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Abstract

The present study aimed to assess the efficiency of two wastewater treatment plants (WWTPs)
operating with different biological processes and to investigate the electrocoagulation process as
alternative to improve their operation.

Results revealed the consistent efficiency of urban WWTP that uses activated sludge process,
the station operated with removal efficiencies higher than 91% for biological oxygen demand (BOD),
chemical oxygen demand (COD) and total suspended solids (TSS) and produced high quality
effluent whereas the efficiency of WWTP of an industrial complex using trickling filter process was
in the monitored period very small and did not meet the minimum acceptable treatment efficiency
of discharged wastewater. The treatment assays with electrocoagulation process using aluminium
electrodes exhibited high COD removal particularly for plant of industrial site, the optimal operating
conditions for the maximum COD removal are found to be the initial pH of 3, current density of
29.79 mA/cm? | electrolysis time of 5 min and charge loading of 26.11 F/m?®. Under these conditions,
the removal efficiency of COD is found to be 79% . Consequently, electrocoagulation process can be
recommended to improve the performance of WWTPs. Nonetheless, the implementation of EC into
industrial or municipal systems should be investigated more.
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Introduction

The rapid population growth in combination with
the massive urbanization and the development of
industrial and agricultural activities worldwide, have
generated a significant wastewaters production that
usually do not meet the environmental regulations
for being discharged directly into the receiving water
[1]. The majority of produced wastewater, estimated
at over 80%, 1is released to the environment without
adequate treatment especially in developing countries
due to lacking infrastructure, technical and institutional
capacity and financing [2]. Untreated or incompletely
treated  wastewater poses a serious threat to the
environment and human health [3].

The annual discharged wastewater amount in
overall Algeria is currently estimated to about
900 million m* and will probably exceed 1.5 billion m?
by 2021 [4]. Facing the high potential of the produced
wastewaters as well as their menaces to existing surface
and underground water resources, the realization and
renovation of wastewaters purification facilities has
been pointed out as a crucial emergency by the Ministry
of Water Resources and Environment. In 2004, an
ambitious program was launched for the construction
of 134 wastewaters treatment plants (WWTPs) with
a total capacity estimated to about 12 million PE
(Population Equivalent). Consequently, the number of
operating WWTPs has continued to grow, from 12 in
1999 to 112 in 2009, 164 in 2014 and 272 units in the
next ten years [5]. If today wastewaters are treated to
preserve water quality of rivers and receiving lakes
and to protect the Mediterranean Sea against pollution
(Barcelona Convention 26 January 1980), much of the
purified volume is destined for irrigation. In fact, treated
wastewater is considered as an essential alternative
for the conventional water resources especially for
countries characterized by an arid or semi-arid climate.

The most used purification processes of urban,
industrial and agricultural wastewaters in Algeria
consist of: 1) natural lagooning where the removal of the
organic pollution load is done naturally in stabilization
basins, ii) the activated sludge process where the
removal of organic charge takes place mainly in the
aeration basins and iii) purification through trickling
filters.

Purification by natural lagooning has attracted
particular interest among those responsible for
sanitation, this interest is justified by the advantages
offered by this technique, such as low investment and
maintenance costs, adaptation to load fluctuations
and the high capacity to remove bacterial pollution
compared to activated sludge [6,7]. Concerning the
activated sludge treatment process, it has been shown
that its efficiency depends mainly on the pollution load
to be treated and the age of the sludge [8]. According
to literature data [9], the activated sludge process has
many drawbacks, such as low efficiency to separate
solids from water, sensitivity to hydraulic overloads,

high energy consumption and low mixing of suspended
solids TSS.

The treatment of sewage with trickling filters
is considered to be a limited technique despite the
advantages it offers, namely simplicity of process,
moderate energy consumption, thickened sludge by
settler-digester and lower sensitivity to load variations
[10]. The major limitations of this process are its
sensitivity to clogging, especially with traditional
supports, high capital costs in comparison with
activated sludge, limited nitrogen abatement and the
need for effective pretreatment.

Nowadays, a large amount of research has been
conducted in the application of electrochemical
methods as alternative processes for elimination of
contaminants in effluents [11]. Electrocoagulation (EC)
is an electrochemical technique whereby anodes (mostly
iron and aluminum) corrode to release active coagulants
and gas bubbles [12]. The mains reactions that occurs in
EC Process are represented by equations 1, 2 and 3. The
generated metallic ions, A13*aq R Fe-”*aq or Fez*aq will react
with hydroxyl ions and produce metal hydroxide and
polyhydroxide ions M(OH)n solubles or insoluble which
favor the formation of flocks . These compounds have
a strong affinity with dispersed/dissolved molecules
as well as any dissolved ions to cause coagulation/
adsorption [13, 14].

At the anode:
M(s)—M" (aq) + ne M
2H20—> 4H *(aq) + 02(g) +4e )

At the cathode:

nH,0 +ne ' ——(n/2) H(g) + nOH (aq) (3)

EC is considered to be a simple, reliable, cost-
effective and effective technology for color, heavy
metals and COD removal from wastewaters with
relatively low energy consumption [15]. Moreover this
process is characterized by reduced sludge production,
no requirement for chemical use and ease of operation
[16].

If biological treatment remains the fondamental
process in  WWTPs, physical, chemical or
electrochemical treatment can be used as pre-treatment,
post-treatment, or both in order to enhance the physico-
chemical quality of effluents. The main combinations
that have been successfully applied in the treatment of
wastewater were reported by Bazrafshan et al. [17] and
Klauson et al. [18] who achieved over 90% COD and
BOD; removal.

In this sense, the main objectives of this study
are: 1) To evaluate the current treatment performance
of two important WWTPs located in Sidi Bel Abbes
city (North-West Algeria) using biological treatment
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methods 2) To test the electrocoagulation process (EC)
and its efficiency in removing the chemical oxygen
demand (COD) from wastewaters of these tow WWTPs
as alternatives to improve their operation 3) to consider
the possibility of integrating the EC into the treatment
plant by optimizing the most important parameters
influencing the process.

Materials and Methods
Description of WWTPs

The WWTPs selected for this study are located in
Sidi Bel Abbes city, North-West Algeria and operate
with different processing techniques.

WWTPI (Site 1): of an industrial complex based on
trickling filter process, the plant has a design capacity
of 800 m’/day and is recognized as a small-scale
wastewater treatment facility. Fig. 1 shows a general
diagram of the different processing steps applied to the
WWTPI.

WWTP 2 (Site 2): Plant destined to treat produced
urban wastewaters of Sidi Bel Abbes city and its
surroundings by activated sludge technology, this
WWTP was dimensioned to treat a total volume
corresponding to 220 000 PE but it is currently
receiving about 6000 to 7000 m?® daily instead of
28000 m¥day. A descriptive diagram of the used
purification process is shown in Fig. 2.
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Parameters and Analytical Methods

Sampling was carried out at the inlet of the selected
plants (raw wastewaters: influent concentrations) and at
the outlet (treated wastewaters: effluent concentrations).
After collection, the samples were immediately
transferred into a cooling box and transported to the
laboratory for analysis. Physico-chemical analyses
were carried out at a frequency of 4 times per year in
accordance with international standard methods [19].

The pH, temperature and conductivity measurements
were carried out on-site using a multi-parameter probe
HACH - Sens Ion 156. The analyses performed at
the laboratory concerned the following parameters:
Chemical Oxygen Demand (COD), five-days Biological
Oxygen Demand (BOD,) and Total Suspended Solids
(TSS) according to standard experimental protocols
for examination of water and wastewater [19, 20] and
Nitrates (NO,) by UV-Visible spectrophotometry
(SHIMADZU UV-2401 PC).

All data were statistically analyzed and expressed
in term of meantstandard deviation by using
STATISTICA Version 7 software.

Description of the EC Process

The electrocoagulation system used in the
experimental studies is shown in Fig. 3.

For reading of current and voltage values, a
multimeter and a voltmeter were connected in
monopolar mode in parallel with a direct current
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Fig. 1. General diagram of different processing steps applied to the WWTP1.
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Fig. 2. General diagram of different processing steps applied to the WWTP 2.
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Fig. 3. Schematic diagram of the electrocoagulation process: (1) DC power supply, (2) voltmeter, (3) multimeter, (4) aluminum electrodes,
(5) electrocoagulation cell + wastewater, (6) magnetic stirring bar, (7) magnetic stirring hot plate controller, (8) stopwatch.
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power supply (Leybold Didactic GMBH, Germany).
Experiments were carried out in plexiglas cell having
dimensions of (10 cm x 7cm x 6 cm), equipped with
four Aluminum electrodes (99.40% purity). Cathode
and anode with dimensions of (10 cm x 5cm x 0.1 cm)
and a total effective area of 70.5 cm? were used. The net
spacing between each electrode was 1.3 cm with 4.7cm
depth immersed into wastewater. A volume of 250 mL
of wastewater was introduced into the cell of EC and
maintained under constant stirring of 300 rpm and at
ambient temperature using a digital magnetic hotplate
stirrer (MS-H-Pro+ Germany). At the beginning of
each experiment, the current density was adjusted
to a desired value. Sulfuric acid (H,SO,) or sodium
hydroxide (NaOH) (Merck, Germany) were employed
to adjust pH of solutions. The samples were taken at
every 5 min interval from the cell and the solution was
filtered for COD analyses. The COD removal efficiency,
the charge loading and the electrical energy consumed
during process were determined from equations 4, 5
and 6 respectively.
(COD)(— (COD)R

COD removal efficiency % = —coby,  * 100
)

3\ Ixt
Q (F/m7) = 96500+V 5)

EEC (kwh/m’) =% ©

..where (COD); and (COD), are the initial and
equilibrium  COD  concentrations (mg O,/L),
respectively, U: used voltage (Volt), I: current (A), t:
time (h) and V: volume (L)

To achieve the maximum removal efficiency
using electrocoagulation process, effects of important
operational parameters on EC process namely: current

density, charge loading and initial pH were investigated
and optimized.

Results and Discussion

Detailed results of the physicochemical analyses of
the raw and treated wastewaters of the two WWTPs (S1
ans S2) as well as the corresponding removal percentage
are summarized in Tables 1 and 2.

Based on the obtained results, excepting COD
and BOD; concentrations of effluent wastewater from
WWTP 1, all assayed parameters were found to be
below the maximum limits specified by both Algerian
and World Health Organization guidelines [21, 22] for
effluents intended for discharge into any receiving body
(public sewer, land for irrigation, inland surface water
and marine coastal areas).

Effluent characteristics from WWTP 2 (Table 2)
clearly demonstrate its high quality and suitability
for unrestricted irrigation, the average values obtained in
the effluent for all analyzed parameters were consistent
with Algerian standards for wastewaters quality for
irrigation [21] and with the limits recommended by
Food and Agriculture Organization of the United
Nations [23]. On the contrary, for WWTP 1 the chemical
oxygen demand (COD) concentration in treated effluent
was evaluated at 124.6+35.02 mg O,/L, well above the
discharging limit value fixed at 90 mg O,/L and the
mean BOD; value observed was 41.25+7.889 mg O,/L
whereas the FAO standard requires a BOD, less than
25 mg O/L and the Algerian discharge standards
recommend a maximum value of 30 mg O,/L.

The COD/BOD, ratio  characterizes  the
biodegradability of wastewaters entering the WWTP,
low ratio values (<2.5) indicate the presence of relatively
high proportion of biodegradable matters. Therefore, the
use of biological methods for the wastewaters treatment
is recommended. Conversely, an important value of this

Table 1. Analyzed physicochemical parameters of raw and purified wastewater of the WWTP1(S1) and the removal percentage..

Raw wastewater Purified wastewater Removal percentage Norms*
Parameter (%)
Min Max Mean+SD Min Max Mean+SD Mean+SD
T (°C) 17.4 18.3 | 17.85+0.420 15.8 17.5 16.9+0.804 - -
pH 72 7.4 7.3+0.081 7.8 8.7 8.275+0.403 - 6.5<pH<8.5
Cond (uS/cm) | 2300 2900 25754250 1700 2400 | 2010+308.3 22.24+4.697 3000
NO, (mg/L) 0.22 0.27 | 0.24+0.021 0.03 0.07 0.05+0.018 76.96+4.226 30
TSS (mg/L) 6.8 57 24.92+22.33 4.8 22 12.42+7.238 39.86+15.76 30
COD (mg/L) 98.3 231.9 | 159.0+60.07 85.6 161.6 | 124.6+35.02 19.46+7.926 90
BOD, (mg/L) 40 70 58+13.14 30 48 41.25+7.889 28.37+3.194 30
COD/BOD, 1.72 5.79 3+1.89 - - - - -

* Algerian Wastewater Discharge Standards (JORA 2012)
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Table 2. Analyzed physicochemical parameters of raw and purified wastewater of the WWTP2 (S2) and the removal percentage.

Raw wastewater Purified wastewater Removal percentage Norms*
Parameter (%)
Min Max Mean + SD Min Max Mean+SD Mean+SD
T (°C) 15.3 26.1 |20.27+4.636 14.5 259 | 19.75+4.840
pH 8.1 8.3 8.2+0.081 8.1 8.4 8.275+0.125 6.5<pH<8.5

Cond (nS/cm) 1701 1865 | 1802+70.92 1074 1147 1117£34.13 37.99+1.837 3000
NO, (mg/L) 0.08 0.52 |0.282+0.186 0.03 0.09 0.055+0.03 75.62+13.26 30
TSS (mg/L) 595 728 | 659.2+55.54 11 14 13+1.414 98+0.363 30
COD (mg/L) 554 744 | 689.7£90.73 53 62 56.75+4.112 91.68+1.054 90
BOD, (mg/L) 288 360 | 331.7+£33.23 26 30 28.25+1.707 91.40+1.098 30

COD/BOD, 1.92 2.30 2.08+0.16 - - - - -

*Algerian Wastewater Discharge Standards (JORA 2012)

ratio points out low wastewater biodegradability [24,
25].

The average value of COD/BOD,; ratio was reported
as high (3£1.89) for WWTPI (Table 1), the elevation
of this ratio indicates an increase of non-biodegradable
organic materials in wastwaters causing a disruption of
the applied biological process and explains the obtained
results regarding the concentration of BOD, and
COD’s, both high on the exit of the WWTPIL. Similar
results were found by other authors [26, 27].

Purification Yield

Regarding the performance of wastewater treatment
plants on TSS, COD and BOD, removal, WWTP2
based on activated sludge ensures high elimination
rates of TSS, COD and BODj estimated at 98+0.363,
91.68+1.054 and 91.40+1.098 % respectively (Table 2)
whereas the efficiency of WWTPI using trickling filter
process was in the monitored period very small and did
not meet the minimum acceptable treatment efficiency
of discharged wastewater according to Rejesk [28]. The
average TSS, COD and BOD, abatement rates registered
were  39.86£15.76, 19.46+7.926 and 28.374+3.194
respectively (Table 1). The poor performance recorded
by WWTP 1 can be attributed to significant factors
affecting removal efficiency namely the hydraulic
retention time (HRT), the overloading of the plant and
the wastewater characteristics [10]. Furthmore, the
application of trickling filters process to wastewater
treatment has been found profitable when BOD, of
wastewater samples was from 20 to 30 mg/L [10] , in
the case of WWTP 1, influent BOD, concentrations
were ranged from 40 to 70 mg/L well above the
recommended values.

Compared to other studies conducted in Algeria,
Bachi et al. [29] reported that WWTP based on activated
sludge process showed satisfactory removal rates of

TSS (95%), BOD, (91%) and COD (89%) compared to
those recorded in plant from the same locality using
aerated lagoon process where removal rates were low
and levels of the three cited parameters in effluent were
above the WHO discharge standards [22]. Similar trends
were observed by Elmeddahi et al. [30] with removal
efficiencies of 98% for BODS5, 94% for COD, and 88%
for TSS for a WWTP located at Chlef (northwest of
Algeria) operating with conventional activated sludge
process. High values of removal rates were also registered
by Hannachi and Gharzouli [31] while studying the
efficiency of WWTP in Batna City (Algerian east) who
found rates of 91% (BODS), 87% (COD) and 87.6%
(TSS). The observed removal efficiencies for WWTP 2
are consistent with literature data wich reported removal
rates mostly greater than 90% for WWTPs using
activated sludge process [32, 33].

Application of the EC Process for Removal COD
Effect of Current Density

The current density is an essential parameter in the
EC process because variation in the CD value highly
affects coagulant dosage and bubble production in EC
process [34]. To examine the effect of current density
on COD removal efficiency, a series of experiments
were carried out with the current density ranging from
1.14 to 34.04 and 0.28 to 7.09 mA/cm? for WWTP1 and
WWTP2, respectively.

As seen clearly in Fig 4 , the removal efficiency of
COD increases with increasing current density. This is
because of the formation of hydroxyl radical group (A1**
species) at the anode by increasing CD according to
Faraday’s law [35]. For optimal current densities values
of 29.79 and 4.26 mA/cm?, COD removal efficiencies
were 78% and 76% for WWTPI and WWTP 2,
respectively. The high value of 29.79 mA/cm?is due to
the stronger conductivity of wastewater effluent from
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Fig. 4. COD removal efficiency (%) from waste waters as a function of current density for: a) WWTP 1 at time = 5 min;
pH = 7.2; conductivity = 2900 pS/cm; stirring = 300 rpm; T = 25°C. b) WWTP 2 at time = 5 min pH = 8.1 conductivity = 1865 uS/cm;

stirring = 300 rpm; T = 25°C

the plant 1 [34]. Beyond the above current density
values, there was no significant increase in yields for the
two stations. Higher current density decreases the COD
removal efficiencies. This is due to the increase in the
bubble production of H,, which limits the deposition of
organic matter on the cathode, and negatively influences
the co-precipitation of the organic compounds with
the metal hydroxides in agreement with the works of
Garcia-Garcia et al. [36], Nasrullah et al. [37] and Jing
et al. [38 ] who confirmed that higher current density
resulted in higher COD removal until an optimum
value, exceding this value the COD removal rate
declines. Similar results have been stated by Tak et al.
[39] when investigating the optimization of EC process
parameters using statistical methodology, they reported
that increasing the current density from 20 to 30 mA/cm?
led to an increase of COD removal percent from 8§l
to 92%, beyond 30 mA/cm? the removal efficiency
decreased. Comparable trend was also observed by
Niazmand et al. [40] who noted that by increasing
the current density up to (16.5 mA/cm?), the COD
removal efficiency was significantly increased and then
decreased.

Effect of Charge Loading

The charge loading (Eq. 5) is recognized by several
authors [34, 41] as parameter which influences strongly
pollutants removal percentage and the mechanism of the
EC process as it controls the coagulant dosage, bubble
density and retention time.

The effect of this key parameter was evaluated by
varying the treatment time from 0 to 20 min at the
optimum current densities of 29.79 and 4.26 mA/cm?
for WWTP 1 and WWTP 2 respectively. Fig. 5 showed
that for the load values of 26.11 and 3.73 F/m?, 5 min

was sufficient for maximum COD removal efficiencies:
86% and 75% for WWTP 1 and WWTP 2 respectively.
Beyond these load values, when contact time was
greater than 5 min, there was no significant increase in
COD removal yield for the two stations indicating that
the solid-liquid equilibrium was reached.

The increase of removal efficiency as time could
be explained according to Faraday’s law (Eq 5) which
implies that the amount of metal dissolved ions that
are at the origin of coagulants formation (metal
hydroxides) increases with time leading to an increase
in removal efficiency. Beyond the optimum contact
time (5 min), the COD removal efficiency remains
constant due probably to the fact that the metal ions
and their hydroxides achieved the saturation stage for
the flocks formation and sufficient amount of flocs
is available for pollutant removal [37, 42]. The large
deviation in the load values from WWTP | and WWTP
2 is due to the higher difference in the current density.

Our findings are in good concordance with those
reported by Tak et al. [39] who confirmed that an
increase of electrolysis time from 10 to 20 min resulted
in an increase of COD removal rate from 84 to 88.5%
and optimal efficiency of 93.2% was achieved during
30 min. Another study [43] showed that the removal
efficiency of COD increased from 59.72 to 91.32% in the
interval time of 0.5-5 min and the optimum electrolysis
time was found to be only 1 min. It is important to
underline that the electrolysis time obtained in our
study (5 min) is more economical when it is compared
to other studies [37, 38, 40].

Effect of Initial pH

The initial pH is considered to be one of the
main factors controlling the elimination efficiency
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of pollutants by EC as it determines the speciation of
hydroxides in the solution [34, 42, 44]. This means
that, depending on the pH, certain species aluminum
compounds in equilibrium are predominantly present
in the solution. Moreover the pH of medium changes
during the EC as observed by several investigators
[34, 45]. This change depends on initial pH, electrode
material and nature of pollutant removal.

To investigate the effect of pH on EC performance,
a series of experiments were carried out using solutions
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with an initial pH varying from 3 to 11. Fig 6 showed
that the highest removal efficiencies of COD were
achieved at initial pH of 3 and were about 79% and
82% for WWTPI and WWTP 2, respectively. Literature
data reported that pH ranging from 4 to 8 generates
various species (monomoric and polymeric Aluminum
hydroxides) that finally transform into insoluble
amorphous Al(OH),s through complex polymerization
[46]. The insoluble AI(OH), is the dominant species
under these conditions and thus responsible for the
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Fig. 6. COD removal efficiency (%) from wastewaters as a function of initial pH for: (a) WWTP 1 at current density = 29.79 mA/cm?;
time = 5 min; conductivity = 2900 puS/cm; stirring = 300 rpm; T = 25°C. b) WWTP 2 at current density = 4.26 mA/cm?; time = 5 min;

conductivity = 1865 uS/cm; stirring = 300 rpm; T = 25°C.
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Table 3. Estimation EC cost at the optimum conditions.

EEC (KWh/ EMC Cost

WWIP m?) (Kg/m?) Us $/m?
S1 14 0.1588 0.75
S2 0.78 0.1888 0.18

coagulation. In this case, the highest COD removal
rates obtained at initial pH of 3 confirm that at
acidic conditions the pH of the solutions rise during
EC process to reach favorable pH value for AI(OH),
precipitation as demonstrated by Vik et al. [45], Duan
and Gregory [47] and Mouedhen et al. [48].

Similar results were obtained by other authors who
found the electrocoagulation process most effective at
low initial pH [15, 49]. However, the efficiency of EC
decreased with increasing pH and drops dramatically
when the pH was greater than 8. These results are
explained by the fact that under alkaline conditions, the
dominant aluminium form is tetrahydroxyaluminate ion
AI(OH), (or Fe(OH), in case of Iron electrodes) which
however dissolves, thus the flocs formation is inhibited
leading to a lower process efficiency in consistent with
findings of previous studies [39, 50-52].

EC Cost Analysis

The most important determining factor of the
feasibility of any treatment process is its cost. In this
study, the operating cost (OC) of EC was calculated as
the total of the costs of electrical energy consumption
(EEC) and electrode material consumption (EMC)
using the following equation [53].

OC = X(EEC) + Y-(EMC) )

Table 4. Comparison between present and previous studies.

..where X and Y are the prices of electricity and
electrode material, respectively.

The mass of electrode material consumed (g) is
estimated from electrodes mass difference before and
after electrocoagulation.

According to the Algerian market in September
2020, the price of the electrode material used was
estimated at 0.78 US$/kg Al and the price of electrical
power was evaluated at 0.045 US$/kWh .

The operating cost of EC process for removing
organic matter from one m?® of wastewater at the
optimum conditions was evaluated and was given in
Table 3.

Results demonstrate, in first that EC operating
costs which correspond to 0.75 and 0.18 US $/m?* under
optimal conditions (I =2.1 A andt=5 min; I =03 A
and t = 5 min) for S1 and S2 are quite economic and are
significantly lower than those reported in several papers
[53-57] (Table 4). Secondly, these results are satisfactory
because the EC exhibited efficient treatment with a low
operating cost particularly for WWTP2, we concluded
that EC process, alone or combined, can be considered
as solution for real municipal wastewater treatment.

Conclusions

This study focused on two main parts: the first
consisted to assess the performance of two sewage
treatment plants using trickling filters (WWTP 1) and
activated sludge (WWTP 2) and to ensure compliance
with discharge standards and the possibility to reuse
treated wastewaters in agriculture. The results showed
that the discharge standards are still not met for WWTP
1, which represents a risk of environmental pollution.
The average purification yields in term of BOD,,
COD and TSS are: 28.37+3.194%, 19.46+7.926% and

. . COD removal efficiency | Total cost
Used electrodes Optimum conditions % US $/m’ Reference
Aluminum plate pH. =6, t=1min, CD = 0.3226 mA/cm’ 90.94 0.7062 43
Iron plate [NaCl]=1 g/L 91.74 0.2843
Aluminum plate P g o i 75.64 0.8113 53
Aluminum plate Flow rate = 0.010 L/min, 77.00 1.851 54
Iron plate t=80 min, CD = 65 A/m? 85 1.562
. pH, = 7.4, t=30 min, CD =200 A/m*, «
Aluminium plate fAocculant dose = 6mL/L 85 0.7 56
. pH, =7.85,t=5.84 min, C=1.5A, s
Aluminum scrap [NaCl] = 3 mg/L 81 57
Aluminium plate pH, =4, t=60 min, CD =300 A/m’. 73.13 - 58
. (S1) pH, =3, CD = 29.79 mA/cm’ , t = 5 min 79 0.75 .
Aluminum plate (S2) pH = 3, CD = 4.26 mA/em®, t = 5 min 82 0.18 This Study

Notes: (S1) WWTP 1, (S2) WWTP 2, * US$/Kg COD removed, ** EC = 3.55 kWh/m3
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39.86+15.76% respectively. Therefore, these yields
remain very limited and biological treatment alone
was not sufficient to provide effective treatment in
the plant under examination. The WWTP 2 achieved
good yields for the set of studied parameters, they
were evaluated to 91.40+1.098%, 91.68+1.054% and
98+0.363% for BOD,, COD and TSS respectively which
proved the efficiency of biological treatment based
on activated sludge. To improve the functioning of
WWTPs we tested, electrocoagulation treatment assays
using aluminium electrodes were conducted, this
was our principal line of investigation. Experimental
findings exhibited high COD removal in comparison
to biological treatments particularly for industrial site
WWTP that used trickling filters process. The optimum
conditions for EC process were identified as initial pH 3,
current density 29.79 mA/cm?, electrolysis time 5 min
and charge loading 26.11 F/m?. Under these conditions,
the removal efficiency of COD was 79% whereas it
was only 19.46% with trickling filters process and the
operating cost was found equal to 0.75 US $/m? which
proved that EC is quite economical. These results could
be used to improve operation of the WWTP and to plan
future modifications for integration electrocoagulation
process into the treatment plant.
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