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Phenol is known as a toxic and carcinogen compound in the environment. It also produces
unpleasant taste and odor in water reservoirs. In this study, the efficiencies of modified and conventional
rice husk ashes as low-cost adsorbents were compared regarding phenol removal from aqueous solu-
tions.
This study is an interventional laboratory research in which, at first carbonized
rice husk was prepared at a temperature of 450°C. Then, to improve rice husk ash adsorption capacity,
NH,CL was used for its modification. Then, the effects of physiochemical factors (pH, contact time, phe-
nol concentration and adsorbent dose) on phenol removal were studied.
[T Findings showed that the phenol removal by modified and conventional rice husk ash was 94.85%
and 52.8%, respectively. The adsorption process for both adsorbents followed Freundlich isotherm (R2>
0.99) and the pseudo-second order model (R2>0.99). Maximum adsorption capacity based on Langmuir
model for the modified and conventional husk rice ashes were 66.6 mg/g and 4.7 mg/g, respectively.

Keywords: [@TEERT Results indicated that efficiency of modified husk rice ash was more than that of the con-
Rice husk ash,Chem- i ventional type in phenol removal, causing less adsorbent consuming in the industrial treatment plants.
ical activation, Phe- :  Therefore, because of its availability and easy modification, it can be used in water and wastewater
nol, Adsorption © technology for phenol removal.

= -

* Corresponding Author:

Ahmad Alah Abadi, PhD

Address: Department of Environmental Health Engineering, School of Public Health, Sabzevar University of Medical Sciences, Sabzevar, Iran.
Tel: +98 (915) 1713424

E-mail: ahmad_health@yahoo.com

FoN




f ooyl . YY 0,98.1Y40 QLyTs,{.«

Ol : o (sUgkxe 3| Jid Bio 43 sz Mol g o 7051 (woaw pianS B 1)l5 duy o
Syolisdge i g (509 932] 9 S
syl plyaed & gdoma ;53 8k ogal T B0y e deo] T goblall sest® MaLISS L3, pnj

Slage 00SCisls ¢ Japoes &
L&Qa oAl ¢ Ja...';u

Cublag gudign 09, (20
L\Q,ﬂ ‘SNW 05; s)l.).)L....J =Y

‘f‘i)"ﬁd‘)‘jrmdu)ésud‘%uuu\”éﬁd}l ‘091:0&..4‘0‘
ulj;ls)ljf....ujljj......‘S»Ln)owlwuuwju&uf f’lcoli..u‘os

u‘x‘ 6)‘5)—:.40 9‘5).?» G:L‘e)o L&@ ulnbj L;i“’)i ‘n9l= olKssls ceu |-.\.QJ PR AR s.la.ou |-.\.Q) (WY 05; d.qm—f
|)J‘ ‘JA.mlS ssn){.m‘ é‘ 10&“‘0 ‘).a.mls ‘.\7-‘5 Ja...?m L\.Q.a LS‘“W 05; ‘&s'j‘_f
Ol eyl eyl (S 3 pale olSils ccublags ouSitils daure Cuiilagy cwidiges 09,3 53SS (gemidila—0

g 0SS ey

Oyl eB o8 (S pale olKidls e Cudilags (gudige 09,8 wid ) il IS¢

.a E B WAB gy ) 1Y sl o g
2 8985 ol 3lee o wiligSls pabs g g1 bzl carge gl 0ds TSl Cunyy Jauze 1 lls s g gows S 5 Sy Jid [EETY
3oy il Jslore 5| Jid B o CeasBefi f il yis 4 etipdleol g oadipdlol g (g S IS dunglio 4y aslllas ol
Sl 00

995 (uS1) 031595 o,F ilos ar 0 ¥+ (5Lod 10 75552 g Wit sl e g 2o sl aalllas 2ngs, ool EEPTPRPE
9 (bl 33 o b 4yl Cale o pulad o PH) o yricie 5l 4y s s 00lias] NH, C 5l g 1S iz b 05040 612
sl b i

mo..huc)l.obouc)l.d@fww)unﬂbhuy J..sa&ulj...aoloulw@b

QD 015,50 ¥ 1ty 2 5

Gdz anl8.08 8o 0 OY/A o AYAT o3

» s> u..sl.lo ,.S‘& A.S‘Sa e (R2> +149) Py Az)yd (_A,S:-“‘-:-‘“ J&aj R2> 134 cés l.a &JAA”S ‘a]a”.s‘ Ju\a )| uob 90 y» :ub}\" A ls
Al ol> mMglg FIY outigdlel g MEIg #PIF oudizdlal (slys 13505V Jike slise . .

. ) a3} u.;},..ull.mfl?
Q,JAQAS%‘Q‘_gM@‘)K&SJ»)éoMc){@‘4.3&.,..-4’o&c}l-o‘giﬁwww@blfébomﬂbabm o8 oS Sf’)"'j}"
Caio 3 liise |y il il ol ol (ol 5 g (g 993yt M 4 4255 L 058 g0 Bl Bpan 28 G 55 QLIS oo ol
Dy )lng J..S C.vl.gf » Bi> &5‘ Iy u)l-objui f’?ﬂ"}‘J

s 5 g0nl 31 LF] ol i po 05,80 10 Giaalt] dodds

[o07] codtoass Gl ocaslsl slaoass¥T

s 55 53 )5 Sl 10 290 e Ly Jid a4y ST Sl

Jidoaras cdale [V] 098 o oy 10 ggudacli (592 9w olow]
eidghaie [A] cudl 2t 0 0,8 Lo VYo B FIY 95 50
(3] bl b gl el o sl Jybone 5 Jib B ot
a8 boul 51 L0 WV VY] il [V o] plonds cygunlannST
599 Anhual slaasyld b Jid gel> slacdlold arhua

1. Priority pollutants

lag,| cdale a5 o)ls  595LeS (slroas¥T mlio LS
2 o LS 5 g Jud oy ¥l yles y0 [V ] sl gl

oofj)yqafwlomwu‘ledwaw)
Al o6 luanSCinY i (glaolSig Yl ¢ gondig yiy Cario 4o

LS 5 g i3 LY ] 09 o oolid Soudly 9 B2 (S
Sloso 5 o9 soms 05 Seioloet Grdgaias S 4 o
WS ol gol; EHSde Wigige DaYsb (Su3slsS]
3 ol slaclay adss gl sxe cldile pslas Y]
Sl o 5 52l o pS ke V5l S (e glac o

Ceblage (g 05,5 o

-
i gPano o gi
oLl sos! i5's

Cethige 00Kl ¢l (Sloys (18lage Sloas- 5 (S, pole olR23S g 1 LS

FAA (D) WIPEYF 10als
ahmad_health@yahoo.com : ;S.ig yaSd oy




h 87 s dlony
B e

F ooslods . YV 0590 . 1¥A0 LT 9 peo

(@ 2 oo J50) 335l 9 (wyiasd 50 g 5l Jlad 03,8 0o
.05.:.: oolaul 6)3'&3...45 wl.:.ﬁ.o 3 O‘}o Cx‘ )‘ G 05.:4 fl?u‘

W g, 9 dlge

Cnle 455 o8 ol 53,5 53 3 3] 2l aallas

488 plovl gl Laulpd o 5 (ABaLe3T el o (o
S5 Sl NH,Cl aallins el 5 oaoslici slgo
KXW PN VR PUSRIN(\ETo] ) KWIK ZSRWPRRWPY (; o)
Nyarl) Jolows b latigas PH i3 4005 g, oSl
b (ywars (HACH-HQ-USA) jzapH L 5 oalas HCl s NaOH
08 odld olid ¥ oojleds Jaaz g0 ool Jid Slasuive
UV- (6 g 2Spms 5 o8bial b Jloxa 15 oo 3l 26 s
Gy 4 yiegili B+ - zga Jsbo  (CECIL CE7400) Jua Vis

Ive] a6 o slail ae & Jastiwd QS j ouniiadl |

T (g i Cudyb ¢ slwdings

Sl 4 paiz Qi 5y, Glagallsl Bi>

Vod sloo by ye8 o ceelo YT Cooe 4y g gl Hhads
oolizanl by (yapans 09l S U o o0l 1,8 ol F sl 4 jo
el 90 e 4y 0l )5 il 4> )0 FO« (gloo jo JLBlooyeS
Tt g S gl uasS ln 9 A oS S 4
FuuST ) gl lal oS 5,k sy o oolaiwl NH,CI
YO+ )l K4 58 Byre 0o 30 (59 Comad L g5 2 g

o bl Jlaie Of jd e Ve o gl (5 Lo

Voo Cepulpenl il 9 St dy grmilnsgan (g

Vod slos Ly j58 yo (i SLas (gl g 0d 035 o 488 3 )99
BRI WRPTLIX DR FRWOUWIPR gy S K Jb- K g+ S0
58 sl 1,3 8,8 il d o A v sles LS s 058
0d2Saily  gliosds B yae) by suallsli Bi> jgliiady day al> 1o
5o Toame 5 o ools sitgcnts ke ST s iz (il
S Calgdyd ol Sas ol F il a0 Vo0 sleo Ly 498
4>, o slos S odBo g ; ) od&.?c)‘uo‘ 9 od&c}l@‘

IvT o abesT T Joloes 3l i3 i (gl (81,8 ilos
wialejl (i)

Soy A ) iy sosls dalllas ol o sndeslical b

5 S 5 0.8 S 59,5 o b St Jsloe 2l
ttbosT (sl (5Li3 (sl Jglos (g ks 0l jla ago
Sladlae o 4l S gl Jolore 38,5 b (xlaw i
T Lol 30 00573l it g FnSE 59 S8 i
IV o]+ 0) Gl 53 e gy dalllas )l 0 )T el

2. Batch condition

Muias il il o (Senpmé b S Jole
Condl (6950 o] £gus YT g DS 5 0ol Bl (g ad ity
Ji8 B3> slas paly 8,15 saiiSsgamme else aloz) [V Y]
Oty (23 Vb o oo 5l SMStee & (o5 00 LS 5 5

LN ] 0,5 o)Ll comw il Y guaro oy

6238 e atliond 5 (S5 Slaial)d (s o3 Sl Sl
i V] el 18 5 )15 4z g5 90 (glod 28 joboay i
S lachey 40a5 gl 658 5 el (S5 (o
Bi> (slp Jd o, aAbiwgas wdz Y] cl sao
4 3t Jed 5l olilie o ol qruslio aiyl 3 ST slooasy
Coplia 1 S50 31,3 ) Cepun (1O +1Y0) (e b
YU (6 pdySllasil o gouw Y gazn (4, S504)55 ol i 4 05
308 (5 I 51054 9 >y 40

ool ol il (alrand 9 (a3 (B9, 99 4 Jlsd (S
Pl olge lail (S50 By )3 S9d 0 4t pl (55,9L2S Sl
Jud )5 aeShes bl ol b e 9 05 5 &
tleord Ol by ol OOl ) olands by, 50 g oo
.05..5‘5@ oals Lo; 6}“‘““"‘3‘ .la.;‘]& CoU g § 43.79..01
)10 5L (5 2eS (sled gl (b iy Sl (alrerd o)
00le Cn g £98 ay Joelo slomy] wilesls (yLias (ool 5 cilalllas
S5 e [VF VO] 8 )ls Sy 008 g Lod ¢ aloasd
Cuwgy 530; Cowgy sJ.sf)L? Cwwgs 392 ;\3‘) o‘j.n as wilools
RS 6“).3 LS"‘“’L"‘ u.:bl?- OGPy yO g wl.; k:AMﬁ J.:Jo
T s #3818 0815 0lge (s g g0 Lo 43 boay Y
sl Lo 435 Wl oo Ol 50 ol (g ytws S 4
Bl j0 o 05 a5 (gligS 4y bl ol (slaasyl b (sl
Y] s g Dyl ST 5 VAl 951, 6155, sV
Ll 0 LS ‘5:1 sl Jslows
Iy @y g sS85 laallae o (Y1) gbo)S
ol i aslllas gl 0,5 cwyp 8 GloS 5 Bis> o
adlllae ol [VV] cl )5 10 0,5 e FIV Ll cud)bo
JUd ()5 ol ool b (B8 B (59, (593 45 (5500
S9y SemST )3 5l b oulizdsl g szt <o o 5l oadiangys
9 kol gy oiangd ,S Cad )b aBd o L ol ploxl
o5 2 S iske OFNE 5 AVIV e 5 & ool (508
ol 5t ootz tals’ cel Giz b cud )b Jo LYY] ol
(st pas g i (Vb gblie Jdo 4y g )0l ) el 0as
SloygdS 5o Jud ()8 oy ol iyl SiIeSS @
oSl bl hal3i gl Aalno Cal 555, dnuagi o0




f ooyl . YY 0,98.1Y40 QLyTs,{.«

Soliadge 3 9 (0059521 g Seipms lalllao 1 o (5o Jgloxe 51 Jid Do 3 2auSp Mol g o6 7551 pigaas yiunS1E- (a5 dunillo

WJoles alasd o Cdz cud b (Mg/g) g, doles ol o
b b (mg/l) (Jolss abid o ks cdlale C (Mmg/g)
O e el ol byl 2510 (MB/R) 15055
g Cews 4C, Wi 3 €./, o (9o S5 Jog03 510 5
R) ilshiz 58 2505 p5ghl oo sl yeie 51 (S
oatetio Ty Laosi VT giluliz (gl il bl a5 o
] oo Cewd &y & dlislae 5l 5055 s

\ £ doles

\+bC0

R -

L=

HE Gyme oie 4 R e ool Jid adyl clile C
Gy e <R <Y Ggllas i (gly a5 ol iz (5l olazel
iz @ly g R=Y (hs Gl gl I<R gllacl i
2 @i, p gl (2,75 dolae Sl Ri=e S py By
ool uio.bl.: 9 6‘4:’.5!“’“‘? u& ‘_SL'\.:\.A » ﬁ}oi.’y JAA >
olae Sy90 4 o oz alaly ool il (55 igdindar
gy g0 dligi ¥

Y aolaso

Ing =Ink +\/n+InC,

Ol amld N axiis glaigd culin g ko Y doles o
MBIG oy il e b b K, g i anyl ) congllas
Chacd wdor 0oy Lts V>N polie Joe oyl jo .ol MG/
gllas g bawgio e Silo i) BY gV B polie g
e 5l 2 5 o Byl Sl o5 42 K 91 s ol o
IY#] 09 oo craans INC_ Jilis 0 InQ a5 loges

Lasil
powigall I8 536

2 T ooy S (895 pasisal Wl b jglated,

59 S b ) oS leo O Clal2 by Jglowa 5l J2 i
Pl )5 10 o3z 35 5 gl PH ¢ pliosd Slge 00,00
o.\.&.ic)l.o‘ Tor oogw Sl ols las bl ol solasl
s oabpdlol 1S by dulia 1o BV/+3) a5 LliS
Vooyleds pgal ulils YNAY b Bis (5 pguigel IS
200 O 1 porigal WIS 39 Coms Galil b om0 Lt
Syl ol ST 55e Camnd 3o 00 3l 9 alidl SIS

Jid Bl 3,515y pH g (wlod (yloj 35

P.Iaug&'d»&blfdf&m‘w‘ﬁk.gv O)Lo.:ia Ry
S5ty «ul ity (bl 4 S (gl PH 0 3l g0
\.A:u:d‘le’a‘Js pH 30 09 pH=b ) u»g.ssjléw]:&.gdf

488 o> gy poleS oy (Rl B0 0541V 5 41O
el (MY BY)pH (Ver g Ar e Fe ¥ Ve DY)
B 5¥e ) les s (2 o p)S dea ¥er BO4) oYl
sl e plad j000s S5 (glo poicie (glutinge sokaiods 0
8025 5 )50 Jelge (LBMSICL  eie 12 3G
slis LS jglaredy o plonil Lo ules) Slais 90 Jalge
ol 5| Gtalesl sladiges calod o bl g osigiisdz ool

A oolaiwl 4iBs o 4e0 Vo v by ,gileSTl SOl

Jé e S

ooliuleg dx yodus g Jol d yoad alox | calizes slo Jos
O Voo ) dolee Gjge 4y (St sloalolae il 0l

DVF] o9
) aolee
In(q_-q)=Inq -k t
Y dobeo
oyt
9 kg, 9

Syl 0 s Qi Sy slaculi K gk dolae oyl o
IYE] ol Jolas el o i byl g gt oy o i
o Sy daslons gl Glalojl o o 0l 5 S 9y
9 (0,,(M8/8)) 3> 35 uxly sl 4 oud e Jid Jada y
b oolail ¥ aolas o ¥ dlolas 3| Jid Bds 1S

Y aolss
R= (CO_Ct)
CO
¥ doles
_(GC)v
<M
JB e 0593

Sy 5 SYSy G sl p 290K p g5l Jow
69y Tokw plod LSy (65,1 b oaisdinde cole ((Sen)
IYO] il & olas & y90 4y )] Jas 52 45" ool O3>

\ C B doles

—_ - e

quax quGX

CE
q.




h 87 s dlony
B e

F ooslods . YV 0590 . 1¥A0 LT 9 peo

—k—oo gl Sl
——.u s ol sl

>

mg/gr o> cud s

—

mrymnEcn
4 Sizte s BES

(o..\.ﬁc){.o‘) fal&,‘l....ﬂ& .‘a...:’S‘ J...‘B Bi> ol.m.\i‘)ﬁ pH Qbﬂ.ﬁ ﬁjb‘ Y ypoai
( ~/Tg/L il )3 @t Bo oF (uled Loy e Omg/L Ji8 4l Qmé)aﬁ:b‘ 9

by Bi> e oloy ol jo 45wl bkl aids £
Qo3P VAY g VA s 5 4y ozl g otz dlal Sl
£3Y 59 om0 a5 sl oyl 1 30 Bix ()30 ladio 3 (sl 09y
(srae 35 ply (ea2igdlo) s gy ugems S2uSL sl

Sg oﬁcﬁo‘ﬂl&

oodla il 530 i

Ol @3l Jlade Rl L and oo LA T olals g
alay 8l 55 byl pan g el atily Sl i
Bl e Sl oal ogei o a5 sblen sl WS
oddgdlol gy g S Lawgs Jid i codibs
Cody b aS” 6 yaboay ccanl piin catip Mol ST 4y cod
Y 3 8 Bis el plp ez b aw Luyws Gis
S gl g ao 0PVAY saipdel SIS (Gl o5
RUWRWIR JA /A PR AT W

Ol Bl sy
—— e e i
Voo oo el Sl e ool .

. [ NP DN SN PRCHEN —‘L
. o .}
2" Y%
3 s %
4 @ \a}
b N j
° Yo 3
3 - Y
" o “2‘_
AR} kS
. S
T a
s N AT oY TS
e i e
ey Een
185 S Ll

9o S Laags 18 B o0 5 Syl 3 il 35 5 F g
oley spH= 8 B-ME/L s adgl clile) saipdlal 5 (satigdlol) pls
(488> Fv UALAS'

Yoo
s

a2, A . ~.

s Y N\,

A ’

I N

3
. v f 5 A

SIS 4y pauigel walIS 39 S

rynmer

[t i oAy

B g ST il Jlab g poigal WLIS iy S 3l N gl
b i g

Sl 4zl golS Cae s 4y 03> 8L
Bl 35,15 1 oo S plod (3o 3l

9 2 Gl el Gloy Slts Sl ¥ o)leds pgas
AR 0 ol @b& L od..i’...?c)ho‘ 9 odﬁac){..o‘ o3>
G Olalesl sland 0 OBl 98 58 (59; Ji i anl)p
oSl gy g FuSE Lawgl Qi S p Lol 039
Iy 59 as 6‘435?4.3 OS¢ oA..f.SC)Lo| J.‘Z...Sb )’l i &
0oy FIBY oatiphcl il dasgs Bl lsme ol ddido
B lrae (wled (yloj dalol by .0gs AVY sulizdlsl idl> 4
bwgi Bis e cclos Jlgz 10 a5 (5 ebody il il
il slyy Joles Lo el gy Jolad & oDl ol
KW FOWRPTIPYR-NR BRPRR2 O W

Cgls ad 8o Fo 3l oy il g0 2 Jawes |18 Bd> 5
Stlesl dalol gl digy cyloj.calas Jolas slagylo; b Slaza
AL —h—o i Ml Sl

—.— o sl
4 —

A

Yo U
~r———-r-r-r--r--r-r-rrrrrrererererTerT—
. ¥ 4 q 1Y AL-DEAV T AR 4 Yy« ¥ Anz
d.ﬁ.:jow).gww ol
At aloal>af
18 Seiiute LoalCiS

B g S b J5 Bl pleady g e Gloj 3l X g
o3l 55 PH=0 BdeME/L b adyl cdalé) (sl a5 g ool

(i oo 00 )3 0,5 ¢ /Y 0alipdal iS5 503 +/F oo puSls




f ooyl . YY 0,98.1Y40 QLyTs,{.«

Soliadge 3 9 (0059521 g Seipms lalllao 1 o (5o Jgloxe 51 Jid Do 3 2auSp Mol g o6 7551 pigaas yiunS1E- (a5 dunillo

pl g 0,8 +/Y ool Sl Ll 55« pH=b b+ mg/gr Jus clalé) bul,s 10 Gdl g8 1o 3l (Sestew sla oo ) saslcwss 4 ol puiia ) Joguor

():.:J‘;...‘.a 8¢ Joloxo e sf:; -/ (od..f.jc}l.a‘)

095 48 yddasd St Joko Jol aa dans Suliaw Jso
R K, 9 R K, 9. oSl g9
NELK NAYN Y\ NAYN N8 DAY oddz sl ;S
</33a8 o[+YA ¥/vs «/ayFa ofoey % satipM) S
i ALY
o0 t)l..al S I T
w . T e
sl | >
- [ | ..\_....lt)l.a ey E l_QJ‘ .;.;_i..:c)l..a'-).?_..ﬂ:iv
Yoo ¥
y =9821x + 0.6483 7
o R? = 0.9999 YA y =-0.0012x+2.7136
B * R2=0.9249
g =
=
v y =0.0637x+0.2195 2 \
R2=10.9995 = . —
g . AILD) Y
o = -\
: y =-0.0344x+ 1.5806
| - R2=0.9688
Y. . Fu A Yoo yY. -y ]
t (min) t (min)
BT

(oatigdlol) pl- ST g parigal wlylS s oabp Sl gy g STy Jib B (5 1y pgo o joand - Jgl o joard ~ill & prguad

2y S oSl by J8 Cdxr glp (95 (S
S sl ko Ly Lnodls 3lekail 4y ogy o 0 oL

i pg5i93]

9 gddg,d 9 pgeSY Jola p3gnl 4y bgspe sl loges
o)los pgad o (Jolai lacul 4y bgspe culpd (pizeen
4o GLbﬁ.iﬁ.o )" ‘;.). PO PR d.‘tb‘ Y O)Lo.(:: Jya 9 &

Ol Siw

r ity

Jol 458 (S sl Joe 9 S8 i (St slo yaacio

9 poeigal WS L oadedlol gy ugeas yuSB- (55, p90 9
Gaxg b Lol 60 00ld ul...’L.t Vooyleds Jgu g0 od...’?.Jc)La‘
(St oo 99 1 (6 (Ko cpl b dia 10 gz ks
a3 Joo 5l D3l 99 b Jawgs i iy o) ol ol 0
Jol az et St Jow (R+/339) 0iS o 59yms pyd

Sl )’3 «pH=0 .- mg/I S cdale) Iyl b 30 ooz Mol 5 (eaitizdlol) pls ¢ S Uy id Bdz 3,50 48 geduig By 13900Y Qi (sl pusia .Y Jguor
(rolS 4z )0 YYY Joloro sled gy oo O+ J,l;up.?psp)f -If cd;ﬁc)Lo‘,f; RARXC-T o Mt

505 Je @igyd Jao
R? R b(mg/l)  Q(mg/g) R? Q (mg/g) 1/n k. oAl go
AN Iy +[+¥) VAT +[A3A wiy Nird Aa7As szl S
JRAYY Y ¥ s5I5 ALY Y/ oI¥D /A 28! S

mrymnEcn
4 Sizte s BES




h 87 s dlony
B e

F ooslods . YV 0590 . 1¥A0 LT 9 peo

oo @0 o3l sl
| J-.'-ﬂg-'*'l' W ool p3al Gtls
A
o3 - ¥=00541x +1.2996
- E B2=048733
S ¢
i 0.1032x + 0013y =
v 0o937T==FR
L |
N O Jun i
Ince
[ S loai

=

_ o v=102807x +28388
Talig 8 R: = 0.0935

0.8866x + 03861y =
09987=R

In qe

Tt g JiuS1B g poaigal LIS L ool iy pigeas S bansgs o (sl Joloo 51 Jib Bl gradaig B g j290S3Y ider (glap ol £ g

S el g g0 camilio 92 51 s pomigal WIS s
Somb scaus o cadolml slro o> ((KowuSanjl)
&S Wlogos Sl Q3> jo Gloji> Koo ojledy 09 oo

S gy o] 5 canYT

FuSE Loy b3 Bi> (gq, SloyS a5 (glaslllas o
Cudyls 2Slax ol plondl (698 Joe 09) @in ugew
by Jd Qi eyl wSle ey cnl 0 Sl
Ja.u53' UA> G:/-A“S)b ) ??/? mg/g omc)ld @)J OV
Slalllas b 45wl oo 4 VIF Mg/g suzipMlol yusls
DY G Ja.u53' CA.:BJ.IG &J)B‘ 9) U‘l‘ )‘ .Q)LB ‘ssbm om‘ﬁlbu‘
Al Yl (slos 53 S5 )0 S7ge pgeigal Joniil Lawss g
S 005l y2uST5 (Vb cod s Juds 4y ol i [YAD
Sl 31y Gl mlaw C8,F Al g se ool 4
ol a8l 201380 pgusgal

Ogelyiy 4250 a5k il (daw b leiias Joloes PH
SlaglSe ;5 (ile slaog,F SS9 Joloro )3 39750 Slge
M8 8l o 5 1) glome cand cizeon 9 ble Jlab
abais ol lad bagialel 5l Jol> mbs Y] ans o
15 BIF 0 g S (sl PH, | 3 :5ls
g5 4y yomie g 0 digigy Ol peaws PH, 3l il PH
e Sl e S Ay 50 3 3o el
Oty el (hnpd g J28 1505 09 g0 Ji8 yiden i
Syl pH 4y gugads  Sly Joloes 4o oyl 4y 520

SernS 92,5 slogyg b o3l mhaw ol slapH o
2 PK=YVA8 i goul Ll ) azgi b g 09 o0 abolo]

Pl (Ul a5 Cad R) (g3liizr o pd 25053 5930
Jol> slosls S o ateieo |, ooy Silwlaz (gl
@ ooy Sl R &5l (15 (Sl 529050 3530
Ol e SO B ja0 00gasre yo ouutizdlsl g oadizdlal

Ivol o)l 1,3 Ggllas sdgasee 1 Wil (s3lulas cy po

P i cud b gl sas e i ¥ oojled Jous
T ooy yuS B (gl Condl VST iz 4 53905Y Joto
» f’)fLSLS"’ OVYA o PPIR ol o&ﬁcﬁwl 9 ed..f.ncBLo‘
s ST iy S s o s ladidly il o,
g oS b dliio 15 pguigel WIS oadpdlol gy
o Sb Lysl el Ap V3 Gt ezl iy
Jib iz wad e olad Joe 5 0 ) eselessy g
Joe 3l pasigel IS b oniidlol @i (ges S Lansgs
b it Bl (gam)F) upd WS (o0 CansS i b
o oMy ol g R™>4/339) oo Ll 5 ol (slaesls
T g S5 O3 (59 8 slasSIge i 45 o
Gl 4V iz g K02l oddans Qi & g0 43 00 dal

&

[Nt 7]

-

A sl Jlss & ool ) Sy ) oo s

Ji B )5 bl cars pgaigel WIS g uges
hl il 3] o 0o 00 b paadigel aul IS Cons sl 00l
o )3 S9dge (S (AL o w030 5l i
ol Wlgi o yal ol e o 00 iy B> 50 4l
2 (NH,CD) poigal 0,5 iS5 50 29290 posigel 457 a2l
9 g0 il gelans 50 SIS Sl s 9 ymiie Yo sleo
39 IYAD ol oad Gl SIS il el el ol




f ooyl . YY 0,98.1Y40 oLyTs,{,«

Soliadge 3 9 (0059521 g Seipms lalllao 1 o (5o Jgloxe 51 Jid Do 3 2auSp Mol g o6 7551 pigaas yiunS1E- (a5 dunillo

Gl Lialdl b ols las ba Judod .l oapuwy Jolss 4y p )
ol a8l galS Gl g2 oy 40 edigdids b Jlade
Dl 35 Rl ) 5 5 oo B0 CALE 1o a5 5y
axly o @iz codyb il e B0 g0 0,5 /Y 4y +/+0
Jole 09 clalllas oyl jo .ol 0uds Al 58 o Glalllas
Gl cud )b gals s JIB glaSe o snigdicods

Lysorvl cadoass )55

Brorges S 59yl y e Setps lalllas o
Sgus 45 0 (adeiin 9 Sl pgaigal WIS L sl
poo 4z acd dlolas sl oadavs JLd (n)S 59, J8 i
ax 0 RY ade aas oo litd ) o)lads Jsoz W3S o0 (595w
T2 o ol Sl i Q3 58 50 Jldz po 4y S pgo
o 1o B 6la G plod aSly i Q3> 43 0900
Lve ] cadond Jladl b lawgs il

A5 a5 ol Jlsral a0 ol g Aolee ol pioven
oS 05l oliand i Canl (ySan STy s 00 el
Loy 28U Jobs b (oaldS ST bay 3 )b 51, (ouiWly (95
e g wlacl [YA] 415 o o8 )0 Laosigdiia g ol oy
2 S5 Congy 3 odelcssas ()8 5,1, J-f’ RRE
45 03s,5 cdaline 095 (Satiw gl gy y0 gyl i S
dzydads (Soiies dloles 3 LS00 Congy (59, S8 @i
8 s 0808 el oo (glo 2iSTy 9 035 00 59y 90

Ira] s sty

ZJg )8 9 525055Y  Joles sla Jaw oRY  Sron ypo
Ui‘ A.'\..’\S‘sa S92 @JA’})B aJoleo )‘ omc&o‘ CJ).; VG
Ul 3l obaw 59y Az (v Qi 5 a8 £,
pronl 99 3l ealdlal gy ugew FuSL il o
L oFesl g (Kap ©jp0 4y oalipdlol il (55, i
Ja..»,S o)j:- ol:qJ J.lcl> 4 .b|93‘5,o FLE QYASQ 9 QY&SK
IY0] 550 00 3l alaw ol crge 45 sl Sligal
5500 Sladllae 4 o addllae opl jo i oyl ol
S (Vb colue S 4 wilg oo el Jalp o [¥-]
[Yc\] s.\..fslg FLIW PR ol:q“ ‘99:\.:3.91 Ja...:j.? as T2 oG

T g eSS Ol i aalllae ol 5l ol gl

T e S & S posigal LIS L oadizdlal
aS5yebas s oY SIS S Bis o eatipdlal

TR g S Codil 5l iy plp VY Qi cod b

Ghalydl a5 il (oo (Sl 2SIl adler Lasly
9 g0 (g L Jolw (5 5)L0 (Ll slapH o (Jg el oo
Juls 45wy oo ol il mhaw i g JLail glalSe
O Sl g il mhans o ite 5L 4y gy e Wilgii o0 ]

Al ol glagiSe sl S8 sloJsSge L OHT (slacyy:

Pl b o e SSU L pH 51 YL pH

g a8l ial38l i (slayb olaws PH L2al33 b g Conl o
(Seiliusly 2SI adler K =20 Jib il cplo 4 a2 g5
ORelS i el g asdly GhalS Ol gelaw g 0a YT
03,5 135 stibine s 35 ™YIgIol JlogSToums [¥Y] 0l oo
1) 3l aaws ;3 PH 281l i 20l 530 55 g e
L7 0] Casl 00l Cand 3l rbans (Ko 551 b g pH bl )l

Bd> (sl Jol 4d30 O ules e p0 3> 99 2 S
Oy lale ol 5 gl woda (sl lSe ol olaas Lo 4y ¢ Jud
o w23l o (59, OT Sadie g Jolme 40 oslicsds sole
]’Z..JL& C.la.m UAD- LSLDQK" | 0342 )3..5‘..3.: LbuLo) )i.:‘é L
i laglSe plp Gaiz wlgioe cadipdlol g8y g
Oyan 3o |).3J bl o&ﬁc&o‘ TR O JromES C“"‘"
Sg1 oozl Lil> caai sadizdlol Ll (gl

0ddz sl S lawg Bi> duo o Jol aids b ol 4o
o oy CuddS by Bis> f5ae Lol w09y catizdal 3l
S d9zg Cale 4y cpl 45 C8 )T 095 4y oy g edle s
P ed glaglSe pabeS g il whaw 9, J 4
oo Jd! floj culidS b yuizzed Canlaidl> mlaw
Ji8 sl JsSge (ym |5 el JSCiio oile 8L & oehaw
Jolore 3B 50 &5 2o JeSge 5 @il mhaw (55, oddida
98 o &l Jolss oy [VF] 0ol oo 0929 4 andls 05l )3
FuS1 Brae ;3 Ll g aids £o tagh cnl 0 il
T gt S 3l 33 5l 99 0t Sleol gy (gt
c.la.a coluw él.?v.)“ J.‘:JQ a4 A.tbl"sn O,g‘ FLEm| odﬁ:c}L&‘
il paaisal baungs il SV

Slallle gl b oder p (uled oy 36 palo (gl 5
O Sen o 73l [YF] o 1Kan 0 ¥ ] o 1Kan o FsY
Glaoles o wdls 55 3G s s cdllas [Ya] oslpds o [¥-]
o pawd BB gl S 0525 Juo 4wl oo (L Calisee

eh 55 SRl b YL 53 polie jo iy pdaw g yide
1Y O3l 53 58 Gialidl liae ! 45 ol 4ty )58l B3

3. Siva Kumar Nadavala
4. Lie

5.Qu
6. Dash




h 87 s dlony
B e

F ooslods . YV 0590 . 1¥A0 LT 9 peo

References

[1] Ipek I, Kabay N, Yiiksel M, Yiiksel U. Application of adsorption-
ultrafiltration hybrid method for removal of phenol from water
by hypercrosslinked polymer adsorbents. Desalination. 2012;
306:24-28. doi: 10.1016/j.desal.2012.08.033

[2] Senturka H, Ozdesa D, Gundogdua A. Removal of phenol from
aqueous solutions by adsorption onto organ modified Tirebol-
ubentonite: Equilibrium, kinetic and thermodynamic study. Jour-
nal of Hazardous Materials. 2009; 172(1):353-362. doi: 10.1016/j.
jhazmat.2009.07.019

[3] Bayramoglu G, Gursel I, Tunali Y, Yiiksel U. Biosorption of
phenol and 2-chlorophenol by Funaliatrogii pellets. Journal of
Bioresource Technology. 2009; 100(1):2685-691. doi: 10.1016/j.
biortech.2008.12.042

[4] Institute of Standards and Industrial Research of Iran. [Water-
Packaged (bottled) drinking waters-specifications (Persian)].
Tehran: Institute of Standards and Industrial Research of Iran.
Available from: http:/ /vch.iums.ac.ir/ uploads/6694.pdf

[5] Pan B, Pan B, Zhang W, Zhang Q, Zhang Q, Zheng S. Adsorp-
tive removal of phenol from aqueous phase by using a porous
acrylic ester polymer. Journal of Hazardous Materials. 2008;
157(2-3):293-99. doi: 10.1016/jjhazmat.2007.12.102

[6] Nadavala SK, Swayampakula K, Veere M, Abburi K. Bio sorp-
tion of phenol and o-chlorophenol from aqueous solutions on to
chitosan-calcium alginate blended beads. Journal of Hazardous
Materials. 2009; 162(1):482-89. doi: 10.1016/jjhazmat.2008.05.070

[7] Tan I, Ahmad AL, Hameed BH. Adsorption of basic dye on
high-surface-area activated carbon prepared from coconut husk:
Equilibrium, kinetic and thermodynamic studies. Journal of
Hazardous Materials. 2008; 154(1-3):337-46. doi: 10.1016/jjhaz-
mat.2007.10.031

[8] Kumar NS, Subbaiah MV, Reddy AS, Krishnaiah A. Biosorption
of phenolic compounds from aqueous solutions onto chitosan-
abrusprecatorius blended beads. Journal of Chemical Technology
& Biotechnology. 2009; 84(7):972-81. doi: 10.1002/jctb.2120

[9] Patterson JW, Minear RA. Wastewater treatment technology.
Michigan: Ann Arbor Science Publishers Inc; 1971.

[10] Hou H, Smith DW. Advanced technologies in water and waste-
water treatment. Canadian Journal of Civil Engineering. 2001;
28(1):49-66. doi: 10.1139/ cjce-28-s1-49

[11] Houari M, Hamdic B, Bouraso. Static sorption ofphenol and ni-
tro phenol onto composite geomaterials based on montmorillon-
ite, activated carbon and cement. Chemical Engineering Journal.
2014; 255:506-512. doi: 10.1016/j.cej.2014.06.065

[12] Mahmoud DK, Salleh MA, Karim WA, Idris A, Abidin ZZ.
Batch adsorption of basic dye using acid treated kenaffibre char:
Equilibrium, kinetic and thermodynamic studies. Chemical En-
gineering Journal. 2012; 181:449-57. doi: 10.1016/j.cej.2011.11.116

[13] Tsyntsarski BG, Petrova BN, Budinova TK Petrov NV, Teo-
dosiev DK. Removal of phenol from contaminated water by
activated carbon, produced from waste coal material. Bulgarian
Chemical Communications. 2014; 46(2):353-61.

[14] El-Sayed GO, Yehia MM, Asaad AA. Assessment of activated
carbon prepared from corncob by chemical activation with phos-
phoric acid. Water Resources & Industry. 2014; 7-8:66-75. doi:
10.1016/j.wri.2014.10.001

pH « LS"L’.} Gi:‘...;l, J...‘) RS s.s.‘)lf Ll o&ﬁc&o‘
Bl ol oS Col ol sazaopylas Gubes oley il ol
g S 59y J18 i Ko 45 ey Sy J8
S (59 9 aVaiz (b G0 4 oaipdlal @in
55 Gl rizmad ol YT Sy 4 oatipdlal
9 OBl (el i 5 4y Bdo S adgl clale (3l
3 6 eS 33 9 oo el Ldla (40,5l ol Lt 2ol
D900 2 Al 2ol 4 joeie 4 09 B paa
(12548 9 S5

ool olSls oy i £ iy bl s o
Colox U g5 oyl sl YAV P FVD 0 Lo ay Jlg s S5
sl 00 2 g s K3y Hl.c olRiily g Ciglae Jlo
degocne (ulid IS golSils (ohdrgs pyioee Ciglas jldleasgirns
Dy g0 S5 g ol lame Culbige (2Kl




f ooyl . YY 0,98.1Y40 oL}Ts,{.«

Soliadge 3 9 (0059521 g Seipms lalllao 1 o (5o Jgloxe 51 Jid Do 3 2auSp Mol g o6 7551 pigaas yiunS1E- (a5 dunillo

[15] Angin D, Altintig E, Kose TE. Influence of process parameters
on the surface and chemical properties of activated carbon ob-
tained from biochar by chemical activation. Bioresource Technol-
ogy. 2013; 148:542-49. doi: 10.1016/j.biortech.2013.08.164

[16] Ucar S, Erdem M, Tay T, Karagoz S. Preparation and characteri-
zation of activated carbon produced from pomegranate seeds by
Zn(l activation. Applied Surface Science. 2009; 255(21):8890-96.
doi: 10.1016/j.apsusc.2009.06.080

[17] Gholami H, Gholami M, Gholizadeh A, Rastegar A. [Use of or-
ange mesocarp ash for removal of direct black 22 dye from aque-
ous solution (Persian)]. Journal of North Khorasan University of
Medical Sciences. 2012; 4(1):45-55.

[18] Ranjana D, Talat M, Hasan SH. Biosorption of arsenic from
aqueous solution using agricultural residue ‘rice polish’. Journal
of Hazardous Materials. 2009; 166(2-3):1050-059. doi: 10.1016/j.
jhazmat.2008.12.013

[19] Ponnusami V, Krithika V, Madhuram R, Srivastava SN. Bi-
osorptionofreactive dye using acid-treated rice husk: Factorial de-
sign analysis. Journal of Hazardous Materials. 2007; 142(1-2):397-
403. doi: 10.1016/jjhazmat.2006.08.040

[20] Zafar MN, Nadeem R, Hanif MA. Biosorption of nickel from
protonated rice bran. Journal of Hazardous Materials. 2007; 143(1-
2):478-485. doi: 10.1016/j.jhazmat.2006.09.055

[21] Kermani M, Gholami M, Gholizade A, Farzadkia M, Esrafili A.
[Effectiveness of rice husk ash in removal of phenolic compounds
from aqueous solutions, equilibrium and kinetics studies (Per-
sian)]. Iranian Journal of Health & Environment. 2012; 5(2):107-20.

[22] Khosravi R, Fazlzadeh M, Samadi Z, Mostafavi H, Taghizadeh
A, Dorri H. [Investigation of phenol adsorption from aqueous so-
lution by carbonized service bark and modified carbonized service
bark by ZnO (Persian)]. Journal of Health. 2013; 4(1):21-30.

[23] American Public Health Association, American Water Works
Association, Water Pollution Control Federation, Water Environ-
ment Federation. Standard Methods for the Examination of Wa-
ter and Wastewater. 20" ed. Washington, D.C.: American Public
Health Association; 2005.

[24] Agarwal B, Balomajumder C, Thakur BK, HuangY. Simul-
taneous co-adsorptive removal of phenol and cyanide from bi-
nary solution using granular activated carbon Bhumica Agarwal.
Chemical Engineering Journal. 2013; 228:28-35. doi: 10.1016/j.
€€j.2013.05.030

[25] Langmuir I. The adsorption of gases on plane surfaces of glass,
mica and platinum. Journal of the American Chemical Society.
1918; 40(9):1361-403. doi: 10.1021/ja02242a004

[26] El-Naas M, Al-Zuhair S, Abu Alhaij M. Removal of phenol
from petroleum refinery wastewater through adsorption on
date-pit activated carbon. Chemical Engineering Journal. 2010;
162(3):997-1005. doi: 10.1016/].cej.2010.07.007

[27] Sar1 A, Tuzen M, Uludzlii OD , Soylak M. Bio sorption of Pb (II)
and Ni (II) from aqueous solution by lichen Cladoniafurcata bio-
mass. Biochemical Engineering Journal. 2007; 37(2):151-58. doi:
10.1016/j.bej.2007.04.007

[28] Suresh S, Srivastava VC, Mishra IM. Adsorptive removal of
phenol from binary aqueous solution with aniline and4-nitrophe-
nol by granula activated carbon. Chemical Engineering Journal.
2011; 171:997-1003. doi: 10.1016/j.cej.2011.04.050

[29] Rahmani Sani A, Alahabadi A, Rezai Gezal Abad Z, Rastegar
A, Khamirchi R. [Investigation of the effects of commercial acti-
vated carbon and NH,Cl-induced activated carbon on aniline re-
moval from aqueous solutions: an equilibrium and kinetic study
(Persian)]. Journal of Sabzevar University of Medical Sciences.
2015; 21(6):1090-102.

[30] Gholizadeh A, Kermani M, Gholami M, Farzadkia M. Kinetic
and isotherm studies of adsorption and biosorption processes
in the removal of phenolic compounds from aqueous solutions:
comparative study. Journal of Environmental Health Science and
Engineering. 2013; 29:1-10. doi: 10.1186/2052-336x-11-29

[31] Lin S, Juang R. Adsorption of phenol and its derivates from
water using synthetic resins and low-cost natural adsorbents: a
review. Journal of Environmental Management. 2009; 90(3):1336-
349. doi: 10.1016/.jenvman.2008.09.003

[32] Dash RR, Balomajumder C, Kumar A, Removal of cyanide from
water and wastewater using granular activated carbon. Chemi-
cal Engineering Journal. 2009; 146(3):408-413. doi: 10.1016/j.
€ej.2008.06.021

[33] Valente Nabais GM, Gomes Suhas JA, Carrott PJM ,Laginhas
C, Roman S. Phenol removal onto novel activated carbons made
from lingo cellulosic pre-cursors: Influence of surface proper-
ties. Journal of Hazardous Materials. 2009; 167(1-3):904-10. doi:
10.1016/jjhazmat.2009.01.075

[34] Kuo CY, Wu CH, Wu JY. Adsorption of direct dyes from
aqueous solutions by carbon nanotubes: determination of equi-
librium, kinetics and thermody-namics parameters. Journal of
Colloid and Interface Science. 2008; 327(2):308-15. doi: 10.1016/j.
jcis.2008.08.038

[35] Rodriguesa LA, Silva M, Mendesc M, Reis Coutinho A, Thim
GP. Phenol removal from aqueous solution by activated carbon
produced from avocado kernel seeds. Chemical Engineering
Journal. 2011; 174(1):49-57. doi: 10.1016/j.cej.2011.08.027

[36] Tu W, Lin YP, Bai R. Removal of phenol in aqueous solutions
by novel buoyant composite photo catalysts and the kinetics.
Separation & Purification Technology. 2013; 115:180-89. doi:
10.1016/j.seppur.2013.05.009

[37] Pirsaheb M, Rezaib Z, Mansouri AM, Rastegard A, Ala-
habadi A, Rahmani Sani A, et al. Preparation of the activated
carbon from India shrub wood and their application for meth-
ylene blue removal: Modeling and optimization. Journal of
Desalination & Water Treatment. 2015; 57(13):5888-902. doi:
10.1080,/19443994.2015.1008581

[38] Bayramoglu G, Arica MY. Enzymatic removal of phenol and
p-chlorophenol in enzyme reactor: horseradish peroxidase immo-
bilized on magnetic beads. Journal of Hazardous Materials. 2008;
156(1-3):148-55. doi: 10.1016/jjhazmat.2007.12.008

[39] Din AT, Hameed BH, Ahmad AL. Batch adsorption of phenol
onto physiochemical-activated coconut shell. Journal of Haz-
ardous Materials. 2009; 161(2-3):1522-529. doi: 10.1016/jjhaz-
mat.2008.05.009

[40] Chena YD, Huang MJ, Huang B, Chen XR. Mesoporous ac-
tivated carbon from inherently potassium-rich pokeweed by
in situ self-activation and its use for phenol removal. Journal of
Analytical & Applied Pyrolysis. 2012; 98:159-65. doi: 10.1016/j.
jaap.2012.09.011




