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ABSTRACT  
 

The present study focused on the application of direct current electrocoagulation (EC) for the removal of chemical oxygen demand 
(COD) from meat processing effluents. The effects of current intensity, initial pH and settling ability were studied. The obtained results 
showed that COD concentrations in the liquid phase were significantly decreased during application of aluminum plates as electrodes. 

The efficiency of COD overall removal was 87%. Also, the optimum conditions for COD0 of 1070 mg/L removal were at current 
intensity (3A), pH (9.0) and electrolysis time (75 minutes). 
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INTRODUCTION 

 
The meat industry is considered as one of the food 

industry branches which has the highest impact on 

the deterioration of the natural environment. More 

than 90% of the consumed water during the meat 

production process is disposed as wastewater 

which contains high concentrations of organics (in 

terms of biological oxygen demand (BOD) 

chemical oxygen demand (COD)), dissolved 

substances and other materials. Thus, the meat 

industry wastewater or effluent should be properly 

treated before discharge into receiving sewer 

system. However, the treatment process requires 

the application of different technologies in order to 

treat and purify meat wastewater to the extent to be 

safely disposed or reused in the industry [1]. 

 

The treatment of meat wastewater is very important 

because it has very high concentrations of organics 

and the presence of these high concentrations can 

damage the environment and causes serious 

problems in the municipal wastewater treatment 

plants. The treatment of meat wastewater can be 

carried out using biological and/or physicochemical 

treatment methods. The physicochemical treatment 

methods have some disadvantages such as 

expensive reagents and poor soluble COD removal, 

thus the biological treatment methods are usually 

preferred [2]. 

 

Application of an integral physicochemical 

treatment method would be able to decrease both 

nitrogen and phosphorus contents of meat 

wastewater. In order to apply electromagnetic 

technology, a proper current is forced on liquid 

anodes such as aluminum inside an electrochemical 

cell that works as a reactor that separated using 

filtration or decantation depending on their own 

densities. The electrocoagulation brings about the 
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disintegration of the cathode to produce metal 

particles (Al3+, Fe2+ or Fe3+) that are dynamic 

coagulant precursors engaged with the balance of 

the negative charges on the colloids of the 

emanating. After that, these metal ions react with 

the hydroxyl colloidal particles. During 

electrocoagulation process, the coagulants are 

gained by anode dissolution which differs from the 

case of chemical coagulation since the coagulants 

are gained through dissolution of aluminum salts 

[3]. In case of using aluminum electrodes, the 

gained Al3+ ions will instantly undergo more 

automatic or spontaneous reactions in order to 

produce corresponding polyhydroxides and/or 

hydroxides. There are two mechanisms describing 

the production of metal hydroxides in case of using 

aluminum anodes [2-4]. Describing the treatment 

process since the electrochemical reactions occur 

first (equations 1 and 2) then the chemical reaction 

occurred. As a result of pH increasing beside the 

cathode, aluminum corrosion occurs. At the end of 

the reactions, a gelatinous suspension of aluminum 

hydroxide is formed and remains in the aqueous 

solution which in turn removes the pollutants form 

wastewater either by electrostatic attraction or 

complexity followed by coagulation [5-7]. 

 

Al  → Al3+ + 3e (1) 

3H2O + 3e → 3/2 H2 + 3 OH (2) 

Al3+ + 3H2O → Al(OH)3 + 3H+ (3) 

Al + 3H2O + OH- → Al(OH)3 + 3/2H2 (4) 

 

Material and Methods  

1. Material 

Wastewater samples collected, from meat and meat 

derivatives factory at 6th October city, Egypt. 

Samples collected monthly for one year (May 2014 

– May 2015). Samples were collected in sterile 

glass bottles and transferred in an ice box (4°C) to 

laboratory for further experiments. Chemical 

oxygen demand (COD), biological oxygen demand 

(BOD5), total suspended solids (TSS), total 

nitrogen, total phosphorus and pH were the 

measured parameters for collected meat wastewater 

samples according to APHA [8].  

2. Electrochemical reactor 

 

The lab-scale batch experimental setup used for the 

electrochemical degradation studies is 

schematically showed in Figure (1). 

Electrochemical treatment of both anionic and 

cationic species is possible by using an aluminum 

plate/ rod as the sacrificial electrode. The plates, if 

connected in series, have higher resistance. In a 

parallel arrangement, the electric current is divided 

between all the electrodes in relation to the 

resistance of the individual cell. Therefore, the 

electrode plates were arranged in parallel. There 

were four electrodes connected in a bipolar mode 

in the electrochemical reactor, each one with 

dimensions of 8.0 X 8.4 X.3.0. The electrode plates 

were cleaned manually by abrasion with sandpaper, 

and they were treated with 15% HCl for cleaning 

followed by washing with distilled water prior to 

their use. The electrodes were spaced 15 mm apart 

(because <10 mm spacing between electrodes 

prevented movement of liquid adsorbate in the 

interstitial spaces of the electrodes thus, 

hindering/affecting removal efficiency). The anode 

and the cathode leads were connected to the 

respective terminals of DC power supply. The 

thicknesses of the plates were 3.00mm and the 

Effective electrode surface was 69.2 cm2. 

 

3. Experimental procedure 

 

At the beginning of a run, the wastewater was fed 

into the reactor and the pH and conductivity were 

adjusted to a desired value. The electrodes were 

placed into the reactor. The reaction was timed 

starting when the dc power supply was switched 

on. Aluminum salts produce electrode passivation 

and it causes a 50% increase in treatment time and 

power requirements. Eliminating the salt formation 

at the anode could reduce this effect. The cell was 

cleaned after each experiment to obtain same 

experimental conditions. For this reason, the 

electrodes were rinsed in the diluted HCl (1 + 1) 

solution after each experiment. Samples were 

periodically taken from the reactor. The 

particulates of colloidal aluminum oxyhydroxides 

gave white-brown color into the solution after EC. 

All the suspended solids were removed by 

electrocoagulation and electrolytic flotation [5-7]. 

Thus, during electrolysis, the clear solution was 

obtained. All the suspended solids were removed 

by electrocoagulation and electrolytic flotation. 

Therefore, filtration was not markedly effect COD 

removal. Sludge generating during treatment was 

separated from the solution by filtration using 

Whatman® filter paper (pore size 11m) and then 

the solution was analyzed. 

 

Results and Discussion 

 

1. Characteristics of raw meat wastewater: 
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The results obtained (Table 1) summarized the 

average values of collected raw meat wastewater 

samples. Analysis of mentioned previously 

parameters showed that raw meat wastewater 

indicated high pollution ranges. The obtained 

results pointed for necessity of treatment of raw 

meat wastewater before discharge into the 

environment including sewer system or natural 

water bodies. 

 

 

Fig. 1: Bench-scale EC reactor with bipolar electrodes in parallel connection. 

 

 

2. Effect of pH on COD removal of meat 

wastewater: 

 

pH of the solution has a great effect on the 

influencing of electrochemical process. The effect 

of pH was ranged between 3.0 and 11.0. During the 

electrochemical treatment process using aluminum 

electrode, the destabilization mechanism of 

dispersed particles was carried out in the same way 

like in case of using aluminum chloride (AlCl3) for 

chemical coagulation [9]. The better removal of 

COD was found at slightly alkaline and neutral pH 

values. The treated effluent showed COD 

concentrations of 357, 140, 159, 802 and 930 mg/L 

at pH values of 11.0, 9.0, 7.0, 5.0 and 3.0, 

respectively during 80 minutes of 

electrocoagulation. During electrocoagulation, the 

dissolution of aluminum occurs and it depends on 

pH value. Also, at 3A electric current with pH 9.0, 

the electrode loss of 1.92 g occurred with the 

maximum reduction of COD at 86.91% with 4.42 

g/m3 generated sludge quantity. In addition, the 

minimum reduction of COD at the same conditions 

was 5.04% (Figure 2). 

 

3.Effect of current on COD removal: 

 

The reduction of COD at different current 

intensities ranged from 0.5 to 3.0 A was studied. 

The results indicated the proportional relationship 

between COD removal and increasing current 

intensity. COD was reduced to 302, 403, 540 and 

720 mg/L at current intensities of 3.0, 2.0, 1.0 and 

0.5 A, respectively for 15 minutes, which were 

more reduced to 140, 210, 392 and 523 mg/L 

during 75 minutes of electrocoagulation (Figure 3). 

It was clear that, by increasing the current intensity 

from 0.5 to 3.0 A, the power consumption and 

electrode losses increased. Moreover, at electric 

current intensities of 3.0, 2.0, 1.0 and 0.5 A, 

aluminum losses were found to be 1.92, 1.52, 1.2 

and 1.05 g, respectively. At these currents, the 

COD reduction percent were 51.58, 63.32, 77.15 

and 86.11% (Table 2). The observed increase in 

electrode loss and parallel increase in COD 
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reduction can be explained as a result of charge 

neutralization of negative ions present in effluent, 

which in turn is neutral when it reacts with 

polymeric hydroxide cations and aluminum cations 

to produce a dense mass that settled. Another 

possible reason is the formation of aluminum 

hydroxide at alkaline pH values which encourage 

the sweep coagulation process [10].  

 

4.Settling studies: 

effluent. It was clear that, the settling rates were in 

the order of 5.0<3.0<7.0<9.0 pH values. The solid 

liquid interface (H/H0) of 0.92, 0.5, 0.38 and 0.25 

were occurred at pH values of 9.0, 7.0, 5.0 and 3.0, 

respectively (Figure 4). The maximum COD 

reduction (86.11 %) was observed at pH 9.0 with a 

maximum interface of solid liquid. The results 

showed that the settling process of sludge was 

better at moderate alkaline and neutral pH values 

[9,10]. 

 

Table 1. Average concentrations of pollutants in raw meat wastewater.   

Pollution parameters  Unit  Concentration of raw meat 

wastewater 

Permissible limits of discharge 

Range Mean Sewer system* Natural water bodies** 

COD mg/l 2800-6400 4600 <1100 <40 

BOD5 mgO2/l 1480-2980 2230 <600 <30 

TSS mg/l 2000-4000 3000 <800 <1500 

Total nitrogen mg/l 52-320 186 <30 <40 

Total phosphorus  mg/l 18-90 54 <25 -- 

pH -- 5.5-8.0 6.75 6.0-9.5 6.0-9.0 

* Egyptian law 93/2006 and 44/2000. ** Law 48/1982. 

 

 

Fig. 2. Effect of pH0 on COD reduction of meat wastewater by electro coagulation using aluminum electrode 

(COD0 = 1070 mg/L). 

 

 

Fig. 3. Effect of current on COD reduction of meat wastewater by electro coagulation using aluminum electrode 

(COD0 = 1070 mg/L). 

0

500

1000

1500

0 10 20 30 40 50 60 70 80

C
O

D
 (

m
g
/L

)

Time (min)

pH 3 pH 5 pH 7 pH 9 pH 11

0

500

1000

1500

0 10 20 30 40 50 60 70 80

C
O

D
 (

m
g
/L

)

Time (min)

0.5 A 1.0 A 2.0 A 3.0 A



 

 
        214     Mohamed Nabil Ali, 2015 /Journal Of Applied Sciences Research 11(14), September, Pages: 210-215 

 

 
Table 2. Power consummation during electro coagulation (distance between electrode 1.5 cm, initial 

COD = 1070 mg/L, treatment time 75 minutes). 

pH Current 

(A) 

Average voltage 

(V) 

Power (W)* Electrode 

loss (g) 

COD reduction 

(%) 

9 0.5 5 2.5 1.05 51.12 

9 1 10 10 1.20 63.36 

9 2 20 40 1.52 77.15 

9 3 30 90 1.92 86.91 

3 3 17 51 1.48 5.04 

5 3 14 42 1.57 25.04 

7 3 26 78 1.62 85.14 

11 3 29 87 2.12 62.80 

* W = V*I. 

 

 

Fig. 4. Settling at different pH for electro coagulation treatment of meat wastewater. 

 

Conclusion 

 

Electrocoagulation is a feasible process for the 

treatment of the meat wastewater. The treatment of 

meat wastewater using aluminum electrodes was 

affected by the initial pH, the current density and 

COD concentrations. The Results showed that, that 

COD effectively removed at pH 9.0, when the 

initial concentration of COD was 1070 mg/L after 

75 min of electro coagulation time. By increasing 

current intensity, COD of treated effluent 

decreased. The result also indicated that, removal 

efficiency of the COD was 87% at current intensity 

3A and pH 9.0. 
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