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ABSTRACT  

The wastewater treatment becomes more necessity.  A cheap and more effectively methods for treating 

liquid waste before discharging it into any other water systems is required. A lot of wastewater technologies are 

known which include physicochemical treatment processes and biological treatment processes .This technique 

depend on electrochemical technology which being improved and developed to minimize the addition of 

chemicals. This study was aiming to investigate the efficiency of the electro-coagulation technique for removal 

of COD, BOD, Oil and Grease and TSS from Industrial Wastewater from Meat and Slaughterhouse industry in 

Tanta, Gharbeya, Egypt. Electro-coagulation is depend on passing of an electrical current (DC current) through 

a liquid, using an anode electrode and cathode electrode. In present study mixed electrodes of iron and 

aluminum are used and under the optimum condition of current density = 20 mA/cm2, distance between 

electrodes = 5 cm and retention time = 40 min. It maximum removals efficiency of COD, BOD, TSS, and oil & 

grease were 96.6%, 96%, 94.5%, 98.1% respectively. 

Keywords: Biochemical oxygen demand; electro-coagulation; iron and aluminum electrodes, 

chemical oxygen demand.  
 
 

 

 

 

 

 

 

  

1. INTRODUCTION 

Electro-coagulation is one of alternative 

technologies for many types of wastewater 

besides the other conventional technologies. 

Electro coagulation technique has advantages 

more than other conventional technologies as 

chemical coagulation, adsorption and no 

harmful byproducts are produced. A lot of 

studies reported the high efficiency of 

electrocoagulation for treating domestic and 

industrial wastewater [1,2,3].  

The advantages of using electrochemical 

treatment for waste water are low operation, 

maintenance cost and its high efficiency for 

removing the different pollutants [4, 5]. 

In comparison to the conventional 

treatment methods the electrocoagulation- 

flotation treatment has greater ability to remove 

the COD and TSS from the industrial and 

domestic waste water [6, 7].  

After finishing the studies which 

identifying the alternatives, electrocoagulation 

is one of the best technologies for treating the 

wastewater. Also reusing after treating of 

wastewater becomes necessary, so it is very 

important to develop more effective and low 

cost techniques for treatment of wastewater. In 

most of electrochemical process, current 

density is the most important parameter 

affecting on the performance of the process, it 

determine the production rate of the coagulant, 

bubble production rate, size and growth of the 

flocs [7, 8]. 

Mechanisms of removal of the 

electrocoagulation process include coagulation, 

adsorption, precipitation and floatation. Also, 

the effect of the DC current field on COD and 

TSS in aerobic mixed sludge process was 

investigated for determining the optimum 

condition for the operation [9].  

Electro coagulation considers being one of 

the important applications of electrochemical 

technologies for the treatment of domestic or 



MOSTAFA M. EMARA, et al., 8 

industrial wastewater. Electrocoagulation has 

more complexes mechanisms that involving 

many of physical and chemical phenomena 

using consumable iron or aluminum electrodes 

to produce ions into the water stream. During 

the late nineteenth century, electrocoagulation 

was applied in wide-scale for water treatment 

plants in London[10], while electrolytic sludge 

treatment plants were operated as early as 1911 

in various parts of the United States [11, 12].   

The destabilization mechanism of the 

contaminants, particulate suspension, and 

breaking of emulsions taking place in an EC 

reactor may be summarized as follows: 

• Charge neutralization of the ionic species 

present in wastewater by counter ions 

produced by the electrochemical 

dissolution of the sacrificial anode. These 

counter ions reduce the electrostatic inter-

particle repulsion to the extent that the van 

der Waals attraction predominates, thus 

causing coagulation.  

• Floc formation: the floc formed as a result 

of coagulation creates a sludge blanket that 

entraps and bridges colloidal particles that 

are still remaining in the aqueous medium 
[13].  

Fine oxygen bubbles are generated at anode 

at the same time hydrogen bubbles generated at 

the cathode which attached to the flocs of 

suspended solids and making them float to the 

top of the surface. Also, the following 

physiochemical reactions occur in the 

Electrocoagulation cell [14, 15]:  

• Electrophoretic migration of the ions in 

solution. 

• Cathodic reduction of impurities present in 

wastewater.  

• Reduction of metal ions at the cathode; and 

other complex electrochemical reactions.  

Anode reaction: 

Fe(s)   → Fe 2+
(aq.) + 2e     

         Fe 2+
(aq) + 2 OH - (aq.)→  Fe(OH)2(s) 

Cathode reaction: 

         2 H2O (l) + 2e → H2 (g )  + 2 OH -( aq. ) 

         Fe 2+ (aq.) + 2 OH - (aq.)    → Fe (OH) 2(s) 

Overall reaction  

         Fe (s) +2 H2O (l) → Fe (OH) 2(s)   + H2 (g) 

The iron hydroxide which formed from the 

reaction of the anode will be in aqueous form 

as gelatin suspension which called flocs which 

remove the wastewater pollutants by 

electrostatic attraction then coagulation.  

The H2 (g) which formed from redox 

reaction will remove the dissolved organics or 

suspended particles by flotation [11, 12].  

 

 

 

 

 

 

 

 

 

 
 

2 MATERIAL AND METHODS 

2.1 sampling  

Industrial Wastewater samples are taken 

from the effluent of meat and slaughterhouse 

industry in Tanta in the period from July 2018 

to December 2018.  

2.2 Experimental setup  

In this study Lab-scale (batch process), 

which consisting of an electrolysis cell, a 

magnetic stirrer, a power supply, a pH meter, 

Conductivimeter and Turbidimeter. The 

electrolysis cell made of glass 20 Cm in width, 

25 Cm in length, and 30Cm in height and two 

iron and two aluminum electrodes are 

connected to the DC power supply. Dimensions 

of the electrodes were 1 mm in thick, 100 mm 

in width and 250 mm in height. Distances 

between electrodes are at 5 Cm. every run 

about 5000 ml of total volume sample putted in 

the reactor. The iron and aluminum electrodes 

were connected to the DC power supply from 0 

 
Fig. 1.Electrochemical Cell (8) 
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to 6 amps. And stirrer used for 30 rpm for 

mixing. 

 

 

 

 

 

 

 

2.3 Experimental method  

Table (1) shows the optimum conditions for third 

case study from Meat and 

Slaughterhouse industry in Tanta. 

Ser. Parameter  

1 Electrode type 
Mixed electrode of 

Aluminum and Iron. 

2 Flow rate Batch process 

3 Current density 20 mA/cm2 

4 
Distance between 

electrodes 
5 cm 

5 Reverse polarity Yes every 10 min. 

6 EC Time 40 min 

 

3. RESULTS AND DISCUSSION  

In this study the effluent of treated 

industrial waste water is place in the batch unit 

with mixed electrodes of iron and aluminum 

resulting in producing ferrous Fe2+ and 

aluminum Al3+ions during the 

electrocoagulation process. Total suspended 

solids TSS removal efficiency was 89 %, 

Biochemical oxygen demand was 86 % 

turbidity was 90 % and oil and grease was 99 % 

by using mixed electrodes of iron and 

aluminum for treating slaughterhouse 

wastewater [13].  

3.1 Meat and Slaughterhouse industry in 
Tanta 

3.1.1 Temperature 

The temperature in samples of Meat and 

Slaughterhouse waste water during from July 

2018 to December 2018 was ranged between 

26 and 34 ºC. This is normal for industrial 

wastewater which increase in summer and 

decrease in winter.  

Table (2) Show the results for raw, treated waste 

water and removal efficiency for samples 

collected from Meat and Slaughterhouse 

industry in Tanta. 

 

 

 

 

 

 

 

 

 

 

 

 

3.1.2 pH value 

The results are in Table (2) and the values 

are represented in Fig. (3)For samples of meat 

and slaughterhouse waste water shows that: 

The enfluent of raw water pH is ranged 

from 7.1 to 7.8. 

 

 
 
 
 
 
 
 
  

Fig.3. pH analysis of raw and treated samples 

from meat and slaughterhouse industry in 

Tanta 

 

Fig. 2.Electrochemical Cell 
item 

2018 

 July August Sept. Oct.  Nov.   Dec. 

Temp. ºC 
Raw  32 33 29 31 29 26 

Treated 33 34 31 33 30 28 

pH - 
Raw  6.8 7.2 7.1 6.8 7.1 6.3 

Treated 7.1 7.4 7.5 7.2 7.4 6.8 

TSS 
m

g
/L

 

Raw  732 689 868 545 663 798 

Treated 23 50 38 29 48 42 

Removal 

efficiency 
96.9% 92.7% 95.6% 94.7% 92.8% 94.7% 

TDS 
Raw  640 880 860 920 620 850 

Treated 620 840 855 900 596 820 

BOD 

Raw  989 845 912 1012 802 1054 

Treated 32 27 55 41 35 61 

Removal 

efficiency 
96.8% 96.8% 94.0% 95.9% 95.6% 94.2% 

COD 

Raw  1560 1345 1489 1621 1210 1870 

Treated 66 29 78 34 47 56 

Removal 

efficiency 
95.8% 97.8% 94.8% 97.9% 96.1% 97.0% 

Oil and 

Grease 

Raw  251 145 223 186 123 137 

 Treated 5.4 3.2 6.2 1.4 1.8 2.1 

 
Removal 

efficiency 
97.8% 97.8% 97.2% 99.2% 98.5% 98.5% 
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And the effluent of treated water pH was 

ranged from 7.4 to 8.3. 

3.1.3 Biochemical oxygen demand (BOD).  

Figure (3); the data shows the removal 

percentages of BOD of Meat and 

Slaughterhouse industry in Tanta using electro-

coagulation techniques, the BOD values were 

decreasing with increasing both applied electric 

current and retention time.  The study found 

that, the BOD content of raw domestic 

wastewater from meat and slaughterhouse 

ranged between 845 and 1054 mg/L. 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 

 

 
 

In this work, results have represented in 

Fig. (4) Indicate that the BOD content after 

treatment which ranged between 27 and 61 

mg/L. The same results have been reported. 

The lowering of final pH may be explained by 

that aluminum complexes more easily 

hydroxide than the iron ones. Similar 

observation were found, the removal 

percentages of BOD were reached to 96% (8). 

The data in Fig.5 show that the 
electrocoagulation removal efficiency of 
BOD in the treated samples from meat and 
slaughterhouse industry in Tanta is ranged 
between 94 % to 96.8 and the average of 
the removal efficiency of BOD was 95.6 %. 

3.1.4 Total suspended solids (TSS). 

The values have been graphically 

represented in Fig. (6) Indicate that the TSS 

content of raw wastewater ranged between 545 

and 868 mg/L. The current density has a greet 

effect on the removal efficiency of COD. 

 

 

 

 

 

 

 

 

 
 

 

The values have been graphically 

represented in Fig. (6) Indicate that the TSS 

content after treatment ranged between 23 and 

50 mg/L. 

As the current density increases the 

efficiency of releasing aluminum ion increasing 

according to Faraday’s low. Also influence on 

the operational cost of the process [14]. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

Fig. 6.TSS analysis of raw and treated samples in 
mg/L from meat and slaughterhouse industry in 

Tanta 

 

Fig.4. BOD analysis of raw and treated samples 
from Meat and Slaughterhouse industry in Tanta 

 

Fig.5. BOD removal efficiency from meat and 

slaughterhouse industry in Tanta 
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The data in Fig.7 show that the ranges of 

removal efficiency of TSS are from 92.7 to 

96.9 % the average of the removal efficiency of 

TSS was 94.5 %. 

 

 

 

 
 
 
 
 
 

 

 
 

 
 

3.1.5 Chemical Oxygen Demand (COD).  

COD is the measurement of amount of 

oxygen by chemical oxidation of organic matter 

present in wastewater.  

The values have been graphically 

represented in Fig. (8) indicate that the COD 

content of raw domestic wastewater from meat 

and slaughterhouse ranged between 1210 and 

1870 mg/L. 

Results represented in Fig. (8)Indicate that 

the COD content after treatment are ranged 

between 29 and 78 mg/L. 

A hybrid electrocoagulation with mixed 

electrodes of iron and aluminum and sodium 

sulphate Na2SO4 and pH = 7.8 the removal of 

COD was 94.4 %of its initial conc. 1.200 mg/L. 

 

 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The data in Fig.(9) show that the 

electrocoagulation  removal efficiency of COD 

in the treated samples of Meat and 

Slaughterhouse industry in Tanta samples  are 

ranged between  94.8 to 97.9%   and the 

average of the removal efficiency of COD was 

96.6 % . 

3.1.6 Oil and Grease (O&G).  

A lot of studies for the oily indicate that 

electrocoagulation floatation treatment method 

destabilizes oil in wastewater emulsion and 

aluminum electrodes give best removal 

efficiency [15]. 

The values have been graphically 

represented in Fig. (10) Indicate that the oil and 

grease content of raw domestic wastewater 

from Meat and Slaughterhouse industry in 

Tanta ranged between 123 and 251 mg/L. 
 

 

 

 

Fig.7. TSS removal efficiency from meat and 

slaughterhouse industry in Tanta 

 

 

 

 

Fig.9. COD removal efficiency from meat and 

slaughterhouse industry in Tanta 

 

Fig.10. Oil and Grease analysis of raw and 
treated samples in mg/L from meat and 

slaughterhouse industry in Tanta 

 

Fig. 8. COD analysis of raw and treated 

samples in mg/L from meat and 

slaughterhouse industry in Tanta 
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Results represented in Fig. (10) Indicate 

that the oil and grease content after treatment 

are ranged between 1.4 and 6.2 mg/L 

The data are graphically represented in Fig. 

(11) Show that the electrocoagulation 

efficiency of the oil and grease in the treated 

samples of meat and slaughterhouse samples 

are ranged between 97.2 to 99.2% and the 

average of the removal efficiency of the oil and 

grease was 98.1 %. 
 

 
 
 
 
 
 
 
 
 
 
 
 

 

4. CONCLUSION  

From this study the electrocoagulation 

method for treating the waste water which 

including high content of pollutants after 

coagulation process the removal efficiencies are 

96 % for  BOD, 96.6 % for  COD , 98.1 % for  

Oil and Grease , and 94.5 % for  TSS .Finally, a 

successful  application  of  electro-coagulation  

(EC) technique  for  the  removal  of  

suspended  solids  from wastewater  would  

address  the  environmental  needs  of reduction 

in the operational costs and potential saving in 

processing  unit. Electro coagulation  method  

offers  a  special attraction  due  to  its  

ecologically  friendly,  safety, simplicity and 

lower operating costs.  

REFERENCES 

[1] Chakchouk  I.,  Elloumi  N.,  Belaid  C.,  

Mseddi  S., chaari  I.,  Kattel  M. A combined  

electrocoagulation-electro oxidation treatment 

for dairy wastewater; Brazilian journal of 

chemical engineering, 34(2017) (1), pp 109 -

117 

[2] Andrade, M. “Heavy  metal  removal  from  

bilge  water  by  electro coagulation treatment,  

A  thesis”. University of New Orleans, 

December, (2009).  

[3] Sharma  S.,  Can  O. T.,  Hammed  M.,  

Nawarathna  D.,  Simsek  H. Organic  pollutant  

removal  from  edible oil process wastewater  

using  electro coagulation;  IOP  Conf.  series;  

series  earth  and  environmental science, doi:  

10.1088/1755-1315/142/1/012079,142(2018) 

012079, pp 1-13. 

[4] Vidal  J.,  Espinoza  C.,  Contreras  N.,  Salzar  

R.    Elimination of industrial textile dye by 

electro-coagulation using iron electrodes, 

Journal of chil. Chem. Soc., 62(2017)(2), pp 

3519-3524 

[5] Bensadok, K., Benammar, S., Lapicque, F., 

Nezzal, G. Electrocoagulation of cutting oil 

emulsions using aluminum plate electrodes. J. 

Hazard. Mater, 152(2008)(1): 423-430.  

[6] Can, O.T., Kobya, M., Demirbas, E., 

Bayramoglu, M. Treatment of the textile 

wastewater by combined electrocoagulation. 

Chemosphere, 62(2006)(2): 181-187.  

[7] Canizares,  P.,  Jimenez,  C.,  Martinez,  F.,  

Rodrigo,  M.,  and  Saez,  C.. “The pH as a key 

parameter in the choice between coagulation 

and electrocoagulation for the treatment of 

wastewaters.” Journal of Hazardous Materials, 

163(2009) 158-164.  

[8] Kobya M., Gengec E., Demirbas E. operating 

parameters and cost assessments of a real dye 

house wastewater effluent treated by a 

continuous electro coagulation process, 

Chemical and Engineering and Processing: 

Process Intensification. 101(2016)87-100       .  

[9] Chen, Xueming, Guohua Chen, and Po Lock 

Yue.”Electro coagulation and electro flotation 

of restaurant wastewater." Journal of 

Environmental Engineering (ASCE), 

126(2000), no.  9:  858-863.  

[10] É.  Fekete, B.  Lengyel, T.  Cserfalvi and T.  

Pajkossy,  " Electrocoagulation: an 

electrochemical process for water clarification 

“, J. Electrochem.  Sci.  Eng., vol.6, No.1, 

 

Fig. 11.Oil and Grease removal efficiency from 
Meat and Slaughterhouse industry in Tanta 



REMOVAL EFFICIENCY OF COD, BOD, OIL AND GREASE … 7 

(2016) pp.57-65. 

[11] Bharath M et al International Journal of 

ChemTech Research, 11(2018)(03): 289-302. 

[12] Fogler, H. Scott. Elements of Chemical 

Reaction Engineering. Fourth Edition. Prentice 

Hall, 2006.  

[13] Asselin, M.; Drogui, P.; Benmoussa, H.; Blais, 

J.  Effectiveness  of  electrocoagulation  

process  in removing  organic  compounds  

from  slaughterhouse  wastewater  using  

monopolar  and  bipolar electrolytic cells. 

Chemosphere, 72(2008), 1727-1733. 

[14] El-Naas, M.H.; Al-Zuhair, S.; Al-Lobaney, A.; 

Makhlouf, S.  Assessment of electrocoagulation 

for the treatment of petroleum refinery 

wastewater. J. Environ. Manage, 91(2009)180-

185. 

[15] Holt, P.K., Barton, G.W., & Mitchell, C.A., The 

future for electrocoagulation as a Localised 

water treatment technology, Chemosphere, 

59(2005), pp. 355–367. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



MOSTAFA M. EMARA, et al., 8 

 :   الملخص العربى
  

اجريت هذه الدراسة للتحقق من امكانيةةة اسةةت داق جةةرة جديةةد  

 ةةة  ة الت ثةةةر الك رجسةةة تسةةةت دق لمجالجةةةة الم لسةةةات السةةةا لة   ا

 ميكانيكيةةة المجالجةةة تعةةمع للةة  لمليةةات التر يةة   ا متةة ا  

 .  الترسي   التج يق للم اد الجالقة 

 تجتمةةد هةةذه الجريقةةة للةة  امةةرار تيةةار ك ر ةة  مسةةتمر ل ةةر 

قج ين احدهما ان د  يحدث تسكك  ي ناته  ا  ر كاث د يحدث لنةةده 

سةةيع ن ايةة ن ال ير ك كةة تك ين غا ات ال يةةدر جين  ا كسةةجين  يت

الذي يتحد مع ا ي نات المتسككة من ا ن د  التةة  تكةة ن ل ةةار  لةةن 

اي نات الحديد  ا لم ني ق مك نة هيدر كسيد الحديديك ا  ا لم ني ق 

  الت  تجت ر الندف الت  تجمع لل  تجميع الم اد الجالقة  ترسي  ا .

لمميزات  بةة تتميز عن الطرق التقليديةةم م ةةت التخ ةةر الييميةة    

 م :الت لي

 .ال  تكاليف تعغيع  صيانة من سضة  تقنية  سيجة  تحتاج -1

 تقلع من ا مالح الكلية الذا  ة ف  المياه المجالجة . -2

التيار الك ر   يسالد لل  ترسي  الم اد الغر ية صغير   -3

 الحجق .

فقالةةات الغةةا  المتك نةةة لنةةد الكةةاث د تجمةةع للةة  تجةة يق  -4

 لل  السجح .    ةالمل ثات ا قع ف  الكثاف

كمية الحمأ  الناتجة من هذه التقنيةةة تكةة ن قليلةةة  المقارنةةة  -5

 مع الجرة التقليدية ا  رى .

 القدر  لل  مجالجة الجديد من المل ثات . -6

التكلسةةةة ا سةةةتثمارية ل ةةةا من سضةةةة  المقارنةةةة  ةةةالجرة  -7

 ا  رى للمجالجة .

   تق لمع التجار   القياسات لل  مياه الصرف الصةةنال  فةة 

  جنجا   المج ر الجم م 

 كانت النتا ج ق ع المجالجة   جدها  ايضةةا كسةةاز  ا الةةة 

 -المل ثات كالتال  :

 كانةةت النتةةا ج التةة  اجريةةت ق ةةع المواد اليليم الع لقم  ▪

ملجةةق ع  868مجةةق ع الةة   545المجالجة تتةةرا ح مةةن 

ملجةةق ع الةة   23 ينما  جد المجالجة كانةةت تتةةرا ح مةةن 

 94.5مةة اد الجالقةةة كسةةاز  ا الةةة ال تملجق  ع   كان 50

. % 

 كانةةت النتةةا ج التةة  االيسةةنين الييميةة  ى المسةةت ل   ▪

مجةةق ع الةة   1210اجريت ق ةةع المجالجةةة تتةةرا ح مةةن 

 29ملجق ع  ينما  جد المجالجة كانت تترا ح من  1870

ملجق  ع   كانت كساز  ا الة ا كسجين  78ملجق ع ال  

 % . 96.6الكيميا   المست لك 

 كانت النتا ج الت  اجريت الممتص يسنين الحيوى ال ا ▪

 1054مجةةق ع الةة   845ق ةةع المجالجةةة تتةةرا ح مةةن 

 27ملجةةق ع  ينمةةا  جةةد المجالجةةة كانةةت تتةةرا ح مةةن 

ملجق  ع   كانت كساز  ا الة ا كسجين  61ملجق ع ال  

 % . 95.6الكيميا   الممتص 

 كانةةت النتةةا ج التةة  اجريةةت ق ةةع الزيةةوت والوةةحو   ▪

ملجةةق ع  251مجةةق ع الةة   123المجالجة تتةةرا ح مةةن 

ملجةةق ع الةة   1.4 ينما  جد المجالجة كانت تتةةرا ح مةةن 

ملجةةق  ع   كانةةت كسةةاز  ا الةةة ال يةة ت  العةةح ق  6.2

98.1 . % 

 من  الع الدراسة ال ي ية نجةةد ان جميةةع نتةةا ج تحاليةةع 

جالج جميج ا مجا ق للكةة د الجينات لمياه الصرف الصح  الم

المصةةرى للصةةرف للةة  المجةةارى الما يةةة  تتميةة  تقنيةةة 

المجالجة  است داق الت ثر الك ر    ةةان كميةةة الحمةةأ  الناتجةةة 

مةةن المجالجةةة من سضةةة جةةدا  المقارنةةة  ةةالجرة التقليديةةة 

  ا  رى  .
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