[ Downloaded from ijhe.tums.ac.ir on 2026-06-17 ]

B9 ode gaollad (Cows ) o 9 Cuodlw alxo

Olp! e clilogy (oode (pozsil
YAF G YVY Slowio ) F- Y sl <30 ol « oo il 550

0

&b

(@

£

\vzp %("
Available online: https://ijhe.tums.ac.ir _3 \\/ ;
u..f.h 9 j.._ag Jlas %Y“wo\ 4 jg

%,
0, O
" Of Enyiron™®

i S 5 o 3l > Sty aiglyd S (s

| g Lo jaesme T Jllas g < (Jgesy crelieste (893 slgzaese

Olpl ez o iz 0 olKidls ¢ (i oaSzily ¢yl pos (ewdigeo aj)f -\
SRl e SHIST s olBasls ¢y pole i 00SLiilS ()] jos qwidig 09,5 -

0 b S -l fo ol M bl
cde an el QLQ? ol o 50 (g3laBl v o sl led 5l )5 ore 4 x> ST B0 g dadiwo) CRYRILT (el yo g
@ lize gla Sl Ladl el Sase glaalbl oo ol a8 5 Laan) 8 caxd (5,00 10,0 VEY/F/\F ol g 2,
zlinl s S aial cge ol GlacSuSs 0g-b o0 S 0 K Gl 8 oy ada VEoY[oF (Yo : ):N (_u G
s 1, a3 5 S50 gy e hact 488 S S elils (7T S s

e sloalbly 5l s glimil cgar S Sl ol ) ol Godod o 10 el 5 g0
I PV SV IR CESUPR
$le gloj o sl PVC iz 5IVF e Jsb oy (6551, 5l imsly (ol 59t sy 2 (9
Sy 2SIl Jlome 5 5 oloeil (285 slass piSUlas azd S L oV Viem jlals g 55,7 5 ¥
9ot s PH U8 g e G 08 (o) e sl Cgr S il 5 S0 o] )
(el e glite ol 4y laog Sl b il aylp Dl oSS s Sl g ulS 5l
oS el Cuny b s (0o OF) Bis leaily o 3VL e imlesl 550 slayisT) s ilaamdly  (gine sbhalbl (S (Fogll ¢ e ¢ S
50 ool 59, 8 ley S yo eyt Ol g /Y MGGy sl 5l e 5 an ol g oSt o
8l gl oo, £ dgas 4 e BAs leaily canelw VT coidad ages L caslol
&y (o ;5 5 00 o i Bl el sl 0 G i sl 0 S 1 gy A
2 S pH Liis g oo hd Oglite jaugn L eopdlea .cowlatils S0y sl 40 cuis

Az 500008 by S j0 o] cisws ralS g 38 sy Pl gl bl b o iS5 e0gaxe
cab UM_J)B‘ S o ui Bi> leall) g 4 bal cogase 5 Z)b a UT Jlazl ub—“’

t ghann 0 My g ( Sy SN oy

b.khataei@arakut.ac.ir

Please cite this article as: Zogi MJ, Rasooli MA, Khataei B, Doosti MR. Efficiency of the electrokinetic process in copper recovery from the waste
of the mine. Iranian Journal of Health and Environment. 2023;16(2):273-86.

Copyright © 2023 Iranian Association of Environmental Health, and Tehran University of Medical Sciences. Published by Tehran University of
@ @ Medical Sciences. This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International license (https://
AT creativecommons.org/licenses/by-nc/4.0/). Noncommercial uses of the work are permitted, provided the original work is properly cited.


https://ijhe.tums.ac.ir/article-1-6720-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-17 ]

Jo BB Glaoan¥T i cgle cnl 50 05 )ls 0925 >
St o S Al b g ardls |, Jlml 5 oS, oUls
oo VT 5 oo c3gd (gouml S 51 0548 oo zl el
S 3058 glpel | sl 5 051 )0 Jsle & j50 41,
Yl 5 b s (S 4 (S Sl Jlasl S0
Jo 15 65 Sligesy el o sl i (V) 05800 o] 40
S slassls Wl yo LB g b a5 J s oS e
Sypo b oad > Slils Elle cpl o digh e case
Amiys Ngdbes Jo BB e 3l slannSs e
o9 ,0en Comy b 5l (S Gl 5 s pidsss
S5 5 ok slr ) s35e 5 15 5 sbne s
oan VT 4 slodgame yo PH a5 coul 5L5 538 Slga,
S iSly 4 azxgi bogd ]S il hs gl sl
RS sted 5 ol Lme 35 5 a5 5 zalS
oz 5l ST slahs, -l e Jled 4 oo 54! pH
Sz Sy iU llys ol g Se Jobs slad o p)l8
lomes Slye ysbite ooy Y s sy PH 255
Bl slae EDTA conlSo i ol pis asle
sdigd ooy sl ;1 eslatul wile sla,Sal, 5 (VF)

Sl o, LS (VPN el 55 (V)

S Sy, S ool 8 o gl sa >

yle 5 18

$lp ) SesS g xS anld (Y-1Y) e 5 Rosa
Cly S sloJsbe 2505 gyt S Sl B
ST L DT N VU B 5 N A PP | R VOV SRV
As Gis )5 0l Sy i a5 Waew; 4 ol 4 Ll
S @S Mn g Fe Bis 0wl 55,000 5
J o oK Tang adlae ;o (V) el asls

O Slls g5lSL gl SalS g xS asl s (Y VA

YVY¥

e SeiS g S sl S s

dodio
oLl ot 4 g S lase jo 5505 sla Sogll Lacs]
S 3l s oS Ol (V) cel ouls iy Cedle
5l oo, YO a5 gysba ccul S saSesgd] slie
5! oYl ol (V) 0gd oo Juls |y S 6%9]7 J
Cools aSxsl 5l g () oo obwsl s o)ls (LS 5 )b
opzy Ol (S o Ll jlade ial38l bocails orezs
S5lasl so o,blie a4y 1y Ll cldl g onls Lusl plaé
S5l Bas sl alise sla by, Hsbie s (F)
S glp b by, ool &1 andl ailoas a8 5 15 &
Glon, S gly g atily o o,Slee wlocds )
et boanslas gls oy coblB b e caiiie canlial
CollB S S g mSU asl 8 o opl o Lo golazil
Sz anlg cpl H(F D) o)l wloy ) S o Le>
oolaiwl (Ko Slpls ales ) ooV glgil Sogll 23,
og mSIl yals )13 L e SCaeS g mSUhasl 3 50 (V) 09 o0
el @ pudites (SO S by Jlasl g S 30 o
Dedca pll GlSL anld g 005 S > leoasY]
Fhhe Sl g o)y il GloS L ilS s ) o
oo a3 S S8y b, (A) s5bise el
i Ol 4 el slaSE (G5LSL e 05,
3 alils Bas leds]y Sauge Cga alite sl s, 5l .ol
S beaS 5 g 4l b plerty Sl 35, L S
&3 Gl wload slml fge job 4 cachai sla s,
Ol 0aisS el e aile (S g Sl e o
(S Sl o adgi gl g mSU 6 1S > S el
L oigd i S old a4 sl o S slesanY]
L g il aalr Slgasy S0 4 g oS 5 (I olge
@Blgye (1) sl Jolme Sjgo 4 e nj slac] o
5 Jolote g, b aw 4 S 0 walie slvoasY]

1Eo P Glinli /ogs o jlos /pasjolis ojgs ¢
)

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6720-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-17 ]

leim 9 b.éjb a!ym

cy> EDTA 5 G awnl 5l 55 (VoY) o, 5en
oolain] SilS g xSl Bds g (S OIs Pl sgups
SIS Cla o Sy Sl e 25T g 0050
5 S J 0 (Y0) Soww, S 5l 2,6 & sl Js!
Gilwsiim Gl oals 3.8, Sl awul 1K adsw
S 3L izly 5o EDTA 5 Gl 15 L
e T e ad ool i)y S ma

&,e—o Fe iNi gCd ey B3 >

(YP) s )8
Sl ¥l Bi> ogas o sub plowl Oldllas 4 4o L
(SS9 Sl aghal g, Sslie Ll cod il
H8) eat VT Glie 5 g5 oy 3l o ORBsR o2l 50
Goails Sl D) Gase glaalbly sla Shg 5 5 (e
oo B zlml ez anl gl Gl (S Sleogas
SR sy 9590 calie oy mSUl o )5 0l oolil
SeeS oS by, slecasgazme 4 az gl g 1285
Sl Cgliiie a5 by Dl i 5 ol o

Ql @‘)lf W‘)J‘B‘L‘—M—'J—"")—g Sgup S>>
tS’I_,))I ‘}_J._é dsbu\ Py A‘SL.QA 1 lal_: )0

=

VLS

gy g olge

oot 5,50 Olge 5 5557,

@ ey | Giegs opl jo eolaiul 5)5e 95T, (gl
0ol PVC x5l 90 s YF cm s 5 4 ,had g Jobo
B iz 5| o ilid oS oy 2SI Jplone ey 0
15 508 Sl S Jolone s 4585 5 45 o sl e
log uSUl.cd,5 13 oly Jlasl SaS 4y ol slol g0
5 doyo N ol S i wiad bl sl S sl
SSleb a0, 5 A g5 o )0 PO sl S s
oals i 5 ) b 0 oola sl 05 o jo o ST,

%ﬁ yﬂ/
Y, 1o P linsls /g3 6 lash /@ jilis 695
-

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

YVo

Sl b asdlas opl j0 000 5 pwyp ailbasar ilewy
alex ol l s elg Sl Ba > o Jeud LB slaglen],
9y 5 (VYA o Kea 5 Peppicelli gdss o
g5 5o 51 Zn 5 Pb Gl o Jlaml cuz SaSs sl
oolaiwl (65,50lie 0,55 ,Le 5 5,5 5 ame albl) wlasly
O 5l om g S Sg, n S ol s o sl ol
sl s bl .aid 5 o e Bl Jlge slag!meilsl
sl oy 3l g pH Gl s a0 a8 ool 518
(oS la o Jlaael 51 L) ol il

(YY) 00,5 oy
Cuyz 1y SauS g mSUl s, (Y4)) o, Ken 4 Karaca
Soxs ol 5l (Mn 4 Fe (Al (As) b ol3ls B>
Bis> 0 by, opl 45wl o il s 5 15 4 aS 5 0
‘cg)l.c Le w‘ 005..1 ):J:s.a WLMJ g_;L)iw) )| Mn 9 Al
Jolss 2,2, b olen SainSs 2SIl (hs, b gems DI5L8
oll g WS LB e (gile i c0aiS s
g Ayyanar siss 0 (YY) wog B> LB asar o)
SS9 58 aily8 g <= EDTA 51 (Y-V ) JSen
L sl soges oolitwl Slguw, 51 onSw Sl Bds> o
eolbe s 4 EDTA sosme solawl g 215wl p 55 03
Cawd So5edeST Ol s pals 56 S Slpld Bas o
o ,5ea 3 Asadollahfardi adlae b (YY) axsl
b btalejl joliie (por 038 (e Sl (yasae ool
Sl S elge 05381 5 Y V/em slds (Lol S e g 55,9
Sl cdale ol a8 adl e Ll ad ey p oS
30wtz BB LSU cedglS oe ol oo &y abal o

s Cameselle .(YF) col asly Bis> oleail, iol58l


https://ijhe.tums.ac.ir/article-1-6720-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-17 ]

e SeiS g S sl S s

B A

(43085 2uso 1D £ S :C tad g S oy 350 1B to0 3T Lawzxo 1A) o0laiw] 5 yg0 youSTy S Lo -} JSid

Cdz olBiws 4 digel S Sl clale uiles cg
ol Cds ol 3l Badod pl jo 0l oo SR o
0,5 eolazul

Odre slodlbl Slasive

2 ne sloalbly 5l g (2Blg Sl 5550 aiged Gl (pl 5
VA© 53 YAY - YA o )lad ay (yome optl -l 0398 0 s
5 Jsb) Dgf s el 10 g Wz S g 5 eskS
55 (VT FATEYT S AN B0 V0" (o 4 bl i o e
aibais ol o adls o1 glacs] o 5 VFO- M glis )|
@ bl 5o o] sled g 009 S 5 0,5 lgr g ol (Gl
R RCVRERRWINIES i OIPTROI COWS SIS S O I
Jbo 3 ooy Spgo el 003 5 oo i JLo B v @ (o
WOF Jlo b ane Sluasls 5 0,5 colled 4 g9,5 VWFA
SIS ) &y 4 pne yues el AS 4y az g3 s L
39 i Doge 4 ol gl Sl el @36 Lo i s b
D55 o0 Dyze Gloylil sy g )l 093 slashs, aws
&;u)ﬁw&vo}y&)ojol} .la.wj.' Q.AMGLAWLK
o iSTgn S 4y e slolz 4385 sl (Usle o)
5 GrSaiged | am 05l e el LESe Djgo 4 g (g5
clale ¢ o3l G olfiws jo dante sl s Ul 5l (5,5 . Sle
Slasein ab asie VFFY ME/KE Jolee diged 10 e

Yvg

Sl ol slasis,
Sl cole g wised cushy Gliee PH s sl
ASTM D4972 sl oo loslwl 5l e 5,5 a0 ]
S eosdleds v ¥ oslizal ISO 11265 3 ASTM D4643
e H151 g JIS> 5 s ASTM D422-63 s il
ool diged ganails (1951 Cewdy g (55509000 il
S350 ST diged gl ganaii gl b Gillae
Olld chle g Sqx o)l LB o) 5 Y 09 e
i & 5l Gl 0500 55 50 (695 5 ol e (S
adiges i S 3l I ] 6l temldines (g
seee L2y MM Sl aiges Ve OC sles yo g oyl o
oL SNV Y ML s ase ) ) ey ol 5 8 g ok esls
e Jos b aiz ) () 09,0 4 el S 555 ¥ ML 5w
28,8 18 e 00 Gleo o opd ples 9,0 o)) 0g 5led
2l 097s 4 S5y oyed Jsle Y B ctdS Sl ey
om@wl‘VhQu}QMMEjl&éJ@)P
G55 el oS 51 T ML gl Sis wiges aSyl
SIS FmL YV h clsdS 5l aw 048 0 00438 diges 4
sl T IL 15 s o 4 155,555l sl &
Loy amdlon o ploax (9,9 5l aiges ciile (3L QIS 5
Agos ¢ s D55 o 0dil, O+ ML & o] oz e O

Colgd 50 098 o ools Jall pgadte B\l 4y g oal L8

1Eo P Glinli /ogs o jlos /pasjolis ojgs ¢
)

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6720-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-17 ]

ubli.o.m 9 ‘_,’550 é‘?d.w

ooliiwl 050 S Glasino -) Jouo

VeLY (mg/kg) e il \

A
V44 (mg/kg) Sy ckle v

B
o/e (mg/kg) CILS bl 0

o
oo sy Sl gdudils v

lo ilo;]_
(¥ Jgo> slhe) Jo,eSl S5 & j90 a4 olislel g 0l gl slaiolesl plxil 5 40338 Slidss addllas bl
A5 b as,5 Lo\ Viem Jlel 5lg g 55,7 5 F oY Wb )l

sy Oy90 Sliwloil =Y Jgu

—

Y \ Jhie O SNAM S Sl EK1

$ \ Jhie O NM K xS A EK3 Al

o

1 ‘ i ol M EKS5

ooliiwl 0590 cdgil g e O oolitwl 8,90 CglS <59, Lasl
BF b iy Gis lesdl, cpyii o) M S i Clls Ll i
come Sl edle 9381y Gl po ol Jol> o) Bl @l gy 5 o0d (b slagtlesl plil 5l ey
Sslre 50 5,551 dawsg il o (55, 5 ol O3l cbale Obesily (e Sua b ange S (R Jlaged) e

ol odmlie BB ) loged 40 g 0l s 5 WS F ooley Sae L EKG [eiSTy o ol el e 38 3>

® ﬂ%
y%y Q__//f 1Eo P Glivls /pgs o lads /mes jilis 6 95

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad Yvy
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6720-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-17 ]

1.4

: 1

3 0.8
Y
2 0.6

Q 0.4
3

@ (L
Fe

= 0.2
O T T
il cpglme o STy by po w5 Spgloms 5o

e SeiS g S sl S s

o1
g'o.s S

Jos I[N N B

: N N N R R
%OADCU
o2 [N NN

é"; N N N N NN

EK1 EK2 EK3 EK4 EK5 EK6

T @ gl 4o

(EK6 y9:51,) dotr <l 33 59y 5 3T c o ol 38 Cill () £La 95Ty 3 oo oy b llale () - ,l5 g3

sl (B 0390 )3 ¢35 (pl )0 adol pH (S 550
PH il 550 53 0l S s 5l oslial o 4y (ppizpan

) T dga & 035 ol 5o adsl
e > 0 EK6 g8T1) Job 0 S pH ol s
odalice LB oV jloged ;o 55, 7 (lo) s p Zonlad
ald el 5l am 09l oo ctalin a5 jsbiles .ol
e 5 ols s 5T, oo o S PH 1 S.255,250
s ol g5 0y o 2y o Ll sl 03,5

el 0355 A B F o (6l 05 10 g 05

10
8
- - - 8
6
T
[-}
4
2
0
0 8 16 24

(em) o3l 3l alold
—— ol S sy, =@ oL SL ) LS

Colad Jaygai Sl 0 digy 45351, 0 PH O i
SS9l anl B colae 5l (SO ah s a5 jsbjlen
G 1, o PH (g pasin (Sloj oy90 5o lacdad
Corrld e b il Y fsgas llae 0,5 S soga>
& 5o 8 59y @ S 5, 58 50 3lee PH caels YF
PH 0:Sls 5 1V T (3500 50 PH (525ke 5 sl s
S o3 PH ks g5 L s #1¥0 w315 15350 o

3 yhaie O 5l eslatul Jds 40w, el ke 4 g 0y )8

(392) e
e (o] S ) 5] - (i, ) WIS

Comdad 3925 LEKG6 5551, 10 ¢SS pH Ol jos' () £y 350 pH Ol oy (&) -V 410 900

1Eo P Glinli /ogs o jlos /pasjolis ojgs ¢
)

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6720-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-17 ]

Q‘)Li‘e_sb 9 ‘5735.5 o!ym

S g oog Sl Lol (il (S0l colae ol s
Oy haie O jleslanwl s 4.0s sonliv cwgusre
aalol g oo £9,8 yho (S005 5l (i 2l o BEC sls
O g3 S s ) edlil Jo 4 prizmen by oo

el F o o035 oyy5e ol o adgl EC (il

50

s S o Ay 55T, 40 55 99,0 EC Sl i
Sllog (i glacad aress Jdo 4 ¥ loges illas
«(Electrical Conductivity (EC)) xSl colan o

eSiles IS 5l 4o saalie Wil 5 WIS 5 55 52 50

— (o] S )

3
(395) ¢lej

- (i o) wls

035 Ol Ly (3550 99 50 )0 (S Sl Coloe Dl pss
boonlnle S o0 oo (20 b3 4 loged ke JS 50 9
o Aged 0l Dol S (S Sl Colae aile <o
395 el o b s (e 408 o (b I (0 s

e i

s S o dng 58T o ol Ol Sl
Ny, psd 555 U Galesl ol 51 5leel F Jlogei ke
26 Hlade 4 Giolejl el b pgs 5, 50 5 axils (so5m0

1 2 3

4 5 6

(595 Ol

Comdad s 925 Sl JOEKG (9551, 50 (b yo ol Ol puuss -F log0d

Afgﬁ yﬁﬂ/
. 1o P linsls /g3 6 lash /@ jilis 695
-

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

yva


https://ijhe.tums.ac.ir/article-1-6720-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-17 ]

Sgb g0 odalie a5 joblen Ll aaxde LB coolad
Cp A S b Gl S P Djslee )0 9,951,
50 el Cewds duoys OO 5 0F B LSt sl leus]
) gole Sl 4 Cod Candad Ay ged wil 8 0 A
Jol> 5L Bam leaily g atils (5, 0, Sles (4

e SeiS g S sl S s

o g Sl 3 gy 575Ty 9 o 3518 Sl
e 1D plil HeiST) 7y S ST xSl al g o
5l oolel Saze g ST o Gl Cdls oy e
3550 digad (e 105 oLl ()T (5, Cad (Rga wilyd g
5 Gl o (i 8 SR s
clale cas 0 oges 0.cd )8 I3 el Qs iy o

s ey e S B adgl clale 4 ol

0.46
i 0.45
% 0.44
3, 0.43
;9: 0.42
% 0.41
3‘, 0.4
0.39 T

BCu

RV RPN

5551y Ly 5o

KU LCIEDR

MUGJQJJ odls )QEK6 )935‘) )aw}bu’;&é-é )‘059.03

.la....:j B su\.{‘ u)?bo u)sbbo BN )lS LS)LAMS[J uLm.\.u‘)
20,0 FA 50V OF i 5 4 5 (33 Syglme po 5,551,
S Sl sy S slasislp 15 ol
SIS e By 4y At e s (gl 4 Kt 3l
3925 W (iPe )0 4T (S g ed So (g Ny 00 i
R O R IR L RUILE U PSRV e
P (S5 aiS oo mezd WS 5 O jglre o Ol cle
cde 4y a8 Conl pl WIS O jalxe jo Ol mazs LYo
WS (oo Iy 3985 59351, 55 55k Lanee S5 00 sla 28T
35 2SI & jslome 53 (55, 18 e (n e o) Hloged b
Spslre 3o 5,551 ey 3o ol mez (n i 5 W
oloaily 1Sl a5 o s el oolidl 5lisT W15 g S

YA

Cobaf Jdigad g
sk &b 5 @oml be obml cel pH olpss
S5 gl bazme 0 45 D (i 0gde SE
@ e 65k bame po g ools Rl 6508 loSLeS
ool LSt gapml Lo 098 0 5318 Sladis o 5
A 950 555515 50 e S8 S o sl T (e o
ol 250 5 S Sl b i Srlen o3
8Ty 09x0 S Sl S S 0 oS aitis plaail b
5551y PH 1 bagld opl ams jo ajls cull i
o abor gl eSSl g5LSl Sl 5 oad als

‘Q},.;;d.o OMLMA &TJ_\ )‘0944 )t) 45 )}JQOL"‘Q J.,)D; W'Q‘)é

1Eo P Glinli /ogs o jlos /pasjolis ojgs ¢
)

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6720-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-17 ]

leim 9 b.éjb a!ym

Slom 050y (5 Bkl o bame ol LB L cogdleay
LS b cdle ol o ams ¢ sl (Sen S ad
035 53 PH il 5 il &lee 50 65k 5 sl sloage
@S J 0 sl L WY B Y 5l s 4 edgls 5 edgl
asly ggbie sy PH e condad hyess Jlos! b
Jhe!l > 0 S pH L alaly jo (WY loged) Col
Cawl (5,155 BB AL # oogama ;o Olyss Condad (ayges
o skt et e |y ol wde a5 (Y laged)
Sz C8 > Caz i O Jlo 4 g ey 2SI
Gl alie g0 Ol e Sloy Jolsd )3 55k 5 !
ol o (hSen 5 Li alax 5l cliviss Lo 45 o,
5 Mokhtarani aslas 55 ¢ (YY) Y1 & 5 (¥)) Y-

el oas 5 )IE (YY) YN e o oS

oagns Sl 0 digs 1657, 0 b, ol g EC & sy

SIS len b (ponditne abal; (S S 0L o S
(SSIl ol oad Gl b aS Seo ey sl
b g 5ot JUE gt 31 slroasyY]
Slagygsll e g iz el (S mhaw (59, Sl e
(S Gl 0929 b ogdioe v (nl s, (SO
28y Wl Bk 4 S s Suo5 )0 09250 lageslS
s S 1ol e (59, 8Lo] S Ll golasd .0 s
s s gie bl sy L] syl ol oS > ol
ol b SWhaol (5555 1 o (hie b Co @y ST 25 >
Sz Gled 5o Sl dapeslS (nl (plmlr 0580 D)5
OLolS 1 Sl a5 S e bl el iU o2 )90 &
3 86 el (SoSIl by crlply el 5B
ol only iU by g (S G2 les ol
L & e g Cate bl 4 Wl GEw ole Sl o
Sl okl s Sl Ll s e e i Lad
C P Sediee (Bge At ploy Daeyd lacdad
Jy> lws Oless EC jlade cogudad Cglise (asgas b

%ﬁ yﬂ/
Y, 1o P linsls /g3 6 lash /@ jilis 695
-

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

YA

ST S pslme 5o charme (98 Gl o 4 e 53LuSTy
Jl o Kea g Cameselle cldlas jo .ol sols &,
Y0 Jlo o oS ¢ Villen-Guzman 4 (YY) Y-\ ¢
b alisde 4l b plosl 51 ey Sl el 55 (YA)
Conchd (g b

PH wpods 5is oSS 280l gy slacasgaze 5l (S
ol Jleel Sogo o el 035l S Sl
Souml Lame &1 55 bl o Gl 0,90 diges 4 ol
eSS 0,5 o0 IS8 g3k Lazme WIS (35 BlibI o g
SL Sleogasr n gl IS 65k g sorul sloage
SB 50 35250 slooat ¥l s i b g PDloxil PH alez
gy oo Ol o I8 S (35 o PHL GRaliEIL o s
oen anl )3 (V) 098 oo alwls Bds> lensly 5l g 00,5
Cal SS9 Sl wl b sene slaghs; S (S ol
Sl b geme g pateine oy po kS obul> L oS
Cewd (bl planily @ Olgi o0 bz et s PH ils
bl (gelym banmme (gl dgezr Cusli bcogdle o8l
HY clagyg clale (nli8l 4 SaS 5 505 2500 a8 axess
aly, s 5l nSaw Clld 2l sl o (S g0
Oledily ol oslite (angas cnlple (Vo) Coul e
23 oo Gl SeaiS g Sl okl

Conad Jaiped S o aige 55T, o PH Sy

5 SS90 Slaos «Ierad (aisel (s slaplalejl o
L s o adgi il 5 WIS (slacdad [0 i 4 (35,0
Sl puedlSe o 009l wigad Jsbo o gy nl &5 >
45 D ppe ek S (o0 s 55551y Jsbo o PHL (S xSl
dalgs il WS & jglxe 4o g LialS Wl & jglxe o pH
4 e g Sl o i8Il aSTy Sl Sl casy cul 2l
2 Lon @32y 55 I Splne o I s, eSS
T U g e Y S IR RS
a5 wb o el ol 4 &l o PH ccadad aygad g0


https://ijhe.tums.ac.ir/article-1-6720-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-17 ]

s o ppgmlinnST ) HY lasg oSt b a5 slasss
collae Laulyl g 00,8 (5 B e 0 ) 65k
(YY) oS o ol 3 1) T Dl

ol Cglite (angad b SGSy xS0l a8 3o (ol po
oS B gl s pase glaalbl 55LSL e
Sl 35,5 Lo, £ Gialesl el @b w55 oy o
Sdo pleaily 0 VL b e 2SIl lgie @ <1V M
VE G195 b g 0d 485 150 i o lgie 4
45 528l 33l e Bis Lol lag 2SIl kb azels
Lo 5 550 5 ol laags oyl ol S w5e
VOV 51 I | ] ERP UL JESRCO I SES A PR EDRR o) 5 |
Soge & Syt B jlade g el (6T el S s G
Bl s b el o0d Colan SB 5l pls 4 sl
St sl 1) SeieS o xSl adas by, lgs oo cond
ot Cedld Fge oy p 990 DIl I Gane slaalbly
Sorlad glite (98 Gy jleagll Lamma PHL J 105 4G
15 .oo;‘s‘, olprinn l;bo.x;.iYT plo Gl g 00g Q.J)Lf
ol JWsl g oogll Lo 55 (538 ear¥T Plovl 50 (nay
@ oly 2SI b2 5 (oSl S lee slaossay SWS 4

Sn il osllas b0

NSRRI
sl e ol 2B pac Jalds (DS SIS 4l Sy

Wloo S Coley dllin ol yo 1, (g 3lwosls g laosls oy o5 cailS g0

Sl )" Olere b aslpbl 5l cose Jols dlie ()l
&@)Q"mewjlwcl)mlwmﬁlgﬂl
Lol s ol8zils coles L aS el ad )l w5

YAY

e SeiS g S sl S s

S aigas Bl ,z ©ad e ard e ol |, ol e
Soye & )l i alaly (SO Sl colae b Gl 56
Sad Hlade il i S S colas 4> e aS
hzal 515l oF Jlogas Gillao 055 o0 iy SL- oy
S pss 59, 55 5 anbls 35n0 Ws) ps0 59, U Salsj]
e ey by Gl nl S oo dee (5 e & Sl
5 5 1209 i8Il s 4 Lo VT (S 28Ul &yl 5 Uil
oS Jsbilen el hiie e Sl 5o by oYU il
90 0 So Sl colas Ol (Sl ol asa¥ iy
U b 4 jlage (:Sle JS 50 g 0390 QLSS Loy ()55
Ol s (SO S colan aile culi b el by asS oo Je
e 4 S (o0 (b ) (BB b s wged Ly Db

Sl Janpai Sl o digy )535T, )0 e U5 Ll
slcdls 19) 0 Jloges g AFY Joges auslin 5l aS o ylan
Cylie (agni ed oo S8l s (Sembd Gag by g
Sleasl, 5 £L3S s Bim el 4 asllas i Copelad
S yglme 40 i A auo,3 00 g 0F D e |, o] Bi>
U"‘ cde el eals U’“"‘Js‘ VLY g.))el?bo 9 )5.‘5‘) Ja.wj 5\.\.‘]
W)y 5 G5k 5 ol Sleagex pslae aigel (il
58 a5 55 0 el oS ol S Jsbo s pH. 5
S5 i JUil s olel o8 4y espny cal il Gials
S Jom o sl o samls S 5 (S 7SI S plee Gl
oS5 5 W15 o pglome o PHL Gl b ecnlad (ged oo
JLO..." 9 03 ‘5>Lo.o.~u S 5‘5>LJ3 Ja;‘).m ) (51.15 ub}w)
s (nl e e el ) el iU 0L > g Lagg i
(YA o Kea g Zhou (Y- VA) o, Ko g MO Lawsgs
V-V Casloass (5,155 (Y+YY)) o Ken 5 Sun
30 (YY) oL,Kea g Luan 4 (Y-YY) o,5en 3 Wu
Conlad oS ‘)ig.o u)l...c 4 . (YE-Y%) Cewl 00l culie

s 1055 318 ool 5 Jisl 5 OF e 31 e Wiy o

1Eo P Glinli /ogs o jlos /pasjolis ojgs ¢
)

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6720-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-17 ]

leim 9 b.éjb a!ym

References

1. Vocciante M, Reverberi AP, Pietrelli L, Dovi VG.

Improved remediation processes through cost-

effective estimation of soil properties from surface

measurements. Journal of Cleaner Production.
2017;167:680-6.

2. Rabbani MM, Ahmed I, Park SJ. Application of
nanotechnology to remediate contaminated soils.
Environmental remediation technologies for metal-
contaminated soils. 1st edition. Springer. 2016: p 219-
229.

3. Rodrigues SM, Rémkens PF. Human health risks and
soil pollution. Soil Pollution. 2018: 217-250.

4. Song B, Zeng G, Gong J, Liang J, Xu P, Liu Z, et
al. Evaluation methods for assessing effectiveness of
in situ remediation of soil and sediment contaminated
with organic pollutants and heavy metals. Environment
International. 2017;105:43-55.

5. Wen D, Fu R, Li Q. Removal of inorganic
contaminants in soil by electrokinetic remediation
technologies: a review. Journal of Hazardous
Materials. 2021;401:123345.

6. Yustres A, Lopez-Vizcaino R, Saez C, Caiizares
P, Rodrigo M, Navarro V. Water transport in
electrokinetic remediation of unsaturated kaolinite.
Experimental and numerical study. Separation and
Purification Technology. 2018;192:196-204.

7. Fu R, Wen D, Xia X, Zhang W, Gu Y. Electrokinetic
remediation of chromium (Cr)-contaminated soil
with citric acid (CA) and polyaspartic acid (PASP)
as electrolytes. Chemical

2017;316:601-8.

8. Lima A, Hofmann A, Reynolds D, Ptacek C, Van

Engineering Journal.

Cappellen P, Ottosen LM, et al. Environmental

% é J’ﬁ/{'{ Eob & &
h 1Eo P il /g3 6 jlosis /s jslib 6 95
-

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

YAY

electrokinetics for a sustainable subsurface.
Chemosphere. 2017;181:122-33.

9. Wang Y, Li A, Cui C. Remediation of heavy metal-
contaminated soils by electrokinetic technology:
Mechanisms  and
2021;265:129071.

10. Edelstein M, Ben-Hur M. Heavy metals and

applicability. ~ Chemosphere.

metalloids: Sources, risks and strategies to reduce
their accumulation in horticultural crops. Scientia
Horticulturae. 2018;234:431-44.

11. Xu 'Y, Zhang C, Zhao M, Rong H, Zhang K, Chen
Q. Comparison of bioleaching and electrokinetic
remediation processes for removal of heavy metals
from wastewater treatment sludge. Chemosphere.
2017;168:1152-7.

12. Liu L, Li W, Song W, Guo M. Remediation
techniques for heavy metal-contaminated soils:
Principles and applicability. Science of The Total
Environment. 2018;633:206-19.

13. Vizcaino RL, Yustres A, Asensio L, Saez C,
Cafiizares P, Rodrigo M, et al. Enhanced electrokinetic
remediation of polluted soils by anolyte pH
conditioning. Chemosphere. 2018;199:477-85.

14.MaY, Li X, Mao H, Wang B, Wang P. Remediation
of hydrocarbon—heavy metal co-contaminated soil
by electrokinetics combined with biostimulation.
Chemical Engineering Journal. 2018;353:410-8.

15. Tang J, Qiu Z, Tang H, Wang H, Sima W, Liang
C, et al. Coupled with EDDS and approaching anode
technique enhanced electrokinetic remediation
removal heavy metal from sludge. Environmental
Pollution. 2021;272:115975.

16. Mao X, Shao X, Zhang Z, Han F. Mechanism and

optimization of enhanced electro-kinetic remediation

on 137Cs contaminated kaolin soils: a semi-pilot study


https://ijhe.tums.ac.ir/article-1-6720-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-17 ]

based on experimental and modeling methodology.
Electrochimica Acta. 2018;284:38-51.

17. Sun R, Gong W, Chen Y, Hong J, Wang Y. Influence
of polarity exchange frequency on electrokinetic
remediation of Cr-contaminated soil using DC and
solar energy. Process Safety and Environmental
Protection. 2021;153:117-29.

18. Zhou M, Xu J, Zhu S, Wang Y, Gao H. Exchange
electrode-electrokinetic ~ remediation  of  Cr-
contaminated soil using solar energy. Separation and
Purification Technology. 2018;190:297-306.

19. Rosa M, Egido J, Marquez M. Enhanced
electrochemical removal of arsenic and heavy metals
from mine tailings. Journal of the Taiwan Institute of
Chemical Engineers. 2017;78:409-15.

20. Tang J, He J, Xin X, Hu H, Liu T. Biosurfactants
enhanced heavy metals removal from sludge in the
electrokinetic treatment. Chemical Engineering
Journal. 2018;334:2579-92.

21. Peppicelli C, Cleall P, Sapsford D, Harbottle M.
Changes in metal speciation and mobility during
electrokinetic  treatment of industrial wastes:
Implications for remediation and resource recovery.
Science of The Total Environment. 2018;624:1488-
503.

22. Karaca O, Cameselle C, Bozcu M. Opportunities of
electrokinetics for the remediation of mining sites in
Biga peninsula, Turkey. Chemosphere. 2019;227:606-
13.

23. Ayyanar A, Thatikonda S. Enhanced electrokinetic
remediation (EKR) for heavy metal-contaminated
sediments focusing on treatment of generated effluents
from EKR and recovery of EDTA. Water Environment
Research. 2021;93(1):136-47.

24. Asadollahfardi G, Sarmadi MS, Rezaee M,

e SeiS g S sl S s

Khodadadi-Darban A, Yazdani M, Paz-Garcia
JM. Comparison of different extracting agents for
the recovery of Pb and Zn through electrokinetic
remediation of mine tailings. Journal of Environmental
Management. 2021;279:111728.

25. Cameselle C, Gouveia S, Cabo A. Enhanced
electrokinetic remediation for the removal of heavy
metals from contaminated soils. Applied Sciences.
2021;11(4):1799.

26. Sivapullaiah PV, Prakash BSN, Suma BN.
Electrokinetic removal of heavy metals from soil.
Journal of Electrochemical Science and Engineering.
2015;5(1):47-65.

27. Cameselle C, Pena A. Enhanced electromigration
and electro-osmosis for the remediation of an
agricultural soil contaminated with multiple heavy
metals. Process Safety and Environmental Protection.
2016;104:209-17.

28. Villen-Guzman M, Garcia-Rubio A, Paz-Garcia JM,
Rodriguez-Maroto JM, Garcia-Herruzo F, Vereda-
Alonso C, et al. The use of ethylenediaminetetraacetic
acid as enhancing agent for the remediation of a lead
polluted soil. Electrochimica Acta. 2015;181:82-9.

29. Bocos E, Fernandez-Costas C, Pazos M, Sanroman
MA. Removal of PAHs and pesticides from polluted
soils by enhanced electrokinetic-Fenton treatment.
Chemosphere. 2015;125:168-74.

30. Goodarzi Ar, Mirmomen M. The effect of time
and pore fluid characteristics on electrokinetic
performance in removing heavy metals from soil.
Modares Civil Engineering Journal. 2016;16(2):229-
41.

31. Li F, Guo S, Hartog N. Electrokinetics-enhanced
biodegradation of heavy polycyclic aromatic

hydrocarbons in soil around iron and steel industries.

}fg yﬂtf
Vo limli /g oo /s jilisojgs | 9
(v (] -

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6720-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-17 ]

leim 9 b.éjb a!ym

Electrochimica Acta. 2012;85:228-34.

32. Li T, Wang Y, Guo S, Li X, Xu Y, Wang Y, et al.
Effect of polarity-reversal on electrokinetic enhanced
bioremediation of Pyrene contaminated soil.
Electrochimica Acta. 2016;187:567-75.

33. Mokhtarani N, Khataei B, Ganidoust H. Evaluation
of the effect of alternating polarity exchange on crude
oil removal from soil by bioelectrokinetic method.
Sharif Journal of Civil Engineering. 2019;35(2.2):123-
31.(in Persian)

34. Cai Z-p, Van Doren J, Fang Z-q, Li W-s.
Improvement in electrokinetic remediation of Pb-
contaminated soil near lead acid battery factory.
Transactions of Nonferrous Metals Society of China.
2015;25(9):3088-95.

35. Luan Y, Xu J, Zhou J, Wang H, Han F, Wang K,
et al. Migration and Removal of Labile Cadmium
Contaminants in Paddy Soils by Electrokinetic
Remediation without Changing Soil pH. International
Journal of Environmental Research and Public Health.
2022;19(7):3812.

36. Wul, WeiB, Lv Z, FuY. To improve the performance
of focusing phenomenon related to energy
consumption and removal efficiency in electrokinetic
remediation of Cr-contaminated soil. Separation and
Purification Technology. 2021;272:118882.

37. Han D, Wu X, Li R, Tang X, Xiao S, Scholz M.
Critical review of electro-kinetic remediation of
contaminated soils and sediments: mechanisms,
performances and technologies. Water, Air, & Soil

Pollution. 2021;232(8):1-29.

h 1Eo P il /g3 6 jlods /s jolis 0 )95
. il /pgs o) oL 0 9.

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad YAD
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6720-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-17 ]

£
£

4
(agw) \r“(‘

ot e (¥7)
7
oy

o, o
" of Environ™

Available online: https://ijhe.tums.ac.ir

Iran. J. Health & Environ., 2023, Vol. 16, No.2

HERLTH AND ENVIRONMENT

Original Article

Efficiency of the electrokinetic process in copper recovery from the waste

of the mine

Mohammad Javad Zoqi', Mohammad Amin Rasooli!, Behnoosh Khataei*", Mohammad Reza Doosti!

1- Department of Civil Engineering, Faculty of Engineering, University of Birjand, Birjand, Iran
2- Department of Civil Engineering, Faculty of Earth Sciences Engineering, Arak University of Technology, Arak, Iran

ARTICLE INFORMATION:

ABSTRACT

Received: 15 April 2023
Revised: 05 June 2023
Accepted: 11 June 2023
Published: 17 September 2023

Keywords: Electrokinetic, Heavy
metals, Copper, Soil pollution,
Mine waste

*Corresponding Author:
b.khataei@arakut.ac.ir

Background and Objective: Mining is one of the important economic activities all over
the world. It causes the release of various emissions, especially heavy metals in the soil, due
to the weak exploitation and improper disposal of mineral wastes. Different techniques are
used for soil remediation and heavy metal extraction; including the electrokinetic method
(so effective in fine-grained soils). In this research, the electrokinetic process was used to
extract copper from the waste of the mine in Birjand.

Materials and Methods: In this research, a 24 cm long PVC reactor was used. The
retention time was 2, 4, and 6 days and the voltage gradient was 1 V/cm. Graphite
electrodes and electrolyte solutions of nitric acid and citric acid were investigated for
copper extraction. The electrode polarity was alternately changed in order to pH control
and improve the extraction process.

Results: According to the results, the highest removal efficiency (54%) was obtained after
6 days using 0.1 M citric acid and distilled water in the anode and cathode reservoir,
respectively. Further, by 24-hour polarity reversing, the copper removal efficiency
increased to about 60%.

Conclusion: The use of citric acid in anode was more effective than nitric acid, leading
to more copper removal. In addition, by periodically polarity change and keeping the soil
pH in the neutral range, further dissolution of the metal and reducing its sedimentation in
the soil occurred. As a result, the rate of its transfer outside the treatment area and removal
efficiency increased.

Please cite this article as: Zogi MJ, Rasooli MA, Khataei B, Doosti MR. Efficiency of the electrokinetic process in copper recovery from the waste
of the mine. Iranian Journal of Health and Environment. 2023;16(2):273-86.
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