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Abstract- The present study provided a quantitative comparison between chemical coagulation and electrocoagulation 
(EC) treatment for removal of chemical oxygen demand (COD) and total suspended solids (TSS) from municipal 
wastewater for further reuse in agriculture. The treated wastewater provided from the municipal wastewater treatment 
plant has quality indicators exceeding the maximum discharge limits such as COD and TSS. The performances of the 
electrocoagulation and chemical coagulation are presented comparatively, as wastewater treatment technologies taken into 
consideration to reach the above mentioned purpose in agreement with Jordanian standards, guidelines and regulations. In 
this case study, the performances were obtained for the coagulation and electrocoagulation can remove pollutants by a large 
margin. The removal efficiencies of COD and TSS were 84% and 97%, 83% and 90% respectively by coagulation 
designed unit and electrocoagulation designed unit respectively .The defenses between these processes only on the period 
of time to achieve these results. 
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I. INTRODUCTION 
 
The discharge of untreated wastewater to surface 
water has created severe water pollution, which has 
affected the aquatic life and decreased the 
availability of water resources. For this reason 
conservation and management of water resources are 
mandatory tasks of humanity, focused on the water 
discharge in the environment or recycling or reuse 
[1]. The integrated water resource management 
involves the advanced treatment technologies, due to 
the necessity of pollutants removal from the 
insufficiently treated effluent by the conventional 
treatment plants [2]. Wastewater treatment plants 
represent a critical point in ensuring the sustainable 
use of water resources, as they directly affect the 
quality of aquatic environment [3].  
The water after its contamination, especially due to 
the human activities can contain different 
compounds must be removed if wastewater is to be 
used. The compounds can be subdivided into: - 
suspended solids - colloidal solids - dissolved solids 
(organic and inorganic). Suspended solids have a 
diameter larger than 10-6 µ, colloidal solids between 
10-9 and 10-6 µ and dissolved solids smaller than 
10-9 µ. Particles with a diameter larger than 10-5 µ, 
and a specific density larger than 2,000 kg/m3 will 
settle in water. Smaller particles will also settle, but 
more slowly. To be removed, particles that are 
smaller than 10-5 µ have a negatively charged 
surface that prevents the particles approach and their 
separation, thus remaining in water, which can favor 
their stability and must be made larger or heavier. 
The latter is impossible and, therefore, removal is 

only possible by increasing the particle size. During 
the coagulation process, coagulants are added to the 
water to aid in floc formation. These flocs are 
precipitates in water, where in small particles are 
incorporated. To express the concentration of 
compounds in water, sum parameters are used. The 
most important sum parameters for surface water are 
suspended solids concentration (expressed in SS), 
turbidity, natural organic matter (expressed in COD) 
and color. Suspended solids concentration and 
turbidity are caused by colloidal particles (order of 
magnitude 0.1 - 10 µm)  [4].  
Coagulation and electrocoagulation  are  old methods 
and among other processes may be considered as an 
adsorption ,biological treatment and advanced 
oxidation processes and are used in wastewater 
treatment [5]. The electrocoagulation principle 
should present special interest for small water 
treatment plants in rural areas due to a need of a 
simplification of the conventional coagulation 
process [6]. In this paper a comparative study of 
electrocoagulation and respectively chemical 
coagulation is presented as treatment processes for 
wastewaters discharges from a municipal treatment 
plant (Al-Zaytoonah University of Jordan) . This 
wastewater is characterized by some global quality 
indicators as: Chemical Oxygen Demands 
(COD),total suspended solids (TSS),conductivity, 
turbidity and color.  
 
II. COAGULATION 
 
Three main mechanisms could be used to explain the 
removal of organic matter and suspended solids by 
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coagulation process. The process is based on the use 
of  Al(III) or Fe (III) as coagulants: charge 
neutralization, adsorption and bridging. Besides, the 
complex interaction of Al or Fe species are an 
important mechanism. The distribution of Al species 
in coagulants have great effects on the residual 
aluminum in treated water. Several methods could be 
used to analyze the Al species distribution [7,8]. 
 
The first 1.0 min reacted was defined as Ala,  more 
than 1.0 min to 120.0 min was defined as Alb and no 
reaction defined as Alc. Ala stands for the 
monomeric species, which is mainly composed of 
Al3+, Al(OH)2+, Al(OH)3+, (Al2(OH)24+), 
(Al3(OH)45+) and some small polymers Alb stands 
for the medium polymer species,   Alc stands for the 
species of sol or gel. Coagulation is an important 
step in reducing the suspended and  colloidal 
materials responsible for both turbidity and the 
organic matters in wastewater, which contributes to 
the pollutant content of the wastewater. Particularly, 
the effectiveness of this process can be properly 
assessed by means of specific contaminants removal 
performances (hydrocarbons, heavy metals, etc.) 
[9,10] . 
 
The coagulants may react with the functional groups 
of organic compounds to form complexes or chelates, 
and part of the organic compounds could be captured 
by absorption and sweep flocculation. The 
coagulation pH is one of the main factors that 
influence the removal effect of enhanced coagulation, 
and for aluminum sulphate  coagulants the optimum 
pH range is 6.5−8.5  Floc breakage is accompanied 
with the growth and transmission of flocs in 
coagulation process[11,12]. The flocs influences the 
efficiency of solid/liquid separation and follow-up 
treatment processes . The degree of floc breakage is 
related to the applied shear force, shear period and 
floc strength. Under smaller hydrodynamic 
conditions, the broken flocs have certain capability 
for re-growth. The extent of re-growth depends on 
the mechanism of floc formation . Recently, many 
studies focused on the breakage and re-growth 
capability of flocs formed by traditional inorganic 
coagulants [13,14], and there have been reports 
about researches on the floc properties of organic 
flocculants and polyaluminum  sulphate. 
 
III. ELECTROCOAGULATION 
 
If Electrocoagulation (EC) is the process of 
destabilizing suspended, emulsified, or dissolved 
contaminants in an aqueous medium by introducing 
an electric current into the medium. In its simplest 
form, an electrocoagulation reactor may be made up 
of an electrolytic cell with one anode and one 
cathode. The conductive metal plates are commonly 

known as ‘sacrificial electrodes’ and may be made of 
the same or different materials[15,16]. This process 
has proven very effective in removing contaminants 
from water and is characterized by reduced sludge 
production, no requirement for chemical use, and 
ease of operation . Colloid – destabilizing agents that 
effect on-charge neutralization are produced by 
electrolysis in the EC process. For example, iron 
anodes are used to produce iron cations which have 
the same effect as the addition of Fe-based 
coagulants in conventional treatment systems [17,18] 
. To understand the electrochemical behavior of the 
system, it is important to describe the general 
electrolytic reactions. The basis of electrocoagulation 
is the in situ formation of a coagulant species that 
can remove various pollutants from the water and 
wastewater being treated. There are three main 
mechanisms in the whole of 
electrocoagulation/flotation process: 

  
(1) electrolytic reactions at electrode surfaces, (2) 

formation of coagulants in the aqueous phase, (3) 
adsorption of soluble or colloidal pollutants on 
coagulants, and removal by sedimentation or 
flotation [19,20]. 
4.0  Comparison of electrocoagulation and chemical 
coagulation  
 
The difference between these two processes consists 
in the way metal ions are added. In case of chemical 
coagulation, the reagents (FeCl3, Al2(SO4)3, etc) 
are directly added [21], while in case of 
electrocoagulation, the metallic cation is supplied by 
an electricity stream generated by the oxidation of 
the metallic electrode, producing the corresponding 
metal ions. In the same time with anodic material 
dissolution, takes places the electrolysis of water 
which also can improve the quality of treated water 
[22]. 
 
The formation of monomeric and polymeric 
aluminum hydroxides were compared when 
aluminum was added as AlCl3 or by EC. According 
to results, there are no significant differences in the 
speciation of aluminum obtained by these two 
methods. Authors concluded that both processes are 
similar in terms of removing the pollutants from the 
wastewater under the same dynamic conditions, 
doses of aluminum and steady-state pHs. EC and 
chemical coagulation have been compared in the 
treatment of ultrafine quartz suspensions [23], the 
removal of Cr(VI) and as a pretreatment before 
microfiltration membranes. In both cases, chemical 
dosing and electrocoagulation, the metal cation 
hydrolyses upon addition to solution. Mononuclear 
complexes are initially formed as described by 
Eqs.(1)_/(4). 
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Al+3+H2O→AlOH+2+H+                        (1) 
 
Al(OH)+2+H2O→Al(OH)+2+H+              (2) 
 
Al(OH)+2+H2O→Al(OH)03+H+              (3) 
 
Al(OH)03+H2O→Al(OH)-4+H+               (4) 
The extent of hydrolysis depends upon total metal 
concentration and pH, as well as the amount of other 
species present in solution. 
In the present study, the treatment was performed by 
coagulation flocculation and by electrocoagulation, 
the pre-treatment efficiency was assessed in terms of 
the COD and TSS. These chemical and 
electrochemical processes were applied to investigate 
its potential for effective pre-treatment of effluent. In 
particular, because this study has been framed within 
a project funded by the Al-Zaytoonah University (An 
integrated system for wastewater treatment), which 
provides for the combined treatment of slops and 
treated wastewater discharge to the irrigation system 
in the university. the coagulation and 
electrocoagulation processes were investigated to 
minimize the coagulant dose and cost (with reference 
to the conventional coagulant dosage in wastewater 
treatment) to control the risk of pollutants. 
 
IV. MATERIALS AND METHODS 
 
A. Raw water 
Raw water was obtained from the Wastewater 
Treatment Plant of Al-Zaytoonah University. This 
treatment plant was designed some years ago by 
biological treatment (activated sludge). It receives 
municipal wastewater from 12000 people. There are 
no significant influents of  toxic substance from 
laboratories . The effluent has a moderately low 
COD charge and TSS. Average incoming flow rate is 
50 m3/h. The main physical-chemical characteristics 
of the wastewater are shown in  Table 1. If compared 
with other wastewater data found in Jordan our 
working water has less pollutant charge, due surely 
to the nature of the domestic origin of wastewater. 
Table 1.  Some l characteristics of the wastewater 

 

B. Electrocoagulation procedure 
The electrocoagulation (EC) setup is shown in fig .1. 
The electrocoagulation  unit was constructed from 
Plexiglas having a dimension of    0. 10 m×0.15 
m×0.25 m with a gentle stirring rate of about 200 
rpm was applied to allow the chemical precipitate to 
grow large enough for removal. The total volume of 
wastewater in each experiment was approximately 3 
dm3. There are six iron (aluminum) plates were 
constructed in the electrochemical reactor three 
electrodes were connected as anodes and three as 
cathodes , the distance between plates was fixed at 
approximately 2 cm.  
 
The electrodes  having  an immersed area of 102 
cm2 each (length 3 cm x height 17 cm x 2 faces) 
were fixed on the sides and there was a  2cm distance 
between the bottom  of the electrodes and the bottom 
of cell which allowed easy stirring. The electrodes 
were connected to a DC power supply (GW. GPC-
3030D) providing 0-30V (0-6A) with galvanostatic 
operational selection for controlling the current 
density. In the  experiment , the 3 liters of 
wastewater was poured into the cell ,an initial 
sample was taken. The samples of 5ml were taken at 
10 minutes intervals for up to steady state and 
filtered to determine the TSS and COD. 
 

 
Figure 1 .Experiment set up (1) power supply,(2) 

pump,(3)magnetic stirrer,(4)wastewater reservoir tank,(5) 
cathode,(6) anode ,  (7) wastewater reservoir tank, (8) ozonator 

 
C. Jar-test procedure 
Jar-test was selected as the standard treatment in 
order to study coagulation - flocculation process 
fig.2. The procedure was: 500 mL of raw water was 
transferred into a cylindrical beaker.  Certain dose of 
coagulant was added, and beaker was put into a Jar-
test apparatus (VELP-Scientifica JLT4) figure 1. 
Multiple jar tests were performed on the slop 
samples, tripling the tests in the most cases. The jar 
tests were run at 250 rpm for 30sec., 30 rpm for 20 
min and settling for 120 min. To identify the best 
coagulant dose was analyzed, setting the parameter 
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values in accordance with the values reported in 
literature[16]. The doses Al2(SO4)3 . 18H2O were 
varied in the range between 10 and 90 mg/ L. 
 

 
Figure 2 .  Jar-test apparatus 

 
V. RESULTS AND COAGULATION 
 
A. Results  
In the electrochemical process, current density (CD) 
and operating time (tE) are important parameter for 
controlling the reaction rate within the 
electrochemical reactor. Effect of current density on 
the removal of metal ions from wastewater in the 
batch reactor was studied with different current 
densities (2– 4 mA/cm2) at constant operating 
conditions (7.7 of pH and an operating time of 70 
min ). The  percent removal of TSS and  COD  as a 
function of the current density and time  were 
illustrated in figures 3 and 4, figure 3 shows the 
percent removal of COD 74.7%,83.5% and 79.4% at 
current densities  2,3 and 4 mA/cm2 respectively 
after 60 min. of reaction. Figure 4 shows the percent 
removal of TSS 93.8%,96.9% and 97.6% at current 
densities  2,3 and 4 mA/cm2 respectively after 60 
min. of reaction. From the above results the more 
favorable  percent removal of COD and TSS at 
3mA/cm2 of current density. In the designed 
treatment unit which provided with two electrodes 
from aluminum ,the electrodes  supplied with 30 
A/m 2 . 
 

  
Figure 3. COD removal efficiency with different current density  

by  lab scale. 

 
Figure 4. TSS removal efficiency with different current density  

by  lab scale. 
 
The effect of COD and TSS removal obtained from 
the designed unit were represented  in figure  5 , the 
percent removal of COD and TSS were 83.5% and 
96.1%  respectively after 90 min. While in the lab 
scale the percentage removal of COD and TSS were  
83.5%,96.9% with same of current density during 60 
min . The percent removal of COD and TSS  can be 
reached to 90% and 99% respectively after 60 min  if 
using four electrodes instead of two electrodes, that 
means saving time but consuming more power. 
 

 
Figure 5.  COD and TSS removal efficiency at optimum current  

density (30 A/m2)  by    designed treatment unit. 
 
Figure 6 indicates the percent removal of COD 35%, 
67%, 82% and 62% at pH 5.5, 6.5, 7.5 and 8.5 
respectively with the optimum dosage of alum 50 
mg/l. COD removal continued to increase at pH 7.5 
(82%) but it decreased drastically to 35 % at pH 5.5 
and 62% at pH 8.5. COD removal efficiency showed 
a different pattern in the experiment. COD was 
removed by 26% at pH 5.5 while at pH 7.5 it was 
65% and at pH 8.5 it was 54% for 30 mg/l alum use.  
Figure 7 shows the percent removal of TSS 62%, 
86%, 94% and 72% at pH 5.5, 6.5, 7.5 and 8.5 
respectively with the optimum dosage of alum 50 
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mg/l. TSS was removed by 27% at pH 5.5 while at 
pH 7.5 it was 70% and at pH 8.5 it was 53% for 30 
mg/l alum use. TSS removal continued to increase at 
pH 7.5 (94%) but it decreased to 62% at pH 5.5 and 
72% at pH 8.5 for 50 mg/l alum use. Figure 8 shows 
the percent removal of turbidity 70%, 89%, 96% and 
77% at pH 5.5, 6.5, 7.5 and 8.5 respectively with the 
optimum  dosage of alum 50 mg/l. Turbidity was 
removed by 38% at pH 5.5 while at pH 7.5 it was 
76%  and  at pH 8.5 it was 63%  for 30 mg/l alum 
use. The optimal pH from the jar test also coincided 
with the pH of raw wastewater and minimal 
solubility of alum, indicating that sweep flocculation 
is the primary coagulation mechanism through the 
formation of aluminum hydroxide precipitates. One 
can see that at the optimal coagulation pH of 7.5, 
sweep flocculation should be the primary coagulation 
mechanism; hence, one can expect the largest floc 
sizes to form under these conditions. 
 
Figures 6, 7 and 8 indicate that an alum dosage of 50 
mg/l as Al3+ resulted in the lowest residual COD, 
TSS and turbidity. This dosage reduced the pH from 
7.5 to 6.8, which favored sweep flocculation through 
the formation of aluminum hydroxide precipitates. 
Further, the isoelectric point of alum occurs at pH 8 
indicating that pH values less than 8 yield positively 
charged precipitates, which are able to neutralize the 
negatively charged particles in the water sample 
[25,26].  The pH of the original wastewater was 
changed from 7.5 to 8.1.  This value of pH is around 
of optimum pH  obtained from jar test for alum,  
which means  suitable value to avoid pH correction 
of the raw wastewater and treated wastewater prior to 
the irrigation usage. At optimum alum dose of 60 
mg/l from jar test which used in the designed unit  
the results of the treatment presented in Figures 4 
and 5, shows that the COD and TSS removal were 
80% and 95 % respectively after 60 min of process. 
 

 
Figure 6. COD removal efficiency with pH and coagulant 

dosage by jar test 

 
Figure 7. TSS removal efficiency with pH and coagulant dosage 

by jar test 
 

 
Figure 8. Turbidity removal efficiency with pH and coagulant 

dosage by jar test 
 
CONCLUSIONS 
 
This study firstly gave an insight into the impact of 
coagulation and electrocoagulation   on pollutants 
removal. It was found that the COD and TSS levels 
decreased significantly after coagulation and 
electrocoagulation   in the treated wastewater. In the 
conventional jar tests for the coagulation of 
wastewater with alumnium as coagulant, the pH 
value and alumnium dosages have significant effects 
on the coagulant mechanism of alumnium. 
 
Coagulation  and electrocoagulation treatment can 
remove pollutants by a large margin. Chemical 
coagulation process using alum (60 mg/l at pH 7.5 
,as the optimum dosage and pH which were 
determined by jar test) achieved COD total removal 
efficiency of 82%, and corresponding TSS total 
removal values of 94%. Electrocoagulation lab scale 
with two  aluminum electrodes(3cm x 6 cm) with 
applied current density 3mA/cm2 achieved COD  
and TSS  removal efficiency  83.5% and 96.9% . 
However, at the same conditions (60 mg/l at pH 7.7) 
in the designed unit the COD and TSS removal were 
80% and 95% respectively by coagulation , while  by 
electrocoagulation method  were 83.5% an 97%  and  
by  the biological treatment were 83% and 90% 
respectively . 
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