DOI: 10.22100/jkh.v14i3.2292
/J \% I % \qu\ﬁbfd‘ojuc\\cojjécbg.iﬁm”l{:r)lﬁjééﬂjﬂjﬂb@

ng s Alio 358U Jleys silg Sleds 5 Ko e sl oKl

Ky B0 43 ot g w1 ) 0l 0318 g Lok g2 3 Jolo Jlad o 5 (i i

LS 9 0 239 331 2 3w J9 3955 909

L Yo . ¥ . & ] .
(20505 @l ¢ (o S et DR ¢ (Jgho g0 Moo ¢! (05 (elitecme
Ol =t ) -l ) (i pole olRasls —aydss 5 cullage 0uSiils —lasre Cublagy (gwdige 09,5 - Lokl -
Olpl —olis! - lerel (S pale olKiils —cublags caSlasls —lase Culilage (cwdiges 09,5 — (5 5SS (gemiils -
Ol = 5laal = lsal oDl ol5T olfiils — iy Japsre casdige ol ol IS Y
Ol =0t ) =l ) (i pale olRiils a5 ¢ Culilage 0uSiils —lare Cublagy (gwiige 09,5 - Luiils -F
VWRA AN 1 by gyl O VAN FIYE el ys g6

oS

50 bsly o Sl ol 5 50,5 ot ol sl oo 51 o

Ky K Ol s Jpja ) e Ky Sz Sz MYOIAC) o jito ST b 0 00 iy Lol s I ol a8 )5 1 Lo, 9 S5
Sl L Ky adyl clilé g L3l e o ulad loj o fale 4ty PH fols cilizo L;[;z).._g_._oﬂb A oolizn] L slo oo I inio
el 5 @i 8 eSS (sl i) b ool Cevsty loodls iz ap S ((TpSe S0 jpliteds 858 dllao 350 o JyipSpen 5
LD 5

90 40 ded Sl g RP=2/T92) diis 8 g ol il s pjpSponp Sy o ol L lapyigsn b S5l gl o] Cwody mylL 20
slocLle o jogaza) i slobms ;I Ky Sd> sl caslio g LIS 3l Slaicas Wil o defllas Sl 10 0l 0oldiu] Jlx5 1,5 i g g daii
DS 8 ooliiw] 0,50 (5

s iz (3l b S« a Sladslre e S35, 509 2 1S 503l
GFPYTEIVY A gled e PEYYRIVY A il dasme Coilagy owiige 095 —ads g il oaSlils ol (Sip pole oKadls i Jghume o g

Email: b.kamarehie@gmail.com

o3y gy bsh oz I Jols JUb ()5 (i5u il il (20505 005 Slieyde oo (Jgiaing)d «s0)S (pelhorne 1E L2 )]
EY YNV (b5 ab pole )0 aw)as g (uild dloes acSiinw g p gl taw J9j9)S 900 S5y Bl 10 o juie ST L 0
0

Yy



J\)&Q—k}\j; sl Aoz

(S

RISV WL R WV

SEle )8y e (aw lesd ol (b Ul
ootV 1 gl B g 4 g |y Y sesliy oYL
(F) cunl o3y o] 4 pglie

8lioo s J959,5 9o i 3 o3liial 3)50 S I (S
Oy oges sba (plie Jud (gpodlyls & Glaia) ) ol
ﬁbg)’tﬁ ")):‘.fuﬁ )1).9 o.)‘.ﬁ.:.ml .))9.0 DNA uJLAL.w L.AQ(> 9 )fLwLu.a
223l SIS sladz)l g oS ke (Sadl wlio )yl
b slabase )39 (pdy) (slogad del> Oyt (giuml slalaxe
(IV) 2980 (lles 0385 jw dal> ©y90ey

wile bl bug js Jojs)S gop 5y Bl aulh 1)
yd 9 Ol (V0) oy S V) <l S (VW) L)Y geg oghs
JST b 9y poad Oyl sl 15 1 o Qdls g (V) (S
QU5 oyt y3 @lie (g sl 48)S )13 aalllas 390 (1Y) el
b o Jo3S9agp S5y Glo b alaly > (ladllas 85 a8 ol
21y 015 0305 gy bogh g 5 0b 15 Jlub 58 ) oolizl
&3) XN =3 RV l.s )J.ol> adllan ol ouuis (ol?o‘ o2 e
o0l Wg Jlb )8 5l esltl b ol (sla gl 1 jw J95,5 50952
sl pxie B poo] o e dowST L ol 001> Digy 10913 e 5l
NS oy jolileds rizmed D ) p ) Blo p il
dy90 .\.\;1).9 M 9 P)J?)ﬂ] ‘u.)l> ]a.wy oJ.u\ﬂ B> 9 u.\>
26,5 )5 adllaa

L sig) 99190

2 oS &8 35 3l 3aw J53905 9032 9 e Sy 59y )18
Sl 238,518 exll 3)90 (Gilwpalls (g g BAS (g)lu S
wload ¥ SS 50 .ad edlatwl g gyl 3 emmalis S b 51 S0,
sl 0l 03l (U5 5 Jg39,S 900 S5y (J9ge S Lo ]

Br  Bn OH
b

HO

Br

e J93955 903 SOy (Jeg0 Ul - IS

ool 51y Sl e o] o 5 bl o2 (05 35 jolatony
JM> )‘ .\Al> )‘9@ Lg)L»I..\> LS])J OES R A5 ealesw! 1_5"9’
Lenton Juo L SSdl 0ye8 51 oo odlatwl jea yilw

Al

doddo

@lo 9l GBS g (xie dwg Carer S
09)5 (et 5 o gl glie udodgll g ol gilie Codgiome
Jb pas Ghorecan) g oolail - elanl glajille I e
g > g Judne K st o (Sl e sladay pob
9 Sl dhaw 2 Spo g lon il 4 e o 02 e Sle
(Y 51) 29300 dmogs Jo 53 slajsiS 3 Loguasee
o 0a YT wlio (pyodes jl (S0 Voone o obu
IS 2l glio g sladay (e ol cu;
kol dasidio g 258 o0 Cgune )9S o 3 4L @lio o jotes
Slge 3l edlatwl Jdoay &S 039 Wl 39 () cmlio g9 copl Gl
Olpeds lod s jsboa LSS, (¥) 2k oo glio €555 el )3 (K,
LS KoMy St (s Wilo ol )3 Lol pl o3le S,
Vo dgds Ngh e odlatul o) ¢ el (sl il ey
5 395 sl e e () Gl Glyis 4 S, jlas )
YL () 9o aulss Ml S 4 tnieo Cilies Sldas
@ bS5, glgl 5l (5 Ve e g 0nd g (Syosle Voo e Sl iy
SaoS2b i35 (0) 155 392 e g 2 (5 Sy
e o) OMSe 4 oo ol Sladiny 4 ol abal (ST
Slo a5 ol Audygd y9 deb el g Ol ieST Al aile
Giliseo @lllas ol pogdle 1S o dnlgo a3 L 1y 3] slaaisS
o SaMS b 1 oladl (gl sl s 5 Casons cyn b))
bye g lusl G bas jolatody (A=F) Wlodly olis Ky (g4l>
S5y Bl > (eladl g cad i)l sl S xS o o
WS glpsd SOy Wy gladl)ls 5 ol glaoMsl
098 (A 9 7) Milioe grhae dmng Jb )3 sla)pdS 3 (6y92
ool & (S5; oMb 59,5 Jhals glaied i cla g,
5 oslizal 4 Slgise bids) ol dlen ) wlors adlls oxdaw
il g clasylp alie S ups] Jolse dmodiSsinis
(Ve 9 %) 35 0Ll (Sojels slaal b g (pliandy i SUl slasi] b
g il pas g opd adg b auje aile oulee laby) o
loosiy YT Bl Cg 3o 9 03508 yaboay oS oloan 851 (S5l
wdo bl o (e Qla ol ol 485 j 84 e OSG
gaw ) Bl Caa gy ikl g e (e
Al oy o dge & Cawluspie WSb o Sk
omb @MF 2d 9 ol pepr ol 3 Sgres PH g Waled I
Oy JWb oS () Wb (o ol gy blje ]
215 odlitul (gxio (elie ) Clay ahal Caa Qb ()5 gene
N ow Coluwe 5l ol She o9 b L Jkd S .l



VA J':'l\'l Al a)L;.ﬁ' AF )92

Sl sk 53 (G 5 5 doee

5 2b plosl oy dus 53 Gtalesl Jolye plad )y 3y90 (sl ite
Sz 228 odlisl Qo spSend oy olile]] Sk ]
Claclile b 5, ool Jobro To Ml alsyo 2y cliylesl plosl
@ g ookl PH=Y @ @ VY 3 g (Yo VO Ve dMY/L) ods sy
15, Jsbre s edd 03l J Voo Ml gz b plo o)) K
S Sl e oliwd alowgay 4@ B B o ¥ Y ) uled slalo;
a4 llos 0y o Ll 51 o 0,3 belswe Ve rpmM cs yuo b
sbe Jstore ges CLlE s > 5 alhao Jolye Bis gl
Oljee 9 03500 Souty sl 4dBd Vo ol 4y Fee v IPM Copu b 1y
OOF zg0 Jsbo )0 yiagidg Sl sl b Joloeo ;0 oile 8L clale
Ol bl (oo g9y J i nl 4 g 23,5 COlE pegils
Judodi (gl (VY LY 0) )5 astiie Bl Mo yd 5 ) ol 3L
oMl (y900 )5y i p5 9 JuST 138l 5 51 55 b jlages s g Lnosls
e 2 J2lg )3 oAb Ol s e Cuns g (2D 05
(V) &¥olee illas s oy SOy Bl SIS 4 (qe(MY/Y)) SOl

2 o (V) 9
qe = LW (V) dlae
Removal (%) = ©=%100 (V) ke

Jsle 1 5y ol g adgl cdale Ce g CO Lalg, ol o
{19) 23k o (9) w3t 035 M 5 (L) Jsloxe w2 V 5 (MOIL)

Py Jele s a3 (ol (o o iSly S (L))
Jo 93 51 ol alllas )3 (YY) 2] o Cluos & o 28Ty s pus 5y
5 e 03l (pgd dnyd dud) oo Aldlee o (S dnyo aud) )5 SY
03 9 015 o e s Slieets s Jol 25 8 Jas
Gao jlude o glail clale d Ol b cuolite puiine jgboay
2 s> 4y g Jol e St (dad p 8 a3l (loj b O3>
ol 0as 03l L ¥ g ¥ alolas

Log (qe-qt)=tlog (q(i )- %t (V) :elso

pril s . (¥) dolso

Dol s jo oid ds 41555, Jade ply g8 «Yoleo ol jo
ol K1 (mo/g) t ol 50 e ds (1555, lade gt (mM/Q)
ey (Il <ol K2 g (1/min) Jol a5 o St sy  Jolss
YY 5 7Y) ail o (MQ.g-MIN-1) o> 45 yo Siioms

o s Pl b gmpls dly Yok code gl g3
Wilgi oo dar slap gl (1) adlioe Jlow g dal> 5B (0259
5 WIS S8 Bl dlge b laoipd ol (2Sly (SigSe o &
ool 0 (VF) B bl a8 GOl Bpas lise (sjlwdigg 4
b oodel Cumddy glaoaly cods  (SeSs obj)l jolaieds adllas
525 0303 (55l (e g gy eSSV slap g ]

¥

05 dadlS g 0,5 Sis (4l (Johannesburg South Africa)
Metrohom Jae yio pH I pH (o Caa b ealitw] ol dlge
CM- 028 )3 50,8 yeole i s (6lys .05 ool (Netherland)
Sy X adl Gily (6o bwg (g)sh B Feee—Feo 1
Philips X-PertoKiws g KBr 10,8 il sslaiwl L FT-IR (slaoliws
&59959790 9 ()l (gl sy Coles 3 5 a3kl (USA)MPD
MIRASTESCAN 59yl iug) oSwgySun awg  pdaw
A pbl g ol YO 5Ug L (USA)
o 1l ogy  aBslejl b 3 g ()56 ddllas K pol> adllao
25 g e plius bsb aJSix J bob o 5l S
A5 03y guiind lade Ol b bgl g b Bl Cals jelaied
olSwd ;D gmabi do 3 Voo glod 1) 0id ditnd ldgn yuswe
clbog 235 Gls 4l cugb, b 03905 s sl YF ko 4y 468
Crnadhe ¥ slaojlul )3 g o 35 bl bwg oad Sis
35 bl Cgr labad ¢ gliand (il Jlub al>yo 13 03,5 (g e
o (2225 1 ool i) o S Sy e L o0
Sdo dy 9 13,5 Al (St gl ogz) WIWD/N - S
a8 yobods 5y ol b 5 030 )3 o8ilo | (lod ;> sl YF
& g Glaad ( oles b Siis jslaieds 03,8 Lgy lalad Ll
O A5 0300 )38 198 Jwguudi a0 Ve v glod 3 Celw Y e
S yiSdloy68" 13 g atiliS > g 3 boly g s )3 Clslab
Voo aygil glod 9 adBd Ve o 4y (gundes d 3 O+ + ol glod b
Sidyge Jled )8 U A 030> iyl 480 VA ke 4y g 4 )
g A) 20,3 s
STl (o (23ESg by 5l Aol Jlb ()5 el coa
e Slyis 5l 2,3 OY/A0 jelaie pay i odlitwl (MYO) (o s
o & Jlog Vg sillie ¥ g 08 o e O 1 S 5
A g b od) b 4 dndd Y Gde 4y Haidjee balste Lab 02438
gy bglee > bl s 5 ol Jlsb 8 5.5 00 o Jloo
oS b 4 Caeliw ) Glo 4y g A 03] pb Celu S Cdo s g
L oS b (8 slodslS 9 00 55 ol (g, ole 6,5 )3
Voo slod o el ¥ e &y Wlosds 001> gy oo e dpuuS g )i
S Calg ) b o3l )8 (b Suts jlatedy 31 Bl 42y
ddS DS Sl a3 B e glod o el ¥ e @ dlols
85 HE
oy 2 bl bulid 3 g atugol ©jpod adlbs )l
SeSI jen Sy g9y 9V Ml o l slaglome
(V) 980 ) Joloro PH Jold (g2 3)90 (sl piie 8 plosl
XY ) eled ploj oY N0 N D MY/L) K5y sl slacdale
0gizte yolwlyy 3gy (+/+ VY XFD 0/l) GOl 590 9 (4300 o F



Q\)&w}@;w\m

e NS anial

035 o3 § 135 ol s 5 T R g B1= RT/b abayly ol o oS
Bl dtusly (KI MOI-1) Gl (65,3 4 &S canl (pSed <ol b
dtusly Gl oS 4 a8 (L MOl-1) Sed pyigil (65,50 <ol
Sl e (1IMiN) e 395l ol KT g ol

bogs o jeie STl 005 03> iy Jlb ()3 o)l sla Sy
a3 o L5 Y S 4 4isS o oY JS5) Casl 05 e SEM
s I3l & o o1 a5 Jlob S bl s e L
555 ke s 39 o 09T sl Sl Gl a3 5 ol
b ge (o Gl dl)S 3 (e

Joslo 5 (o Slang S s glatons adlas (4] > cul pogdle
Gilao 00l 2o Jb (S FTIR o ond s Jb ()8 (oo
Sl e 45 a3 e ol b ) ol gls 3 by ¥ S
o 5 055 ol ol & g il it Ll (shaog,S sl
NN FFOA oSy o juie ST b ok 02> iudigy Jd cp)S
2 0l odaliie Sy .l axg BB CM-L YD V- VF AV IVA YRS
) g St sy dawlgd Wlg o CM-1Y-FY o3gi00
Slgi o CM-1 YFOA odgioe )3 ol odalie Wb (V) sl C==0
CM-YYA5 639400 13 o oo L .A5L O-H (glaog 3 jouis Juoay
2 odd odalie oo Wb bl S ads slin) dawls g o 1
(YY) 23l C=C (goil> (slasily cle &y g5 0 CM-1 VFAA 030000

D1=19.23 nm

D2 =14.02 nm

SEM MAG: 200 kx Det: InBeam
WD: 4.81 mm BI: 7.00
View field: 1.04 ym Date(midly): 03/10/18

o2 0 ST U 00w 0315 gy JUad 35S SEM pguai —F JSUS
MGO/AC g oad Jlb (S diges Sl 4l 50 A (5o
IS 3 a8 A58 e sl o &) () 5 () ¥ USS 5 g
ol s MGO/AC (g0l cudlo (pizren .Cunl 02> yauseis FY/F
Cusbga e & dogl 05 b LS Gp iy o) Lawg
J3be (JCDPS No. 75- 0447) 5yl )8 L 65 ol (olaesy

sl Jlb 28 olyen dy S &ygeoty e ST 55k

200 nm

Yo

094 9 SlOY S @0 Dl 50 Jae s b bl
S Oy ol & 3yS (o0 Dge 0kl il s sse G (ST
olod 53 g 0ad il il sl > odle sla JoSUge Sl Y S
RIS p Gl sy 9 Oy Gl (551l (3l ol
(8) dslae ©jgoy oSSV Ahbslee (Jad JSb (V0) Ngd e 1558
A5l e

e L1 € ) bl

ge  Qmaxb ' Qmax )

Ce (Mg/g) il puer p > dolg 3 0dd Lo 53 Jado e ol p oS
(MGIL) s o ) dmy oo 5 s ol oslo ol clale
29e0Y b (L/MY) b 5 Qs cud )b Sl sl Qmax
ool au] o candy €8 blis 13 CEIGE Jges oy jl &S aisl o
G Al candy i sl I 4oy g cwd I D g Qmax
RL (silobia copd dm (g (a3ld 0953 dblao (dla Sy
5lp £55 eyl ) oolizl b 3905 oo dsslons (%) dlokee 1 &S 15l o
woghoy Gl g5 RSV §1 & cals jasedo s |y wis
s RL=+ 5 cglas s ~<RL<Y ¢ s s g9 RL= )
(V) pisbcais

RL= —— () doke

CElpSs (@l s o 55y 9290 blis @¥ig;d Jo )
el ploly @digd Jae )l (olite o ©)u8 5 390
bl g (OSeal) Lo ol slaglle 5y p GlYSS
oY p ol U el gl Glues i g 20U slass
pronl (dad et dblae b0 (Bl (o)l &g Dl (Lo
(VY 5 V) 2dlon (V) dholae & g0t g8

Log ge= log kf + i log ce :(¥) alolxs

P el cud b ge (mg/l) Jols clale ce Yol oyl jo
el sbeel cwga n g kb g (MYG) cus p Jols oloj
slise 5l 0350 KE aidly oo o 0l g Cd )b abog: o gluig)d
2109 G Jlogas ousy b 45 w8l o b o 5 Juols oo
omd s o ke dholee () )3 bl e Cusday log Ce Llis

odgdze O N asld Hlade dovls 5 cuwl Cls 0518 e Cunlio
Ll oo wgllas o3l ol w8 goaind L 0, 18N B
(YA)

0Xgd e g OOl it i GRS B ((1Sed > p g
o 2980 0538 Jho ol 3 WS (0 o |y 0l (55 pionen
Ohdg b ks Cpgo 4 p b ise aen Cla gle)S
9 b RS 0digd Clam odigd Qo Al 4 ax gl b JoSUge
OSed p gl daly () Cosl 0ad i CElpSy g0 Ol
ol 0dd Al A dales jo (V)

ge =B1InkT+B1InCe :(A) dslxo



VA J:{Ll AR a)La..i: AF 09>

gl pske 53 (i 5 1 ale

AV Sy Bds A 4 Y IpH Gl b el sl Jolbs ¥
Gl adly alS as s £F o

e J9j9)S 9oy SOy Bl e p O o> S gy p Cax
Vo) Sy ol clale o (p)5 F—o/0)) Wb 5l Lalisee glajen
o3l s ¥ S 5> &S 4sSSled L edlawl ¥l pH 4 (MO/L
IS, Bls e p,5 ¥ @ /o) 51Ol 590 Lil38l bl ond
ol 4Bl ol 38] o3 A /55 &y o y> OY/YY

100
80

60

[ERCIRWIN

40

20

3 5 9 11

PH sk

2SSk Yo CE U jw Jojo,S g0 0 ol ppH b -1 UK
a8y £ wled loj e g 05 +/+) il 93
100 -

80 -
60 -
40 -

20 -

0

oot 1 2 3 4
s J33955 9032 S5y i a0 )3 (3 (53 ¢ Ble CABLE T Y JSUS
Y plppH 9 B3 € oled loj Sde b oS e Ve CilE L
X mg/l S5y clale s Jalrs I 5y Gl oled o ]
OBl Lol Lt gl b (y )5 Y OB 593 9 ¥l PH
A USG5l as 668 lea il (i8] S5 Bls lade wled e
o3 DANY ol CBls S5y (lime ddBd N wled floj ) cunliy
b ond Gl (55, ol 4add ¥ &y polod loj I3l b a5 o3,
4By 0 4wl loj Liuliel b el al iliel ws s YYIVY
Sl el ol Bl K5y liwe jd Slain s

2

PH ol

g
£
Z
]
E 5
1 L L L 1 L N
4000 3500 3000 2500 2000 1500 1000 400
Wavenumber(cm 1)
8w MOO/AC 3l FTIR b Y S
D}
iy
B
=Y A—L__A____‘("))
3,!
3 10 30 50 70 90

(26) a3l 9 il 9551 o gl

Pt ol G (@) Wl ()5 (Sl $ g il oI (W) -€ UK
MgO/AC _puSs!

12

10 -

2I4I6I8I10I12
aJsl pH
031> Lindgs Lol g il Jols Jlad (1 )S PHZPC (ymai 413905 —0 JSWS
o 3o oS | by D0
sl 138,35 2] 5 iz Bl 3 oS we Jole S, lgiees PH
ol siww wdl> PHZPC () pogde .u dalllas Y V=Y odgazee 4o
l.g ).3]).3 4\.J5] pH LY MLL;o d‘ld\]am ).3‘).3 pHZPC W) d).:fo)l.\)‘
Ml)‘_sﬁ;/\ )g‘x AW )fb u.)l> ‘_g])J dlags ui' oS ..\wb L;:LQ) pH
RS g 2 3pge (e g e (oSl Gl bl ol
e (0 JSb) e Jols 50 a6 b baly o 5l o> b
gop 5y Bl e PH il b a8 ol ol sl canday
PSS 8 gybolen (5 ) b S S Jpias
Jolee PH (glys ZaY/YY Joleo Glo o (5 yiSlas 395 0 odnlie



Q\)&@;&;&:&\M

abgye lllas 5l ol gloosly wloly ol oad ools ol
Condds (R?)  Stmed coys pdlie ) Joso ol 9 wlo ¥olee
CIF i) S g glNgd (geSY Jue sl il > ool
b oo J935 909 S5y Bl o sl llao () Sl (+13A 5 +/21
b ok oo sy bols g | o ds b S bl 51 oolil
WS oo Cnd @9 e Sl jdes juite S

sodly p Saiw sl Jso oilp ao =V 5 Al =Ve S j
P ke Ve SO, clale) ol bulypd )3 juw J95)S 909 0 Sy 0
o2 dngg JUb (128 bawgi (VL plp PH 5 )50 O3> p 2 i) o
St gbogadls polie ¥ Joi> )3 Geimen 5 bl 0>
o3> inles Jlaidyge OOl (9) s J93)S 909 Ky e a8
1S 313 s il STy St iyl adllln 3 sl 013
(R?=+/3300) (Ssumsod o pd oyt b pgd 45 p0 (St Jo
ol 0595 3 S5y Bl o565 slaodly b (g puiiy casllas

100
80
a,
3 60
331 40
20
0
1 2 3 4 5
(48s32) wlod o

U e JojasSger in wopd p Ky s eled gloj il A U

YUl pH 5 0,5 €(MJO/AC) O3le 593 9 5 2 0,5 o Vo Clile

sloodls 3l 5l ol gl cus s g% 5 o = il - IS5

030> ()Lt (el g g b € geSY (ool slaJae 2 ol loj

295! G Jse Jload dsloxe (o adls 15V Joa 5 . Cusl 0ss
it e gl S e B A LS culps ) Jg

loasls ol Ll jlne g 2olg (a3 ¥l 28 Lulys Pl gladse
\FY/AY am(mg/g)
o[+¥ R. (L/mg) Celge=-/--5x + Ce Oed o b Y 5 s JROY
<Y R?
1A 1n Fanl gl OIS, i il oY My o Cle gy
£I50 ke (L/mg) Log ge= -/A\&x + Log Ce
AR R?
VY kr (L/mg) S o b CEl6Ss w98 RN
\EI¥ - B, ge=\#/¥.£x + Ln Ce
+/AA R?

(¥ 52 PH (0,5 0 O3l 593 3 o) oo Yo S, adsl CUAE) MOJAC auwrgs s Jgj9,5 9032 3y B (511 v Sl il o -Y Jgo

b Jde Cas s ol (R?) Siunsod oy Yoleo o5l sl i
Ky=+/-4 min'* -12A Log (ge-qt)= —+/+FIAL +1/As4 Jsl oy 4 o
— +0 -1 in-1 —
Ko=1/6 x\-**(mg.g*.min™) .jaa HQt= -/ V¥t + -/ AT ot i
1.8 0.2
16 o i
1.4 0.18
12 =
g = 016
o 1 ~ ;
g s v O'R%g_l gxgggégﬁl g y = 0.0061x + 0.1481
' o § o014 R? = 0.9463
0.6
0.4 0.12
0.2
0.1
° 0 2 4 6 8
0 0.2 0.4 0.6 0.8 1
Ce (mg/L)

Log Ce



VA J':'l\'l Al a)L;.:a AF )92

é‘i)ﬁ“ilifjkjﬁéwju\ﬁ;v@bd;u

3929 Jddar (ol PH 3.l (alS o J5))S geg 0 ) S
sl S5y Sy e s Joj9sS 900 )l daggian ok oo
D g9y g Sy Jrde oo cuw Jolo ol & 2500 Cute
g aBbtalS juw Jojo)S 9o Cute Jb PH Rl L ed e
2 Ded e SOy Qla ialS 4 orie Sliolg Sl dsdly (g4
@l (W) €85 el phlen 5 (lllSs lawgs o ladlas
e olyedr Shey Sl Jols Jb (058 595 s 9555 9092
b as ol i Ll addllas dois (8,8 )18 oy 3 50 i b
il JinlS o i o5y Jie pH il

ORIl s J95S 9090 SOy Bl plise O3l o> JRIEIL
@ ol Bl e phlEI L S5y Bl e RaljElcdl
e Cap (e bsls (Rl s  maw Colus il
Conddy ol wlie pols adlllas jl ool Cunday gols ol cons S,
5 RIS 9 (1) sl (1Y) o)Sar 5 clagle ldllas 5l ol
5o Ll 31 b clllln o) sloaiily, ol 1o (VF) oo
e Gl ) Qo jlaie Ll

Ableo led gloj alend (1Sl 5> S3e Jalse 1 500 (S
il (S5, s e oles e Lial3al b ol ol adllao gl
oaed 3539 (s se ly STy (gl 15 5y i Lyiall b e
SOy clald g pSede Sgli5 5 OOl g9) (2 slaglKe B
Gl Gl 4 oo & O3l o o ol ke 5 (il Jsloe 5
JUsl Jdsar gloj (il b ppizren 3 Cund 2980 )
sbalad Jlil coe (26 Gl 5 O3l waw g5y JB slalas
Py Bl ey Sle puw &S 20d e sdalie il Bl
b asliio ool Cowddy ases ol oais Jools aids ¥l yuiy o)lo;
b oS 3l oLt Ll adlllas 15l o )Sed 5 polad] adllan e
Jools Jd oS gy ReACHIVE2 (S5 Cla uled yloj (i3]
s Y adlas pzmes (V) Wb GRIF1 935 o
e e i Sy b Lolad olog SialsEl b ols ol o Ko
(V) Lbiso Rl o J55 55005 9 5k lite SO Bl

S by Ky Ol ol adllas | odel cundts ol wlly
Cupd S (oo Cond gd¥ig b Juo Sl bl 0g Sl o Wy b
Ol e cuslis Sl (+/3A) glis b e gl (VU (R?) (Sison
oMl b o J5j)S 909 0 Ky Bl Jold Chogi g ol Juo
JsiSspon <y Blo &5 S g culple Al e 3>
S s oy g8 (ool ddles Sl g Y N> Cpgody fow
Wl ) ¢ B by SOy i )lSen 5 lho adlas
Gl gddigys Jao psnl b 2l sl Al 5l oad gl
o ol sl YV Jods &S pebiles (YF) cul awsh
2SS Jae 3l oel canday (wds Hlade yiSTus) gmaAx ol

YA

40

35 ¢ °
30 |y =16.406x+2.0332
= 25 R?=0.9817 @
® o
E X -8
] 15
o
10 P
0 0.5 1 15 2
Ln Ce

Jae pignl Jae pwlwly s J9jSgegr 5y e piignl -4 UG
(&) o3 Je 9 (0) @dig 8 Jse () y290¥

1.9
18 e...
1.7 0
= 16 ®........
S »-...
g 1s @
= 14 y =-0.0418x + 1.8969
o N 2
= R2=0.98
13
1.2
1.1
1
0 2 4 6 8 10 12
(4883) o
0.1
_ .9
0.08 y= 0£O_7:1)x9§§)50121 (u)
e X A
0.06 o
- -
g .
- o
0.04 .
0.02 e
0
0 2 4 6 8 10 12

(48335) (wlod yloj

Sl () 29> 4550 ad St g (W) Jgl d p> ad St Y+ IS
o JgjSoegp Sy ol
bl Qb (ol cudls g dnl)d JS ) (cere Ui Jolxe PH
225 9 Gomlin 42 ()b (e PH e S e
sl I8 31 il i sl ole (slaogS g otigd wois
e PH ial33l b caddllas ol 5l sl Candats gols olulys (V)



Q\)&m&j&;&:&\w

xwe NS wiay

Slp oo g 30 (2l licas Sl bol Cg2 jlord 1y
g (8 seble 3 ogada) o gbbow I ) Gl
oS 390 blizul plgi oo (JS ami S lyieay 2,5 1,8 oalazl
Slgign Lol (g > Jeboay ol Gy o asg Jlb (8 9,
oo 955 50930 S5 Bl 3 Cad )] b O G plgis s

29y 84 () sl

@‘J}Jj 3 M" y

oMol 3151 oEsly Gl ails o p3Y 393y dlie oyl B aiig
Aoles Sya8 5 Sis 398 b 5l o culos ol jleal aslg

References

1. Ali M, Sreekrishnan T. Aquatic toxicity from pulp and paper mill
effluents: a review. Adv Environ Res 2001;5:175-96. doi:
10.1016/S1093-0191(00)00055-1

2. Kindala J, Sungula J, Kifuani KA, llinga LB, Taba K. Removal of
methylene blue, bromocresol green and methyl red dyes from aqueous
solutions by adsorption using Bryophyllum pinnatum (Lam.) kurz
stem powder and its activated carbon. Congo Sciences 2015;3:67-71.

3. Rangabhashiyam S, Balasubramanian P. Adsorption behaviors of
hazardous methylene blue and hexavalent chromium on novel
materials derived from Pterospermum acerifolium shells. Journal of
Molecular Liquids 2018;254:433-45.

4. Yagub MT, Sen TK, Ang H. Equilibrium, kinetics, and
thermodynamics of methylene blue adsorption by pine tree leaves.
Water, Air, & Soil Pollution 2012;223:5267-82. doi: 10.1007/s11270-
012-1277-3

5. Ardejani FD, Badii K, Limaee NY, Mahmoodi N, Arami M, Shafaei
S, et al. Numerical modelling and laboratory studies on the removal of
Direct Red 23 and Direct Red 80 dyes from textile effluents using
orange peel, a low-cost adsorbent. Dyes and Pigments 2007;73:178-
85. doi: 10.1016/j.dyepig.2005.11.011

6. Elmoubarki R, Mahjoubi F, Tounsadi H, Moustadraf J, Abdennouri
M, Zouhri A, et al. Adsorption of textile dyes on raw and decanted
Moroccan clays: Kinetics, equilibrium and thermodynamics. Water
Resources and Industry 2015;9:16-29. doi: 10.1016/j.wri.2014.11.001

7. Guo J-Z, Li B, Liu L, Lv K. Removal of methylene blue from aqueous
solutions by chemically modified bamboo. Chemosphere
2014;111:225-31. doi: 10.1016/j.chemosphere.2014.03.118

8. Mungasavalli DP, Viraraghavan T, Jin Y-C. Biosorption of chromium from
aqueous solutions by pretreated Aspergillus niger: batch and column studies.
Colloids and Surfaces A: Physicochemical and Engineering Aspects
2007;301:214-23. doi: 10.1016/j.colsurfa.2006.12.060

9. Yeddou N, Bensmaili A. Kinetic models for the sorption of dye from
aqueous solution by clay-wood sawdust mixture. Desalination
2005;185:499-508. doi: 10.1016/j.desal.2005.04.053

10. Siddiqui SH. The removal of Cu2+, Ni2+ and methylene blue (MB)
from aqueous solution using luffa actangula carbon: Kinetics,
thermodynamic and isotherm and response methodology.
Groundwater for Sustainable Development 2018;6:141-9. doi:
10.1016/j.9sd.2017.12.008

11. Diamond D, Lau KT, Brady S, Cleary J. Integration of analytical
measurements and wireless communications—Current issues and future
strategies. Talanta 2008;75:606-12. doi: 10.1016/j.talanta.2007.11.022

12. Shokrollahi A, Alizadeh A, Malekhosseini Z, Ranjbar M. Removal
of bromocresol green from aqueous solution via adsorption on
Ziziphus nummularia as a new, natural, and low-cost adsorbent:
kinetic and thermodynamic study of removal process. Journal of
Chemical & Engineering Data  2011;56:3738-46.  doi:
10.1021/je200311y

¥4

S 5 ol LY -5 Lo 5 oot 5 6 A3l _o VST/AYMOIG
i 3 1y shlan (53l 3 Lgs () slaped ] 033 4 S
o 3t Jleb S i s 45 0l ool (g5 (slaSsy b
(YY) 3905 g9y eSSV py5g5l il odly g b yuss YYA/A Mg/g
2SSY pyignl phe o edlis 3l S (RL) (gilolis o ps
Siloie st |y laoats ¥ (g5lulis (gl bl bl 45 A3 o
RL s o casl o 5 Sl eSS pigpl 5 ol cslaosl
I3 VB Cgllas odgame (> Yo MO/L clale (clys osel Conday
5y o gl ol 3yg0 Ll md e i el oyl 45 CEF
bl ) osel Candts gl (YA) cunl cunlio jow 95,5 9092
9 V) adlioe 35 oo 5 (el 39 9 (iSen 5 (o)l lalllas
P b adigd Jie 10 (N) Gl Caslles (23l oyl pogMe (YA
(\NA) .)9») as b c_:9lbn &_:A> O ygody G .))5 )|)5 Vo Y 039450
2 @By Jae oilp 5l (N=V/Y) odel Casdas N Jlade 4 as gl
&) wds aS dgad d)idm O O|93L;° Ol L;Lm)b
Mg o9 Casllae I HIdy00 O 59y p e Jgj S g0

!
el b gSge Juiml Joli glals o iz wld G w0l
4 oL o I 398 g 9 OO aw 4 Joloeo 5B 5l 0nigs
JAS sl s lp Gl St Adle Sy AL
ol elooald olwly (YY) 298 o ooliinl  odaw Cids laasy))s
) dnd S 1 O bawgs o J9j)S 5090 ) e adlllas
OhSen 5 YInieS josgr bawgs & ladllae )3 A (o Cond pgd
A i gl b pbosl juw Jo55095 Sy Sl b dhaly
P> 4250 and Sytipw J1 O (55 Jow J5i S 9090 SO da
95 423 ¢Sy Cos puo jlas 5l St (o pioee (Y0) XS (0 593
LS (oo S Syl JIVL 2L L il i 5 A8l e
Ay dnd ey dolas | (o Gl A8 St Cuns (F)
gaw p SOy (aw ol Wl JS ce g o a3 o ol g

D)3 5158 aleed wuld S cod ool
) Gls LS 8 b ol adbe ol ) Job ml
g PH ol gloj el 93 sloasld @b juw o35S 90
S50 JUb (28 29 ¥ O/ &S (gpgbas il e S 4yl el
D33, e ¥ ML Ll > il dingy e gicds adllae
S pH=Y g aids ¥ oole) e IS ol a0 YOZY clod
Dg AVVIY ply Bl leksly cpyiin blud cpl o A8 4B )S
S e Jae o5 o (Lt (St 9 (o9l ladre 50
095y cape I pgd 42y and Sutiew g gdNg S laY
il izren Sl e Suiinw 9 e Soil plo & Cuns il
Jud S oS €83 A g o odel Cawday claodls il 4


https://doi.org/10.1016/S1093-0191(00)00055-1
https://doi.org/10.1016/S1093-0191(00)00055-1
https://link.springer.com/article/10.1007%2Fs11270-012-1277-3
https://link.springer.com/article/10.1007%2Fs11270-012-1277-3
https://doi.org/10.1016/j.dyepig.2005.11.011
https://doi.org/10.1016/j.wri.2014.11.001
https://doi.org/10.1016/j.chemosphere.2014.03.118
https://doi.org/10.1016/j.colsurfa.2006.12.060
https://doi.org/10.1016/j.desal.2005.04.053
https://www.researchgate.net/publication/322037764_The_removal_of_Cu_2_Ni_2_and_Methylene_Blue_MB_from_aqueous_solution_using_Luffa_Actangula_Carbon_Kinetics_Thermodynamic_and_Isotherm_and_Response_Methodology
https://www.researchgate.net/publication/322037764_The_removal_of_Cu_2_Ni_2_and_Methylene_Blue_MB_from_aqueous_solution_using_Luffa_Actangula_Carbon_Kinetics_Thermodynamic_and_Isotherm_and_Response_Methodology
https://doi.org/10.1016/j.talanta.2007.11.022
https://pubs.acs.org/doi/10.1021/je200311y
https://pubs.acs.org/doi/10.1021/je200311y

VA J':'l\'l Al a)L;.:a AF )92

é‘i)ﬁ“ilifjkjﬁéwju\ﬁ;v@bd;u

13. Kadhim L. Granite as an adsorption surface for the removal of bromo
phenol red, bromo cresol green and leishman's stain from aqueous
solutions. Journal of Basrah Researches (Sciences) 2012;38:106-16.

14. Omidi-Khaniabadi Y, Jafari A, Jourvand M, Saeedi S, Basiri H,
Nourmoradi H, et al. The study of an azo dye removal from liquid
medium by modified clay. Journal of Advances in Environmental
Health Research 2016;4:9-17. doi: 10.22102/jaehr.2016.40214

15. Omid S. Investigation of chitin nano-fiber the ability on removal of
bromo-crossover green color from aqueous solutions. Urmia
University: Urmia University 2016.

16. Iranpour M, Zare MA, Fadavi A, Masoumeh E. Removal color from
aqueous solution by penta aza tetra ethylene supported on
polyacrylamide as a new adsorbent kinetic and adsorption isotherm
studies. New Material 2016;8:13-28.

17. Mahvi AH HB. Removal efficiency of azo dyes from textile effluent
using activated carbon made from walnut wood and determination of
isotherms of acid red18. Journal of health 2010;1:7-15.[Persian].

18. Samarghandi MR 1D, Noori Sepehr M, Zarabi M. Preparation of
activated carbon from wood of cypress tree and its effectiveness in
removing acid dyes 18: Kinetics and equilibrium study. Scientific
Journal Alborz University of Medical Sciences 2012;1:226-35.

19. Leili M, Ramavandi B. The efficiency evaluation of activated carbon
prepared from date stones for removal of methylene blue dye from
aqueous solutions. Journal of Sabzevar University of Medical
Sciences 2014;21:502-13.

20. Mansoorian HJ, Mahvi AH, Mostafapoor FK, Alizadeh M.
Equilibrium and synthetic studies of methylene blue dye removal
using ash of walnut shell. Journal of Health in the Field 2017;1.

21. Samarghandi MR, Zarrabi M, Sepehr MN, Amrane A, Safari GH,
Bashiri S. Application of acidic treated pumice as an adsorbent for the
removal of azo dye from aqueous solutions: kinetic, equilibrium and
thermodynamic studies. Iranian J Environ Health Sci Eng 2012;9:9.
doi: 10.1186/1735-2746-9-9

22. Gil A, Assis F, Albeniz S, Korili S. Removal of dyes from
wastewaters by adsorption on pillared clays. Chemical Engineering
Journal 2011;168:1032-40. doi: 10.1016/j.cej.2011.01.078

23. Akbal F. Adsorption of basic dyes from aqueous solution onto
pumice powder. Journal of Colloid and Interface Science
2005;286:455-8. doi: 10.1016/j.jcis.2005.01.036

24. Ho YS, Wase DJ, Forster C. Kinetic studies of competitive heavy
metal adsorption by sphagnum moss peat. Environmental Technology
1996;17:71-7. doi: 10.1080/09593331708616362

25. Aksu Z. Reactive dye bioaccumulation by Saccharomyces
cerevisiae.  Process  Biochemistry = 2003;38:1437-44.  doi:
10.1016/S0032-9592(03)00034-7

26. Kumar PS, Gayathri R. Adsorption of Pb2+ ions from aqueous
solutions onto bael tree leaf powder: isotherms, kinetics and
thermodynamics study. Journal of Engineering Science and
Technology 2009;4:381-99.

27. Kitis M, Kaplan S, Karakaya E, Yigit N, Civelekoglu G. Adsorption of
natural organic matter from waters by iron coated pumice. Chemosphere
2007;66:130-8. doi: 10.1016/j.chemosphere.2006.05.002

28. Choy KK, McKay G, Porter JF. Sorption of acid dyes from effluents
using activated carbon. Resources, Conservation and Recycling
1999;27:57-71. doi: 10.1016/S0921-3449(98)00085-8

29. Aharoni C, Ungarish M. Kinetics of activated chemisorption. Part
2.—Theoretical models. Journal of the Chemical Society, Faraday
Transactions 1: Physical Chemistry in Condensed Phases
1977;73:456-64. doi: 10.1039/F19777300456

30. Almasi A, Rostamkhani Z, Mousavi SA. Adsorption of reactive red
2 using activated carbon prepared from walnut shell: batch and fixed
bed studies. Desalination and Water Treatment 2017;79:356-67.

31. Zhang L, Xia H, Peng J, Zhang S, Wang S. Preparation of high
specific surface area activated carbon from walnut shells by
microwave-induced KOH activation. Journal of Porous Materials
2015;22:1527-37. doi: 10.1007/s10934-015-0035-5

32. Hayeeye F, Sattar M ,Chinpa W, Sirichote O. Kinetics and
thermodynamics of Rhodamine B adsorption by gelatin/activated
carbon composite beads. Colloids and Surfaces A: Physicochemical
and Engineering Aspects 2017;513:259-66. doi:
10.1016/j.colsurfa.2016.10.052

33. Rajasekhar K. Removal of malachite green from aqueous solution
using corn cob as adsorbent. International Journal of Engineering and
Computer Science 2014;3:5083-7.

34. Junior Kindala, Jean KAYEMBE Sungula, Kifuani KA, llinga LB,
Taba K. Removal of methylene blue, bromocresol green and methyl
red dyes from aqueous solutions by adsorption using Bryophyllum
pinnatum (Lam.) kurz stem powder and its activated carbon. Journal
of Congo Sciences 2015;3:67-74.

35. Venkatraman B, Gayathri U, Elavarasi S, Arivoli S. Removal of
rhodamine B dye from aqueous solution using the acid activated
Cynodon dactylon carbon. Der Chemica Sinica 2012;3:99-113.

36. Moraci N, Calabro PS. Heavy metals removal and hydraulic
performance in zero-valent iron/pumice permeable reactive barriers.
Journal of Environmental Management 2010;91:2336-41. doi:
10.1016/j.jenvman.2010.06.019

37. Padmesh T, Vijayaraghavan K, Sekaran G, Velan M. Batch and
column studies on biosorption of acid dyes on fresh water macro alga
Azolla filiculoides. Journal of Hazardous Materials 2005;125:121-9.

38. Oliveira LS, Franca AS, Alves TM, Rocha SD. Evaluation of
untreated coffee husks as potential biosorbents for treatment of dye
contaminated waters. Journal of Hazardous Materials 2008;155:507-
12 .doi: 10.1016/j.jhazmat.2007.11.093

39. Ho Y-S, McKay G. Pseudo-second order model for sorption
processes. Process  biochemistry ~ 1999;34:451-65.  doi:
10.1016/S0032-9592(98)00112-5


https://doi.org/10.1016/j.chemosphere.2006.05.002
https://doi.org/10.1016/S0921-3449(98)00085-8
https://pubs.rsc.org/en/content/articlelanding/1977/F1/f19777300456#!divAbstract
https://link.springer.com/article/10.1007%2Fs10934-015-0035-5
https://doi.org/10.1016/j.colsurfa.2016.10.052
https://doi.org/10.1016/j.colsurfa.2016.10.052
https://doi.org/10.1016/j.jenvman.2010.06.019
https://doi.org/10.1016/j.jenvman.2010.06.019
https://doi.org/10.1016/j.jhazmat.2007.11.093
https://doi.org/10.1016/S0032-9592(98)00112-5
https://doi.org/10.1016/S0032-9592(98)00112-5
https://dx.doi.org/10.22102/jaehr.2016.40214
https://doi.org/10.1186/1735-2746-9-9
https://doi.org/10.1016/j.cej.2011.01.078
http://doi.org/10.1016/j.jcis.2005.01.036
https://doi.org/10.1080/09593331708616362
https://doi.org/10.1016/S0032-9592(03)00034-7
https://doi.org/10.1016/S0032-9592(03)00034-7

DOI: 10.22100/jkh.v14i3.2292
Journal of Knowledge & Health o ]
in Basic Medical Sciences 2019; Vol 14, No 3 Original Article

Effectiveness of Derived Oka Activated Carbon Coated with Magnesium

Oxide in Removal of Bromocresol Green: Isotherms and Kinetics
Mohammad Amin Karami (Ph.D.)!, Mohammad Darvish Motevalli (Ph.D. Student)?, Zoreh Hyedarimanesh
(B.Sc.)?, Bahram Kamarehie (Ph.D.)*"

1- Dept. of Environmental Health, School of Health and Nutrition, Lorestan University of Medical Sciences, Khorramabad, Iran.
2- Dept. of Environmental Health Engineering, Public Health School, Isfahan University of Medical Sciences, Isfahan, Iran.

3- Dept. of environmental Engineering, Azad Islamic University, Ahvaz Branch, Ahvaz, Iran.

4- Dept. of Environmental Health, School of Health and Nutrition, Lorestan University of Medical Sciences, Khorramabad, Iran.

Received: 15 September 2019, Accepted: 8 December 2019
Abstract:

Introduction: Protection of environment and water resources implies an urgent need for removal of dyes from textile
wastewater. The aim of study was to evaluate the effectiveness of derived Oka activated carbon coated with magnesium oxide
in removal of bromocresol green (BG) from aqueous solution.

Methods: Activated carbon was derived from Oak and coated with magnesium oxide. The prepared carbon was used for
removal of BG from aqueous solution. Effect of various variables such as initial pH, contact time, adsorbent dosage and
initial dye concentration was investigated. The adsorption equilibrium was demonstrated with Langmuir and Freundlich and
Temkin isotherm models.

Results: Results showed that the maximum removal rate of BG (92.6%) was obtained in pH=3, contact time=4 min, adsorbent
dosage of 4 g/l and dye concentration of 20 mg/l. The Freundlich isotherm model fitted well with the experimental adsorption
data (R?=0.9969). The adsorption kinetic equations of pseudo-first order, pseudo-second order were used to model the
experimental data as function of contact time. The experimental adsorption data best correlated to pseudo-second order
model (R?=0.9955).

Conclusion: The modified activated carbon used in this study can be applied as effective adsorbent for removal of dye in
aqueous solution.
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