03l e I p Lawgi (ST Joho 3 o 0 iy
T Medl goosmo Sgruns gy (5 F0 ol il e T SIS alol ) guigley (oot

Ol g ey Sy pole olKiils (o oaSlails dass cudlagy 09,5 jLobiul )
f’?l; ol8isls cilagy 0aSiidls dae Cblagy 09,8 cdaxe Clllagy o)l st‘...w)LT Gozidls Y

Olnl s pedgr (S
Oyl g ey (S pole olKiils ciilagy 0aSLiils ¢ cogas Cudlagy 05,5 ¥

VWAY V)oY callie s VWAY/ YNV callie Sl o gl

oV

oiest oS 51 5 bty 59 it Sl K5 s ot (531 S 4,155 51 ) one SoglT a3 cnk
Falcaria) o5l cale aods 5 cod o)l G35 ,Slae o)y andllas l Bas ol 00l (] (o599 ez g S g jae
ol ol Jsloe 5l e (99 B3> o (Vulgaris

Syl Sl ad oolinul Qi and Saz 5 sl ez i bl 5l ojlih Gle S Graghy cal )0 1 by
(Y ML G /%) Gl Jaie 5 V0 ML G 0+ ) o Agl CLale (s A+ b ) Lolad oo <)Y b Y) pH. g2 cilizes
5ol (ingd 5 Sl iy 5050 (slo p gl b (alSiolojT (gla 0ols 28,8 15 ) 0550 i ledil
23,8 s PHZPC ¢ 143 o3laslile 0,85 w9 BET glaw colus aile 03l Slasin ol ools o3l

FSlas 0 pdy oo 5Sb el PH g 03l jlade ¢ gus adsl clale o> oo ,5iSB 5l e i aS ol L s ivasdl
allas 3 50 p 395l Joe oz Gt o 28l 1l e adgl Clale ol L e Bl plenily 0l Jol> Y PHL s i
Cawdy 3l BET gl 058 caiog (o5 40 1) 03l 4 (e 0l (WAY mg/g Cdz byl 5STas 1) 505Y Joe
Sg YIEMYE o3lel oL Sy 5l ool

Loyl o Jslono 5l (32 B> 50 0155 CelB o g 3l oS 8l lis aslllas ul ) Jolo gl (6 S Az
23 plsie 4 G5 ole (oo 03lely oL S S sl end s 3l (VL el 5 2o (g3l oolol iyl Al se 4 az g
gad 03litul (5318 sla car VT Bdo o Jlab () wiile (e S L slasdlr 3,215 (gl nlie

k;aj J}J&m o ‘gsxla.w ol ‘o)l.cla st Q@)‘B

EVRY-N

30 085S job a4 aS wil oo e (538 slo oY
Pl l3l )M 5 ()T alez 5l mlis 51 (s kemms
30,5 oo oslaiul (55lwdsS (g3l ) iosz e e
(S g S Sl ol o Gladl G 50 e g
5l g Sm sle Gilon edae 035 5 (S
chle @Sl (WHO) Sl cuslags lojls (V) 005

Jdo & ol o b o lpls Sogll o3l slo Jlo jo
395 4 |y ook ax g a0 5luk 5 Slglyd (oo

b)‘wbﬁ)jwﬂl@u%&b (\)w‘ o&;g.«l.?

P Jgene 5l (Sl oad fas Lse 4 I3 g
e clilagy 0l ool IS gezeiils ( S Al i Jghomo st g8 S

Ol b s (S psle olKisls (ilags oaslasls
rahelekafaie@yahoo.com : | DASRIN RN g i 1o



sl PH o iz pledly g Wsd g0 Ghrogs s n5eSY
bl gl Slinios cplpln (V) )l azgs LB sl
20 09 Sk Ak e g Blol S peie yekay 45 (D3>
el ool >

plril T 59y 2 sl addllae (35T o5 gl 3L 51 (S
b o3ely obS il oo B3 b olely cale ol onti
, Apiaceae oolgls ;| Falcaria vulgaris _ole U
9 & My L g 95 Sga j9lS ©pE Cgiz g o)
Sk o7 £l g 4Bl (gl ol ol aylas oo 0, LS,
o liwl asle j5iS Oy 50 .l el Ve lawgie
Vs 5 Sl Olsie 4 olS cnl 5l Gloas g Gl
055 Sgae 0O Gy S ALBAS 3 9 990 (oo o3l
SIS 5 oS slo (L alS S Sy sl
OY) ool 43,5 o ),5 oolicisl 5,50 555
USRI S St NS SRR PRI
i ol 5 el ] sl 5l e B (gl il
Al 50 55l 0 Sl it w0l (xhaw Dlasuie
5 (D3l 5 oa¥T adgl edile Jole pH Jolt) i

Lol 48,5 18wy 0590 ©A> p gl ez Criores

S RIY)

Gl sk solol g anes

Oy Ll o pasS o lis jhejlely ol b S
3 e S o8 b st Sl a5 sl e
odds Sid sl I aias i 59, 0 Do 4 a5
Bk o eas S ald o F cSleSs sun dils bl
Slislesl o Gl lgie g (6,00 a0 (gl adds
28,5 1,8 oolatwl 8490

b3l by,

el g (oo YO« )] 51 eolainl b aingnb &g
ooles ley (VY UT)pH@us)‘aﬁoﬁdbﬁﬂlﬁ.M
(Ve /L) o g2 S gl Jlono 285 )15 (o)
ol VeeemL o Cu(NO3)2 6,5 YA+ 0,5 J> 5
B85 L 6,5 sl Jolore W] Gy yudadi b g0 jlade
Slp s JLgs Hate O 51005 as Seiwl Joloe

slre o> 5 VO ME/L |, Sowels] G 45 s Joud LB
Glas 0 g Y ME/L |, oo Ol adss )0 saYT oyl
() cwlos,S el /Y mg/L |, oLl g s5,0LaS
olils gl glo OB ahal Joeme lo oo,
oot B (i o 5l Al G aiilo (oS
o S5y plae el il (e JobS (Sojels
Yok ol Vb s anze Jds 4 (F) alerty xSl
Sl 3l 0 Cassies cabend Slge Lo ibal
angs b )3 6la,giS )3 (o hwd Cudgase 5 03 S
5 ooliil 4y L5 cpplpliy ool Sgama b g,y ol LS
== gf”“"”’ N &P S92 Rl sla G,
4295 390 03,0 jsb 4raS Ceul aie oS la )
e s & Jld 58 Gl el (0) Canl oas £l
S iz e 9l SlglBeonls G Vb ced)b g ok
sle 65l oo e 5l S0 Olore a4 JUb )8 5l eslan
lesbobanss Lol 5 T 5 e 0any VT i g 35750
Slzeed Jg ol 00y dogi (5 ol Gy b CLli
S0l 4 )T el sl 5 30 VL sla 4o ey
Sl 5l (@Vb ChS 4z e Gizen g 039 ke il
S Glod @ 58 5l 090 sl anze Bl LS 09
oS bS5 bt sl slo 4l se 0l el i
Ol 3l eslaial g 039 0k j 525 Vb (Slelide )3 (Bras JUud
Sz Slalllas plxl gl plo 05l (oo (Sen a2 1) (555l
Yo od ced b by cwdd o)) sleadlr lgl 03,5 o
A3 Aol ,0 g Bras Jlade o2 U ols dalsl lies
b Bds o5 aso) o g 00,5 lag ials 5L3s j50 sl
ool 4y gols; azg |usl s anls Lil33l S o>
Lgos gy o(F) M ldl; Lo nnl slo il gl
Solare o 9 (1) o) awd d(A) 90 9 JW 2 Sy (V)
S I g ml aed Ll bl ) &S el su
Zhong asdllae s Jle Hlyie a4y ail oo Lame 5 il
Seeldge i g St (et pgas 3 (V1) Ol
oo i an b 0 g0y 0str sl el g3l a9
30 @l b sSlas as ol las pasS oldly lawgs
PH slozal)ly Grizran wil (oo VY MY/ oo i
Py odr wnld p oeled ploy 5 @il Jlade (Jaloe
pll) (55,5las wlaly ga8 aw 5l (6,50 asllas ;o .Wos
A oolatl OB 5l e Bd> (6l (15157 5 Lguo ¢ s

pranl b s osls a5 ol s o STy piail )

psj.umsha.ac.ir


psj.umsha.ac.ir

Al AL Jolome 4y O3l 5l )5 110 e 9 08 oplais
s 00 s 6 o3l ales PH sl YF o338 51 e
pH  cove (D ahii 0005 v, 5,090 adgl pH
gl b a3 ) 3 ZPC ) plge 4 adsl PH 5 ol
O3 2 S5 L Dl gla-dis, S e g 0hug
Ao 00,5 s (YYYY-Micrometetics/Gemini)
anlllas cl 5o T (eSilon 5 515 Jhgo iz Sligles]
b Aalesl slo osls Jolos a3l 00 555

A bl Bxcel l5a0 e 5SS

b 4l
SLIY Jgaz j0 o5lely oLF 5l onds ags Ll Clasin
o o9 YU Do g0 oasliv a5 (5 shilen Coul o0l

u.)‘ w.al.w 9 u.J)lS u\.»‘y‘sa uol.’> 60)45 C.’a.u 9 LQO;QD'

S0 il mes YT Bis o 1) il

oLS 51 5l oud angd Wil oliand 5 (Sopd Slasie ) Jous

o3lely
. . . .
o X & 39
. . . .
vir M?/g BET &b
[+ Cm¥g o o oz o>
N nm b o> lad
i’ - PHype
A\l g/ml o> Al
VA 7 FeS e
Y- Mesh Sl @d ol

0ylo e wnlp 50 ulS ik Jslre pH o5 Uil |
slo PH o o5kl obS 5y by s iz Slinle;]
ol el ) S8 0 ] gl 4 8 ool i
PH 5l e 032 o5 a0 (0 Lt (2r2ly yob &0 S
33,5 (oo aa>e o5 (5 pohailer 3 pdy (oo ;S Jelxe
ol g D3l Lawg Jolow 5l e Bdo wo s (1 iy
S5k 4 0oLl 5Ll gl slo PH. o o5lely o5 Sy, S
Jolas s Lol> ZABIAA Gis Jlade ¥l pH o oS
ZO0IOA e 0 VY ply PH jo 50 e Bd> 0oy

RS R

Gl bS] i i ool Jsloe PH aebss g
S TPMAY - ol5e 4 o poie (o) 2
i e pleadly g cod il livlel jlal> e ye 4

0B 3 V) aloles b

V(Cn — Ce) W)

q. = M

¢~ G

M

g, =100x
co

ol ks o Qi Lds i b ge Ly, opl o
adsl clale Co () e iz ooy E_ - (mg/g)
Soldp 5l e (ol cdale Ce (mg/L) o
mg/L) tolej jo wseasledl cdale Ct (mg/L) Jols
3 il oo @) Lilxp > Mg (L) Jslre o Vi(
g e oo wled Gloj (s 1w addllae )
2o iz e el b ladse lo aasie pH 5 D3>
@25 gl ool Glhal plie oS el D3 s,
GINg B el Q32 p gl la Joo b Dda Jol
V-5 OYolre Gubo ol i ) guoSiol) - (9o 5 (Sl
S (g2
Ce _ Lxlce Ay

qg, ab a

logg, =10gkf><l(logce) 9]
" on

g, =BInA+B1In )
Ing,=Ing, -D&* *)

b K ¢ 3905Y p 395l sl coli b g a SYolee ol jo
L/g) (Jobss b coli i 5 4 B g A s 8 0 395!
qmy J/mol) M Jewsily €«(L/mol) Sas ool
Sl oo gaSol) - etgd p gl ol
S o eal &l gy 4 b dged jo e cdale
ol i o 1 eolaiul by (V) wie o lasbin!
s (6l 0,8 (6,5 o3lusl (LI wl cvarian AA240)
AN sl 51 (e V0 (PH ) sio )L alaii pH
OV PH g asu, o Lo YO+ ,i0 50 NaCl Yo
W B Y o oy o) aullSs,0em b oy f watailr T

psj.umsha.ac.ir


psj.umsha.ac.ir

A
2 r
3
A r
9

Y.

PH

o3l oL 5l o 4y L3l dawgs e B> adgl pH L5060 loges
(VgL Gil> jlsde g Ve -mE/L ooiu¥T adgl cdale caids Fo o ules b))

Cte 90 (alplo g il 5o )8 (e Ve e il
AIVA S ol 3 o s 2d 5 )5 ) adls 6
Sl 50 Ll b o Bas ol Jsloe 5l e duoyo

bl el Bde lewdly (it 0 e S Y 4
S Jolze 5l 0oV gilulas Sl 3850 il
(YD) oylo 5B g0 o Jolw gilulas sl caogs 4
(23> aw Olaseie wily oo Qi pyignl slo ol
Pz Cudyl izmen 5 K0S, 4 ean YT g il S
43‘)| L’ o._».\.> ‘_;Lb (:)45).»‘ u.:‘JJL.s VLY ua?r.m.a ‘) o..\,.:ﬁﬂ
iz wnld ogel e 5 (b Gl e DML
23> Jlod Caz gaSholmaings g puSel gy B
a.;o; oolaiul o)LcL: oS )‘ 0dLl Anps odl> Jamy U
@ axgi bl ool 03,910Y Jgo joradllas opl ol
Joe 3l e i dalllas 0590 o Jow  Svod g

(do,0) el
<

sVl cdale b glo Mo col Sen calitee lio
53,5 ol 83 o lss (nl Gl anled wdgs wslie
slo cdale 07w Biz (gl ool agy L3l o Slac a5
2 oo adgl SBlE ST o) p @l Sl 498 il
Gl a5 ols LS ¥ S b e B3> ol
CeBIS Lig il (o0 pRelS Bds plendl) e adsl clale
s T oloy b i el b e ann 45 oo
TN g YO A Bi> voyo uzen b oo il
(B0 plp e adgl slo cale (ol adds Ve ules Gl

ol Gy i )8 oo 100 )
D3l 0395 sl ean T G Qi sS4 4z L
Oloily 2 (2lim 31 i gyl oy 5o e
Syg0 e Bl L3l cdale [ Sb plpls ol Lo
Y TS ke al LV JS8) S8)5 )18 (o)
28l il Jsloe 5l e Bim ao s ] 0 0,5 4

5 ) S s e i e

C=\o- mg/L
C=\-- mg/L

C=0- mg/L

(a2,80) yoles ;5o

(\ gt/L Lil> jlade oF ol pH) o5lels oLS 5 oas ags

psj.umsha.ac.ir


psj.umsha.ac.ir

RS Qo 40

o5lely ol 5l ouds s Lil> Ly o ol &lp LS‘)‘S)“ sl Jae Sledl :Y oo

33

T 1
R3Sy Fitted model C/q,=0.0074 +0.1132 Ce
a AIAY
b AINAR
R? +/234
RL=1/1 +bCi EREA SV RN
gl Fitted model Inq,=3.8924+0.2951 In C,
kf fa/-v
n YIYA
R? </AYO
@ 5hyol — g Fitted model Inq_ = 4.373-0.0003¢>
D oY
e=1/(2D)0.5 f-IAY
qm Ya/YA
R? AN
Ol Fitted model q,=52.56+24.93InCe
KT NAY4
qm Y¥/ay
R “/AYY
-1 .Y -0 \ Vo \

@gr/L) Wil lada

Feoiiubed ey ¥ il PHD 632l oL 5l ons apgs odle Lasgi oo B> 3 G3la e 30 Y logs

psj.umsha.ac.ir

(Vo mg/L oan¥T adgl clale g aids


psj.umsha.ac.ir

o gigl CAle ol aseiie ¥ IS 4 S g shilen
oo Ol 0yl B sleal, p glalade BB ST
sy clacdale gl aids o ulod lo 40 oids B
Qo YO gAY M S5 V0- mg/L gV e b o
45 70 S950 3 (SBU Ayl el o 0 @ i 09
23l ol goke Gog oyes jo Sl &S el (S )
bt ples GBI wlioe S57s G Ost 0992 05 9
03,5yt (F3z Sl e B> ploudl) aiBs AL L
Jols a aids o 0 Gdx anl g Ko ol ol
o ol cdale muldl b lens]) malS .ol oauw,
il s i slaelSyle ol a5 col el ol 4y
Slaad e clale al8 L cplple ol Col Jolxe 5
2901 35z il 6l (e s 55 slaollr
a8l b s ol (V) A ol aily 2als lond, s
ol ¢ Pellera ol anls pdize 1 50 slo
30 addllas 0550 LA (59, g e i aS Wole lid
Lo o) (oo Jolas 4 (el (o) aids wixr (loj e
ol s b 5 (V)] Koy anlllas oyl glo azily
Hansen .cul oglate piione & slo a8l L axlllas
0l Slge Lawsgi o iz axdllas 4o () il Kon g
ardllae 3> (59, p e iz A5 W0 ST (155 (55 ,5La8
OS] dsy oo ol 4y ad B0 Ben loy Sue y 00
g5 coialesl Ll b ol oo 1y Ctioms gl (313550
Dl sy -0l (g9, o Jlasl Sldsl g L3l
35 ol ol ) eat ag @ile o5 s Jol ol
Ol ooges Slides )3 Sl gl Jewily Kby e B3>

el 1 00 ¥T dims g
gL & IV gL 5l 3l 5o GRlFIL Y JSs Bl
B pleaily id )8 oo Vv e 2ile (6l )
3l gloyes 6l 5 ol omsy ZAVIVA & ZFFIVE |
il sl el Lo,i Bi el ) /L 5l i,
e ol al33l 51 a6 ) @/l il 590 b o i
SlpaS JJo (V) casl o i gl o yiws jo slo
gL ) it 3l lages sl e i GRalil poe
ghe » @i sladoe Gliges 390 by Gl )
axeS 50 g iz sla o lall 4 e oS Coul D3l
Gdiatn 390 (V) casl onls Cdz (i 9 londl, juals
VL5 YL (P Jgan) a2aiS ol ST o il
embin il andllas 0,90 Q3l> aoo oo ylid a5 o]

e
Syl e 4 Qi Slasie w5l ol mli
M2/g Joles o slls wdla oyl a5 sls Las oLl oL S
AY ) Ledls sl BET gl 0,05 )0 a8 coul /7
s lis 3lr ) BET haws o ke il o (VF
S5 Sopn S Sble (slens )T Yiaxsl a5 cel Gl
Syge 4 @iz anlp 5wl Joloe I e Bl o
Slllas cpizman (VY ,F) ol g asni b (oleosds
S o0 gl il lyas b aS was e LiS gl
S TUPAC susy ail oll s sl by el Y+ i
S9d (o0 (S Al H919,50e sl L3> 095 0 L3>
poilSe (Dl ols 8L alavly 4 Jsle pH .Y
9 S Slgnl bliig b 5l (oo )b condad (DIl Qi
00iS S sl gt B oy piages 5l (el Cd 8
oS 4gSilen il o G318 la g e i anT
wily jels Bis LIS PH (a3l b ans oo olis gls
Lli ool as 3> pH, 0 4 sy (pl cde ol
ol anl B 0 a5 ol sl el b 5l SO pHZPC o)l
&l alais sains Llii pHzpe 5,5 oo )3 colaiul 550
PH )5 5 col jao 03la anle zhaws ,o Lb o] 4o a8 ol
5 5 038 siie b gl)ls G3lr oole a1 51 YL sla
OA) 2l o cote )b ghls il mhaw T 51 5 by
Cawds # 08g05we ;0 03l ol 5l ouis angs L3l pHZPC
S shls Gl maw &5l 5 b pH jo a5 ol il
Jlast Jds 2 (CUu?) oo (g2 o el ite (S 2l
0 Ol Dl s 09250 Sl lale sl oy S 4
siie syl slaai pH 2als b gy & )le 40.(V8) by
o 0 S Cunle 4 axgi b g Al ol LAl
A eai¥T s il e (Sislials mSUl il Jslono o
il oo GRIBl 25 Jge b bl i pleadly 5 (V)

Cu2+

[F. vulgaris]7 + Cu™ - [F. vulgaris] )]

(7 AOIN) o Bi> 2o )0 (g3 ik QT »asyY ulupH
b axd Sl s ae PH (lpie 4l a8 5 090
Gl Al Laugs e B> 59, 1 00l plowl ladllas o
PH ,o G Slas 55 (YY) Cudgis ) 9 (V) olw
Sl ¥ ooz 5o ol oolidl 3l ol oy sl

ol 00 e Aie (ol 50 (6 i albre 5 (38150

psj.umsha.ac.ir


psj.umsha.ac.ir

Sledbl olwl 5 ogday (V) Canl Q3> v 5 o
geogoly - imgs pignl 0 & Ll lade ¥ Jgo
Ligie sauas olis € CuwS 0wl s F+/AY kJ/mol
Sl a8 Col 0ad Dl e O sl 4 ©dx (655
oo i a5 Wled o apl Al plalil o Qi g4
Log a8 Canl slands 01,8 (G oo ags L3l Lawgs

(YY) 098 (oo J5S 6l 0)d o 395

S
Jlsufﬁ}loou;»lb@TJlewgka@e
OUES oy )3 g aisp oS OOl ST olye @ ojlely
(ool oy gl cale ala 5l Calises (clo ke 45 ol
3,1 @iz Gleily p 2l 556 Jolee pHy 03l 590
gl 3l o ¥ oy PH s s i ooty jiSTa
Fooold oley 4o g Ve emg/L ooV adgl clale b o
L) 5 3eSSY pyignl el Cawds 7 AVIVA (e 4 aiBo
oo G2 cenlio (WMAY ME/E o ol byl Sl
o onlpls 0l ools Laskid Cix anl S Chiog Sy
w3ely oLS 5l oad g Qdlr &S 0 S (6,5 A Gl
Ls S e S0 sl Jpsd BB 5 TS L3lr

10,5 gyl
'9914‘. oKiils SF=xe 9 6ol coles )| dJlie ulf\.\...w.:y

Aisled oo (Sloy08 anlllas cpl sl l jo gy (S5

o o
sl 8l ol 48 e B aun s gl p adlllas ]

o

References

1. Islam MS, Ahmed MK, Raknuzzaman M,
Habibullah Al Mamun M, Islam MK. Heavy
metal pollution in surface water and sediment:
A preliminary assessment of an urban river in
a developing country. Ecological Indicators.
2015;48:282-291.

2. Zhong QQ, Yue QY, Li Q, Gao BY, Xu X. Re
moval of Cu(Il) and Cr (VI) from wastewater by

an ampHoteric sorbent based on cellulose-rich

Sl lidas obiie 4 b su¥T i el
599 oled Oloy aine Laalpd o 5l am adlllas cnl 5o
oo iz o p 5ol s e sl aasie PH 5 Q3L
2Eislesl sla sols a5 ol ylis s § ws 5 aseie
& o e CIAADYLR? Jlaie b 51505 o o5l L
235 o550 Jae 5l oasl Conay iz cd )b aigh
U592 lgudle S50 b dliie ;5 45" el ey AIAY mg/g
0ol aSiy) sy oo S 4 oS oy il ol (Y
s pnSY iy sy e alSlos] slo
o P gl b Gl oSl (igen e 5l 2L
oS el gl 515 ol ppeSY dlolee a5 1> il
Al slade F ooz olal Sl (5900 D3l s
Olpls s s ofe e V=e[e et ¥ 6 oogue 0 RL
3 09 (56 Grogi gl 0ol dgd QO 4 o 0
Jsle 3l b 0¥ Gis el gplin gl bLs,l ol
2 YEYO ) caloas 5,155 (55,9la8 @lasly b ol
O b sledl bwgi e Dl Dlalllas S wix
S 58 doin b e anl 5l (palel sle esls a5 ol
Ll Sl 51 305 015 o L35 5o Sslis ules oo
el e ail eolinl 050 w3l £33 5 iz igles]
o5 (Al o Sy sue 5l it o) galis B o il o
obS 5l odd angs 3 A e iz 39 cewlie oaams
St w035 5 G, 9 Ky slo <l (V2) el o3l
JAYY YEAY ANS g a4 S pyignl Jos R
G5l Slaie b Ll 4 e i nlply el cenny
ol pizmen (YY) 098 (oo chrogs (oYL osigd Wil
oY/6 kJ/mol L 5,50 W3l sl BInA (S5 Od>

Js50 (898wl olml eaims (lis a5 w0 5 s

biomass. Carbohydrate Polymers. 2014;111:788-
796.

3. Jiang Y, Pang H, Liao B. Removal of cop-
per (II) ions from aqueous solution by modi-
fied bagasse. Journal of Hazardous Materials.
2009;164(1):1-9.

4. Bilal M, Shah JA, Ashfaq T, Gardazi SMH,
Tahir AA, Pervez A, et al. Waste biomass adsor-

bents for copper removal from industrial waste-

psj.umsha.ac.ir


psj.umsha.ac.ir

water A review. Journal of Hazardous Materials.
2013;263:322-333.

5. Awual MR, Rahman IMM, Yaita T, Khaleque
MA, Ferdows M. pH dependent Cu(Il) and Pd(II)
ions detection and removal from aqueous media
by an efficient mesoporous adsorbent. Chemical
Engineering Journal. 2014;236:100-109.

6. Basci N, Kocadagistan E, Kocadagistan B.
Biosorption of copper (II) from aqueous solutions
by wheat shell. Desalination. 2004;164(2):135-
140.

7. Marshall WE, Champagne ET. Agricultural
byproducts as adsorbents for metal ions in lab-
oratory prepared solutions and in manufacturing
wastewater. Journal of Environmental Science
and Health Part A: Environmental Science and
Engineering and Toxicology. 1995;30(2):241-
261.

8. Annadural G, Juang RS, Lee DJ. Adsorption
of heavy metals from water using banana and or-
ange peels. Water Science and Technology : A
Journal of the International Association on Water
Pollution Research. 2003;47(1):185-190.

9. Hansen HK, Arancibia F, Gutierrez C. Ad-
sorption of copper onto/ agriculture waste
materials. Journal of ‘'Hazardous Materials.
2010;180(1):442-448.

10. Zhong Q-Q, Yue Q-Y, Gao B-Y, Li Q, Xu
X. A novel ampHoteric adsorbent derived from
biomass materials: Synthesis and adsorption
for Cu(Il)/Cr(VI) in single and binary systems.
Chemical Engineering Journal. 2013;229:90-98.
11. Tong X-j, Li J-y, Yuan J-h, Xu R-k. Adsorp-
tion of Cu(Il) by biochars generated from three
crop straws. Chemical Engineering Journal.
2011;172(2):828-834.

12. Jaberian H, Piri K, Nazari J. PHytochemi-
cal composition and in vitro antimicrobial and
antioxidant activities of some medicinal plants.
Food Chemistry. 2013;136(1)237-244.

13. Ramavandi B, Asgari G, Faradmal J, Sa-

hebi S, Roshani B. Abatement of Cr(VI) from
wastewater using a new adsorbent, cantaloupe
peel: Taguchi L16 orthogonal array optimiza-
tion. Korean Journal of Chemical Engineering.
2014;31(12):2207-2214.

14. Asgari G, Ramavandi B, Sahebi S. Removal
of a cationic dye from wastewater during purifi-
cation by PHoenix dactylifera. Desalination and
Water Treatment. 2014;52(37-39):7354-7365.
15. Clesceri LS, Greenberg AE, Eaton AD. Stan-
dard Methods for the Examination of Water and
Wastewater, 20th Edition: APHA American Pub-
lic Health Association; 1998.

16. Moussavi G, Khosravi R: The removal of cat-
ionic dyes from aqueous solutions by adsorption
onto pistachio hull waste. Chemical Engineering
Research and Design. 2011;89(10):2182-2189.
17. Lasheen MR, Ammar NS, Ibrahim HS. Ad-
sorption/desorption of Cd(Il), Cu(Il) and Pb(II)
using chemically modified orange peel: Equilib-
rium and kinetic studies. Solid State Sciences.
2012;14(2):202-210.

18. Ramavandi B, Farjadfard S. Removal of
chemical oxygen demand from textile wastewa-
ter using a natural coagulant. Korean Journal of
Chemical Engineering. 2014;31(1):81-87.

19. Ramavandi B, Barikbin B, Asgari G, Ghaedi
H. Efficacy evaluation of activated carbon pre-
pared from date stones in cyanide adsorption
from synthetic wastewater. Journal of Birjand
University of Medical Sciences. 2013;19(4):399-
408. (Persian)

20. Asgari G, Ramavandi B, Rasuli L, Ahma-
di M. Cr(VI) adsorption from aqueous solution
using a surfactant-modified Iranian zeolite: char-
acterization, optimization, and kinetic approach.
Desalination and Water Treatment. 2013;51(31-
33):6009-6020.

21. Weng C-H, Lin Y-T, Hong D-Y, Sharma
YC, Chen S-C, Tripathi K. Effective removal of

copper ions from aqueous solution using\base

psj.umsha.ac.ir


psj.umsha.ac.ir

treated black tea waste. Ecological Engineering.
2014;67:127-133.

22. Fernandez-Calviiio D, Rodriguez-Salgado I,
Pérez-Rodriguez P, Novoa-Mufioz JC, Arias-Es-
tévez M. Time evolution of the general charac-
teristics and Cu retention capacity in an acid soil
amended with a bentonite winery waste. Journal
of Environmental Management. 2015;150:435-
443.

23. Pellera FM, Giannis A, Kalderis D, Anas-
tasiadou K, Stegmann R, Wang JY, et al. Ad-
sorption of Cu(Il) ions from aqueous solutions
on biochars prepared from agricultural by-prod-
ucts. Journal of Environmental Management.
2012;96(1):35-42.

24. Dastgheib SA, Karanfil T, Cheng W. Tailor-

ing activated carbons for enhanced removal of

natural organic matter from natural waters. Car-
bon. 2004;42(3):547-557.

25. Zhang M. Adsorption study of Pb(II), Cu(II)
and Zn(II) from simulated acid mine drainage
using dairy manure compost. Chemical Engi-
neering Journal. 2011;172(1):361-368.

26. Tong KS, Kassim MJ, Azraa A. Adsorption
of copper ion from its aqueous solution by a
novel biosorbent Uncaria gambir: Equilibrium,
kinetics, and thermodynamic studies. Chemical
Engineering Journal. 2011;170(1):145-153.

27. Moussavi G, Khesravi R. Removal of cy-
anide from wastewater by adsorption onto pis-
tachio hull wastes: Parametric experiments,
kinetics and equilibrium analysis. Journal of

Hazardous Materials. 2010;183(1):724-730.

psj.umsha.ac.ir


psj.umsha.ac.ir

Evaluation of copper adsorption from aqueous solution using the
leaf of Falcaria vulgaris

Bahman Ramavandi', Raheleh Kafaei*’, Ahmad Ebrahimi?, Mozhgan Safari?,
Masoud Mohammadi Baghmollaei®

1. Assistant Professor, Department of Environmental Health Engineering, Faculty of Health, Bushehr University of Med-
ical Sciences, Bushehr, Iran

2. MSc Student of Environmental Health Engineering, Department of Environmental Health Engineering, Faculty of
Health, Bushehr University of Medical Sciences, Bushehr, Iran

3. Department of Public Health, Faculty of Health, Bushehr University of Medical Sciences, Bushehr , Iran

Recieved: 29 Sep. 2014 Accepted: 7 May 2014
Abstract

Introduction: Increasing environmental pollution by the discharge of wastewaters containing copper
has caused much concern because of the serious health effects, particularly the brain and liver and its bio-
accumulation. The objectives of this study was to investigate the performance of a low-cost and natural
adsorbent namely Falcaria vulgaris to remove Cu(Il)-ions from aqueous solution.

Methods: In this study, the leaf of Falcaria vulgaris was collected from farms in Lorestan Province and
used for preparing the absorbent. Effect of various parameters such as solution pH (2-12), contact time
(5-80 min), Cu concentration (50-150 mg/L) and adsorbent dose (0.3-2 g/l) were studied. The experi-
mental data were fitted to Freundlich, Langmuir, Temkin, Dubinin—Radushkevich Isotherm. Absorbent
characteristics such as BET surface, pore volume, particle size and pHzpc were determined.

Results: The results showed that Cu adsorption was affected by factors such as initial copper concentra-
tion, adsorbent dose and solution pH. Maximum adsorption was obtained at the solution pH of the ad-
sorption efficiency decreased with increasing the initial Cu concentration. Among four isotherm models
studied, Langmuir model (with maximum adsorption capacity of 8.83 mg/g) well-described the copper
adsorption onto the adsorbent. The BET surface area of the adsorbent obtained from the leaves Falcaria
Vulgaris was achieved to 2.6 m2/g.

Conclusion: Overall, the results of this study showed that the prepared adsorbent has a good ability
to remove copper ion from aqueous solutions. Regarding the low cost, ready to preparation and high
efficiency of the prepared adsorbent from Falcaria vulgaris, it can be used as an appropriate alternative
instead of relatively expensive adsorbents such as activated carbon to remove metallic pollutants.
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