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Abstract

Background and Aims: Electrochemical technology is an advanced oxidation processes (AOPS) in water
treatment. Electrochemical efficiency is calculated based on consumed energy per kilogram of parameter
removed that is the most important factor in electrochemical economics. The aim of this applied-analytical study
is to choose the most suitable electrode for drinking water treatment by a batch electrochemical reactor with
aluminum, copper, iron, and steel electrodes.

Materials and Methods: Samples of urban drinking water were introduced into an electrochemical reactor and
the removal efficiency was studied as a function of time (5, 10, 20, and 40 min), electrode material (steel-iron,
aluminium-aluminium, and copper-copper), and current density (0.01, 0.015, 0.02, and 0.03 mA/cm?).
Electrochemical efficiency was calculated as consumed energy per Kilogram of removed parameter according to
Faraday law. The concentration of sulfate, nitrate and calcium was determined according to 4500-SO.* E,
4500NOs B and 3500Ca B methods. Water samples were tested with ethical considerations according to the
Helsinki guidelines

Results: Removal percentages of alkalinity, sulphate, nitrate, and calcium in 2 cm distance, current density 0.03
mA/cm?, and contact time 20 min using steel-iron, aluminium-aluminium, and copper-copper electrodes were
44.3%, 35%, 26.3%, and 50.6%; 26%, 18%, 36.8%, and 40.7%; 32.8%, 33%, 32.6%, and 34/5%, respectively.
The highest removal efficiencies of sulfate, nitrate and calcium were obtained by copper-copper (61.2%),
aluminum-aluminum (66.3%) and steel-iron electrodes (58%), respectively.

Conclusion: The findings indicate that removal efficiency of calcium, nitrate, and sulphate is increased with
increasing voltage and time. The best conditions for removal in three pair electrodes are obtained to be electrolysis
time 40 min and voltage 30 volt.

Keywords: Electrochemical, Electrode material, Faraday law, Treatment, Urban drinking water

Please Cite this article as: Kashi G, Nayerloo N. Choosing the most suitable electrode for drinking water
treatment by electrochemical process. Journal of Health in the Field. 2021; 9(1):68-79.

Corresponding Author: Department of Environmental Health Engineering, Islamic Azad University,
Tehran Medical Sciences Branch, Tehran, Iran.
Email: g.kashi@yahoo.com

DOI: https://doi.org/10.22037/jhf.v9i1.34614
Received: 31 May 2021
Accepted: 24 July 2021


mailto:g.kashi@yahoo.com
http://orcid.org/0000-0002-5072-1514
http://orcid.org/0000-0003-3797-6325

do,e ;o Sublogy delilad 4.5‘“""‘“33" Al
w|9w‘w° Sisls - s VI é"“)“ f’?l'c olKisls
VA U SA il ‘\f..)Leﬁ‘\o)Lo.&‘\o”o

2 boaniog SN 0T )3 b Suseld] OF apiuai (612 09,381 (52 35 oo ol
T gl S TN LS oS

Sl ol el ol S15T (Sis pgle ol&iils wablogy 0aSitils casre Coiilagy (gwdige 05,5 ¢,Luiils -

Ol o8 0l ol ST S5 ol lSils ol ially Sk 350 Y

St pole olasls ((Sip (2390l 5 Cupae 0aSails ( Si iy pole ;0 Sig pSUl 6 F 0k o e g iy by 09,8 i)l ik IS (ol Y
Olrl Ol bt S

oS
Cgue olandy uSUl olaidl Jole s 5t 45 098 co duliee ol B> oole 0,55l 0 Bras 65, s olanidsg xS
Oloj gl e aliss S y0 Bl S 5 0l (pleardty Sl Aoz 5515 0y (60 Gaeli] O diged s Shg )y g lge
(g2 ol g2 ol o1 =2 1Y) Gl S8z 5 (Lo 5 powipost - panteagd] ool Jemsl) g 2SIl iz (a8 F+-0)
odbdi> oole 0 F9lS 0 (Spae il OB GPb ululy (olierdg IS s (Gak03gm LSS (o) 99
<8 Salxil Y0-.Ca B g F0.+NO3z- B £0.--SOfY- E sla oy, b oundS 5 Olis cOlafgw cdale s 000 Sl
238,85 ooyl Sida Jodlljgiws (bl  SUS llasle cole, b Ol sladiges
2 oealidie 0¥ Gl JBs 0 aiBs Yo oe g e ble ¥ oalols o cendS 5 Ol Ol «SllE B oo irasdl
o 4 poainagll-psiagll (loog SSUl o D418 o YEIY O FH/Y ol S dio )0 o 5ol il (sloog 2SUI o a0 e e il
ol Cawd 4y (Ao, 30N o= itwl 5 (duo ;0P 1Y ) guicagd - pguivcaglT (o ;08 VIT) o oo (slo0g iSUI L s 5
IRl by 5 ol Bz Gl b Gaselsl O 5l Glilgw 5 Slid qeedS Bl e o5 isls (i laaidly (g S azed
‘5|K> 9 4.4.;.50 ¥ ULQ) RV R W o S)Lm.w = 5}.~i” W s A 4O CS’MLMJ u] )| uLﬂJs.m 9 ulj.u.: ‘p..w.lS B> UJJ.».Q‘J s,\...)l.:‘sn
IRV RCWRITRYES SRS
LB g6 g iUl i cdihal o o liowing Sl (5 o Soweln] Ol aely auls
Ao clilagy cwdige 09,5 «blags 0aSasls oyl a5 ol Sl5T (Sivs pole olKiils (a5 o)l ) i gt 0w g5

Email: g.kashi@yahoo.com

VEe o[V il cdl o fu b
VEe Pl 0 sallile b dy g b


mailto:g.kashi@yahoo.com
http://orcid.org/0000-0002-5072-1514
http://orcid.org/0000-0003-3797-6325

-\a\/)&.a.bj JZLSL;;

23 Olies 5l (ol [4] 2005 BLSI 3, 056 L (o) 5
Gz Ol 31 ledoUT Gl 3 gl s 101 s Shes 550
21235555 o5 YT e 3 e s (I e gl Ll sai
Ugo T b (28 ST ot 53 o S T3
S (21355 5 5 eidlSe o5 L e 5 03508 G
Jlo 53 25 V] el o 5 555 4 ddd s O 50l
3 035m G ey pS b b O g By YN0
N i s a ey 2SS AL g
SLINT S s Saelal OF 51 Sl 0501 Wl5
s ol Sl ol Gl YO Jle s 0K
e 35 25 S Sl ealinad b e o O sl oS5 i) o 55
oA PH 5 Ol JB o8 s s 03500 Gl
Wl Saelal O 0l [V Y Jaaes Sl 28 G s Jalge
U el s e Sl O e Cions S
SOS ar o3 Tl G pan ot wdas slacbey oo
ol G [\Y] S o a1l gl oland Sdses
(i Sy BB Wl O 4 0Ll Sl S a5 L
Jsle sl plKn gl 3 Ikl Ol e a4 ol 2 Sl pe
Gz lliul Giss &y, ol Sltaias 3 gdslal Of
G3lLloly 5 G pme dlais s gawlil O coiS &l S s
Copo s5iS 53 Gpae dhil js Ol wial Ldx i,
o a5 ST lasy s 8 cs
DA eslial 550 Gos ) 5o &8 IS 4 pland s S
el s Oda pl ol ol sl 18 s le;,a 53 an S
Slr 2o G pemle bl Jdosm63 208 G
b pbacd S a8 ey Sals] OF adas

AFAR) )L@_v\ b)l.mj) A 0,92

PRV
33 SU s el el asodl dls ¢ pands 2SI g5k
JUsl gl zSTs s plewd Ol S Col O wdss
Oy o by S a5k [V ] sl e Ll 0 )
Ol eS| ST 3 i () aes Slanss i
Lol s Shes 5 e Jalse [Y] L o e a iy
S colaa s pH 0L I el ey ST
R A ozl b ae LT i 5 0L 2 s [V s
wial Al Gl Ol 5 Slles o pp oS eas el se
Ol oS od s [ e e (ol S
50551y esbe T3l sk olal, ¢ 55 obsS aial
Do Sl bl el plad Sle el 4 5L pde
olins O sl donS1 Sl adad [0l ol s I
A2l g Ll s 1S e 53 a0y SO JUal 1 5L ey
FoS 4t el g 5 gl 3150 03533 4 5L poe
sl [Vt s & sl dennST5 2801 (L1 5e ala S
VAL 3L O ettt Joily e & 05081 5 JnS 50
S5 GlediS oSl 4 5 Ll o b S eeans ks [y
542 OS] 5 0951 03 0en eS| oS 5 dn Jod
Lo O geoilonS1 5 iSU] S o 48T 1y JT LS 5
SLOnST 1 oslial b (T eites O gl iS5 S
Os3V03 500 Sl 5 5 M8 s Sl IS el ol W) 5
a5l oS aaS| [V] bl o BLS) 558U e S s
deeST 65 O3l Daoder STl 45U 5 IS 5 0551
SUsb jes dad Glls sddad 3 ISl Labls 5l as[Is
O gl ST 51 a3 Lgd o JS25 55,1 51 L0
53 Log Ul b Bl Oljn [A] dins o aalsl e 6
Mo 355 gn o 5 (30,06 08 Lo s S i

‘_;{.:JIQ\ )L{&)Uﬁ.ﬂ}b}jﬁl BE ol ..L:Jj; osle ‘_5»5

&S s cxs [Creative Commons Attribution 4.0 International License [CC BY 4.0 ; s 5l ,I5 -yl



bt s 2SI )3 L O e

5 ol ©,Seslkl (K el Hack) @i 8 plosil Jlis
Hach DR 5000) 555 xSl olKis sy i s
YV 5 XY+ #sa Jsb ;54500-NO3 B) s S plonsl (S ol
DUG5E Y 25 Jsb 3 3500-S042 B 5 a5l

_ Ce M)
Removal (%) = (1 — o x 100

to

Ol 55 0L syl B 5l e e 5 5 4 Cro 5 Crias
el v Oley s st

S35 5 Bran 355 dowsar alards S AT a5
e GOl s D el (B (SO
s Ul p S5hS 5 ol S kS by i 2 oot s S
TVAT dbilons [7] alas), 51 3

Operational cost = Cenergy + Celectrod (v)

5 P S5 slaa e Celectrod 5 Cenergy :4S
u_e.,b- aJ..qUT ijl.s 2 db) o J._:T ;ﬁjfm JJJI.Q‘
VAT s aslos [Y] ddayly Ao sas 5 e (65 51 SlAde .l

kWh )

kg Parameter removed)
Vit x 1000

" 60 x (€, —Co)

EE(

el 0L s Leeds iy (S0 5 V
2 Ob Ul A p sl e Sl Gy calds e Ol T

NG IR PERSTRPS S PY
YU b s f) S Jie L ods ol > b
3l 5 5l eslizal b G Slislesl A plonil (e
Goblae mhaw Olsl s YY) ass SPSS &bl

2 S5 6T 5 5e (P Vaie<+/+0)

ao e 53 Caldg wldad Ve

L fg, g2l
L g OLe Gaelil O mis S Slglad s
5 i Jaloms b 058 el 5l e Laoy SOV Jsir)
gl ST 53 5 S i ke DT L pdaes
Al T lais G b D] as S 5 bl (SO
6L">J;:-Q‘ U,JL;L\A Yoo ;.)Tv_?& g(ﬂ&b\":&:‘-\‘*‘-\)
oS ¥ e Comle 1 e s paensll ol (e
53 by xSl alols 5 e sl ) S 5l as s SOl alols cm o
Sl e OlRl] s b S e 2 e Sl
blins Ojen 5 by e iy (SO slls [0
Sl (OWIT el Alka Jae) 4ids 5 53 Ver s L
olas (1 JS2) L5 5 (5l o e o W sad 03 ged w1 5SS
Lsplnil (ol 8 mle a3 Y0) b3l glos s Lo zabasl
A3 5 518 Ol Jaw e e 5,1 G LY W ilesT [Vo]
53 el (Bl il Bl 0L > U LS G
ok = J&r S35 (aids £r 5 Y0 O 0) STy Ol
(mr faile o pelbn 0/0Y 5 /Y /) il
G b 250 Gk gad DS 8 515 s 3 0
sol Lesas sla mlosT el Cosas 6503 YYE Ly SB35,
(S e (28 5 LS il ()l PH s
Log baise Jsloee O3S 5 Laag S 055 oL
O5S1 5 S (ondS e gla e ke (580510
ol geily Ble LelS hug 05 Silo 5l e Jsks
e ShaS Shg, b 05,80 /80 o3Il L 0l 5
o O5enS| 555515 (2320 B) 05l 25 (3500-Ca B)
31kl gla a5 oS gla el 523 3las (4500-O G)
(ORP) 2als 5 ls! fily g So3lhl .23 S plnil
L3 el (Kl Hack) = pH/ORP L s Ls 5 pH

LS))‘J: l; LAJ_}JSQ‘ d)_} é;a)‘.b‘ (4500'H+ B 9 2580 B)

&S s cxs [Creative Commons Attribution 4.0 International License [CC BY 4.0 ; s 5l ,I8 -y



VYV Kas 5 55 28

aasly
2235 i 5 Ol S 0l e ine 1Y U
s Gaes shelal O Gl el Gds Ol
Jodr 55 &S osbolen das o 0L 1) ploards 2SI
wp s Gle aolp o L sed e edalis
Yo Ol e Sle ¥ oalsl VVE Jsles PHD) slend s S
b (e Al el 1Y Ol SIS 5 4
LB e B0k e 5 Ol S Rl
S luld 53 S 5 Ol Sl Gl T
~pamen Al ol el slass S0l s 5 ol S
S et ol S5 35580 93 51 S pal= el 5 g )T
saads b Oley s ool 5 RS 5 LS sl pH
S S 5o e ol 2 el s /0T 0L 2SS
o3 Vo Sy e ALY sl VY G el e
YIOU i 4 e Jlmpsin Il (glass 281 s ol S ol
Y R VBTIP I KO WP ES Vo UPRGR PR W CO PR e P
axy3 0V 5 Oy Ao Y0 (Ul Vb CS 5 4 e — e
Sla it oeal bV lagel el s 4 IS sl
o SE ok SlalsT b dde Gl 55T (b

AFAR) )L@.&\ b)l.&.\; A 0,92

e
2 III
i — —y3
—————— i T~ ™ ™ ™ ]
| = = |
1 7 |

S5 gl s 1S aze 50U 8T, Sola o) s
s sy xS - § W - ¥ el =Y QA e =) a3
SV bliie e N T e s s S -0 IS e
(sblite O 5o
Figurel- Schematic diagram of a unipolar
electrochemical discontinuous reactor
et 5558 sl S il Lo g polie - Vs

TR
Tablel- Mean values of concentration of
physicochemical properties of urban water

Sl&e d> g s
Sl S
B
/oA YVa mv o s el
als
AL Va/A C L
o/t Ao mg/I J ks 95005
/oV 470 mg as N/I Ol
T VL - pH
AU I mg as CaCOs/I Sl
A av/A mg/l S
AN Vy mg as CaCOs/I S

&S s cxs [Creative Commons Attribution 4.0 International License [CC BY 4.0 ; s 5l ,I5 -yl



bt S a3 b Of i av e 5 edlig asllas VY

St Shealsl OF pleacs 5 (b Jolge Bl 55 s 0L 1Y Ui
Tabie2- The effect of direct current on the removal of physical and chemical agents of urban drinking water

39 /N e S Jele S&
oo p 3o 1= srice oAl el lbed 5 ok~
[min] oL} [min] ol [min] ol [MA/cm?]
£ Yo Ve 0 £ T Ve 0 £ Y. Ve o
S o YA ov _vo. oY oy vy YA oy o 1 L] el o
s
VAY VAR Ve VY V4 VAA VY YT VYA VAY VAT VYA pH
Y+/0 Yo/ Yoo V4/4 YY/ Ye/Q Ye/e V4/4 Yo Y+/0 Yo/t V4/4 (")
YAA YV ANV g/en Y/vo YAY YA 481 GA AV 88 8T ke O3S
% Voo vt N1 SRR N1 W a. Ne oo sl
VY/A Vo/+ YA AY/Y AY/0 AY/0 AY/0 AY/0 \at va/e AY/0 AY/0 C,*UJ}M
V/A AA q/ /Y \%3 AA AA q/ AY AN q/ /¥ C;\J,:.:.}
e ovE dee Vot Voo e vy Vot a. nl iE Vot s
N2 SEEYTS SRS I ey Y e NI VIS VS VN 35 Ol
35S
e A8 vy vou I N Y . U oY
sl
AV AYN YAK V/o A A VAR VAR A/ V/VA v/ov \743 pH
YY/Y YV/E YV/e Yo/t Y&/0 YY/4 YY/A Y\/¢ YY/o Y\/¢ Yo/v Yo/t Lo
YNA Yo YA T V/AQ YA v VY VEY Vo /Yo e oS
Vi AY Y Vox Vo A . Ve AT v . L
LV/e A VA/A VY/A AY/0 AY/0 AY/0 AY/0 A /e AV/IV Av/Q ;;UJ}M
/0 \7a AY AA £ YA A+ AV v/o AN AO 9/ ;;\J,:.:J
aA VA g ot Vi Voo et . We oA AT gy s
AANAY Y eo N Y 035 Ollz|
35S
81 VY e o SOF YA T 4 oW —ood —g8) A sl Lk s
SR
q/0¢ 9/ N0 V/aY q/Ve /¥ q/+4 AAY A/YO AV v/eq V/EA pH
Yo/o0 YY/ Y\ Yo v Ya/¢ Yi/0 YY /v YY/Y YA Yo/v YY /v YyAa Lo
Y/VE Y/oY Y/VY [ 7% V/00 AVt \/AQ Y/YY /A 0/ va s J_,l;u Q}:.WS\
VY AY VoY o A Voo w oA " a1 IR Sl
/¢ av/e RRYAY VAN VA/» VA A AVIV 0¢ /0 a\7a! vY/A Qw}.ﬂ
o/ A/t \7a AR /Y /e v/o AV Y v/ V/IA AO Q\J:,:J
A oA ot Vi a1 VoY ! " A SEEYE s
Y YA L WYL T RIT | iy NITERYAY o Y VIS VIS S 2Y] 355 lle]
35S

&S s cxs [Creative Commons Attribution 4.0 International License [CC BY 4.0 ; s 5l ,I8 -y



VY Kas 5 55 28

ool aglio £ Jsdr Al o SRl 0L 5 0Lz S
S leprie 5 pdS e 5 Sl (Ol ke

M:@QL.L.; ‘)JJJLQ‘W)QLAJ‘QQJ}

AFAR) )L@.&\ b)l.&.\; A 0,92

eSS poele SlishS by w35l 4 Y s
D e B B
o kol 5o ) p SHS 5o by e e — e
Yo ol e tle ¥odols VA E Jslas PH) _liar s S

OLE (pope sn Bl el oo /oY 0L 2 J& 5 4is

O st Jolge Bl (sl (500 DT (e (SO (5531 5 (B man 35,580 ploand s iS0) A5 w58 (S00e =Y J sk

Cilises glasy xSl 5 o/0Y MAJCM? 0L > & aids Yo 0lej s Sdalsl

Table3- The mean cost of electrochemical process [cosumed electrode and cosumed electrical energy] of urban
water to remove chemical agents of drinking water in 20 minutes, current density of 0.02 mA/cm? and different

electrodes
255 /R e besd hils
oo p e 1= gen oAl el
[Ju,] 3
39/ 55 LYy 55! 59 /5! 55
2 dL] [KWh/kg] 2 4] [KWh/kg] [pS5s » Ju] [KWh/kg]
[p A 5s [p S 5s
p£S.D. p£S.D. u£S.D. p£S.D. p£S.D. p£S.D.
[GIN{WE
AR VR W £ o/vy F|F £ /Y ARSIV A \WARERVERS MY £ /AN -
Sl g
Wy Yo¥e + 0 /AN FlF + /Y O AF + 4V Y/Y + /41 YNY +/0 ¢
W+ YAVYY + \/YY FlF + /¥ YA + +/1 Y/Y £ /0 YYve + v/e¥ =LA
AR VR \OFY £+ /A FIF £ /0¥ WAA £ 4 /0 A Y/¥ £/ YYVY £ o /YY -
Yo
Y.
-—3\} Yo
g
1
xR
A .
Ol J& ol 3578 i chle
b e

(=S8 Jue) olalesl 1 b s Coadl a5 b ize =)l gl
Graph 1- Design variables and the level of importance in designing experiments [Taghuchi exerimental design]

&S s cxs [Creative Commons Attribution 4.0 International License [CC BY 4.0 ; s 5l ,I5 -yl



bt s 2SI )3 L O e

(xS ey Colo Dl LS VEY 5 ae (65 il e bl 5
Gl ol s 51, ST 53 A3 AVA SANVA C Sa |
Ganllan ol 3 VY] W58 pllel S ezl slasy Sl
JRRCEWRCHPITCRE Lo o o\ | SN SO S VS TN 4
el Sl kS 2/ T1=0/0VY) sdd il euUT ¢ S S
ST 53 e s S350 e S s sdalie (CaSe e
—OA) e o paS L il lans S L e s S
05Ty 53 e 55 s Glsen sdpllel (/00X
S 3 Jeais slae 51 508wl sl whade b oty S
03538 5 ol 0 pllel YYY L o O 5 L= LG
S Sl Bran 55 A Gl e DU e 5 Sl
Ol [IFYE] ol odd slgniy YVE 5 50 ,8-La S
d s plaris S STy ausa Al 3 pe (5 S ams
5 Sl e Loy i i s Oy (S S 0L
B @ e Gl i dap SBEE A sl e St
W go 3l g -5 on e Aul 3 (61 58 3,50 0L S
Al e Al 0T el o5 b3 51 ey 4 sl OLS
L1 p S ke YY 0 5l o as Ll O35 ShalS L gze SIS
2 g A el A ) S0k IS G
elel Y010 Ul s il o Bl (5 oot 2SI 0
sl el /) 50k S Gl V0] 5
L s ppe atle el e /oY 4 i35 0 5103 5 e
o S ) /AT Gl Ol Sl 1S alS 4 adds
p (aads Vo JuSlsaas S ) WYY a4 (aids /VE ST
Lsls 0L YN Jlo 55 O 5 585 353 0 e aids
Lo el el ke Ve 4 Y S0k JEs
e /00 /YY1 sl s Ol Sob RalS
Slacls 5 5 05, 055 JRalS Gl Y] 558

LIS 5 LT e 53 5 403 A5 055008 5 O3S 5K

ao e 53 Clldg weldad /VE

EESUPRCH FICH [ER RO P W [P P S PO

o 205 Sl s b eds
Table4- Statistical comparison of nitrate, sulfate
and calcium hardness concentration with the
studied variables

F ANOVA [P-Value] R2 i
YV/0 [*ST /v YA Ol S
VAV [S]+/e) Atk b
oY/A [S] /0 /44 jokes

C»«-\N‘)‘)LM Jﬂjﬁ))jﬁ Lguj:x.:.n QL:A d)LﬁTLUJ‘*

oo
3 sbens 5 S lalse ials 5 Gl 3 5y Sl
Sl 0ley 5 0L I il sl 5 Saselal O
ST O 51l 5 odS (Ol o ) 25 B LIS
_w”ﬁ(‘ﬁ*':‘)ﬂ_(‘ﬁ;f’ﬂT L&AT—J::M\ sy xSy (6 e
Wyl 0l 5 0b o S SR s e s
LIS 55 05shed il gliends 2SI 51 50 03,503 S
JESVINE S G A CO-wI PV 96 (e gH VeSS I P9 U W S
Ol iall wsls 0L Y e 5o 0K 5 Ko 58 o0
rj)s,;;,;(,ﬁ\ Gl Oleily ilsdl 4 aids YAy
Ol S bl [Yelssd o peie o ys AVEC 4 v
YN ECH R PN PJOF PR PR | P v PR R
Ve shob o & il sl olas Yot Jlu s o) Kes
ST S0, Bl (5w e e Sl el s YO
;jjzfd\)‘lnu.:wll{&wjj;ﬁlwpwpm oY
O A T R e N T
Slaasin &S Ws S asie 5 Ad w5 (310 066 Glas
sl 5 (S AU (551 B e Rl 3L ety 2 ) 3
Okl Y4 dle 5 OhlSen 5 ebige g 0 L5 5

53 1 L1 sl mel 5 aid gl O gzl 3T Lo g 8 3l

&S s cxs [Creative Commons Attribution 4.0 International License [CC BY 4.0 ; s 5l ,I8 -y



VO/ ) Kan 5 5 28

05559 38 A5 ol pos LS 5500 0551 W) 5 LTS (sl
o ol SOl cle @ Sl S 4 ol S o LuS

:ﬁg:%ﬁ&é;};ﬁmﬁabﬁajypmnﬁ
(\Y}\\ c\' 4£ 4\.]4:‘))

O2 + 2H20 + 4e” — 40H™ ()
OH + HCO3 — CO32+ H,0 \Y)
Ca*?+ CO3 2 — CaCO3 | (OY)

At NN WAPESST LVA PR L Y/ RIS e P
RS 4 e el el e 1Y e 0L S
AL e 55 Sl i w atsly 9 558 e e Bl Olell
EVE 4 YO Sl Les 2l YOO Jle s olKes 5 Kl se
ol e Yo 0 50l I Rl L sl S Sle 4o
VAR SIPH 2l 51 D9V ] 250 2018 15wy e il
sl T a0k SIS GRIBIL GBI L /08
35 7S e sl s s 2SN AT 53 e e 5l
5 pSHeSIss 0 ST 1 AL 5 el 0L &
YO Jle s 0LKer 5 T ol LIS 3 SSsodes M
500 5 G ol s S s ps 1 pH sl
5 op DPVIs Ol 0L & (2151 L e se )]
Ol Sl ol 5 (s belse Olajen Gl LLIS anslis
TPTE Y  RSCRFI WU FIEN PCNP NS A WIE
g el el e 1Y Ol S5 s S
At STl s b Sl s i ol Y alools caids Yo Ol
O (5 5 oo 5 b sl 8 Ll ool Gl 55 50
€38 cp 5 eS) (Ao ys TVF) Ol s Gl o 5 i oS e e
e 3 (685 Sl ool S 6l Jby e (B e (555
Iy i Bran 551 wu3n (0 5pS) psmen i s
(Lo )5 YYIV) Ol oo bl A 3 (2 sl ool gl s

ez olsils gl dbs o (B a5 45 0 S

AFAR) )L@_v\ b)l.mj) A 0,92

5 &P peldd sdalin Ol wged 5 0L S 231 L
£ 53 05S1 58 W5 SR YO Jl s 0l
(s 53 535 sl S ,13 Bl 53 0Lz S ulBIL
5 ol el 2l [TV s S S bt S
3 Lol 2l 5 e e Sl el s e Ol S
el e g oden 5 ol 31 LU e el b
(O3 S8 chle &S Wl 0l Lol iy
sl Gl Bl 5ol ghal gl Sl cdsay land s S
iz g ladlae VoYY Jle s slisl g s 5 Ol g ]
—p s A1 35 2SI ) eslinal b g5 bl oy g0 53
25 S (b [YA] Lals ploil o gy 55 ST/ p 5305
W5 5 AeS ke 058l g SIS Gl &y 40 Sl 25
Ol 255 (8l S5 O3s0es S ame 5 5 ssden S

(0 5t ) 558 e sl Dl B Sl

2H.0 + 26 — H, + 20H" ¢)

2NO3- + 5H2 — N, + 4H,0 + 20H" (0)

LS S E S S RN S [ G VI PRV R ES WL
I 53 OLen 5 e a5 ok plol oo b asily
3,13 SlsPen ool 3 UL Sl g G 5500 53 YeNE
AT bSO o g D) s Bl il by [Y4]
B s elen Gl Glal 5 O5enSt A5 ol es Sl

(4l ) 558 e slgdg (658 IS 5 da 5 055 0

2H20 + 28" — H; + 20H QY
Me — Me™ + ne- V)
2H,0 + 26 — H, + 20H" \)
Me*™" + 20H— M [OH]n CY)

DS o 5ok LB S L6 S Gl IS

52 4 peedS SERES MK\‘ Ol [V ] Sl e S

&S s cxs [Creative Commons Attribution 4.0 International License [CC BY 4.0 ; s 5l ,I5 -yl



bt s 2SI )3 L O e

Coeal o Ll (el sl (oS 5 slass S
Olo jod danslio 5 oy 5 B Oladily Ly 10850 (gla ane
Geiod (535155 5 s el a3 La pate 4 3 Ol o
Ll g Gl Olkly e RCRE R
Sl s s bt gla it s 53 plard s S
Sy sdome alax Sl Dland 5 el 5 e (o e Jo3 )
okl Sldllas (gl cpl by 358 0 gms Guis gl
s Ode Sl ol e ool 515 3 sd e slgiiy
L;mb;gut\j;\p@ﬁuLﬁwj;gs\,j;si);m,\im

238 seon 58 S

S dometi
ISl o 31 et 5 O s wgmar G
D oards AU Al 1] Lsd e pmme Ol odS
Lme Sliass 5 Sk Ayl Olse 4 sbars 3le 5l eslizad
Olojen B oD anslie 5 (o) 2 [TO] 355 0 0 smies
s v 53 S SIAlET OF 51 pland 5 (S5 Jalge
Y 0L ST sl S g Rl s sland s S
ot Al Y Aol wl3s Yo 0l ca e e le el s
Sl 8 Sl ool sl sl s e AV b ol Sl asy Ul
Sl Bl o S he S das e DL 5y S s
5 pomer gl s 53 (B me G550 ausa p 5pS)
e 03 (e 55 s () S S p S
D AeS) Sl Bl S s e sdalie el L
Sl feS 5 e e e 3 ((Brae G55 4y
poie Al pmn I s 53 (e @55 S )
S 1 FeS) el Bl S s e sdalle
o F ) Bl S s el et e 53 (B
DA e edalia G s (s 53 (B ae S5

S e 35 e oalie fal- Ll (s 33 O5eeS| A 5

ao,e 5 Caldg wldas VT

Sl Sk st edalie Al el ot 3 (68
e Prae $5A wep 5 eS) (s WY Ol s
SIS 5 o e 03 (68 Dl eslsl sl JL
Iy e 55 a5 o 5 i) (Ao y3 YY) o
sdalie o gin i o pin Il s 308 Sler o3l sl
G FeS) (s ON) ondS B 5 355
e 53 (680 Sl 03l S 6l Jby (B 2 55
o k) (hoss £ON) Bl (530S 5 oal Jeied
53 (68 Ll ol Gl Jb) ey (Bae 55
oSl M5 p fhn e odalln o o e
s g sdalie pale Ll i 55 (i e S (e 4/0A)
s 52 (IS sl s YA/E) oyl = il bl o 5
ar s YO/0) Sl Il 5eS 5 el s
it G
RS 5 e Al e I i s AVe) PH 21531
Sy sdalia al- fxal wrw s WYO) PH i3l
(5 oo = 0 Rals- L last Joily (288 0n 5
SRS ST Joudliy GRS 0 508 5 ol el e 53
Sl it 353 edalis G e e 53 (S)E)
L olislesl b Jute ulul Gl ol 138 50
Slaaas (¥4 55 S iy U5 o b 2 SU s
585 Gpan eSSl aloaed s S 5ST5 angy Lol
b Jhe b ndS e 5 SOl (Dl Bl e
b s e aile p el o /0¥ 0L 2 J Sl
Lol a Y10 Jlo s OLKas 5 s L3l e 4ids Yo
Ol il 5 (G55 D s wnS plal 150 Bl g
o Aol el /008 0L o s Yo Ol |
Jo el [PY] s salollel e 5l VY 5,800 sl
bl T mls b 286 By Lol b

&S s cxs [Creative Commons Attribution 4.0 International License [CC BY 4.0 ; s 5l ,I8 -y



W oKes 5 55 28

w;bﬁjufmm)>uiééﬁidf5guw%

JJ»S)‘}OJLL’;&\J)}.&JJ‘)JL;‘I&J@&UT

‘-é‘éju\.; 3 ’vad:'“
ooy b eslaadl L sl 5 Sl Jolse Bl

S dlie OB ds 5 A3l e A=A Jl s sl s Sl

J'SJA 9 .la;;u C,.J:U.@; L;w.)v.é.ﬁ ej; f@b)] C,‘JMLQ}

Siy psbe doly ol 3T o&ils ol 2L Slidiss

Al e Slasas 5 S ol g

Refrences

1- Malinovic B, Pavlovic M, Bunic S. Treatment of
copper cyanide wastewaters in electrochemical
batch reactor with stainless steel electrodes. Journal
of Environmental Protection and Ecology 2014;
15(4):1574-1582.

2- Martinez-Huitle CA. Environment-friendly
electrochemical  processes.  Materials  2021;
14(6):1548. doi.org/10.3390/ma14061548.

3- Kashi G, Nasehi N. Fluoride removal from
drinking water using the combination of electro and
chemical coagulation processes. Journal of Health in
the Field 2014; 2(2):43-52 (In Persian).

4- Ghimire U, Jang M, Jung SP, Park D, Park SJ, Yu
H, oh S. Electrochemical removal of ammonium
nitrogen and COD of domestic wastewater using
platinum coated titanium as an anode electrode.
Energies 2019; 12(5):883.

5- Kashi G. Optimization of electrochemical process
for phenanthrene removal from agueous medium by
Taguchi. Toxicological & Environmental Chemistry
2017; 99(5-6):772-82.

6- Sarkkd H, Bhatnagar A, Sillanpdd M. Recent
developments of electro-oxidation in water
treatment—a review. Journal of Electroanalytical
Chemistry 2015; 754:46-56.

AFAR) )L@_v\ b)l.mj) A 0,92

B 2505 5 p e ST s M s 5> Sl 2l
PP P 25 o e dalhs i e s 53 Dl
53 PH Gl 568 5 o s dlmp e JT i 55 PH
Jeedly GRS it a5t etalie b i n
Jemliy GRS 0 0S5 b il s 53 EalS= (2LS
ol el 355 sdalin s s e 53 RS- LS
Ll g Gl L S el ol eaSoly iash
PH L350 (6515 po 0 slba e 4 a5 Bies lacd s )
g sl Ol s sl e Ol S
S ks SO b S sl ST 51 ls e s
Yoalols @ids Yo 0oy carse ol p el Joo /oY 0L
55 ol aar gl VA E dsbes PH 5 Lass SOl o e b

7- Bergmann M, Koparal A, lourtchouk T.
Electrochemical advanced oxidation processes,
formation of halogenate and perhalogenate species:
a critical review. Critical Reviews in Environmental
Science and Technology 2014; 44(4):348-90.

8- Barrera-Diaz C, Canizares P, Fernandez F,
Natividad R, Rodrigo MA. Electrochemical
advanced oxidation processes: an overview of the
current applications to actual industrial effluents.
Journal of the Mexican Chemical Society 2014;
58(3):256-75.

9- Melaku S, Gebeyehu Z, Dabke RB. Feasibility of
using an electrolysis cell for quantification of the
electrolytic products of water from gravimetric
measurement. Journal of Analytical Methods in
Chemistry 2018. doi.org/10.1155/2018/2681796.
10- Lee SH, Min DJ. A Novel electrochemical
process for desulfurization in the CaO-SiO2-Al203
system. Materials 2020; 13(11):2478.
doi.org/10.3390/mal3112478.

11- Kashi G, Hydarian N. Optimization
slectrophotocatalytic removal of sulfanilamide from
aqueous water by Taguchi model. Journal of
Mathematics 2019; 6(10):50-3.

12- Yao F, Yang Q, Zhong Y, Shu X, Chen F, Sun
J, et al. Indirect electrochemical reduction of nitrate
in water using zero-valent titanium anode: Factors,

&S s cxs [Creative Commons Attribution 4.0 International License [CC BY 4.0 ; s 5l ,I5 -yl


https://doi.org/10.3390/ma14061548
https://doi.org/10.1155/2018/2681796
https://doi.org/10.3390/ma13112478

bt s 2SI )3 L O e

kinetics, and mechanism. Water Research 2019;
157:191-200.

13- Prochazka P, Honig V, Maitah M, Pljucarska I,
Kleindienst J. Evaluation of water scarcity in
selected countries of the Middle East. Water 2018;
10(10):1482. doi.org/10.3390/w10101482.

14- Alinnejad Sh, Kashi G, Khezri Sm,
Mashinchiyan A. Removal of Fluoride from
Drinking Water Using an Electrocoagulation
Reactor, Batch Experiments. Safety Promotion and
Injury Prevention 2014;2(1):47-54 (In Persian).

15- Kashi G, Potkee M. Investigation Electro-
photocatalytic Removal of Acetaminophen from
Drinking Water. Safety Promotion and Injury
Prevention 2016; 4(3):175-184 (In Persian).

16- Baird R, Eaton A, Rice E, Bridgewater L.
Standard methods for the examination of water and
wastewater. Washington, DC: American Public
Health Association, United State of America; 2017.
17-  Giti K, Narges J.  Optimization
electrophotocatalytic removal of acid red 18 from
drinking water by the Taguchi model. Bulgarian
Chemical Communications 2015; 47:179-86.

18- Elabbas S, Ouazzani N, Mandi L, Berrekhis F,
Perdicakis M, Pontvianne S, et al. Treatment of
highly concentrated tannery wastewater using
electrocoagulation: influence of the quality of
aluminium used for the electrode. Journal of
Hazardous Materials 2016; 319:69-77.

19- AlJaberi FY. Operating cost analysis of a
concentric aluminum tubes electrodes
electrocoagulation  reactor.  Heliyon  2019;
5(8):e02307.
doi.org/10.1016/j.heliyon.2019.e02307.

20- Peng H, Leng Y, Guo J. Electrochemical
removal of chromium [VI] from wastewater.
Applied Sciences 2019; 9(6):1156.

21- Steter JR, Barros WR, Lanza MR, Motheo AJ.
Electrochemical and sonoelectrochemical processes
applied to amaranth dye degradation. Chemosphere
2014; 117:200-07.

22- Morais RL, Garcia LF, Thomaz DV, Lobén GS,
Rodrigues MF, Vaz BG, et al. Electrochemical
removal of algestone acetophenide and estradiol
enanthate in real industrial wastewater. International
Journal of Electrochemical Sciences 2019; 14:5856-
67

ao e 53 Clldg wldad VA

23- Népoles-Armenta J, Vidales-Contreras JA,
Leyva-Soto LA, Meza-Escalante ER, Diaz-Tenorio
LM, Garcia-Gémez C, et al. The Influence of the
Configuration of Two Electrochemical Reactors on
the Process of Removing Atrazine from Water.
Sustainability 2021; 13(9):5267.

24- Garcia-Gémez C, Drogui P, Zaviska F, Seyhi B,
Gortares-Moroyoqui P, Buelna G, et al.
Experimental design methodology applied to
electrochemical oxidation of carbamazepine using
Ti/PbO2 and Ti/BDD electrodes. Journal of
Electroanalytical Chemistry 2014; 732:1-10.

25- Kashi G. Optimization of electrochemical
process for removing sulphate from drinking water
by Taguchi model. International Journal of Current
Research 2015; 7(6):17409-14.

26- Zhou C, Wang Y, Chen J, Niu J. Porous
Ti/SnO2-Sb anode as reactive electrochemical
membrane for removing trace antiretroviral drug
stavudine  from  wastewater.  Environment
international 2019; 133:105157.
doi.org/10.1016/j.envint.2019.105157.

27- Ambuludi SL, Panizza M, Oturan N, Ozcan A,
Oturan MA. Kinetic behavior of anti-inflammatory
drug ibuprofen in aqueous medium during its
degradation by electrochemical advanced oxidation.
Environmental Science and Pollution Research
2013; 20(4):2381-89.

28- Chauhan R, Srivastava VC. Superior reduction
of nitrate with simultaneous oxidation of
intermediates and enhanced nitrogen gas selectivity
via novel electrochemical treatment. Process Safety
and Environmental Protection 2021; 147:245-58.
29- Hossini H, Rezaee A, Shirmardi M, Naeimabadi
A. Sulfate removal from wastewater using
electrocoagulation process: evaluation of effective
parameters and costs. Journal of North Khorasan
University of Medical Sciences 2015; 6(4):787-96
(In persian).

30- Resan Kalash K, N Ghazi I, A Abdul-Majeed M.
Hardness removal from drinking water using
electrochemical cell. Engineering and Technology
Journal 2015; 33(1):78-89.

31- Huang W, Li M, Zhang B, Feng C, Lei X, Xu B.
Influence  of  operating conditions on
electrochemical reduction of nitrate in groundwater.
Water Environment Research 2013; 85(3):224-31.

&S s cxs [Creative Commons Attribution 4.0 International License [CC BY 4.0 ; s 5l ,I8 -y


https://doi.org/10.3390/w10101482
https://doi.org/10.1016/j.heliyon.2019.e02307
https://doi.org/10.1016/j.envint.2019.105157

YA/ as 5 8 28

32- Prasetyanigrum A, Jos B, Dharmawan Ym
Praptyana IR. The effect of pH and current density
on electro-coagulation process for degradation of
chromium in plating industerial wastewater. Journal
of Physics: Conference Series 2019;
1295(1):012064. doi.org/10.1088/1742-
6596/1295/1/012064.

33- Jadhao VK, Kodape S, Junghare K.
Optimization of electrocoagulation process for
fluoride removal: a blending approach using
gypsum plaster rich wastewater. Sustainable
Environment Research 2019; 29(1):1-9.

34- Ebrahimi E, Asadi H, Farhangi MB,
Ashrafzadeh A. Assessment of Spatio-temporal
variations in contamination, sediment and water
quality index in Pasikhan River, Guilan Province.
Journal of Health in the Field 2020; 8(1)-32-50 (In
Persian).

35- Samarghandi MR, Shahbazi Z, Bahadori R,
Mehralipour J, Miveh ZA. The survey of
Ultrasound-Electrocoagulation process in removal
of Ciprofloxacin from aqueous through central
composite design. Journal of Health in the Field
2018; 6(1):9-19 (In Persian).

AFAR) )L@_v\ b)l.mj) A 0,92

&S s cxs [Creative Commons Attribution 4.0 International License [CC BY 4.0 ; s 5l ,I5 -yl





