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Abstract: Treatment of poultry slaughterhouse wastewater before disposal or reuse is an essential
part of human health and environmental protection in general. This study aimed to investigate the
influence of the pre-treatment system based on electrolysis technology within an integrated lab-
scale treatment plant in the removal of contaminants from poultry slaughterhouse wastewater. Sev-
eral treatment units (averaging tank, feather catcher, fat catcher, and coarse mechanical filter) were
connected in series before the electrolysis chamber. While in general, the entire integrated system
also included some other units such as ultra-filtration, reverse osmosis, and the ultraviolet lamp
connected in series. From the analysis results, it was observed that the pre-treatment phase with
electrolysis had a significant influence on the general performance of the treatment plant. The pre-
treatment contributed to about 33.5% to 100% in the general contaminants’ removal efficiency. The
highest contribution was observed from the total chlorine (100%), nitrate (98.2%), as well as BOD
(95.3%). The lowest contribution was observed from the nitrite removal, with 33.5%. This study
revealed further that the integration of electrolysis technology in a wastewater treatment system
has a significant potential for developing an effective wastewater treatment plant.

Keywords: electrolysis; treatment efficiency; poultry slaughterhouse; wastewater treatment; water
quality

1. Introduction

The increase in population has also been increasing the demand for industrial prod-
ucts including poultry products. When water is subjected to a production line, there is a
high possibility of collecting several pollutants with making it unsuitable for direct use
for portable needs. Generally, wastewater from a poultry slaughterhouse is mainly a mix-
ture of the processing water from both the slaughtering line and the cleaning of the poul-
try products. The wastewater generated from the poultry slaughterhouse contains a large
variation in the concentration of organic matter such as proteins, carbohydrates, fats and
oils, and trace amounts [1].

In this matter, discharging untreated poultry slaughterhouse wastewater into a mu-
nicipal or any other sewage system before purification may create severe problems [2,3].
Therefore, the treatment of slaughterhouse wastewater is of high importance to prevent
the high organic loading to municipal wastewater treatment plants. Nowadays, there are
many technologies used for the treatment of slaughterhouse wastewaters including fine
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screening to remove large and small particles [4], settling of particles through the so-called
sedimentation, the combination of coagulation and flocculation, and other biological treat-
ment systems such as trickling filters and activated sludge [5]. Apart from the environ-
ment in general, untreated slaughterhouse wastewater discharged into water bodies may
also have diverse effects on the receiving water body, endangering the aquatic life, and
facilitating eutrophication as a few examples [6].

The poultry slaughterhouse wastewater can be purified using physical, chemical,
and biological treatment approaches. But each treatment approach is characterized by
strengths and weaknesses. Starting with the physical treatment systems such as mem-
brane filtration [7]; these systems are characterized by high efficiency in terms of pollutant
removal, but they are energy-intensive as they demand high pressure to operate [8], foul-
ing issues [9] as well as generating huge volumes of sludge that has to be separately han-
dled. In that matter, the processes are relatively expensive, accompanied by feasibility is-
sues for large-scale operations. The biological technologies are well known in terms of
adaptability to changing wastewater compositions [10]. However, being slow processes,
requiring large physical areas, and generating large amounts of sludge are among the
challenges associated with these systems. Therefore, chemical treatment technologies
such as electrochemical (EC) processes have emerged as alternative treatment systems,
offering a number of advantages such as robustness, small space requirements, relatively
easy operation, as well as being flexible when subjected to fluctuating wastewater com-
position [11]. Something very important to be noted here is that different electrode mate-
rials may, however, perform differently in wastewater treatment even for wastewater
with similar characteristics, which makes it challenging to predict the behavior of electro-
chemical systems [12,13].

Electrolysis is an electrochemical wastewater treatment technology that is currently
experiencing both increased popularity and significant technical improvement [14]. It is a
complex process involving many chemical and physical phenomena that use consumable
electrodes to supply ions into the wastewater.

In general, a reactor of an electrochemical treatment plant consists of an electrolytic
cell with an anode on one side and a cathode on the other side [15]. When the system is
connected to a power source, the oxidation process occurs in the anode making it electro-
chemically corroded, while passivation occurs in the cathode. The main processes in the
electrochemical system can be represented using chemical equations [16] (Equations (1)
and (2)).

At electrode surfaces

Anode: M — M3 g + 3¢ 1)
3
Cathode: 3H:0 + 3e- — EHZ +30H- )

where: M is an electrode such as graphite (Gr), iron (Fe), or aluminium (Al)

Coagulation in the aqueous phase.

M3+ (aq) and OH- ions from Equations (1) and (2) above react to form hydroxo mon-
omeric and polymeric species, which will then change to M(OH)3 according to pH range
[17].

After forming the amorphous M(OH)3 also known as sweep flocs, can be useful for
the removal of colloidal particles through rapid adsorption of soluble organic compounds.
While through polymerization, the formed flocs can be removed by sedimentation and
floatation [18].

However, depending on the operating scale, to achieve a high-quality effluent based
on electrochemical methods alone can be a challenge. Therefore, integrating the electro-
chemical methods with other treatment units such as membrane filtration and ultraviolet
disinfection is always preferable [19]. However, the information on how an electrochemi-
cal method can contribute to the general performance of an integrated wastewater treat-
ment system is still scarce.
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In this study, the potential influence of electrolysis in the performance of an inte-
grated or combined lab-scale wastewater treatment system was investigated. The samples
collected from the Izhevsk Production Cooperative (PC) poultry were treated using the
lab-scale treatment plant. The main parameters investigated in this study were pH, tur-
bidity, color, total suspended solids (TSS), free chlorine, total chlorine, nitrite, nitrogen,
nitrate, nitrogen, phosphates, ammonium, iron total, aluminium, COD as well as BOD.

2. Materials and Methods
2.1. Case Study Description

The wastewater samples used in this study were collected from the Izhevsk PC poul-
try slaughterhouse located in Izhevsk village, Arshalinsky district, in Akmola region of
the Republic of Kazakhstan, approximately 70 km distance from the capital city Nur-Sul-
tan (51°10” North latitude and 71°26” East longitude). The current production capacity of
the Izevski poultry farm is 280 million eggs per year. The poultry farm has also imported
new cages with a capacity of accommodating 1 million laying hens. The meat production
capacity of the poultry farm is 3000 tons per year. The poultry products are daily delivered
to the capital city, Nur-Sultan, as well as other cities of Kazakhstan and Russia.

The production processes of the slaughterhouse generate wastewater from the live
bird processing to the cooling section; with defeathering, evisceration, and cooling pro-
cesses being the main sources of wastewater generation in the slaughterhouse (Figure 1).
The slaughterhouse processes of the poultry farm generate approximately 2.2 m3 of
wastewater per hour. The case study was selected because is one of the largest poultry
farms in Central Asia. Currently, the wastewater generated at the poultry farm is mainly
discharged to the biological treatment system of the Izevski village.

The climatic condition around the case study is characterized by an extreme conti-
nental climate, with long cold winters and some hot summers. In some years, winter tem-
peratures reach -52 °C. In summer, an average temperature of up to 30 °C can be observed.
Generally, precipitation around the case study amounts to 320 mm per year, with a rela-
tive minimum in winter, and a relative maximum during the summer.

Live bird

l

Slaughtering and
bleeding

l

Scalding [60-65'C]

l

Defeathering

l

Evisceration and
chopping

l

Cooling [below 4°C]

Figure 1. Production flowchart.
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2.2. General Wastewater Treatment Setup (in Laboratory)

The treatment plant is composed of a mini reservoir with a macro-filter installed to
separate feathers and organic components from the wastewater. The electrochemical pro-
cess takes place within a reactor connected in series to the min reservoir. The effluent pu-
rified by the EC unit was subjected to a sedimentary cylinder where the particles in sus-
pension settle down and come to rest against the barrier. A pump (pressure capacity of
5.5 bar) was then utilized to transfer water from the sedimentary cylinder to the ultra-
filter with a pore size of 0.02 um, enough to trap sediments not smaller than its pore size,
including most bacteria and viruses.

Moreover, the ultra-filtered water was subjected to another small reservoir where a
small pump conveys the water to a UV sterilizer to kill any remaining microorganism.
The water circulates in the UV sterilizer for about 10 min before the experiment is con-
cluded. After the treatment process, the cleaning of the reservoirs and electrolyte cells was
done manually by rinsing with water and disinfectants. The whole treatment process from
electrolysis to UV sterilization is summarized in Figure 2.

Wastewater
Reservoir

Reservoir for

treated Reservoir
water
UL CP
SC-Sedimentary cylinder UEF-Ultra-filter
CP-Circulatory pump UL-Ultraviolet lamp

Electrolyte
cell

Figure 2. Combined poultry slaughterhouse wastewater treatment system.

2.3. Electrolysis Setup

The electrolysis unit is considered to be the main unit within the pre-treatment sys-
tem. The principle of operation of the electrolysis is based on the fact that coagulation
occurs for suspended finely dispersed particles in the installation, due to the electrochem-
ical dissolution of aluminium anodes and the subsequent flotation of suspended particles,
with their removal from the total volume of the drain through the outlet pipe of the elec-
trolysis chamber.

Approximately 1.7 L of wastewater was used in each session of the experiments. In
general, the setup of the electrolysis unit included; a reactor or chamber of 15 cm length x
13 cm width x 11 cm height, made of polypropylene material with electrodes installed in
it. Morever, direct current was supplied to both electrodes, which included a power sup-
ply (Xinhua electrical weld company) of 0 to 50 V for voltage and 0 to 10A for current
density. The materials used for the electrodes were aluminum 10.8 cm x 11.8 cm x 0.2 cm,
as well as graphite and titanium with 10.8 cm x 11.8 cm x 0.7 cm dimensions. A distance
of 2 cm between electrodes was kept constant in all the study sessions and were placed
parallel to the reactor. Moreover, the current density varied with the electrode material
and wastewater characteristics. Table 1 provides a summary of other specifications in the
electrolysis unit.
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Table 1. General technical specifications of the electrolysis unit.

Parameter Value Unit
Initial water temperature +5—+10 °C
Potential (voltage) 24 A%
Average current density 55 A
Average power 132 W
Hydraulic retention time 20 min

2.4. Analysis of the Samples

The wastewater samples collected from the Izhevsk PC poultry farm were grouped
into two main groups; the samples collected after the electrolysis stage and the samples
collected after the complete system. To preserve and maintain the status of the samples,
they were stored at 4 °C before the analysis. Several parameters were tested in the labor-
atory to characterize the wastewater before and after treatment. The analyses of the sam-
ples were accomplished following the recommendations in the APHA, Standard Methods
for the Examination of Water and Wastewater (APHA, 2005).

Raw wastewater samples from the Izhevsk PC poultry farm were collected as grab
samples using 5 L plastic bottles, which were thoroughly rinsed with deionized water
before use. All samples were preserved at 4 °C before transporting them to the lab for
treatment and analysis. A total of fourteen (14) water quality parameters were investi-
gated in this study, namely; pH, turbidity, color, TSS, free chlorine, total chlorine, nitrite,
nitrate, phosphates, ammonium, COD, BOD, aluminium, and total iron.

Moreover, different scientific procedures, kits, and reagents were used to assess the
parameters of interest in the water samples. The combination of Spectrophotometer (Hach
DR3900, HACH / LANGE, Berlin, Germany), Colorimeter (Hach DR900, Berlin, Ger-
many), with standard reagents as well as the test kits were used to determine the concen-
trations of COD, free chlorine, total chlorine, nitrites, nitrates, total phosphorous, and am-
monium in the water samples. While the U.S. Environmental Protection Agency Great
Lakes National Program Office (GLNPO) Washington, D.C., Standard Operating Proce-
dure for Turbidity was used for the measurements of turbidity [20]. Moreover, the Amer-
ican Public Health Association (APHA) 4500-Nor was used to determine the concentra-
tions of phosphates [21], while the lab pH-meter Frederick, MD, US was used for pH
measurements. The color was determined using the UV-V Spectrophotometer (PE-
5400UV) pr-in ECOCHEMICAL, St. Petersburg, Russia [22]. Concentration levels of TSS
were determined using the Hach TSS portable hand-held turbidity meter (HACH /
LANGE, Berlin, Germany). Generally, analyses of all the studied samples were accom-
plished following the recommendations in the APHA Standard Methods for the Exami-
nation of Water and Wastewater [23]. The general characteristics of the PSWW are pre-
sented in Table 1, in terms of minimum concentration values (Min), maximum values
(Max), arithmetic mean (AM) as well as standard deviation (SD). From Table 2, it can be
observed that the poultry slaughterhouse production processes generate relatively high
polluted wastewater.

Table 2. General characteristics of raw wastewater (number of samples = 12).

Literature

P . . A D .
arameter Min Max Median M S (Min-Max) [24] Unit
7.3+042-8.6 +
pH 7.2 7.4 7.4 7.3 0.094 042
Turbidity 68.7 215 86 123.2 65.272 237-997 FAU
Color 552 3490 2224 2089 1203.245 NR degree
TSS 116 569 224 303 193.189 313-8200 mg/L

Free chlorine

0.04 0.09 0.08 0.07 0.022 NR mg/L
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Total chlorine 0.05 0.12 0.07 0.08 0.029 NR mg/L
Nitrite 0.046 0.086 0.064 0.065 0.016 NR mg/L
Nitrate 18.3 30.3 22 23.5 5.018 162.6-563.8 mg/L
Phosphates 5.16 6.02 5.79 5.66 0.364 8-27 mg/L
Ammonium 1.12 1.73 1.22 1.36 0.267 NR mg/L
Iron total 1.22 1.44 1.33 1.33 0.090 NR mg/L
Aluminum 0.11 0.89 0.64 0.55 0.325 NR mg/L
COD 356 1409 1224 996 459.040 2133-12,490 mg/L
BOD 77 570 464 370 211.884 925-5000 mg/L

FAU =Formazin Attenuation Units, NR = not reported.

2.5. Statistical Analysis

The treatment efficiencies of the two main systems investigated in this study were
calculated in terms of percentage based on the influent and effluent concentrations of the
parameters of interest. Specifically, the computations of the treatment efficiencies was
achieved by subtracting the concentration of the tested parameter after treatment from the
one before treatment divided by the concentration before treatment then multiplied by
100 to convert the result into percentage as summarized in Equation (3).

-C
%) x 100 3)
Cp

Cy
Te(%) = (
where T.is treatment efficiency, Cv concentration of a tested parameter before treatment,
and G is a concentration of a parameter after treatment.

Moreover, the influence of the electrolysis phase on the general efficiency of the treat-
ment was calculated by the use of the cross-multiplication approach. Where final effi-
ciency from the entire system is proportional to 100% while that of electrolysis is propor-
tional to unknown. From the mathematical derivations, the contribution of the electrolysis
phase on the general treatment efficiency for each parameter can be computed from Equa-
tion (4).

Core (%) = 22100 @
Ter
where C,, is the percentage contribution of the electrolysis phase, T, is treatment effi-
ciency from the electrolysis outlet and T, treatment efficiency for the entire system.

Box and whisker plots were also used analyze data distribution among the selected
parameters. The plots display the distribution of numerical data and skewness through
data quartiles (percentiles) and averages.

3. Results and Discussion

The analysis of the water samples was successfully executed. In the raw wastewater
samples, the average COD concentration was 996 mg/L, while that of BOD was 370 mg/L.
The COD concentration in the raw wastewater is greater than 150 mg/L as recommended
by the Jordanian standards for discharge to streams, wadis, and water storage areas. The
BOD concentration is greater than 60 mg/L as also recommended by the Jordanian stand-
ards for discharge to streams, wadis, and water storage areas [25]. In the literature, aver-
age BOD concentrations of 875 mg/L and COD of 1301 mg/L from poultry slaughterhouse
wastewater were recorded in conducted by Aziz, et al., [26]. The general phenomenon
indicates that the poultry slaughterhouse wastewater is highly polluted requiring treat-
ment prior to either discharge or any sort of reuse.

From Figure 3, it can be observed that the median line closer to the upper quartile
with an indication that the distribution of COD data before treatment is considered to be
“negatively skewed”. This means the data constitute a higher frequency of more low con-
centration values than the high concentration values, the COD data distribution contained



Sustainability 2021, 13, 12430 7 of 12

more values from 800 mg/L to approximately 1400 mg/L. The median line from the COD
values after the electrolysis treatment (AET) is observed to be closer to the lower quartile
meaning that the water quality data constitute a higher frequency of more high concen-
tration values than the low concentration values (“positively skewed”). The data distribu-
tion contained more data from above 10 mg/L to slightly above 20 mg/L. Similarly, the
median line from the COD values after the combined treatment (ACT) can be seen to be
closer to the lower quartile meaning that the water quality data constitute a higher fre-
quency of more high concentration values than the low concentration values (“positively
skewed”). The data distribution contained more data from above 5 mg/L to slightly above

5 mg/L.
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Figure 3. Data distribution (a) COD in raw wastewater, after electrolysis treatment (AET), and after combined treatment
(ACT) (b) TSS (c) Turbidity.

From Figure 3, the median is observed to be closer to the lower quartile meaning that
the TSS data before treatment constituted a higher frequency of more high concentration
values than the low concentration values (“positively skewed”). The TSS data distribution
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contained more values from slightly above 200 mg/L to approximately 400 mg/L. While,
the median line from the TSS values after the electrolysis treatment (AET) is observed to
be closer to the middle, indicating that the water quality data distribution is symmetric or
normal. With the fact that an average concertation of 0 mg/L was achieved in the final
effluent, the TSS boxplot becomes empty.

From Figure 3, the median is observed to be closer to the lower quartile meaning that
the turbidity data before treatment constitute a higher frequency of more high concentra-
tion values than the low concentration values (“positively skewed”). The turbidity data
distribution contained more values from slightly below 100 FAU to approximately 150
FAU. While, the median line from the turbidity values after the electrolysis treatment
(AET) is observed to be closer to the middle, indicating that the water quality data distri-
bution is symmetric or normal. A, with the fact that an average concertation of 0 FAU was
achieved in the final effluent, the turbidity boxplot becomes empty.

Water samples were collected after the electrolysis phase to investigate the perfor-
mance of the pre-treatment system at the scale before subjecting the wastewater to the
membrane filtration and UV unit. The lab-scale electrolysis phase was able to significantly
reduce pollution levels in the wastewater as observed in Table 3. For instance, the average
turbidity in the raw wastewater was 123.2 mg/L, while from the electrolysis effluent the
turbidity concentration was 1.09 mg/L. Color reduced from 2089 degrees to 57 degrees.
TSS from 303 mg/L to 8.33 mg/L, COD from 996 mg/L to 33.0 mg/L and BOD from 370
mg/L to 26.88 mg/L. Phosphates from 5.66 mg/L to 0.39 mg/L, total iron from 1.33 mg/L to
0.29 mg/L. However, the electrolysis phase was not that much effective for some parame-
ters such as nitrite and ammonium. Interestingly, the average concentration of aluminium
was a little higher than that of the raw wastewater, which can be linked to the dissolution
issues of the electrode and the operating scale of the system.

Table 3. Analysis results for the studied physicochemical parameters.

Parameter Min Max Median AM SD

pH 7.2 7.7 7.3 74 0.216
Turbidity 0 2.18 1.08 1.09 0.890
Color 33 90 49 57 24.005
TSS 4 13 8 8.33 3.682
Free chlorine 0.01 0.06 0.03 0.033 0.021
Total chlorine 0.02 0.04 0.03 0.03 0.008
Nitrite 0.04 0.08 0.06 0.06 0.016
Nitrate 0.8 5.6 1.1 2.5 2.195
Phosphates 0.02 1.08 0.06 0.39 0.491
Ammonium 0.12 1.59 1.03 0.91 0.606
Total iron 0.22 0.34 0.31 0.29 0.051
Aluminum 0.26 1.6 0.65 0.84 0.563
COD 5.5 70.6 22.8 33.0 27.532
BOD 3.96 72 4.68 26.88 31.906

From Table 4, it can be observed that 88.8% removal efficiency was achieved from
TSS after the electrolysis phase, which is also equivalent to 88.8% contribution in the final
effluent. From free and total chlorine, the removal efficiency of 25 and 57%, respectively
was achieved. Which is equivalent to 50% removal contribution by the pre-treatment units
for free chlorine and 100% for total chlorine. Moreover, removal efficiency of 30% was
achieved from nitrites after the electrolysis phase which is also equivalent to a 33.5% con-
tribution within the entire treatment process. From nitrates, 93.9% removal efficiency was
achieved from electrolysis effluent, equivalent to 98.2% removal contribution.
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Moreover, the pre-treatment units were able to remove 79% and 70.7% of phosphates
and ammonia, respectively from the wastewater. The removal efficiencies are equivalent
to 79.3% and 92.5% removal contribution in the final effluent.

In general, the BOD, COD, nitrate, and TSS decreased significantly after the electrol-
ysis phase. This is an indication that the pre-treatment units were capable of removing the
majority of the pollutants in the wastewater. The combination of units to the electrolysis
process had a 100% contribution on the removal efficiency of the total chlorine in which
other units such as ultra-cleaning, reverse osmosis, and the ultraviolet lamp had 0% re-
moval influence on the total chlorine. A 30% nitrite removal efficiency was achieved by
the electrolysis unit which is equivalent to 33.5% removal contribution within the entire
treatment plant, marking the lowest removal contribution. However, the general removal
efficiency of the entire system for the nitrite showed some impressive results with a re-
moval efficiency of 89.5%. This means from 30% of the electrolysis phase, the remaining
59.5%, equivalent to 66.5% removal contribution was accomplished by the other treatment
units after the electrolysis.

From Table 4, it can be observed that the treatment efficiency of the integrated
wastewater treatment system generally reached a removal efficiency of 100% for some
parameters such as TSS. More than 80% removal efficiency was also achieved for most of
the samples including nitrite nitrogen (89.5%), nitrate-nitrogen with (95.6%), ammonium
(99.2%) as well as BOD5 (99.6%). Some of the challenge can be observed from the free
chlorine and total chlorine with 50% and 57 % removal efficiency respectively.

The combination of electrolysis and ultrafiltration provides a high and constant re-
moval efficiency of TSS in the integrated treatment system due to their compatibility.
While the electrolysis process works on removing the TSS from the wastewater, the ultra-
filtration removes low solids slurry resulting from the electrolysis. Therefore, with their
combination, the efficiency of the treatment system improves significantly.

Table 4. The removal efficiencies for chemical contaminants.

Parameter AET (%) ACT (%) Contribution of Electrolysis, C.;.(%)
TSS 88.8 100 88.8
Free chlorine 25 50 50.0
Total chlorine 57 57 100.0
Nitrite 30 89.5 33.5
Nitrate 93.9 95.6 98.2
Phosphates 79 99.6 79.3
Ammonium 70.7 76.4 92.5
COD 87.6 99.2 88.3
BOD 94.9 99.6 95.3

Figure 4 shows removal efficiencies above 80% for some parameters from the elec-
trolysis phase effluent and more parameters after the complete treatment system. The total
chlorine concentration of 0.07 mL/dm? before purification was reduced to 0.03 mL/dm?
after the electrolysis stage and then remained the same after the complete combined sys-
tem. From Figure 5, it can also be observed that after the electrolysis phase the other treat-
ment units did not influence the removal of the total chlorine as the removal efficiency
remained the same. However, the complex relationship between the total and free chlo-
rine may have influenced the phenomenon as total chlorine is defined as a sum of free
and combined chlorine. In general, Figure 5 shows a high influence of the electrolysis
phase on the purification ability of the integrated treatment system.
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Figure 4. Treatment efficiencies for physio-chemical parameters.

Figure 5 shows the ranking in terms of the percent contribution of the electrolysis
unit on the removal of the studied parameters in the within the integrated treatment sys-
tem. It can be observed that the electrolysis unit had a removal influence of more than
50% for most of the studied physicochemical parameters. The highest removal contribu-
tion was observed for total chlorine while having a low influence on the removal of the
nitrite.
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Figure 5. Ranking of electrolysis influence on the studied parameters.

This study reveals that the combination of an averaging tank, feather catcher, fat
catcher, coarse mechanical filter, and electrolysis treatment units can be useful enough for
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poultry wastewater purification before discharge or recycled for non-portable uses. The
combination also shows a promising potential towards improving the quality of the final
effluent under the addition of other treatment units such as ultra-filtration, reverse osmo-
sis, and an ultraviolet lamp. The key focus of any wastewater purification process is to
remove different forms of pollutants such as solids, organic carbon, nutrients, inorganic
salts, and metals as well pathogens leading to the deterioration of the water quality [27].
Moreover, effective wastewater collection and treatment plays a great role in protecting
both the environment and public health [28], especially for a chlorine-free treatment sys-
tem as numerous inorganic and organic micropollutants can undergo reactions with chlo-
rine [29].

4. Conclusions

The performance influence of the electrolysis unit in a lab-scale integrated
wastewater treatment plant connected in series with other treatment units such as ultra-
cleaning, reverse osmosis, and the ultraviolet lamp has been investigated. From the re-
sults, it was observed that the pre-treatment phase with electrolysis had a removal contri-
bution ranging from 33.5% to 100%. The highest removal contribution was observed from
total chlorine (100%), nitrate (98.2%), as well as BOD (95.3%). While the lowest contribu-
tion was observed from the nitrite removal, with 33.5%. In general, the electrolysis process
allowed the wastewater purification process to be accomplished electrochemically
through oxidizing or reducing organic contaminants converting them into non-hazardous
inorganic materials or substances. This study revealed further that the integration of elec-
trolysis technology in a wastewater treatment system has a significant potential towards
developing an effective wastewater treatment plant.
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