550 03 )
o iyl 58S 38 sl 5 ol el Jlab oy S 5 5L
Jhsosh Gl sl Jhe Slashal Aol B S Ol sns Ll 5 0
YO Jle s 50 0Les s Leili 5 &K 5l 5 eslis ol 5 50
Ll 5l esla ol Ly Jl 5o, 58 Sl ae 55 laalllas
o bl o ce (V0) sls fl>.=3‘ s S s od >
Al ool adlas pul s Ao ;s VO (YL Gl (slasbesl
cils gla gy oS YreA Jle s 0, Ks s Borgheid
b oS s st 58 4 3 O sl S5 5
s sy 3 UV/HO, aul passlsolis a Lo~
O 0> Gy = S Ols—a (UV /H O, / Fe') Fe™'
Oy s ls (pH (H O, jlade 55 0d i ) sla b,
Jssss8 4 18,30 sl il Oly—a UV (63555
Slesle ol ((B) Ci S 513 oy p 3, 5m Gaos opl 53 0
s s sl BB UV o sla s,
oyl 53 O s aalU 5 of VL 6551 slolis
g e O e Ble oS ool Glae Sllelr 5 ST LS 5

YAS

w3l Jlaghygd Bl ) (o)

do o

Lole .)L;) Q‘)l—}.ﬁ‘)\.j))}aéf d‘j:’.‘)) uﬁ)—a&‘h’-’
S Ol w0 piS ST 5 a5 4 LS5 Jlel
S o5 0 3 s ol VT mlin (1 555 5
DS 5 S5k 4 25 dr e 5 o e
M‘jc@jdwd‘bj&uowdw
:j_‘idaﬁf:)ﬂ@b.)oug_ﬂj@uzjb
thgﬁbj\j@uj\ﬁs\)ﬂ CJ’«’\).‘ ngk.:_m..o (\)
133 Jole 5 Ol stns U sy 405 B 5
$hSay gar il YL e dsb olLS 5 ol ab
S sln 03,208 i Oln 513 a0 5 4y 3
Mbé}b)&b)}]éi@@f}«@)b 3 4o 4o
jue@‘yu DL @_w_} JAL:;.A DL (Furfural) db}ﬁ)}.‘}
s3bel s 3 1S L ood I 0 5m) s 7 il
plale sadlss 85 B ae oo sakaS
Q\);x_g.MQW\::ﬁ)L@JTéJﬁlngUJ:M)}J
g;wdueli;{ﬁl:.)db)a)}s@j<®>@)&.@\)
mg/L 5 () #+» mg/L () \Wermg/L 554
el ods 5158 (F) O

L 5 Ol gl 5 Glodide OIS i sl sl
)JJHJB&)uwcﬁch)wwiwb
bs 53) Gl agrlse (O-V) 55—ls 53 2l
6[.&@«&1.0[;4.@}-‘}4: ol qu QL\-\A‘MGKL\Nb

S 55 s 053w Esl I 5558 51 /A=) ppm

1PAE Jly /pgan 0 )loud /@iidisd 095 _/J g 9
J

Ol gl bazo Cublsgy pole ozl gy pole aoliliad


https://ijhe.tums.ac.ir/article-1-5432-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2025-04-11]

Ol)Ser g () s

a Merck &S 2 51 (golw Jl S 35 a8l

A My Ol Oslae Sl 5 g s A

o Slllas ploil (o

s s 31l i LS axdlas ol s
R T L e
03540 53) PH ol ol dol 3 5 138 50 (gla el L
=Yoo mg/L es s 53) Iy 58558 ad sl o dale (Y-\Y
3db 0 S Gl V0 @/L e su e 53) 3l s (Y
Sl el POl gz sl V=P /L o350 > 3
way opl 53 45 S bl Slallae ulul r baes sdoe
Gl s (A MIN Lo v o3 5dee 53) pwled Ol 5 (55—
225 S ol 2 ol dld o S addlas I 55 58
Sy bl 5o s A SIS 5 e gl sl
53515 S g o 5 (VA OF) Sl 45 oad S5
cble w5 g Seslul gl s I CTAB
s e dsb e Sbe s 5 J 50 =l s
Unico-UV 2100 UV/Vis Jie e 525 2l olSies
el 0 o3l OF Sl 55 s Slallas 53 a5 A eslin
5551y Ky 55 a5 oy sy s Slalllas (Vr ¥ (T)
53 0l S5 sla byl 51 S a3l 5 s plxil (glaiod
J=le b dlsios Bl SL 5 k) 50 lnes s
Sis s (gl a3 S B e 55 se ialesT il
1(04) L eslizal ¥ 5 ) SVslee Sl eds Gl JI, 5,58

) asles
Co—C
S leail, = 2—x 100
0
Y dsles
_ CO_Ce
e T g
L OVsles s

Sl cble 1 C o (mg/L) JIy 53,58 aJsl o Lle :C.
oS ol ke im (mg/L) Jlowe 515 55 I8, 58
ol oder Jlyg s slie 1 q (@) cs g b Jlss

(mg/g) —ibr g3,

Oll bamo Cuivlagy ale ozl s fy Lole swliliad

YAV

ladl s sl esliul 0L an 5 Leili YoOY Jw s
Olsns dld o S Sheslinal b 2B 53050 5 (S65 50
o Oladlae oyl o S S P B ey O A B TS0t
TA 5l o Al 55 g 0d S5 gladul b 3 a8 sls 0L
Boopathy .(\V V%) ais Bl JI 535 58 (g5 Sdas
Lyl b cou dlssyss Sdple s Yerd Jw 5 (V)
L IS Jesstosh 4 oSS 5le sladd S a5 (55l 50 0
A S Gl 55 sl 18l 5 055
uw@,b)@d\ﬁ,\;\j:dadbjéujéw(_;ug;m;45
D g wiee A Sy o150 Ol g s e g e
303 355 S5l o Slapiaan b BLSSI 5o o8 SIS
EMSs gt DS 5 o 4 S T il il
S Wl ol SV pame W5 oo M5 5 5 2
sl g0l

3l 5l sl ol = sl g Slnel 55 (SLls Geios ol
eI oo oS Jlysh 50 Gl =Y 5 b Cad 013
L3l 528 53 OF odisS W5 mlbs 4 555 o o pies
Al 3 s 5 s olew b 3101 55,5 Jlexsl W o3 g
oy o3 Jame & OF 5555 OASEe 5550 3 oS s
3550 53 Sl &S sl 5l as Sl ails Sl
Jbs s glos iS5k 4 ek 5 CaBOll slacils
ek 5 S Ol Glacdlr s s S s e e A
oslitul o past 53 (glasllas OsSU aS 55 5 0y e
a3l Lot ¥T i 55 Ol 0l 5538 ey Syt
o g andllae 3 ol by ol 4 S el 155, 53
Ry Sdne IS 5 51018 5 ek O3l S Ol
35 SASL s Sleslanal b 5 Al agd Olmi s LT
215 5003 ol (CTAB) wbess w,;yf etecs 5 s
S dshs s Bl o (ol Jlad 0 S L Al 55 O
W38 3 s 30 Sl glatams

L, g 3lse

5l g0 (A

oo e b addlae po esliiad 550 placd LS 5 pled


https://ijhe.tums.ac.ir/article-1-5432-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2025-04-11]

_ bamCe 0 asles

Qe = 1+bCe
q, «mg/L) Jslss S s S > esle o ble :C
b Sl g dmg/g) Jsls I s Ol e b
L/mgE) « 5 5N dslas <ol 1 b «(mg/g) (ol
635 31 08l e G 3 1) ol s b alsles
YO YY) 558 o o i 5 oo 45 LS e 0L Sl
— 1/n .
Qe = kfce / # dslas
sles . iwn G;J,Ujj.é dalae ol in kYL atslae 5o

dubé\bwé‘jéw\dfudéw&i@kjﬁ
el 358 LG LT

laassl
55555 D S andllas (gla el ol s (I
393 5 s adsl chls (st Ol pH ol s 3
Vsl IS s C g Jl by sh Gl oIS el

RGIU IS WA B dL:.a A"

[E T e

¥ t i A . W

pH
Wb S b I, g8, 98 G Obekily y PH ol et L3506 - IS
okl FOol sy

YO min ol 0 g/L 103l a3 b p S i klesl Ll 2)
(o3l 0 el m Ol Lo gy e mg/L :Jl, 5, 5 4l clale
(Voo mg/L il 5556 adsl el 07 min:oley f+ g/

YAA

w3l Jlaghygd Bl ) (o)

A e Sonl 5 Sew sz (7

(S ladie pla il ol b Sz ) 5 Sl —
Sy5e 3 033 a3 5 3 sl s sla sty Lt
gl 56 e el s 1 23S IS e
Slae sl Jald Joltie 5550 53 48) Cla slag 555l
Slp der St i o3l al (sl 2 5055Y 5 i 5
B Rl e
238 o ealinal 358 glap S b s pland (2S5 celan
o aS Sl ol 2 8 sl Al e St Jue 5o
s s 4 Oles Lok s o o il S kS
b bl tls  laie 5 gLt il 5 Sl L o ling
OLiS 5 Sspo 0 Il 4 o St ot o 5ol Ol
OLS 525 S Jol 4 10 S (oot £33 0555 g0 031
(YY) 358 e ool

Kyt
2.303

In(geq —q) = Inq — ¥ Jsles

oS s lil eds i 1y, 58 e (Mg/R) g 5 q
S okl doles Sl 5o 5t 0l 5o 3l
sl (min) Jsl a5 5

e ol S el ol (2 a5 45 e (S e o
St bt o3 el pland s alvy 4 J 25 6
2 e s S ekl o £33 4 0
YY) el

t 1

1
—_ -|- —t ¥ dslee
q kzng deq

el Al s b s s o sl
Cael s esli ol LT 51 Cilises Dlallan s oS da
b ods glaesls 6,850 50 adlas opl 5o sl Sl
Q)ywﬂ}&\ld:bu uﬁ)‘}w)j.:)}»uﬁjjjﬁ‘

((VF) 25l e 0L 5

1PAE Jly /pgan 0 )loud /@iidisd 095 _/J g 9
J

Ol gl bazo Cublsgy pole ozl gy pole aoliliad


https://ijhe.tums.ac.ir/article-1-5432-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2025-04-11]

Ol)Ser g () s

(@) -
—6—300mg/L —a— 500 mg/L =—— 1000 mg/L
<K+ 1500 me/L —%— 2000 mg/L

1) Jlygbsad i

(a30) 1Sl oo

il glaclale Gl 5o Jld o S I8 (=Y SKS aalal

ebS (CsPH =V © g/L il 5an: lesl Ll 3) JI, 6,68

@.J,J)J‘J}:Jﬁs_ﬂ:éudhw J;\’)éa.\.’écw‘cé‘,&!
PH =0 ¢+ g/l 03l jas bl

[CE1 D
\ ——1g/L —=—3g/L —x—4g/L —%—5g/L
Ae
)
3
K
2
2
9
z
f
T
\g T Te A o F
(aido) BTy ol

Ll,a) dI) g, s Gl 5o Jlad o S 590 ol (I -F S
593 LS (e H =V oo mg/L :Jl 5, 5 chale : bl
CBle t el Ll ) Ji sy sb Bl s edd Ml ool s
PH =0 & g/L :Ji, 5,5

%ﬁ yﬁy
o VP9 July /oo o jlad /i 0593

Oll bamo Cuivlagy ale ozl s fy Lole swliliad

YAQ

(1) Jhyghy8 Sd

Jb )5 b Jl 40,08 Blm DLl s STy 0Ly LSt -y s

A S S

R e PO I CNCCE

Voo Yoo Y- for

(ai 3oy 2oSTs ole)

R % Cw‘ S g 9

393 eddmdlol o g e mg/L :dl, 6,5 aJlble

(e mg/L il 55,58 ol clale «pH =0 ¢f+ g/l 13l

(an

() Jissds s

il glaclile Gl s Jb oS a8 (Y K8

—6—300mg/L —=a—500mg/L —&— 1000 mg/L

w1500 mg/L —%— 2000 mg/L

(42:33) Ty oo

S (G H =V © g/L sl 5an bl Ll 3) JI, 6,48

hlb...i) J‘)f)_,és_ﬂ.ﬁuduw 5_3..\>_).> [ %Y C)A..al g:,.:.a‘,:.'.;

PH =0 ¢f+ g/l :osl> 5as bl


https://ijhe.tums.ac.ir/article-1-5432-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2025-04-11]

A el s S 2 (2

e S oy 2 Jlshssh Gl St fpand ks @
4> 2 ;i::.«.w CJYJL’J )l CTAB L: Y8 S C‘)Lﬂ\ “:"'fj;"’ 9

J?.;u:éu.)bilaﬁfja{b)ASJ_‘ioJu.?_w\gﬂs_gJ)&

e L ':)bd\)‘}j)}éJb@bﬁféucbb..)ﬁuﬁ)tﬁ

b‘j)j‘osmll{ja.\ﬁiw.pbdw*' ngduuu)j

@ﬁ)‘}wjfjwbjyu%é‘feuﬁb
L;Lﬁob\b Gl ol ol QLGS Y j\ d)J} B 45)}194“

jJL‘L‘?J;ubb-)loblﬂl_w‘l;db)ﬁ)jﬁg_e,\;-@jgﬁf

Jﬁ&@t&dubgr)bd;-)ﬁ%ﬂ eMC}Lﬂ‘C,‘f}LA

()

(1) Gdo lakdly

w3l Jlaghygd Bl ) (o)

—e—10g/L —=—20g/L —e—40g/L ——o60g/L

T T T T
Yoo Y. Az o

(4is3) STy ey

Lyl ,5) I, 5,9 Gl 5o b o S 595 21,8 (=¥ JSS aslaf
595 LS (o s (PH =V oo v mg/L 1l 4, 6 clale 1 2ylesl

¢J’al,b:J‘»J_Leﬂ.hﬂl,_.:)di,,é,_,éd.’\.;,;a.:._,zcwlc_g,:g

(pH =0 ¥+ g/L :JI, 65, 45

JUb 5 sl addllas )3 sl Gy (Sittomn al o -V Jgi

@3 Jol a0

@3l pgd a0

e k ¢ (cal < (cal
CO (mg/L) q (exp) l' q (Ca ) R2 ) q (Ca ) R2
(mg/g) (1/min) (mg/g) (g/mgmin) (mg/g)
Yoo Nylas [ \YY 2 -1AAY .oy £4/Y -/aay
O« YAIAY [+Y\) AD «/AAQ oo \YO +/q9-
Voo \YWEIE <[+ VAR \E AV .o YAY/# «[AAN
AMCM| s t5‘)‘.‘ AJJUMJA a-\.«:T WQL&»%|M—Y d}-\"
o35 Jgl 4> 50 @O pgo 4,0
Comgn) EEP 1 (miny  Ge(caD R . qe(cal) (mg/g) R2
(mg/g) (mg/g) (g/mgmin)
Yoo f/a¥ ofs A oY «IA-YY DIYY +/44¢%
.- viov ofeevE AIAY -1A%Y$ AN E -/2)
Voo \YIY R4 \N% <[Py S AR AN

ba 2ol e il i 5 ) v v mE/L 5 Or e e
Cod gt 3l 355 VY 1pmM Jses s YO C° sled)

e sladel B b s e S lae S s
ChIEY 53l p sl e b e OltilT addlas

vq.

C m; ﬂ%
1PAE Jly /pgan 0 )loud /@iidisd 095 _/2 g 9
J

Ol gl bazo Cublsgy pole ozl gy pole aoliliad


https://ijhe.tums.ac.ir/article-1-5432-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2025-04-11]

Ol)Ser g () s

oAy (RT=0/AAPY) ol ool o sz 5 (RT=1/4AVY)
Cd 53 Jde o e g e Ay Ol glaesls L, Sl Sen
OLL Y ojled Jodr 3 oSl sl b plw . ulos s

Ol ol 63l

5 odd Dol S gty (gl TF i) LSy Jslas 0l
Sledbl colg 5o 5 s plasl (b o S 6l YO min
A T s 35 eSSV Sl ladie b ol
NS sl odd 5ot R G5 55 s 4 a5
b 008 dbsiss o Sl 5oV dube clag 55

sdd ol i g 5 b S gl axdllas 3 ocal Gy g8 5l il 2 Y sk

g p g ) 2905Y pyig ]
O3l g5 Kr qm
* * 2 2
(mglil/n Ll/n gfl) i R (mg/g) b (L/ mg) R
Jl:é u.t; \YYVIY <IYA +/4+4Y AR LYY +/AAYY
o.»ﬁbc)bd&.é,ﬁq Y/VOY ARYA </2Y4aA \F/ay ERYAR < [AAFN
5 I ls 5 slaaals oS 5 G st s Al >

S PH laes gie 55 dly 50,58 IS ) sbar .l gl
Sl WpH sl b aslie 53 6,5l <l (VB #)
Jshoen 552 03ls LAl (Ll 3 Jles pH &5 (5550 53
ol s o el 5 48 s el LU
S0 03 (00) 3 dal IS 56 Ul 8,58 Gl L1LlS
AL el ool gy o s ol
Sl a5 Lo a8 550 Ol Ll s )50 ol ey PH
i sl s Dol (51 el slind IS
s G o O3l ol 5 el S g e O
slaobwly, s G b sl e S aal s | 3pH bl g
sl e Sl ab Ll e mly sapH s VL
A3l O3l ote 5L sk 3 T O s 1 i
PH 21351 b sl Sl o g2 65 Jowiley b sapH s
sbls s OH slad s Clor o sy LS o ey JalS
I OF O s> 3 158555 00 slam) ey
5V s pH 1L (YA Y 08) 55 5 e sl s,
s dbd o S sl ol Ll elnil 6l o 5 0
oslial anlllas (gla 2ol )l w5 anlsl 5o eJMiCpr\ S g

WY

%ﬁ yﬂ%
- TPAE ol /pgaw 6 Lok /i 69>

Oll bamo Cuivlagy ale ozl s fy Lole swliliad

¥4

sladul b 138 36 s bl (o ege s 3 Jsdne pH
AQ-JJJQSL_;.-@LMJL{\JU'J}_J&%JM%);\;:
Jslome PH 50 oy ol 4 0 5 i o3le O el 5 5
eslatal pH (glaes suee 55 Sl oS Lor 8 .(V4)
Ogee o OV S8 31 0L (5l 5 Ol s andllae s ol
aucwl%ﬁélﬁé%_wlw@lj_i@«;eb
balie pn dbd o S sl o s pH Ll 5
o oS sls ol One-way ANOVA o, 51 L Gl
23 o2 bl pl a8 andls 55 bLISIPH 5 Gl Oleil
)\Jwbucw‘%)@ﬁjy)ﬁV-‘ﬁjdwdﬁﬁ)}ﬁ
x5 LILLP> 0 /00) 55 s s pme abaily ol 5L
sdd ol s S b J 8 ol w b
pHéucﬁjwd‘)\oMCw‘%ﬂbju&)
6\)\ng.};‘)§ij (YV LYS; L\« CQ) k;w\ ol e.}u.:_w‘
s 53U Joloma 53 O lale opl plo 5 JI 50,58 bl


https://ijhe.tums.ac.ir/article-1-5432-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2025-04-11]

alls sy B8 (el 4 50 O3l glacu s sluss &S
Loopl ol AL ol Odlr clle &S S50 0o Js Ail
Iy LAl 55 Ol LS codr slasllr Ol 3 5t
Al Iy Sl 98 B> Ao s g 5 S dal g
o en L sdalive Ws; opl 50 asdllas pl 534S (VA) 5 8
SR o St (535 e Bl Sl
wlsl pyas sl (M N Gl e b s (Cds o o
Al sl e pl s Sl

Ol Sl b ol ol asls LS ¥ IS s oS Shailes
el 03 S 1y il 3l 5 Gl Oleily ol 53,8 3
S Sl pl 35 e el S ol 53 68 (6 s 4K
S kb SRl s Gl 0Ll s Rl L L e
s Satr Rl ol g 5l i slasss gl
S gl ledd Sl Ol 5y IS8 a5 LI
ol Pl sz 1 ¥ g/l s Jks p S sl 0g/L
L oS 1S s sl ul G || e aels] (.l;,_;l Sy
L b Oleily b ja &S sl pl s i S350 el 5o
GRS e S B g e e D3l S 1)
57m s Sglw slAad O35 5L 5 bl 15 S o iy
ool 31 sl el VT slad S0 g sl lis 3 ol
SBON) Wl dial ot L gL s L
Ll oo I3 cpl iy O3 590 131 L Gl Ol
RS SISl g Coln Sy 4
5307 Slacalu slaas cplply 5 Jshoss — S e
Iy l5sl o3l 55 (il 31 b eao VT Ll g I
L edaliie Lg, ol 50 Sldlas w345 5 S dal s
AFY YV YY)

Sl piapl s Sew ()2 (2
3l S s s G St (et sk 4
G g 5 S s Sz Ll 5l edd Sl o sz
Sl iy by e Jalgy oS As eslan ol (05 SY Jle)

L;m,uiww)ﬁaﬁrwguuﬁf_;ﬁ@usm

Y4y

w3l Jlaghygd Bl ) (o)

Sleslizal b G LS 5 0oy oy (S 05051 ol
(Wesls 035 Jbe 5 e s 4) Spearman _Sevcas O 505
L) Sl Sls gmn 0 /) e N o) 48 sls QLS
ooled o 53 a8 (goshilen 5 () ol Svan oo
Lkl loy s dS Ll b 55 a3 A S esls QLAY
35 6l OF adin e Js ol 03 S Ty (5l 59l 50 ol
e Ol siny ol & 5lite andllas 3 o oslisl O3 ¢ 5
min 5 Y0 v slaoles sl — Js oS L oder Ol
Al ool o )3 AT 5 OF/F YT 5 5 Sa ) Y
”nj%_,;qu = Sl L, YO min i de <5
3L ol Lol oS Ol bl 1l e
Olyany 2815 0oy ol 3l zaS la0le b 0T sl Gdls|
e oite plw S5 2 Obey &S | A eslaul a1
03 51 NS 8l by o5lail 5 2815 ol e 2o
Ll (V) 350 eslinal sl ol (6l g u3lie AL
Il 31253 ,8 oo plasil S e ad sl slalle 55 Sl
Locble piomen sosp i oodlr sl glasll sl
SIS Jyen s i bl ek VT (slad sSU 5 sl
(T A8 o 1y ialS 5s a sl 2S5 5Lel 5ol
b 5 e g OLay Sl g o Oleily 2alS
Slad s se s o odd o J 8,8 Al
oS Pl a3 5 Wl a3l 0as 5855 5 150 58
S5 pshe Gls 3l 5 des slaaY 4 T 348 )

() sl sl aais & Oy 5 5V
OLES Y ojled IS 3 a5 (g shailen cclale 3U 5,550 s
bl i b ad gl crdale 55 L el sl o3l
0L 3 50 5l ialS Wg,y andllas s el eslinul glacsdl-
33 ol ol e BLI) (Koo el 5 Loyl 3 30
Ayl chle (/848 Sen o) sls 0L | el
55 gl ade gl 5o 550 (55, Wl s Il
2l (30) el 50w J e 56 51 e o S
A dal gt O3l o B il el 45 Al e

3 Gl S Cel Wl e B 6 al 5 ol (V)

1PAE Jly /pgan 0 )loud /@iidisd 095 _/J g 9
J

Ol gl bazo Cublsgy pole ozl gy pole aoliliad


https://ijhe.tums.ac.ir/article-1-5432-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2025-04-11]

Ol)Ser g () s

S S 4o
4.:cMw)fLSLAJSAbliLg\f%ﬂzu.a¢ﬁ;o.)_dcw|
45 ls QLS o o St e A e ¥ /L
Colallze -LMS&C,.:.’.«S&_)J[S r}) A ;,<,:;'_;_3_‘,, 3 Lassls
S e o5 oSV Je ol OLES 55 ol 0 555
@W)dwwﬁubﬁﬁ:ﬁ}jwﬁﬁb‘ubw\f
S A G WAV IPVY il 5 4 5 el SOl
6[.&;))[})“;.;0‘)& Ja‘ydau,l\fl.qja.l_d O e

)j.\.uu_,w DMTJ)QTO‘)J‘V—%}M‘\}}.LM.’%A‘

‘53|.>JJ.§ K] )QIJ

b ol Slades b 5l i Jool e
Sl glabe 515,58 Bl SIS ) Olse
ool s 5 Jsd S S 2 Slesleul L
Lles o5 sal Jitocs 5 bt 55318 OS5 Lot
et (ilie Slads 5 Sy, o sle oKl "(CTAB)
Cole L aS el AYMNNOYAFY us LAYAY Jle s Ol
Sles Sles (iblig Sladst 5 Sy ke oSl L
Olonis BLEST 5 uand s iden S5, 51 sl 05l
23 e bl 13 Blw udige GBI Clr o oy
25 SOl Sl St 4

&Lw

1.Leili M, Moussavi G, Naddafi K. Removal of furfu-
ral from wastewater using combined catalytic 0zo-
nation process (COP) and cyclic biological reactor
(CBR) [dissertation]. Tehran: Tarbiat Modares Uni-
versity; 2012 (in Persian).

2. Sahu AK, Mall ID, Srivastava VC. Studies on the
adsorption offurfural from aqueous solution onto

Oll bamo Cuivlagy ale ozl s fy Lole swliliad

Y4y

Ol el S oo o (St Ll gy ) Sl 5 s
b oS Gl o cdr Sz (F 5)) Jslis) o
(R'=+/440F) s Mol i gy (sl o2 5 (R'=4/44Y0)
5320l 38 s am s ez Ll 51 o i
S sto b Il o S 5T s S wlie Sl iy
o33 a3 3l Aul b St 35 ol 0 e3lizal sl Mo
0 aalllan sl s &S (FY YA Vo) ol 03 S (55 IS

ol Slgseen T L
FA S A e DL O3S s Ay S s
Sty 5 dlsd 0 S S = Jsios ol S |
2 5 3l e el sl 4 (Sas sl 3N
595 ORIl L 0 s e 4 sl Dsls G- s sla0
ol VT o zes 3 slaco v sl VT clale L osls
e 5008 Iy G581 5 0 VT (glad 580 50 sltas Ly
o 5348 (FF TN) 553 e Gl Slaily Jiul53l sl

A o,lal O 4 i
5 ol slaesls 35 s odalia ¥ Jsidx 3 45 shailes
235V Je (st Slsen Sl bae sl e
sdd o S L Jls by ol g, R = AAVY L
gl el d Pl Sty ol sl R = /8490
SIS ¢ Sl o g Sl 03 o 3 Jke g
xvM)wa;;\L@Iﬁs@uﬁow&ﬂ@upsuﬁ
ooty T Bl (gl (FF 1)) et 2ol i sy 5 (YO
Asles b bl ssls Gl gsvan ol ol eslized Cilisis
R e e R i Sat
slacws b as us e VYAV mg/g 5\ 2V /YO mg/g Ll
s Ko lallan b alin s adal oty
KB S b 5 IS e o o ol Jsd LG
4 by e OSLe Js ks 0L I8 Bl sl I
s Sl e S 3550 3 JS sk 4 oS ) W8
Lo VT ol Ol et 5 0l o pams OF a5
o e S Sladllae 53 Al Of sdome esliul LB

2,858


https://ijhe.tums.ac.ir/article-1-5432-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2025-04-11]

low-cost bagasse fly ash. Chemical Engineering
Communications. 2007;195(3):316-35.

3. Wirtz RA, Dague RR. Anaerobic treatment of a
furfural-production wastewater. Waste Management.
1993;13(4):309-15.

4. Borghei SM, Hosseini SN. Comparison of furfural
degradation by different photooxidation methods.
Chemical Engineering Journal. 2008;139(3):482-88.

5. Philip W, Bruce A, Ann de P, Shayne G. Encyclope-
dia of Toxicology Continues its Comprehensive Sur-
vey of Toxicology. 2nd ed. USA: Academic Press;
2005.

6. Faramarzpour M, Vossoughi M, Borghei M. Photo-
catalytic degradation of furfural by titania nanopar-
ticles in a floating-bed photoreactor. Chemical Engi-
neering Journal. 2009;146(1):79-85.

7. Hoydonckx HE, Van Rhijn WM, Van Rhijn W, De
Vos DE, Jacobs PA. Furfural and Derivatives: Ull-
mann's Encyclopedia of Industrial Chemistry. 7th ed.
New Jersey: Wiley-VCH Verlag; 2011.

8. OSHA. Occupational Safety and Health Guideline
for Furfural Washington, DC: U.S. Department of
Labor, Occupational Safety and Health Adminis-
tration; 1994 [cited 19 Jun 2014]. Available from:
http://www.osha.gov/SLTC/healthguidelines/furfu-
ral/recognition.html#table.

9. Singh S, Srivastava VC, Mall ID. Fixed-bed study
for adsorptive removal of furfural by activated car-
bon. Colloids and Surfaces A: Physicochemical and
Engineering Aspects. 2009;332(1):50-56.

10. Sahu AK, Srivastava VC, Mall ID, Lataye DH.
Adsorption of furfural from aqueous solution onto
activated carbon: kinetic, equilibrium and thermo-
dynamic study. Separation Science and Technology.
2008;43(5):1239-59.

11. Boopathy R. Anaerobic biotransformation of fur-
fural to furfuryl alcohol by a methanogenic archae-
bacterium. International Biodeterioration & Biodeg-
radation. 2009;63(8):1070-72.

12. Belay N, Boopathy R, Voskuilen G. Anaerobic
transformation of furfural by Methanococcus deltae
(Delta) LH. Applied and Environmental Microbiol-
ogy. 1997;63(5):2092-94.

13. Leili M, Moussavi G, Naddafi K. The Removal
of furfural from wastewater using cyclic biological

Ya¥

w3l Jlaghygd Bl ) (o)

reactor. Journal of Guilan University of Medical Sci-
ences. 2014;22(88):51-59 (in Persian).

14. Senturk HB, Ozdes D, Gundogdu A, Duran C,
Soylak M. Removal of phenol from aqueous so-
lutions by adsorption onto organomodified Tire-
bolu bentonite: Equilibrium, kinetic and thermo-
dynamic study. Journal of Hazardous Materials.
2009;172(1):353-62.

15. Leili M, Mosavi SG, Nadafi K, Ghaffari M. The
investigation of single ozonation process, catalytic
ozonation process and single adsorption on activated
carbon efficienciesfor removal of furfural from aque-
ous solution. Journal of Sabzevar University of Med-
ical Sciences. 2013;20(1):51-61 (in Persian).

16. Leili M, Moussavi G, Nadafi K, Khosravi R. The
investigation and comparison of furfural removal
from wastewater using cyclic biological reactor
(CBR) and fusarium culmorum granules. Iranian
Journal of Health and Environment. 2013;6(2):133-
44 (in Persian).

17. Leili M, Moussavi G, Naddafi K. Degradation and
mineralization of furfural in aqueous solutions using
heterogeneous catalytic ozonation. Desalination and
Water Treatment. 2013;51(34-36):6789-97.

18. Al-Asheh S, Banat F, Abu-Aitah L. Adsorption
of phenol using different types ofactivated ben-
tonites. Separation and Purification Technology.
2003;33(1):1-10.

19. Cuevas M, Quero SM, Hodaifa G, Lopez AIM,
Sanchez S. Furfural removal from liquid effluents
by adsorption onto commercial activated carbon in
a batch heterogeneous reactor. Ecological Engineer-
ing. 2014;68(0):241-50.

20. Tong Z, Qingxiang Z, Hui H, Qin L, Yi Z, Min
Q. Kinetic study on the removal of toxic phenol and
chlorophenol from waste water by horseradish per-
oxidase. Chemosphere. 1998;37:1571-77.

21. Gupta V, Rastogi A. Equilibrium and kinetic mod-
elling of cadmium (IT) biosorption by nonliving algal
biomass Oedogonium sp. from aqueous phase. Jour-
nal of Hazardous Materials. 2008;153(1):759-66.

22. Bayramoglu G, Gursel I, Tunali Y, Arica MY.
Biosorption of phenol and 2-chlorophenol by
Funalia trogiiellets. Bioresource

2009;100(10):2685-91.

Technology.

1PAE Jly /pgan 0 )loud /@iidisd 095 _/J g 9
J

Ol gl bazo Cublsgy pole ozl gy pole aoliliad


https://ijhe.tums.ac.ir/article-1-5432-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2025-04-11]

Ol)Ser g () s

23. Febrianto J, Kosasih AN, Sunarso J, Ju Y-H, In-
draswati N, Ismadji S. Equilibrium and kinetic stud-
ies in adsorption of heavy metals using biosorbent:
A summary of recent studies. Journal of Hazardous
Materials. 2009;162(2):616-45.

24. Roig M, Pedraz M, Sanchez J, Huska J, Téth D.
Sorption isotherms and kinetics in the primary bio-
degradation of anionic surfactants by immobilized
bacteria:: II. Comamonas terrigena N3H. Journal of
Molecular Catalysis B: Enzymatic. 1998;4(5):271-
81.

25. Azizian S. Kinetic models of sorption: a theoretical
analysis. Journal of Colloid and Interface Science.
2004;276(1):47-52.

26.Zhu R, Wang T, Zhu J, Ge F, Yuan P, He H. Structur-
al and sorptive characteristics of the cetyltrimethyl-
ammonium and polyacrylamide modified bentonite.
Chemical Engineering Journal. 2010;160(1):220-25.

27. Bhattacharyya KG, Gupta SS. Adsorption of a few
heavy metals on natural and modified kaolinite and
montmorillonite: A review. Advances in Colloid and
Interface Science. 2008;140(2):114-31.

28. Jafarian Moghadam E, Malmasi S, Monavari
SM, Jozi SA. Survey of the environmental impact
of thepetrochemical industry of mahshahr econom-
icspecial zone using the analytic hierarchyprocess
method. Environmental Sciences. 2011:8(3):145-59
(in Persian).

29. Metcalf and Eddy. Wastewater Engineering: Treat-
ment and Reuse. 4th ed. New York: McGraw Hill;
2003.

30. Shen D, Fan J, Zhou W, Gao B, Yue Q, Kang
Q. Adsorption kinetics and isotherm of anionic
dyes onto organo-bentonite from single and mul-
tisolute systems. Journal of Hazardous Materials.
2009;172(1):99-107.

31. Anirudhan TS, Ramachandran M. Removal of
2,4,6-trichlorophenol from water and petroleum
refinery industry effluents by surfactant-modified
bentonite. Journal of Water Process Engineering.
2014;1(0):46-53.

32. Oladipo AA, Gazi M. Enhanced removal of crystal
violet by low cost alginate/acid activated bentonite
composite beads: Optimization and modelling using
non-linear regression technique. Journal of Water

Oll bamo Cuivlagy ale ozl s fy Lole swliliad

Y40

Process Engineering. 2014;2(0):43-52.

33. Zhang H, Tong Z, Wei T, Tang Y. Removal charac-
teristics of Zn (II) from aqueous solution by alkaline
Ca-bentonite. Desalination. 2011;276(1):103-108.

34. Leili M, Ramavandi B. The efficiency evaluationof
activated carbon prepared from date stones for re-
moval of methylene blue dye from aqueous solu-
tions. Journal of Sabzevar University of Medical
Sciences. 2014;21(3):502-13 (in Persian).

35. Rivera-Utrilla J, Méndez-Diaz J, Sanchez-Polo
M, Ferro-Garcia M, Bautista-Toledo I. Removal
of the surfactant sodium dodecylbenzenesulpho-
nate from water by simultaneous use of ozone and
powdered activated carbon: Comparison with sys-
tems based on O3 and O3/H202. Water Research.
2006;40(8):1717-25.


https://ijhe.tums.ac.ir/article-1-5432-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2025-04-11]

Iran. J. Health & Environ., 2015, Vol. 8, No. 3

The study of furfural removal from aqueous solutions using activated
carbon and bentonite modified with cetyltrimethylammonium
bromide (CTAB), a cationic surfactant

M. Leili"", Gh. Asgari!, A.A. Eskandari?, L. Borzoei?, B. Ramavandi’

! Ph.D; Assistant Professor, Department of Environmental Health Engineering, School of Public Health, Student Research Center, Hamadan University of
Medical Sciences, Hamadan, IRAN
2 Bachelor on Environmental Engineering; School of Public Health, Student Research Center, Hamadan University of Medical Sciences, Hamadan, IRAN
3 Ph.D; Assistant Professor, Department of Environmental Health Engineering, School of Public Health, Bushehr University of Medical Sciences, Bushehr,
IRAN

Received: 18 May 2015; Accepted: 16 August 2015

ABSTRACT

Background and Objectives: Furfural is one of the toxic chemical compounds used in many industries such
as petrochemical, food, paper products, pharmaceutical, etc., due to having some characteristics. Therefore,
furfural could be found at different concentrations in the effluent from these industries and can enter the
environment. Hence, the aim of this study was the assessment the efficiency of a low cost bentonite modified
with cationic surfactant in the removal of furfural from aqueous solution.

Material and Methods: In this experimental study, bentonite was purchased from one of the Mines of Zanjan
Province, Iran and then the efficiency of bentonite modified with the cationic surfactant CTAB (CTAB-Bent)
was assessed in the adsorption of furfural from aqueous solution. Activated carbon (AC) was also purchased
as commercial grade.

Results: Under optimum conditions, the removal efficiency of AC and CTAB-Bent was about 52 and 66%,
respectively. For both adsorbents used in this study, the increase of contact time and sorbent dosage resulted
in increasing the removal efficiency, but the removal efficiency was decreased with the increase of furfural
initial concentrations. Regarding pH, the removal efficiency was the highest in relative acidic and neutral
environment, (60 and 69% for AC and CTAB-Bent respectively). The kinetics studies revealed that the
highest correlation coefficients were obtained for the pseudo-second order rate kinetic model. Adsorption
data from both adsorbents was also fitted with Langmuir isotherm.

Conclusion: It was found that modified bentonite with CTAB as a natural adsorbent could have better

efficiencies compared with activated carbon in the furfural removal, although more contact times is needed.
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