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Abstract

Niitrate and phosphate are of specific importance among different water pollutants due to their
effect on aquatic ecosystems and disrupting their balance. The electrocoagulation process has
been recognized as a novel method that has recently been employed for the removal of nitrate
and phosphate. Therefore, the present study was aimed at investigating the efficiency of
simultaneous removal of nitrate and phosphate from water through an electrical coagulation
process. This experimental study was performed with an experimental scale as a pilot. The pilot
was made of Plexiglas with the volume of 5.4 liters associated with a DC power supply.
Parameters of the reaction time (5-90 min), pH of water (3-9), the concentration of nitrate and
phosphate (1-50 mg/l), electrode materials (iron, aluminum, and steel), the distance between
electrodes (1-10 cm), and the current's voltage (5-40 V) have been investigated in this research.
The effect of each parameter was also examined on the amount of nitrate and phosphate
removal. Obtained results were then analyzed to determine the efficiency of nitrate and
phosphate removal in the form of comparable diagrams. Results of current experiments
represented the optimal parameters including the reaction time of 60 min, pH of 7, initial
concentration of 10 mg/l, electrodes of iron-iron, with the distance of 5 cm, and input voltage of
30 V. The removal efficiency of nitrate and phosphate under optimal condition was reported 95
and 45%, respectively, as the maximum removal rates. The present study has introduced the
electrocoagulation process as a reliable and flexible way to purify water resources from nitrate
and phosphate.
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Fig. 6. Effect of distance between electrodes on nitrate
and phosphate removal efficiency (with 10 mg/L
concentration of nitrate and phosphate, electrode’s
matter of iron-iron, 60 min reaction time, voltage 30
Volts, primitive pH=7)

Slind 5 Ol Bl g8 s basg S o dols 51-5 S
7@\»;,;31\&,.;%;4,;(;&» Slind 5 ol s cble)
(PH=Y 5 oY e 5Ly wids £ 28Ty oo Sote e opnl

120 ~ ENitrate & Phosphate

Removal (%)
- (=) = ;
=] <> =] <>

[
>
1

Voltage (Volt)

Fig. 7. Effect of input voltage on removal efficiency of
nitrate and phosphate (with 10 mg/L concentration of
nitrate and phosphate, electrode’s matter of iron-iron, 5
cm distance between electrodes, 60 min reaction time,
pH=7)

CahL&) Qw‘g Q\k.» RS L;:‘"JLSJJ (§33,9 ju‘g JJ\—VJS.L

oli oyl ol 5y S i s 0 Sdon Vo Olicd 5 Sl
(pH:VJu”:.'é.sf“ MJQBJmeﬁn@JLﬂaBJ}}Q\W

STy ol e LSt V-
o3 A1y oles Rl BNl s sdon al e ¥ JSS s aniln
o olag s oS 5 sba ol adl 15l Slinsd 5 &l 25 B
sdey FA 5AY & S S0 Ol xS 5 Slad Bl wo s aids
Gl aoys s A0 b 28Ty plos S2l53 L e o 5 e

Vol. 31, No. 5, 2020

VA4 Jlo o o sle Y 5,550



dx.doi.org/10.22093/ww;j.2020.204492.2936

ey (5o oliedl wislyd 8y Slas sy

“"'E'Lf‘”ﬁ“'“\“’\fff‘;)’()fgkt‘*”;\;.osdu
M@\JG&GM;Q(M&L&)}Jﬁrﬁ&VH
.(Mouedhen et al., 2008) 5 33 o 4o 5

Loy Sl i 3l —$-¥
5Ol Gl LS o Les g Sl et S ey 0 o sbaies
3PH b 0las 53 (51 e g 5 ol sl iolins
29 78U utr 05V 815 i8I a8 s o ool gy il
Sl gyoml 3l esls Gl L s o Kader il o)
51 355 e o 5 Sl g 33,550 5l i o
Ll o b 0Ll 20O (61 b Sala] O wiar 6l
dedsa ozl 5 et T ccpal ot 51 s 52800 515501 S
558 n D) LT s SB35l 03 e
35 0 salin O S& s azulix ((Malakootian et al., 2010)
ol = ol 35,50 et b Olind 5 Ol s B a0 ey
o3 FO 500 5 5 4 Ol s 5 Slad Bl luie S el
59,8Y i g = cpal 558Ul s g5enl 5l sy
3 0 Sen 5 ol Sl v walizad ety basT s 5 Sl e
ol s B 3 Lo g xSl et 51 oy o s
I Bis e o iy acoys AP Ll 5 80l oS asls
.(Malakootian et al., 2010) ol azils

Bl s oyl 35S &S sls plis ol Sen 5 sl sl e s
33 oS (55bas s pseiasll 5580 5 3 S50 508 5 COD
G e 5035 o3 AP L Y ssgume 55 COD Gis
.(Unetal., 2006) sy ao s V *+ 0 &y 508

sl T 51 il g Gl oSl 55 ol Kan 5 il
Wsls SIS 5 e e Gi an3l 5 w55 ,S s o) 59,5500
.(Onder et al., 2007)

0SS 5l sy sl dlols L5l -0-Y
Coalend G117 S s Sbatess 5l Jolbb mli g s L
ol O 6) 1) Lo oSl o dlols 20381 L s msie
Gl e oof 3l s 4l 253l Slind 5 Ol Bis as
5 Ol B ao s e e Vo B Lasg S o alols
ol O 35S e dols ol el wly 2alS Slans

Journal of Water and Wastewater

(Fe,(OH)™p) ol 65 5y pan sl oShaS S35
S reS 3 Sles 54 0SS5 Fe(OH), 3 aunS 50
51 ST 53 gmge Slind 5 Sl 5 by VT 23l elsas s
e D1 slaean VT (gl (6 o sllaoli 5 Fhins saiSudais
o F<PHSY s a8y 58l il clbae o) s 5 0
o s SLa S s 28 Y sl a Sy pae Oy
Sy taa g S b bY ol glaaSsus
(Yavuz and sczes ey YT Gi gl g5 o (g basiiiSuiac
Ogiitveren, 2018)

Sl wiad s gy PH plSes 5 ol b g sy oo
O3 goagime oml 3 S FUY oo e, s
d—s,5 %) 550> ;5 COD Gis oIS pHr.:_laJqu_f
.(Adhoum et al., 2004) Coul s 5,155

sxba Eeen 5 VNV Jla s o lSes 5 L 5.5
sls Gl 5 (g 1 g Y ST 18U a3 5 08 (5 0
PH o3 5050 5V 40 S5 5 gbapH s Bl G118 0 2t
.(Hakizimana et al., 2017) szl oo 35| s

Olid 5 Ol 2 adyl clale L3l -v-v
Slind 5 ol pleser i 2 s Ks 3e belss Sl
L coil s ol e B USCs 5lecadd OF 5o LT sl cdale
3 Ol Bl oy Slid 5 Ol s )l cble )58l
Slolind 5 ol m sl clle (g 5be 1l o SRalS Dlind
AY o3 A4 5 Slid i a1 s o S ke Ve )
- SRS o PIRUEII LS R JERFE Y CR Y
b olind 5 Ol s adsl cdale (a5l b e ol 5l el €l
e e b 5 Dud & Bl sloas s 2 s 0 S s 00
slacdale o5l cl anie ) sboles .ol asl j2alS
ol il Bi LS el s sl ol 3l oy
Olssa 2l s pfgL-“ Vool s ol ms sl bl
s oo g Kos e ol sslinal 5 bl ang ol
bl ey QTJ.\_ad,\_.:rl_qu’\YHA Jle s ol
I Jeolo oo s Dl 2 Bl (g ¥ 815875 2S00 sy 5
5Ly« 28Ty olas pH Lo mal,ly 4 sl glis sy o)
35 o om! 2L med col 50 Bl LS ol

Vol. 31, No. 5, 2020

M qu:m O
A8 Jlo ol Y 590

1Y



14y

dx.doi.org/10.22093/wwj.2020.204492.2936

OlSan 5 0olipila of; 5

Mu@h}w)ijdbdblS MGJJEMTJA.;M
Wb e Sial8 Bis S sy xS oy s dol 2158l L
.(Ghosh et al., 2008)

TP
3 Ol Bio LS il e S b el o e 5 (S
L ol Sud ail 30 05 V581585 2S00 a6 s lind
So sl s eV S s el Lol (5355 51
wanlsd s ead Jleel 5Uy 2ol 51 L ag 5 cpre 2S5 0o
ol ool 3l 1331 53 Sid 5 Sl pla e B S
3y 5l sy,
el it oLl 208 ey B IS 2, B b 2,

Y. j\_:.l}j\}c&.:..i‘; 6:;&9,,.;&3\”’ Uu.ba

Lo Sl g 3y ol < Yo 2505 5W5 cnl e
Voslds s oland 5 ol x pleser Bl sl LB ¢ 5
Jlasl ol 55,28 L 05 51,85 280 0z 3 Te s
sty Jlael )00 53 105 Sl (L0 b i sla3Wy
gl L6 i B mae o351 SRl 5 4 el
Dlind 5 Dl o plhs s 4 lmes g 2815 Oles SRS
5935 5 0l S 51 sl ol gl ol aalyi
rl_gu‘\ Y DU CI {5 PR ) | WP [ N P X ALY
Sland 5 Ol B g5 Gl b sl oo Jasl 58l [2aSty
W 5 g0 AenS] 81 s 5 Ll wlS s

5Ly L3l o ol ssam b adas 1,8 oS S, o)
Jls ol e as vl sy DU & o) K sty (5 b 55 Sl
Sl Bls LS s a tagn 5 olee 5 290
sanlia glig|asls rw:ﬂ sy =S5t szl b T
el Ll AP G a3y il b oS s S
Wydee Bi e s5bs sk Lo ol czse
{(Drouiche et al., 2009)

G s 2 S OLKes 5 gola b sl tassy 3 pries
et ol Ly 51COD Gl s slawl 50 )
Ul 381 908 s COD Gis ws s Slady il 58l L oS s
.(Farhadi et al., 2012) w0

31 S90S 5 i O3l el 5l 50 oKen 5 52
1y G 1S 5 5,8 sm To spu 5Ly s OIS

Journal of Water and Wastewater

59 SN
St U\ Slases 53 Oliud Bl w3 o)l 0 0SS
J\J—MSMJ—S”
GRIBIL @l st 2 5 LB Dl 2 Bl so s el
Lol asl oo a8 is 1K by oSl o dols

J..é‘jﬁ BE] Ma;lﬁm‘)ul."g.v‘ g dols O‘).J«A.v

J_.o‘}s)ajw\u\ﬁ.vd»w)é

0331 i Dy po 3 5 5 T 59,80 Gl o Al i 58]
b arsbyul e el ol s oud sl GO
Coslin Lo 5 S s s a3 5 oy S e il
Sk a5 (S oy 18I (S5 5%) ol 81 5 J sl
sbabals Jse cul (Sen dlivs opl il o 228 0L >
e Sl anl b e s et LS5 Glaos gl ke
© JeeSssa 5 ool slags g e o Oz RS
Lol esdhe woal 56 Gy s LS5 gl 3USluie
O S 5S35 55 5 S 35500 JWanl b g 18Ul e ol 20l 531
330550 3540 JeeS i sbog b sads ol oy
258 S35 (5 S glaasd

SiaSs 5l by e 5l OB ) ol 31 sy el s
Lo 1 o 51230
Js_m,\mpmauu\ouyjmw)wwmu
I asy S ty ladlols s g o csl 55 oS4l
S5 e 3055 2 5 STasae Lok 2z a5z M SuS
el ool slanil iy 50d)s b SH6 Sy Sl
a5l Vo B0 lols 51 5 st ol 5 45 55t e
Slid 5 Ol zs glajes B B S SRR AV
.(Chavalparit and Ongwandee, 2009) sl zalS

Ol oland 5 ol s Bl o),

asbls g9 4 bgs e Sl S Dl ks ol e
S olEin ol o asl b Sy ol s Kl S
goat 5T x5 slotg eyl on 1l
g 5 oud pere gl s Ceo B sl a5 sbeo s
.(Mook et al., 2014) xS o lay

b Ol 5l (e Bis (53 00 S 5
53 0l 5 0l Sl a5 6 55 51,55 2501 1215
.(Malakootian et al., 2010) 5,5 Sls5en xal Jos s Yo~

o e a3 oS 5 ALS by S ey o
0¥ 1585 7S sy o T 5 b Y el Gis LS

Vol. 31, No. 5, 2020

ML qu:u O
VA4 Jlo B o )l FY 5595



dx.doi.org/10.22093/ww;j.2020.204492.2936

ey (5o oliedl wislyd 8y Slas sy

el Sl Ol 5 O s i kg Sllasil BB 5 el
oy 1y oY Sy Syl b cpimen 5 4 sslizal Of
Olsea oals &8 e gie 5 SH80 28 5 saae JuS sla el

S slizal o 5 o T ladarms it 53 53Ul

ol -0
aoly oDl 3T oBesls 511, 555 Sls 08 o5lhe o8y
5 ol SUIGl 03 S ool 13 (g1 ol Dl 5 0 5le
o ol Sl sl ol e S5 ) Kes 5 25T

S o

References

.(Chou et al., 2009) wsls 3,159+ 53N 5 5

§ rSen ¥
S ol oLt gy el 3l s ol st el 5l Jols s
2 Sk Vol CBLE Y ) pH wids 7 1S]y ol
5 sl 055580 o ol ol - ol 528 i 2
s ulad jasde ap ol Olgee Sdy Ve (6350 35U
FO 590 cu s ang bl s s ol ms y ol Gis 1K
Caz by Bl ao s ke o mies S ud 518w

o S olsear 8l 5 e (S slaasl al b Sie oL

Adhoum, N., Monser, L., Bellakhal, N. & Belgaied, J. E. 2004. Treatment of electroplating wastewater
containing Cu*, Zn*" and Cr (VI) by electrocoagulation. Journal of Hazardous Materials, 112, 207-213.

Aoudj, S., Khelifa, A., Drouiche, N., Belkada, R. & Miroud, D. 2015. Simultaneous removal of chromium (VI)
and fluoride by electrocoagulation—electroflotation: application of a hybrid Fe-Al anode. Chemical

Engineering Journal, 267, 153-162.

Aoudj, S., Khelifa, A., Drouiche, N., Hecini, M. & Hamitouche, H. 2010. Electrocoagulation process applied to

wastewater containing dyes from textile industry. Chemical Engineering and Processing: Process

Intensification, 49, 1176-1182.

Chavalparit, O. & Ongwandee, M. 2009. Optimizing electrocoagulation process for the treatment of biodiesel

wastewater using response surface methodology. Journal of Environmental Sciences, 21, 1491-1496.
Chou, W. L., Wang, C. T. & Chang, S. Y. 2009. Study of COD and turbidity removal from real oxide-CMP
wastewater by iron electrocoagulation and the evaluation of specific energy consumption. Journal of

Hazardous Materials, 168, 1200-1207.

Drouiche, N., Aoudj, S., Hecini, M., Ghaffour, N., Lounici, H. & Mameri, N. 2009. Study on the treatment of

photovoltaic wastewater

using electrocoagulation:

fluoride removal with aluminium electrodes-

characteristics of products. Journal of Hazardous Materials, 169, 65-69.
Farhadi, S., Aminzadeh, B., Torabian, A., Khatibikamal, V. & Fard, M. A. 2012. Comparison of COD removal
from pharmaceutical wastewater by electrocoagulation, photoelectrocoagulation, peroxi-electrocoagulation

and peroxi-photoelectrocoagulation processes. Journal of Hazardous Materials, 219, 35-42.
Ghanbari, F., Moradi, M., Mohseni-Bandpei, A., Gohari, F., Abkenar, T. M. & Aghayani, E. 2014. Simultaneous

application of iron and aluminum anodes for nitrate removal: a comprehensive parametric study.

International Journal of Environmental Science and Technology, 11, 1653-1660.

Ghosh, D., Medhi, C. & Purkait, M. 2008. Treatment of fluoride containing drinking water by electrocoagulation

using monopolar and bipolar electrode connections. Chemosphere, 73, 1393-1400.

Hakizimana, J. N., Gourich, B., Chafi, M., Stiriba, Y., Vial, C., Drogui, P., et al. 2017. Electrocoagulation
process in water treatment: a review of electrocoagulation modeling approaches. Desalination, 404, 1-21.
Hashim, K. S., Al Khaddar, R., Jasim, N., Shaw, A., Phipps, D., Kot, P., et al. 2019. Electrocoagulation as a

green technology for phosphate removal from river water. Separation and Purification Technology, 210, 135-

144.

Journal of Water and Wastewater

Vol. 31, No. 5, 2020

Mol 5 o dome O

V¥4 gl o led ¥ 550

14F



dx.doi.org/10.22093/wwj.2020.204492 2936 Oyl 5 asliputla of;5

140

Holt, P., Barton, G. & Mitchell, C. 1999. Electrocoagulation as a wastewater treatment. The Third Annual
Australian Environmental Engineering Research Event, 1000, 41-46.

Holt, P. K., Barton, G. W. & itchell, C. A. 2005. The future for electrocoagulation as a localised water treatment
technology. Chemosphere, 59, 355-367.

frdemez, S., Yildiz, Y. S. & Tosunoglu, V. 2006. Optimization of phosphate removal from wastewater by
electrocoagulation with aluminum plate electrodes. Separation and Purification Technology, 52,394-401.

Jeong, J. Y., Song, Y. H., Kim, J. H. & Park, J. Y. 2014. Simultaneous removal of nitrate, phosphate, and
fluoride using a ZVI-packed bed electrolytic cell. Desalination and Water Treatment, 52, 737-743.

Kumar, N. S. & Goel, S. 2010. Factors influencing arsenic and nitrate removal from drinking water in a
continuous flow electrocoagulation (EC) process. Journal of Hazardous Materials, 173, 528-533.

Malakootian, M., Mansoorian, H. & Moosazadeh, M. 2010. Performance evaluation of electrocoagulation
process using iron-rod electrodes for removing hardness from drinking water. Desalination, 255, 67-71.

Mohammadi, M. J., Salari, J., Takdastan, A., Farhadi, M., Javanmardi, P., Yari, A. R., et al. 2017a. Removal of
turbidity and organic matter from car wash wastewater by electrocoagulation process. Desalination and
Water Treatment, 68, 122-128.

Mohammadi, M. J., Takdastan, A., Jorfi, S., Neisi, A., Farhadi, M., Yari, A. R., et al. 2017b. Electrocoagulation
process to chemical and biological oxygen demand treatment from carwash grey water in Ahvaz megacity,
Iran. Data in Brief, 11, 634.

Mook, W., Aroua, M. & Issabayeva, G. 2014. Prospective applications of renewable energy based
electrochemical systems in wastewater treatment: a review. Renewable and Sustainable Energy Reviews, 38,
36-46.

Mouedhen, G., Feki, M., Wery, M. D. P. & Ayedi, H. F. 2008. Behavior of aluminum electrodes in
electrocoagulation process. Journal of Hazardous Materials, 150 (1), 124-135.

Ni’am, M. F., Othman, F., Sohaili, J. & Fauzia, Z. 2007. Removal of COD and turbidity to improve wastewater
quality using electrocoagulation technique. The Malaysian Journal of Analytical Science, 11, 198-205.

Onder, E., Koparal, A. S. & Ogiitveren, U. B. 2007. An alternative method for the removal of surfactants from
water: Electrochemical coagulation. Separation and Purification Technology, 52, 527-532.

Rahmani, A. 2009. Efficiency of electrocoagulation for removal of Ario Chrome Black T color from wastewater.
Journal of Water and Wastewater, 20(1), 52-58. (In Persian).

Ricordel, C., Darchen, A. & Hadjiev, D. 2010. Electrocoagulation—electroflotation as a surface water treatment
for industrial uses. Separation and Purification Technology, 74, 342-347.

Sengil, 1. A. 2006. Treatment of dairy wastewaters by electrocoagulation using mild steel electrodes. Journal of
Hazardous Materials, 137, 1197-1205.

Un, U. T, Ugur, S., Koparal, A. & Ogiitveren, U. B. 2006. Electrocoagulation of olive mill wastewaters.
Separation and Purification Technology, 52, 136-141.

Vasudevan, S. & Oturan, M. A. 2014. Electrochemistry: as cause and cure in water pollution-an overview.
Environmental Chemistry Letters, 12, 97-108.

Vik, E. A., Carlson, D. A., Eikum, A. S. & Gjessing, E. T. 1984. Electrocoagulation of potable water. Water
Research, 18, 1355-1360.

Yawuz, Y. & Ogiitveren, U. 2018. Treatment of industrial estate wastewater by the application of
electrocoagulation process using iron electrodes. Journal of Environmental Management, 207, 151-158.

Journal of Water and Wastewater Mo 5 O dxs O

Vol. 31, No. 5, 2020 V¥4 gl B o ledd Y 550



