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Abstract— The dairy industry generates strong wastewater characterized by high BOD, COD, nutrients and inorganic 
content. Furthermore, the dairy industry is one of the largest sources of industrial effluents. Hence, the cost effective treatment 
of dairy effluents for environmental protection is a challenging task. The removal of pollutants from dairy was experimentally 
investigated using direct current electrocoagulation (EC). In this study, the effect of pH, electrolysis time (ET), applied 
voltages were examined. The COD and turbidity in the aqueous phase was effectively removed when aluminum electrodes 
were used. The optimum value of voltage, pH and ET were found to be 25V, 7.0 and 60 minutes respectively. The batch EC 
experimental results revealed that the overall COD, turbidity and phosphate removal efficiencies reached 94.7%, 96.7% and 
89.4%. Thus, EC technology with aluminum electrodes in bipolar system could be an attractive alternative for the treatment 
of Dairy effluents.  
 
Index Terms— Aluminum electrodes, COD, Dairy effluent, Electrocoagulation treatment. 
 
I. INTRODUCTION 
 
Effluent discharges from agro based industries like 
dairy are characterized by high COD due to their high 
level of organic contents [1] and this effluent contains 
milk and milk products with wash water. In dairy 
industries water is used for cleaning, heating, cooling 
and floor washing. Hence, large quantity of water is 
required [2]. These effluents can cause environmental 
damage if discharged to the receiving water bodies 
without treatment; they undergo rapid decomposition 
leading to dissolved oxygen depletion resulting in 
development of anaerobic conditions and release of 
strong foul odors. Hence treatment and reuse of 
effluents have become absolute necessity and 
challenging task to protect and preserve fresh water 
resources [3]. 
Dairy effluents are generally treated with 
physico-chemical and biological processes. The 
physico-chemical processes suffer the disadvantage 
that reagent costs are high and soluble COD removal 
is low. Further, chemical treatment could induce a 
secondary pollution due to the addition of chemical 
coagulants which may contaminate the treated water. 
The biological  treatment process require more spaces 
and long time for treatment along with generation of 
high amount of sludge as well as high energy costs [4]. 
The electrocoagulation (EC) process can be other 
alternative process for treating the dairy effluent have 
adopted. Recently, electrocoagulation process is 
emerging as a cost effective treatment method for the 
treatment of varieties of wastewater [5] such as Sugar 
[6], fluoride [7], paper mill [8], textile [9], tannery 
[10], and distillery [11]. Hence the study was 
undertaken to investigate the treatment of dairy  
 

 
effluents by EC using aluminum electrodes in bipolar 
system. 
 
II. THEORY OF ELECTROCOAGULATION 

 
The EC is a process in which the anode material 
undergoes oxidation whereas the cathode subjected to 
reduction and hence, various monomeric and 
polymeric metal hydrolyzed species are formed at the 
electrode surface. These metal hydroxides remove 
organics from wastewater by sweep coagulation and 
by aggregating with colloidal particles present in the 
wastewater to form bigger size flocs and ultimately get 
removed by settling. The metal ions generation takes 
place at the anode and hydrogen gas is released from 
the cathode. This hydrogen gas would also help to 
float the flocculated particles out of the water by 
process called electro flotation [12]. 
When aluminum is used as electrode materials, the 
electrochemical reactions are as follows [13]: 
At Anode: 
Al ⟶ Al3+ (aq) + 3e-                                                                                                        (1) 
 
At Cathode: 
3H2O + 3e- ⟶ 3/2H2 (g) + 3OH−                                                          (2) 
 
In the solution: 
Al3+ 

(aq) + 3H2O → Al (OH)3 + 3H+ (aq)                                           (3) 
 
   As seen in the above reactions EC is a combination 
of oxidation, flocculation and flotation.  The EC 
occurs in three steps. In first step, coagulant is formed 
because of oxidation of anode. In second step, 
pollutants get destabilized and in last step the 
destabilized matters get united and then removed [14]. 
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III. MATERIALS AND METHODS 
 

A. Analytical measurements 
The dairy effluent used in this study was collected 
from nearby dairy factory in Bagalkot and was stored 
in deep freezer at 4°C. The analysis of wastewater was 
carried out as per Standard Methods [15]. The various 
characteristics of dairy effluent are shown in Table I.  

 
Table I:  

Characteristics of dairy effluents 

 
 
B. Batch experimental setup and methodology 

A batch EC reactor was designed and fabricated for 
the treatment of dairy effluents. The reactor was made 
up of acrylic material with a total working volume of 1 
L and with the dimensions of 15cmx10cmx10cm. The 
DC source of 30V and 0-2A was used as a power 
supply to the system. The EC units having a pair of six 
electrodes were connected in bipolar parallel system. 
Aluminum electrodes having dimensions of 
10cmx5cmx0.1cm were immersed to a depth of 5cm 
in the reactor. The space between the electrodes was 
maintained at 1cm. A magnetic stirrer was used for 
mixing to form homogeneous solution at 200rpm. The 
schematic representation of the experimental EC set 
up is shown in the Fig.1.  
After the initial characterization of dairy effluents, the 
batch EC experiments were conducted to optimize the 
various parameters such as pH, applied voltage and 
ET. During each run the voltage was varied to desired 
value of 10V, 15V, 20V and 25V; whereas pH of the 
solution was adjusted 5-7 by adding either dilute HCL 
or NaOH as per the requirement. Before EC 
experiments, the electrodes were abraded with sand 
paper to remove scale and were washed with 15-20% 
HCl followed by a detergent wash for the removal of 
impurities from the electrode surface. About 2g/L of 
boric acid was added as electrolyte during the process 
to increase the conductivity; and also it acted as buffer, 
so that there was no much change in pH. The EC 
experiments were performed with 1 L of effluent for 
60 minutes; and in each run samples were collected at 
every 15 minutes interval for necessary analysis. All 
the samples were allowed to settle for one hour before 
the determination of COD, turbidity and phosphate 
concentration of treated dairy effluent.  

 
Fig.1: Schematic representation of experimental EC setup. 

 
IV. RESULTS AND DISCUSSION 

 
The investigation was undertaken to study the effect of 
pH, applied voltage and ET on EC process of real 
dairy effluent. 
 
A. Effect of pH and applied cell voltage. 

The pH of solution is one of the parameter which plays 
an important role in influencing the performance of 
EC process. Initially, the EC experiments were carried 
out at pH 5.0 with varying voltages of 10V, 15V, 20V 
and 25Volts; and with ET of 60 minutes at every 15 
minute intervals. From the Fig.2 it was observed that 
the COD reduction increased with ET up to 60 
minutes and remains unchanged at 75 minutes. At 
applied cell voltage 25V the COD reduced from 
2080mg/L to 384 mg/L with 60 minutes of operation, 
giving maximum COD removal efficiency of 81.50%. 
  

Fig.2: COD reduction with ET for different voltages at pH 5.0. 
 
During these operating conditions the turbidity 
reduced from an initial value of 281.75 NTU to 22 
NTU giving 92.2% reduction, From the Fig.3 it can be 
seen that the reduction efficiency increased with 
electrolysis time and applied voltage. 



International Journal of Advances in Mechanical and Civil Engineering, ISSN: 2394-2827 Volume-2, Issue-4, Aug.-2015 

Electrochemical Treatment Of Dairy Effluents Using Aluminum Electrodes 
 
8 

 
Fig. 3: Turbidity reduction with ET for different voltages at pH 

5.0. 
 
At these operating conditions, the phosphate 
reduction increased with ET of 60 minutes and 
remained same after 60 minutes of operation as shown 
in Fig.4. The maximum phosphate was reduced at 
25V, 60 minutes of ET. The phosphate reduced from 
21.8 mg/L to 1.56 mg/L, giving phosphate reduction 
was 92.8% at pH 5.0, 25V. 

 
Fig.4: Phosphate reduction with ET for different voltages at pH 

5.0. 
 
Next, the experiment was carried out by adjusting pH 
to 6.0 with varying voltages at every 15, 30, 45, and 60 
minutes. From the Fig.5 it was observed that the COD 
reduction increased with ET up to 60 minutes and 
remained unchanged. The maximum COD reduction 
of 92.3% was obtained at 25V with 60 minutes of ET. 
The COD was reduced from2080 to 160 mg/L.    

 
Fig.5: COD reduction with ET for different voltages at pH 6.0. 

Similarly, the reduction of turbidity reduced from 
281.75 NTU to 10.1 NTU thereby giving 96.4% of 
efficiency. The phosphate reduction was found to be 
94.7% and reduced from 21.8mg/L to 1.16mg/L at 
these optimum conditions as shown in Fig.6 and 
Fig.7. 
 

 
Fig.6: Turbidity reduction with ET for different voltages at pH 

6.0. 
 

Fig.7: Phosphate reduction with ET for different voltages at pH 
6.0. 

 
Further, the EC experiments were conducted at pH 7.0 
with varying voltages; the maximum COD reduction 
was found to be 94.7% there by reducing 2080mg/L to 
111mg/L as shown in Fig.8. Whereas the turbidity and 
phosphate reduction were found to be 96.7% and 90% 
as represented in the Fig.9 and Fig.10. 
 

Fig.8: COD reduction with ET for different voltages at pH 7.0 
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Fig.9: Turbidity reduction with ET for different voltages at pH 

7.0. 
 

 
Fig.10: Phosphate reduction with ET for different voltages at pH 

7.0. 
 
From the above analysis, it was found that the 
maximum COD reduction of 94.7%, turbidity 
reduction of 96.7% and phosphate reduction of 90% 
were obtained at optimum operating parameters of pH 
7.0, 25V and 60 minutes of ET. Thus satisfy the 
effluent disposal Standards of India. 
 
B. Specific electric energy consumption [SEEC] 

One of the most important parameter that greatly 
determines the feasibility of any process of wastewater 
treatment is the cost. In addition to aluminum 
electrodes consumed in the EC process, the major 
operating cost is that of electrical energy consumption. 
Specific electrical energy consumption is defined as 
the amount of electrical energy consumed per unit 
mass of pollutant removed [4]. 
From the study, it was observed that the specific 
electrical energy consumption at the optimum 
conditions of pH 7.0, 25V and 60 minutes with 
aluminum electrodes were found to be 0.002044 
kWh/kg COD. The electrical energy consumption 
with different cell voltages and pH are shown in 
Fig.11. Thus, the EC process with aluminum 

electrodes appears to be the feasible and economical 
alternative for the treatment of dairy effluents.  
 

 
Fig.11: Specific electrical energy consumption at different pH 

and voltage ranges. 
 
CONCLUSION 
 
The batch EC studies were performed to investigate 
the influence of various experimental operating 
parameters on the removal of pollutants from dairy 
effluents. Thus, the EC technique can be used for the 
efficient treatment of dairy wastewater using 
aluminum electrodes in bipolar connection. It is a 
simple method using minimum electricity and an 
economic method applicable to industries for the 
treatment of wastewater, which is fast, easy and which 
can be operated using less equipment and limited 
space. 

 
REFERENCES 
 

[1] Serge Tchamango, Charles Njiki, Emmanuel Ngameni, 
Dimiter Hadjiev, and Andre Darche, “Treatment of dairy 
effluents by electrocoagulation using aluminium electrodes”, 
Science of the total environment, 408, pp.947-952, Oct 2010. 

[2] Jai Prakash Kushwaha, Vimal Chandra Srivastava, and Indra 
Deo Mall, “Organics removal from dairy wastewater by 
electrochemical treatment and residue disposal,” Separation 
and Purification Technology, 76, pp.198–205, Oct 2010. 

[3] Dr. C. B. Shivayogimath and Vijayalaxmi Naik, “Treatment 
of dairy Industry Wastewater Using electrocoagulation 
technique,” International Journal of Engineering Research & 
Technology, ISSN: 2278-0181, Vol. 3, Issue 7, July – 2014. 

[4] K. Bensadok, N. Hanafi, and F. Lapicque, “Electrochemical 
treatment of dairy effluent using combined Al and Ti/Pt 
electrodes system”, Desalination, 280, pp.244–251, 
July2011. 

[5] Ayhan Sengil and Mahmut ozacar, “Treatment of dairy 
wastewaters by electrocoagulation using mild steel 
electrodes”, Journal of Hazardous Materials, B 137, 
pp.1197–1205, April 2006.  

[6] Rumi Chaudhary and O.P. Sahu, “Treatment of sugar 
wastewater by electrocoagulation,” Journal of Atmospheric 
Pollution, Vol. 1, no. 1, pp.5-7, 2013. 

[7] C.Y. Hua, S.L. Loa, and W.H. Kuanb, “Effects of co-existing 
anions on fluoride removal in electrocoagulation process 
using aluminum electrodes,” Water Research, 37, 
pp.4513-4523, 2003. 



International Journal of Advances in Mechanical and Civil Engineering, ISSN: 2394-2827 Volume-2, Issue-4, Aug.-2015 

Electrochemical Treatment Of Dairy Effluents Using Aluminum Electrodes 
 

10 

[8] Reza Katal and Hassan Pahlavanzadeh, “Influence of 
different combinations of aluminum and iron electrode on 
electrocoagulation efficiency: Application to the treatment of 
paper mill wastewater,” Desalination, 265, pp.199–205, 
2011. 

[9] Mehmet Kobya, Orhan Taner Can, and Mahmut 
Bayramoglu, “Treatment of textile wastewater by EC using 
iron and aluminum electrodes,” Journal of Hazardous 
Materials, B100, pp.163-178, 2003. 

[10] O.Apaydin, U.Kurt, and M.T.Gonullu, “ An investigation on 
the treatment of tannery wastewater by 
electrocoagulation,”Global Nest Journal, Vol.11, No.4, 
pp.546-555, 2009. 

[11] B.M. Krishn, Usha N. Murthy, B. Manoj Kumr and K.S. 
Lokesh, “Electrochemical pretreatment of distillery 
wastewater using aluminum electrode,” Journal of Applied 
Electrochemistry, 2009. 

[12] M. A. Abd El-Khalek, “Studies on Industrial wastewater 
treatment by electrochemical coagulation, The Journal of 
Ore-dressing,” Issue 36, Vol. 3, pp.15-20, 2011. 

[13] Deepak Sharma, “Treatment of dairy waste water by electro 
coagulation using aluminum electrodes and settling, filtration 
studies,” International Journal of Chemical Techonology 
Research, ISSN: 0974-4290, Vol.6, No.1, pp 591-599, 2014. 

[14] Sahset Irdemez, Nuhi Demircioglu, Yalcin Sevki Yildiz, and 
Zuleyha Bingul, “The effects of current density and phosphate 
concentration on phosphate removal from wastewater by 
electrocoagulation using aluminum and iron plate 
electrodes,” Separation and Purification Technology, 52, 
pp.218–223, 2006. 

[15] APHA, AWWA, and WEF, “Standard Methods for the 
examination of water and wastewater,” 21st edition, American 
Public Health Association, Washington, DC, 2005. 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
        

 
   

  
 

 
 
       
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
     
 
 
 
 


