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Abstrak 

 
Salah satu limbah industri makanan yang paling berbahaya adalah cairan yang dihasilkan dari produksi 
saus tomat yang mengandung banyak zat organik dan padatan tersuspensi. Elektrokoagulasi, sebuah 
metode untuk mengolah limbah cair saus tomat, adalah metode yang ramah lingkungan, mudah 
digunakan, dan hemat lahan. Banyak orang menggunakan elektroda berbentuk pelat untuk 
elektrokoagulasi sedangkan elektroda silinder biasanya memiliki konsumsi daya yang lebih rendah 
selama proses berlangsung. Dengan mempertimbangkan kondisi tersebut, penelitian ini bertujuan untuk 
mengetahui penggunaan perbedaan kuat arus, pH dan material anoda yang ideal. Selain itu, juga untuk 
menentukan konsumsi energi spesifik dan jumlah lumpur yang dihasilkan dari reaktor silinder. Kualitas 
arus listrik sebesar 30 A, 35 A, dan 40 A merupakan variabel yang digunakan dalam penelitian ini. 
Variabel kedua adalah pH, yang berkisar antara 6,7 dan 8. Bahan anoda yang digunakan adalah besi dan 
parameter yang diuji adalah pH, BOD dan Fosfat. Hasil penelitian menunjukkan bahwa pada pH 8, kuat 
arus 40 A dengan menggunakan anoda besi memiliki persentase penyisihan BOD dan Fosfat sebesar 
83,52 ± 0,44% (1.358,00 mg/L) dan 74,90 ± 0,98% (189,41 mg/L). Konsumsi energi spesifik yang 
diperoleh untuk masing-masing parameter adalah 1,71 Wh/gBOD dan 20,38 Wh/gP. 
 
Kata kunci: Elektrokoagulasi, Ferro, Konsumsi energi, Pengolahan, pH. 

 
Abstract 

 

One of the most dangerous industrial food wastes is the liquid resulted from the production of tomato sauce 

which contains many organic substances and suspended solids. Electrocoagulation, a method for processing 

tomato sauce liquid waste, is environmentally friendly, easy to use, and land efficient. Many people use 

plate-shaped electrodes for electrocoagulation whereas the cylindrical electrodes usually have lower power 

consumption during the process. By considering conditions, this research aims to determine the ideal use 

of differences in current strength, pH and anode material. In addition, it also wanted to determine the 

specific energy consumption and amount of sludge produced from the cylindrical reactor. The quality of the 

electric current of 30 A, 35 A, and 40 A is the variable used in this research. The second variable is pH, 

which ranges between 6.7 and 8. The anode material used is iron and the parameters tested are pH, BOD 

and Phosphate. The results showed that at pH 8, current strength of 40 A using an iron anode had a removal 

percentage of BOD and Phosphate of 83.52 ± 0.44% (1,358.00 mg/L) and 74.90 ± 0.98% (189. 41 mg/L). 

The specific energy consumption obtained for each parameter is 1.71 Wh/gBOD and 20.38 Wh/gP. 

 

Keywords: Electrocoagulation, Energy consumption, Ferro, pH, and Treatment. 
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1. INTRODUCTION 
 

The development of industry in fulfilling the 
human needs generally followed by negative 
effects. Because a human food need is 
continuing to increase, the food processing 
industry has become one of the major 
producers of industrial waste. The grocery 
industry continues to produce sauces, which 
generate substantial amount of waste and 
require a lot of resources such as water, raw 
materials, and energy. Therefore, sauce 
production can cause significant 
environmental problems, including 
greenhouse gas emissions, production waste, 
and water pollution (Elferink et al., 2008). One 
of the most common wastes produced from the 
food industry is liquid waste, which can pollute 
waters. 
 
Most of the waste produced from tomato sauce 
production contains high concentrations of 
chemical oxygen demand (COD), biological 
oxygen demand (BOD), and suspended solid 
material (TSS) with concentrations of 3,600 
mg/L; 2,935.4 mg/L; and 7,860 mg/L 
respectively (Yuliani et al., 2017; Martín et al., 
2011). Simple wastewater treatment, such as 
flocculation-coagulation (Martín et al., 2011) 
and biological treatment (Nugroho and 
Sumantri, 2020) can overcome high pollutant 
concentrations in tomato sauce wastewater. 
This method requires substantial land, has 
difficult operations, and produces a lot of 
sludge and chemicals from the addition of 
coagulants (Abdelwahab et al., 2020).  
 
Electrocoagulation is a method of processing 
liquid waste that produces coagulant with 
electrical energy (Hashim et al., 2017; 
Heffron, 2015). Electrocoagulation involves 
the in-situ formation of a coagulant with 
electrical energy in a reactor without the use of 
chemicals. Iron, aluminium (Fekete et al., 
2016), stainless steel (Dura and Breslin, 2019), 
and copper (Oden and Sari-Erkan, 2018) are 
some examples of frequently used electrodes. 
pH, current strength, type of electrode used, 
and others variation can contribute to the 

efficiency of the electrocoagulation process 
(Sridhar et al., 2014; Dalvand et al., 2011; 
Adhoum and Monser, 2004). In the 
electrocoagulation process, pH influences 
solubility level of various metal ions 
(Dermentzis et al., 2016). Studies have shown 
that electrocoagulation is an effective and 
efficient treatment alternative in industrial 
wastewater treatment (Sadoon and Ridha, 
2020; Un and Aytac, 2013), On the other hand, 
little research has been conducted regarding 
the use of electrocoagulation in the sauce 
industry. Taking into account the background 
that has been outlined, this research is 
conducted to determine how effective 
cylindrical electrocoagulation in the treatment 
of liquid waste in the food industry to ensure 
safe quality standards for discharge into the 
environment. 

 
2. METHODS 

 

The materials used were 25 L sample bottle, 
spatula, 100 mL beaker, 500 mL beaker, 1,000 
mL beaker, 300 mL Winkler bottle, 150 mL 
Winkler bottle, 100 mL Erlenmeyer, tomato 
ketchup industry wastewater. BOD testing 
follows SNI 6989-72-2009. The BOD test with 
Biochemical Oxygen and Phosphate Required 
SM 4500-PD (Spectrophotometry). The 
electrocoagulation reactor can be seen in Figure 
1. 
 

 
Figure 1. Electrocoagulation cylindrical 

reactor 
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3. RESULTS AND DISCUSSION 

 

The characteristics of tomato sauce liquid 
waste were tested first. pH, BOD, and 
phosphorus parameters were tested and the 
results of the test displayed in Table 1. 
 

Table 1. Characteristics of tomato industry 
liquid waste 

 
Parameter Unit Concentration 

Value 
Quality 

standards 
BOD5 mg/L 7,178 100 

pH - 3.75 6-9 

Phosphate mg/L 526.15 1 

 

Based on Government Regulation no. 22 of 
2021 on Environmental Protection, 
Organisation and Management and East Java 
Governor Regulation no. 72 of 2013 
concerning Quality Standards for Industrial 
Liquid Waste, BOD and Phosphate 
concentrations do not meet quality standards.  
 
Processing tomato sauce liquid waste with a 
coagulation reactor shows different results 
between range of pH, time and current 
strength. The results of the percentage 
allowance for BOD parameters can be seen in 
Figure 2. 
 

 
Figure 2. Results of percentage allowance 

for BOD parameters 
 
Conditions at lower pH (< pH 7) will form 
more Fe2+ ions, resulting in lots of metal ions, 
whereas at pH 7 and 8, many hydroxy 
complexes Fe(OH)2(s) and Fe(OH)3(s) started 
to arise. These compound acts as a coagulant 

in the electrocoagulation process. The 
hydroxo complexes that are formed are the 
result of the oxidation of Fe2+ ions from the 
anode which bind with water and oxygen, thus 
producing coagulants Fe(OH)2(s) and 
Fe(OH)3(s) (Díaz et al., 2018). 
 
The process of forming Fe(OH)2 (s) and 
Fe(OH)3 (s) compounds can be seen in the 
following reaction (Segura et al., 2017): 
 
Fe → Fe3+ + 3e−            (1) 
Fe + 2H2O → Fe (OH)2(s) + H2(g)    (2) 
4 Fe2+ + 10 H¬2O + O2(g) → 4 Fe (OH)3(s) + 
8H+                                                  (3) 
 
Another result of the electrochemical reaction 
in the electrocoagulation process is the 
formation of floc due to the electro flotation 
process. The flocs that rise to the surface are 
caused by H2 gas which is formed during the 
process. H2 gas is formed from protons that 
are converted through cathode reduction 
(Brillas and Martínez, 2015). The proton 
reduction reaction can be seen in the equation: 
 
2H+ + 2e− → 2 H2(g)  (4) 
 
The electro flotation process that occurs is 
also proven by the presence of floc on the 
water surface in the sedimentation tank. It is 
known that the pH value can influence the 
formation size of the gas bubbles. The size 
range of bubbles produced in the 
electrocoagulation process is 20-70 µm. 
Neutral pH is known to produce the smallest 
bubble sizes. Apart from lifting pollutants that 
are adsorbed on the coagulant, the small size 
of the bubbles can make the flow more 
turbulent than normal-sized bubbles so that 
the destabilization of the solution is more even 
due to stirring (Gönder et al., 2017).  
 
The coagulant that is formed generally 
produced from Fe2+ ions bonding with OH- 
ions to form Fe(OH)2 compounds which are 
able to bind organic pollutants. According to 
Matilainen et al. (2010), Fe3+ ions have a 
higher charge density than Fe2+ ions. A high 
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charge density will affect the number of 
valence electron charges on the resulting 
metal cation. This will reduce the need for 
coagulants because the more valence charges 
contained in metal cations, the more 
pollutants will bind to these cations.  
 
The formation of Fe3+ ions as cations is also 
influenced by the high current and voltage 
applied during the electrocoagulation process. 
Based on the results of COD analysis, 
processing using an iron anode with a current 
strength of 40 A resulted in the highest 
removal percentage for all pH variations when 
viewed from steady state. This shows that at a 
current strength of 40 A, the oxidation and 
reduction processes that occur at the anode 
and cathode run very quickly. The average 
voltage obtained when setting a current 
strength of 40 A is 38.71 V. In addition, the 
formation of H2 gas occurs quickly because 
the higher the current strength, the more H2 
gas produced so that it can separate pollutants 
efficiently (Kobya et al., 2006). This is proven 
by the formation of coagulant and foam on the 
water surface in high quantities in a short 
time, so that a high removal percentage value 
is obtained. An increase in the removal 
percentage due to an increase in current 
strength was also found in research conducted 
by Elazzouzi et al. (2021), where when the 
current strength of 0.5 A is increased to 5 A, 
it can increase COD and BOD removal from 
50% to 80% and 60% to 86% respectively in 
municipal liquid waste using aluminium 
anodes. 
 
The high removal of organic matter in the 
electrocoagulation process is caused by the 
coagulant mechanism that binds pollutants. 
There are several mechanisms that occur 
between pollutants and coagulants that have 
been formed. These mechanisms include: 
complexation, destabilization, and adsorption 
(Segura et al., 2017). Complexation is a 
mechanism for removing pollutants by 
coagulants that bind to functional groups of 
organic pollutants. Pollutants will act as 
ligands for coagulants and bind to central 

metal ions, which in this study are Fe3+ and 
Fe2+. The organic pollutant removal reaction 
in the complexation mechanism can be seen in 
the equation (Ghernaout, 2019): 
 
L-H(aq) + (OH)OFe(s) → L-OFe(s) + H2O (5) 
 
The ligand is denoted as L-H which is in the 
liquid phase. The ligand will then bond with 
the metal cation in the Fe(OH)3 compound to 
form a complex bond. This bond causes the 
formation of coagulant lumps which will 
settle (Segura et al., 2017). 
 
The next mechanism is destabilization. 
Destabilization is the most commonly known 
removal of organic pollutants. The 
destabilization mechanism is caused by 
electrons produced by electrochemical 
processes, making the charge on the pollutant 
unstable. Pollutants that are no longer stable 
can easily bind with coagulants to form flocs 
on the surface and sediment at the bottom of 
the sedimentation tank. Another mechanism is 
adsorption, namely the absorption of 
pollutants by coagulants. This adsorption is 
caused by appropriate physical and chemical 
bonds between the coagulant surface and the 
pollutant (Ghernaout, 2019). 
 
The use of a cylindrical reactor can also affect 
the pollutant removal process. A cylindrical 
reactor with an electrode configuration can 
provide more even stirring when the water 
flows through the reactor. This is because the 
electrodes arranged in the reactor provide an 
uneven path so that the water flow becomes 
turbulent. Turbulent flow causes stirring. 
Contact between pollutants and coagulants 
will be better due to stirring, so that the 
removal process becomes more effective. The 
same results were also obtained by Un and 
Aytac, (2013), using a cylindrical reactor with 
continuous flow, obtaining a high COD 
removal of 98.46%. Iron anodes are more 
suitable at pH values between 7 and 8 due to 
the formation of hydroxo complex 
compounds Fe(OH)2 (s) and Fe(OH)3 (s) in 
this pH range. This compound will become a 
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coagulant that can separate pollutants from 
the solvent (Gönder et al., 2017). 
 
Meanwhile, phosphate processing parameters 
are lower than BOD parameters. The results of 
the percentage removal for the Phosphate 
parameter can be seen in Figure 3. 
 

Figure 3. Percentage of Phosphate Removal 
 

Based on the removal percentage in Figure 3, the 
highest results were obtained at pH 8 and a 
current strength of 40 A using an iron anode. 
According to Ghernaout (2019), phosphate 
removal by coagulants in the electrocoagulation 
process is caused by complexation and 
precipitation mechanisms. The figure shows that 
the pH value affects the Phosphate removal 
value. Removal At pH 6 variations, low removal 
values were obtained at currents of 30 A and 35 
A. At pH 6 with a current of 40 A, the average 
removal percentage was 74.90 ± 0.98%. This is 
in accordance with research conducted by 
Shalaby et al. (2014), high currents cause the 
formation of OH- ions in large quantities in a 
short time so that the pH value will quickly 
increase. 
 
The initial value pH at pH 6 varies to 7.98 after 
processing, which is a suitable condition for 
coagulants to bind pollutants. At pH 8 with a 
current of 40 A, the highest removal value was 
obtained with 75.88%. The increase in the 
removal value is due to the final pH result which 
is still in the 6-8 range, namely 8.62. Mahvi et 
al. (2011), stated that this pH value range is the 
best pH range for phosphate removal as proven 
through research using artificial liquid waste and 
obtained the highest percentage value for 
phosphate removal at pH 8 of 93% using an iron 

anode with a batch system. The same thing was 
found in the research of Irdemez et al. (2006), 
using an iron anode at pH 9 conditions, 
phosphate removal was obtained at 61% in 
urban waste processing. 
 
Specific energy consumption calculations can be 
used to determine optimum conditions and can 
compare the most optimal energy for each 
condition. This research produces energy 
consumption during BOD removal which can be 
seen in Table 2.  

 
Table 2. Energy consumption during BOD 

decline 
Anode Current pH Energy 

Consumption 
(Wh/gBOD) 

Fe 30 A pH 6 0.85 
pH 7 0.90 
pH 8 0.78 

35 A pH 6 1.33 
pH 7 1.39 
pH 8 1.22 

40 A pH 6 1.71 
pH 7 2.03 
pH 8 1.71 

 
Table 3. Energy consumption during 

Phosphate reduction 
Anode Current pH Energy 

Consumption 
(Wh/gBOD)) 

Fe 30 A pH 6 27.34 
pH 7 20.33 
pH 8 13.68 

35 A pH 6 34.15 
pH 7 24.33 
pH 8 17.53 

40 A pH 6 28.86 
pH 7 30.25 
pH 8 20.38 

 
This research proves that iron anodes are 
capable of treating waste with high pollutant 
content, but iron has higher yields. Similar 
results were also obtained by Gönder et al. 
(2017), which processes car wash waste water 
with an iron anode for 30 minutes using pH 2-10 
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in batch systems. Syaichurrozi et al. (2021), 
shows that the higher the current strength, the 
more it will affect the allowance results, where a 
variation of current strength of 2.5 A is used; 3.0 
A; and 3.5 A. 
 

An iron anode with a pH of 8 with a current of 
40 A was chosen as the optimum condition 
considering the final concentration which is 
closest to the quality standard. The pH 8 
condition used functions in addition to 
optimizing the results of electrocoagulation 
processing, it can also help to meet quality 
standards as the quality standards applied state 
that the range of pH values that meet is 6-9. In 
strong current conditions, these conditions can 
be considered in terms of the specific energy 
consumption resulting from processing. Specific 
energy consumption determines the amount of 
energy needed to remove each gram of pollutant. 
Tables 2 and 3 show that greater specific energy 
consumption values are produced on iron anodes 
with values of 1.71 Wh/gBOD and 20.38 
Wh/gP. Kobya et al. (2003), states that the 
resulting energy consumption is 0.65 Wh/gCOD 
to obtain a removal percentage of 77%. The high 
specific energy consumption is also 
accompanied by a high removal capacity where 
under pH 8 conditions with a current of 40 A 
using an iron anode, a greater removal 
percentage is obtained and the final 
concentration value is closer to the quality 
standard that has been applied. 
 
4. CONCLUSION 
 

This research focuses on the quality of electric 
currents of 30 A, 35 A, and 40 A. pH is the 
second variable, and its value ranges between 
6.7 and 8. For iron anodes, the parameters pH, 
BOD, and Phosphate were tested. The results 
showed that the iron anode had a current 
strength of 40 A at pH 8, with a BOD removal 
percentage of 83.52 ± 0.44% (1,358.00 mg/L) 
and 74.90 ± 0.98% (189.41 mg/L). L). In each 
parameter, 1.71 Wh/gBOD and 20.38 Wh/gP are 
the specific energy consumption. 
 
 

 

REFERENCES 
 
Abdelwahab, O., Amin, N.K. and El-

Ashtoukhy, E.S.Z. (2009), 
Electrochemical removal of phenol from 
oil refinery wastewater, Journal of 

Hazardous Materials, Elsevier, Vol. 163, 
No. 2–3, pg. 711–716. 

 
Adhoum, N. and Monser, L. (2004), 

Decolourization and removal of phenolic 
compounds from olive mill wastewater by 
electrocoagulation, Chemical 

Engineering and Processing: Process 

Intensification, Elsevier, Vol. 43, No. 10, 
pg. 1281–1287. 

 
Brillas, E. and Huitle, C.A.M. (2015), 

Decontamination of wastewaters 
containing synthetic organic dyes by 
electrochemical methods. An updated 
review, Applied Catalysis B: 

Environmental, Elsevier, Vol. 166–167, 
pg. 603–643. 

 
Dalvand, A., Gholami, M., Joneidi, A. and 

Mahmoodi, N.M. (2011), Dye Removal, 
Energy Consumption and Operating Cost 
of Electrocoagulation of Textile 
Wastewater as a Clean Process, CLEAN – 
Soil, Air, Water, John Wiley & Sons, Ltd, 
Vol. 39, No. 7, pg. 665–672. 

 
Dermentzis, K., Stergiopoulos, D., 

Giannakoudakis, P. and Moumtzakis, A. 
(2016), Removal of copper and COD from 
electroplating effluents by photovoltaic 
electrocoagulation / electrooxidation 
process, Water Utility Journal, Vol. 14, 
pg. 55–62. 

 
Díaz, Carlos Eden Barrera-Hernández, P.B. 

and Bilyeu, B. (2018), 
Electrocoagulation: Fundamentals and 
prospectives, Electrochemical Water and 

Wastewater Treatment, hal. 61–76. 
 
Dura, A. and Breslin, C.B. (2019), 

Electrocoagulation using stainless steel 
anodes: Simultaneous removal of 



99  Jurnal Purifikasi, Vol. 22, No.2, Des 2023: 93-100 

 

phosphates, Orange II and zinc ions, 
Journal of Hazardous Materials, Elsevier 
B.V., Vol. 374, hal. 152–158 

 
Elazzouzi, M., Haboubi, K., Elyoubi, M.S. 

and El Kasmi, A. (2021), Development of 
a novel electrocoagulation anode for real 
urban wastewater treatment: 
Experimental and modeling study to 
optimize operative conditions, Arabian 

Journal of Chemistry, King Saud 
University, Vol. 14, No. 1, pg. 102912 

 
Elferink, E. V., Nonhebel, S. and Moll, H.C. 

(2008), Feeding livestock food residue 
and the consequences for the 
environmental impact of meat, Journal of 

Cleaner Production, Elsevier, Vol. 16, 
No. 12, pg. 1227–1233. 

 
Fekete, É., Lengyel, B., Cserfalvi, T. and 

Pajkossy, T. (2016), Electrocoagulation: 
an electrochemical process for water 
clarification, J. Electrochem. Sci. Eng, 
Vol. 6, No. 1, pg. 57–65 

 
Ghernaout, D. (2019), Electrocoagulation 

Process: A Mechanistic Review at the 
Dawn of its Modeling, Journal of 

Environmental Science and Allied 

Research, Northern California Open 
Access Publications, Vol. 2, No. 1, pg. 
22–38. 

 
Gönder, Z.B., Balcıoğlu, G., Vergili, I. and 

Kaya, Y. (2017), Electrochemical 
treatment of carwash wastewater using Fe 
and Al electrode: Techno-economic 
analysis and sludge characterization, 
Journal of Environmental Management, 
Academic Press, Vol. 200, pg. 380–390. 

Hashim, K.S., Shaw, A., Al Khaddar, R., 
Pedrola, M.O. and Phipps, D. (2017), Iron 
removal, energy consumption and 
operating cost of electrocoagulation of 
drinking water using a new flow column 
reactor, Journal of Environmental 

Management, Academic Press, Vol. 189, 
pg. 98–108. 

Heffron, J. (2015), Removal of trace heavy 
metals from drinking water by 
electrocoagulation, available at: 
http://epublications.marquette.edu/cgi/vi

ewcontent.cgi?article=1310&context=th

eses_open (accessed 24 December 2021). 
 
Irdemez, Ş., Demircioǧlu, N. and Yildiz, Y.Ş. 

(2006), The effects of pH on phosphate 
removal from wastewater by 
electrocoagulation with iron plate 
electrodes, Journal of Hazardous 

Materials, Vol. 137, No. 2, pg. 1231–
1235. 

 
Kobya, M., Hiz, H., Senturk, E., Aydiner, C. 

and Demirbas, E. (2006), Treatment of 
potato chips manufacturing wastewater by 
electrocoagulation, Desalination, 
Elsevier, Vol. 190, No. 1–3, pg. 201–211. 

 
Mahvi, A.H., Ebrahimi, S.J.A. din, 

Mesdaghinia, A., Gharibi, H. and Sowlat, 
M.H. (2011), Performance evaluation of a 
continuous bipolar 
electrocoagulation/electrooxidation–
electroflotation (ECEO–EF) reactor 
designed for simultaneous removal of 
ammonia and phosphate from wastewater 
effluent, Journal of Hazardous Materials, 
Elsevier, Vol. 192, No. 3, pg. 1267–1274. 

 
Martín, M.A., González, I., Berrios, M., Siles, 

J.A. and Martín, A. (2011), Optimization 
of coagulation-flocculation process for 
wastewater derived from sauce 
manufacturing using factorial design of 
experiments, Chemical Engineering 

Journal, Vol. 172, No. 2–3, pg. 771–782. 
 
Matilainen, A., Vepsäläinen, M. and 

Sillanpää, M. (2010), Natural organic 
matter removal by coagulation during 
drinking water treatment: A review, 
Advances in Colloid and Interface 

Science, Elsevier, Vol. 159, No. 2, pg. 
189–197. 

Nugroho, A. and Sumantri, I. (2020), Biogas 
production of tomato sauce wastewater by 



Syaifuddin, Wastewater Treatment Using Electrocoagulation for Tomato  100 

 

batch anaerobic digestion, AIP 

Conference Proceedings, Vol. 2197, No. 
January, available 
at:https://doi.org/10.1063/1.5140902. 

 
Oden, M.K. and Sari-Erkan, H. (2018), 

Treatment of metal plating wastewater 
using iron electrode by electrocoagulation 
process: Optimization and process 
performance, Process Safety and 

Environmental Protection, Institution of 
Chemical Engineers, Vol. 119, pg. 207–
217. 

 
Sadoon, Z.A. and M-Ridha, M.J. (2020), 

Removal of Reactive Dyes by Electro 
Coagulation Process from Aqueous 
Solution, Journal of Engineering, 
available 
at:https://doi.org/10.31026/j.eng.2020.02.
02. 

 
Segura, S.G., Eiband, M.M.S.G., de Melo, 

J.V. and Martínez-Huitle, C.A. (2017), 
Electrocoagulation and advanced 
electrocoagulation processes: A general 
review about the fundamentals, emerging 
applications and its association with other 
technologies, Journal of Electroanalytical 

Chemistry, Elsevier B.V, Vol. 801, pg. 
267–299 

 
Shalaby, A., Nassef, E., Mubark, A. and 

Hussein, M. (2014), Phosphate removal 
from wastewater by electrocoagulation 
using aluminium electrodes, American 

Journal of Environmental Engineering 

and Science, Vol. 1, No. 5, pg. 90–98. 
 
Sridhar, R., Sivakumar, • V, Prakash Maran, • 

J and Thirugnanasambandham, • K. 
(2014), Influence of operating parameters 
on treatment of egg processing effluent by 
electrocoagulation process, International 

Journal Environmental Science and 

Technology, Vol. 11, hal. 1619–1630. 
 
Tezcan Un, U. and Aytac, E. (2013), 

Electrocoagulation in a packed bed 

reactor-complete treatment of color and 
cod from real textile wastewater, Journal 

of Environmental Management, 
Academic Press, Vol. 123, pg. 113–119. 

 
Yuliani, I., Alimuddin and Akkas, E. (2017), 

Penurunan Bod Dan Tss Pada Limbah 
Industri Saus Secara Elektrokoagulasi 
Menggunakan Elektroda Fe, Cu Dan 
StainlesS, Vol. 2, No. 1, hal. 134–139. 

 
 


