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Abstract: The electrochemical treatment of canal water was investigated in a batch-wise system in
the presence of stainless steel 316-grade electrodes. Three effective process parameters, including
current density, reaction time, and electrode spacing, were evaluated in the range of 0.25–2.5 mA/cm2,
1–10 min, and 0.5–2.5 cm, respectively. Operational variables of electrochemical disinfection are
optimized in response surface methodology (RSM) using Box–Behnken design. Before electrochemical
disinfection, a pretreatment process of coagulants mixing for turbidity removal was conducted.
Results revealed that a 10 ppm dosage of Ferric chloride (FeCl3.6H2O) and alum (Al2(SO4)3·16H2O)
at neutral pH is appropriate. Furthermore, the RSM analysis shows that interelectrode spacing is
the most prominent factor affecting the disinfection performance, and increasing electrode spacing
inversely affects the disinfection efficiency. Results revealed that 1.52 mA/cm2 current density,
6.35 min reaction time, and 1.13 cm of electrode spacing are the optimum conditions, resulting in
a statistically 98.08% disinfection of the total coliform. The energy required for electrochemically
disinfection of water at optimum conditions was 0.256 kWh/m3.

Keywords: current density; electrochemical disinfection; response surface methodology; treatment time

1. Introduction

The supply of an adequate amount of pure water is essential for human existence.
Urbanization has placed incredible stress on natural water resources [1]. The fastest growing
population and economic revolutions also have a significant impact on the sustainability
of water [2]. Water is a scarce natural resource, and around 40% of the global population
has been affected by this scarcity [3]. Global water consumption is about 4600 billion cubic
meters per year, which will increase by 1% annually [4]. Water sources such as lakes, rivers,
and groundwater are running dry due to vast utilization and climate change. Natural
water’s quality is mostly linked with climate change, the state of the soil, and human
activities [5].

As a universal solvent, water is contaminated with unwanted components that change
water quality and cause water pollution [6]. Undeniably, the available resources are continu-
ously being polluted with a wide range of chemical, physical, and biological pollutants from
industrial wastewater, municipal effluent discharge, the agricultural sector, and leachate
leakage from landfills and other natural sources [7]. Among these pollutants, pathogenic
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and nonpathogenic microorganisms are considered at high risk as compared to other phys-
ical or chemical pollutants because of the high number of illnesses and deaths that they
could cause [8]. For example, waterborne diseases related to pathogenic microorganisms,
such as diarrhea and gastrointestinal upset, are responsible for an estimated 2 million
deaths every year. The World Health Organization (WHO) finds that about 80% of diseases
are waterborne, and the death rate is 3.1% due to unhygienic conditions of drinking water
in various countries [9].

Therefore, it is necessary to eliminate the contaminants before human consump-
tion [10]. Over the period, numerous disinfection techniques have been developed, includ-
ing (1) chemical systems based on chlorine and ozone, (2) photocatalysis and photodynamic
disinfection, (3) physical methods such as ultraviolet irradiation, and (4) electrochemical
disinfection [11]. Compared to alternatives, ozonation and ultraviolet (UV) radiation have
gained acceptance in commercial water treatment systems. UV is an efficient and widely
utilized disinfection technology; yet, it is not without technological restrictions due to the
transmission limits of ultraviolet radiations within the water sample [12]. The chemical
treatment processes produce strong oxidants that may react with natural organic matter
and produce toxic disinfection by-products. Due to their carcinogenic characteristics, these
by-products have public health concerns [13]. Recently, efficient electrochemical disinfec-
tion methods for water treatment are developed [14]. The electrochemical techniques are
known to inactivate various microorganisms, including bacteria, viruses, and algae. In
addition, the technology does not significantly impact the environment and is inexpensive
and simple to run [15]. Researchers are trying the address the challenges that electrochemical
disinfection is facing for commercialization. For instance, during electrochemical disinfection,
fouling at the electrode surface and scavenging hydroxyl ions by inorganic ions or natural
organic matter can occur [16]. At low potentials, the fouling of electrodes has been observed
as a result of the polymerization of phenolic compounds present during the treatment time.
The fouling at the electrode surface may result in reduced reaction rates of the substrate. A
periodic backwash treatment can overcome the fouling of electrodes, and the deposits could
be flushed to areas with higher potential-containing hydroxyl ions to remove the foulants [17].
The microbial inactivation through electrochemical disinfection methods largely depends on
the electrolytic cell configuration, electrode material, and other operational parameters such
as electrode spacing, treatment time, current density, and flow rate [18].

Different optimization methods are employed to determine the optimum conditions for
water disinfection. Response surface methodology (RSM) has been used to optimize and
model various operational variables for the treatment of wastewater. RSM is a collection of
statistical and mathematical techniques used to build models for evaluating several variables
and producing desirable values for response [19]. The methodology consists of stages, includ-
ing selecting independent variables, experimental design, model selection, model adequacy
checking, graphical representation of the model, and parametric optimization [20].

The choice of suitable electrode materials is a critical factor in the electrolysis process
because it affects not only the process efficiency but also the selectivity of disinfection by-
products [21]. The anode materials studied for electrochemical disinfection include boron-
doped diamond (BDD), dimensionally stable anode, and platinum. In a study, platinized
titanium mesh electrodes are used for the deactivation of E-coli from tap water. Results
highlight that at a maximum current density of 13.5 mA/cm2, 4 log of E-coli are disinfected
after a reaction time of 10 min. Similarly, in another study, ordinary steel and aluminum
electrodes are employed [22]. Riyanto et al. conducted an experimental study in which
water is artificially contaminated with a known microbial load of 190 MPN/100 mL and
carbon electrodes are used for disinfection. Results show that after 40 min of reaction time,
the percentile decrease in the coliform was 88% at the current density of 10 mA/cm2 [23].

Electrode materials surveyed in the literature are expensive and are not easily available.
Moreover, there is a lack of research on stainless steel electrodes of specific grades for
electrochemical disinfection. Stainless steel of grade 316 offers promising advantages
such as being cost-effective and corrosion-resistive even at high temperatures [24]. In this
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study, the electrochemical disinfection of canal water was carried out in the presence of
stainless steel plates of 316-grade. Moreover, the operational parameters are optimized
in design expert software by using response surface methodology. The experimental
runs were designed following Box–Behnken design (BBD) and performed in a batch-
type electrochemical reactor. Three factors, namely, current density, electrode spacing,
and treatment time, were selected as independent process variables, while disinfection
efficiency was chosen as the response variable.

2. Materials and Methodology
2.1. Sample Collection and Experimental Setup

The water sample was collected from BRB Canal near Jallo Mor Lahore (31◦36′02.8′′ N
74◦29′44.4′′ E). The main components of the experimental setup include a flocculation
tank, electrochemical chamber, and solar-powered DC power supply. The batch-type
electrochemical reactor with a volume of 4000 mL that consists of two plates of stainless
steel 316-grade as electrodes was used in this study. Each plate has an exposed height and
width of 214 mm and 145 mm, respectively. The process flow diagram of the treatment unit
is shown in Figure 1. Raw canal water is pumped to the flocculation tank for settling of the
silt and dirt. Coagulants are used to accelerate the settling process. The most commonly
used metal coagulants are of two types: aluminum-based and iron-based. The aluminum-
based coagulants include sodium aluminate (AlNaO2), aluminum chloride (AlCl3), and
aluminum sulfate (Al2(SO4)3). The iron-based coagulants include ferrous sulfate (FeSO4),
ferric chloride (FeCl3), and ferric sulfate (Fe2(SO4)3). In this study, aluminum sulphate and
ferric chloride were used as coagulants. The flocculation tank functions both as a mixer as
well a settler and therefore requires batch mode operation. After the flocculation process,
clear water from the tank is then pumped to an intermediate storage tank to provide water
for the downstream treatment process even when the flocculation tank is in the mixing or
setting phase. Water is then pumped to a micron-sized prefilter (polypropylene filter or
commonly known as PPF) to remove the unsettled/suspended particles having a particle
size greater than 3 microns. The prefiltered water is then subjected to the electrochemical
reactor. The redox reactions occurring at the electrode surface generate reactive species
(ROS or RCS), which disinfect the microorganisms. Besides disinfection, the redox process
also removes various suspended and dissolved solids through the electrocoagulation
phenomenon, which are afterward filtered out in the postfilter. In the postfiltration process,
water is passed through a 0.3-micron size filter membrane to remove particles and a bed of
activated carbon to remove organic contaminants causing color, odor, and taste. A solar
system has been installed to power the pumps and electrochemical reactor.
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2.2. Response Surface Methodology

Experiments must be designed with reliable and suitable measurements of the re-
sponses under consideration. Among several factors affecting the system performance,
current density, operating time, and electrode spacing were chosen as model parameters.
The experimental runs were planed according to Box–Behnken design (BBD) with lower
and upper bounds of three process parameters. BBD was selected because it is more ef-
ficient and involves fewer experiments compared to three-level full factorial design and
center composite design (CCD) [25].

The process parameters, including current density, operating time, and electrode
spacing, were evaluated in the range of 0.25–2.5 mA/cm2, 1–10 min, and 0.5–2.5 cm,
respectively. The factor labels and corresponding levels are given in Table 1. The complete
model was developed, simulated, and analyzed in the Design-Expert statistical software.
The BBD model suggested 17 experimental runs with 5 replicates, as provided in Table 2.

Table 1. Design variables with lower and high-level in Box–Behnken design (BBD).

Coded Factors, x

−1 0 1

Variables Units Minimum Mean Maximum Std. Dev.

Current density (i) mA/cm2 0.25 1.38 2.50 0.77
Treatment time (t) min 1.00 5.50 10.0 3.09

Interelectrode spacing (d) cm 0.50 1.50 2.50 0.69

Table 2. Experimental design for electrochemical disinfection efficiency with independent variables
and experimental and predicted response values.

Run
Independent Variables Response Disinfection Efficiency (%)

i (mA/cm2) t (min) d (cm) Experimental Predicted Residual

1 1.375 10 0.5 84.0 79.88 4.13
2 1.375 1 0.5 75.0 75.63 −0.63
3 2.5 5.5 0.5 68.0 68.38 −0.38
4 0.25 5.5 0.5 79.0 82.13 −3.13
5 1.375 5.5 1.5 93.0 93.50 −0.5
6 1.375 5.5 1.5 92.0 93.50 −1.50
7 1.375 5.5 1.5 95.0 93.50 1.5
8 1.375 5.5 1.5 93.5 93.50 0.00
9 1.375 5.5 1.5 94.0 93.50 0.50

10 2.5 10 1.5 79.0 82.75 −3.75
11 0.25 1 1.5 76.0 72.25 3.75
12 0.25 10 1.5 58.0 59.00 −1.0
13 2.5 1 1.5 69.0 68.00 1
14 1.375 1 2.5 28.0 32.13 −4.13
15 0.25 5.5 2.5 12.0 11.63 0.38
16 2.5 5.5 2.5 48.0 44.88 3.13
17 1.375 10 2.5 30.0 29.38 0.63

The response was correlated with process variables using a second-order model. The
model is customarily stated in Equation (1):

Y = f (x) = β0 +
n

∑
i=1

βi xi +
n

∑
i=1

βiixi
2 ∑

j

n

∑
i=2

βijxixj (1)

where Y is the expected response, β0 is the intercept or the constant regression coefficient,
xi is the independent process factor, βi and βii represent the linear and quadratic regression
coefficients, respectively, and βij is the interaction coefficient in relation to the factors xi
and xj where k is the number of independent variables (k = 3 in the current study). The
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analysis of variant (ANOVA) technique was used to analyze the second-order model’s
fitness statistically.

2.3. Electrochemical Disinfection

After the design of experiments in RSM, the experiments are carried out in batch type
electrochemical reactor according to the design model. The experimental unit consist of
two main parts. A batch type electrochemical chamber and second component is the DC
power supply with a current intensity of 0 to 5 A and an adjustable electrical voltage of 0 to
30 V. Power is supplied from photovoltaic solar system installed on the roof of chemical
engineering department. After each experimental run, the disinfected samples are collected
in sterilized glass vials.

2.4. Microbial Analysis

The electrochemically disinfected samples are tested through microbial analysis. The
plate count method is the most commonly used method for bacterial count [26]. In this
study, the bacterial determination was carried out through the plate count method, in which
Lysogeny Broth (LB) agar medium was used for bacterial growth. LB agar media was
prepared from yeast extract, NaCl, Tryptone, and agar of known concentration. Initially,
the equipment and prepared LB agar media were sterilized in a medical autoclave unit at
121 ◦C for 25 min. Afterward, the diluted samples were poured into the petri dishes that
contain a known volume of cultured media. At last, these petri dishes were incubated in a
microbiological incubator at a temperature of 37 ◦C for 24 h. The bacteria colonies were
counted following the incubation period. Finally, the colony forming unit (CFU) per ml
was calculated using Equation (2):

CFU =

(
no o f colonies ∗ dilution f actor
Volume o f the cultured plate

)
(2)

3. Results and Discussion
3.1. Pretreatment Experiment

Canal water contains highly suspended particles (typically above 100 NTU). The
turbidity should be less than 5 NTU for effective downstream treatment to avoid fouling
filter membranes and deposition on the electrode plates. Silt, characterized as particles that
have a size above 10 µm, can settle down (assuming a particle density of 2650 kg/m3) in
33 min. However, smaller particles suffer repulsive forces and remain suspended for longer.
Mixing appropriate coagulants can reduce the repulsive forces and assist floc formation,
which can settle rapidly [27]. Ferric chloride (FeCl3.6H2O) and alum (Al2(SO4)3·16H2O)
are commonly used in water treatment to minimize turbidity in drinking water [28–31].

The first set of experiments aimed to determine the appropriate coagulant dosage, pH,
and conditions of mixing and settling to obtain residual turbidity of less than 5 NTU. The
pH of the water sample was adjusted by using NaOH and H2SO4 [32,33]. The optimum
coagulant dosage and pH value were tested in the jar experiment. At the start of the
experiment, rapid mixing (350 rpm for 1 min) was performed to enhance the coagulation,
followed by gradual mixing (30 rpm for 20 min) for flocculation. After the mixing profile
was completed, the sample was poured into the Imhoff sedimentation cone for settling.
The flocs that formed were allowed for 45 min to settle down. The volume of sediments
at the bottom and turbidity of the clear water at the top was recorded as a time function.
For turbidity measurements, supernatant samples were obtained 20 mm below the surface
of the water. Residual turbidity was used as the performance parameter. The reactor was
filled with 3500mL of raw water in each experiment, and experiments were performed
according to the design model through RSM.

Turbidity in water is induced by suspended particles and measured in terms of
nephelometric turbidity units (NTU). The fine sand particles, having a particle size of more
than 100 µm, easily settle down in less than 1 min. However, small particles characterized
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as silt require extended settling time or the addition of a coagulant to accelerate the settling
rate. The turbidity of the raw water sample collected from the canal was 92.8 NTU. After
unassisted settling of around 15 min, the turbidity reduced to less than 50 NTU.

The impact of coagulant dosage and pH on the residual turbidity of the raw water
sample, with initial turbidity of 48 NTU, is shown in Figures 2 and 3 for aluminum sulfate
and ferric chloride, respectively. As observed, a 10 ppm dosage of both coagulants is
suitable to reduce the turbidity level to GDWQ standards. For instance, the residual
turbidity of 3.5 and 1.5 was obtained for aluminum sulfate at pH = 7 and ferric chloride at
pH = 6, respectively. Ferric chloride performs better in turbidity removal than aluminum
sulfate, but both meet the quality standards desired for post-treatment. The pH affects
the coagulation/flocculation process, which is well documented in the literature. High
coagulant dosing (above 30 ppm) produces countereffects that might be due to the charge
reversal and instability of the colloidal. These results are in good agreement with the
literature [32].
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3.2. Optimization of Designed Parameters through RSM

The experimental domain of current density, treatment time, and interelectrode spacing
was previously determined during the preliminary experiments [33]. To further investi-
gate the effect of these parameters on the treatment performance and determine optimum
conditions, Box–Behnken design (BBD) methodology was followed, suggesting 17 experi-
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ments with five replicas, as given in Table 2. The experiments were performed under these
designed conditions. Table 2 lists measured and predicted responses of the electrochemical
disinfection at each set of independent variables. As observed, the disinfection efficiency
ranged from 12% to 95%, corresponding to runs # 15 and 7, respectively. The highest
efficiency does not lie at terminal values, suggesting that the variable domain chosen for
the experiments is appropriate. Notice that when using a current density of as low as
0.25 mA/cm2, it is still possible to eliminate 79% of the coliforms. Moreover, it can also be
observed that the predicted response from the model is nearly close to the experimental
response, which represents a good relationship between predicted and actual response.

These results imply the possibility of disinfection without the need to generate a large
amount of electricity, implying lower operating costs and higher reaction time. However, the
interelectrode spacing dominates the response as large spacing causes high ohmic resistance
and expectedly lowers the generation of disinfectant concentration, evident from the low
disinfection efficiency at 2.5 cm spacing (run # 14–17). Therefore, high disinfection efficiency
would make it possible to narrow electrode spacing and low current density value [34].

In order to find out the main and double-interaction effects of independent variables,
an analysis of variance (ANOVA) was carried out. Table 3 presents the regression coef-
ficients, F-ratio, and p-value of the system performance obtained through ANOVA. The
p-values were used to identify the independent variables that have a significant statistical
influence on the disinfection. The value of p < 0.05 indicates that the variable is statistically
significant with a confidence level of 95%. As presented in Table 3, the current density
and interelectrode spacing have p-values < 0.05, suggesting that they directly affect the
disinfection efficiency. The significance of all three variables is in the order of C: interelec-
trode spacing > A: current density > B: treatment time. The double interaction parameters
also fulfill the statistical constraints, implying that their corresponding coefficients have
significant weight in the polynomial equation.

Table 3. Regression coefficients of the proposed model.

Factor Coefficient
Estimate

Standard
Error F-Ratio p-Value

Intercept (β0) 93.5 1.60 90.48 <0.0001
A: Current density (β1) 4.87 1.27 14.83 0.0063
B: Treatment time (β3) 0.38 1.27 0.088 0.7757

C: Interelectrode spacing (β2) −23.5 1.27 344.58 <0.0001
AB (β12) 7 1.79 15.29 0.0058
AC (β13) 11.75 1.79 43.07 0.0003
BC (β23) −1.75 1.79 0.96 0.3609
A2 (β11) −12.75 1.75 53.39 0.0002
B2 (β22) −10.25 1.75 34.50 0.0006
C2 (β33) −29 1.75 276.18 <0.0001

R2 0.991 – – –
Adjusted R2 0.981 – – –

The appropriateness of the developed model was assessed based on the determination
coefficients (R2 and adjusted R2). The results achieved by using the quadratic model
(Equation (3)) were better compared to other fits, with R2 = 0.991 and adjusted R2 = 0.981
(Table 3). Bashir et al. [35] remarked that high values of R2 suggest great accordance
between the estimated data of the model and experimental data. Since both of these
coefficients are very close to unity, it indicates that the model developed is suitable for
describing electrochemical disinfection. The appropriateness of the model is evident from
a good agreement among the experimental and predicted values, as shown in Figure 4.

ηTC(%) = 51.52 + 8.77 A + 4.33 B + 51.28 C + 1.38 AB
+ 10.44 AC − 0.39 BC − 10.07 A2 − 0.51 B2

− 29.00 C2
(3)
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3.2.1. Adequacy of Mathematical Model

The diagnostic plots such as actual vs. predicted values are constructed to evaluate
the adequacy of the developed mathematical model. These plots help figure out the rela-
tionship between the experimentally conducted values and the predicted response values.
Figure 5 illustrates the analytical plot of predicted versus actual values for electrochemical
disinfection efficiency. It can be observed that the data points lie very close to the diagonal
line, which represents the good relationship between the data predicted from the developed
model and the experimental data.
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3.2.2. Effect of Process Variables on the Disinfection Efficiency

The partial effect of process variables is shown in Figure 5. The partial effect plot
illustrates the variation in disinfection efficiency with the various operating factors under
the optimum condition. The reference point on the plot represents the mean values of pro-
cess variables. It can be observed that all three variables nonlinearly affect the disinfection
efficiency. An increase in current density and treatment time mildly affects the efficiency.
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The observation shows that disinfection increases as the current density increases; however,
an opposite trend may also be observed by a further increase in current density due to the
polarization and passivation of electrodes. Oxides are formed on the electrode surface, which
hinders the disinfection rate, yet this leads to an increase in potential. Furthermore, results
reveal that the disinfection rate increases by increasing the reaction time. The percentage
decrease in the coliform count is 93.5% by increasing the reaction time from 1 to 5.5 min.

However, a significant behavior was observed for interelectrode spacing. Increas-
ing spacing reduces efficiency. Moreover, the energy consumption also increases as the
electrode spacing increases. This is expected as an increase in the spacing also increases
the ohmic resistance and decreases the generation of electrochemically generated disin-
fecting agents, which subsequently lowers the disinfection efficiency. These results are
in agreement with [36]. GilPavas et al. [37] remarked that an increase in current density
increases the disinfection of E. coli, and the effect is independent of the electrode type used.
The disinfection has been related to the high generation of oxidizing species, particularly
hydroxide (OH), which was accountable for coliform membrane disruption. Qi et al. [38]
reported that increasing the current density from 15 to 20 mA/cm2 eliminates the microbes
and results in reducing the operating time from 30 to 20 min.

Nevertheless, it has a less significant effect than interelectrode spacing as it directly
affects the medium resistance. In the literature, the medium resistance is commonly
reported in terms of conductivity [39]. To improve the disinfection efficiency, medium
conductivity can be increased by adding NaCl and Na2SO4. It implies that the generated
anions and radicals improve the conductivity and disinfection efficiency.

3.2.3. Combined Effect of Process Variables on Disinfection Efficiency

The additive or nonadditive effect of the process variables can be represented by
combined interaction terms of a mathematical model. The additive impact of two-factor
effects indicates that the influence of one variable on the response is independent of the
level of the other parameter. Figure 6 demonstrates the effect of change in current density
and electrode spacing on disinfection efficiency; as can be seen, the disinfection percentage
increases with a raise in current density. At the same time, a reverse trend was observed in
the case of increasing electrode spacing [23,34]. The combined effect of current density and
treatment time on the disinfection efficiency is presented in Figure 7. This figure illustrates
that reaction time and current density positively affect disinfection efficiency. However,
this ascending trend is predicted for up to 6 min of operating time and current density of
up to 1.4 mA/cm2 [34]. Figure 8 illustrates the effect of reaction time and interelectrode
spacing on disinfection efficiency. In the 3D surface plot, the disinfecting efficiency increase
from the blue to the red color region.
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3.2.4. Optimization

In order to determine the optimum operating conditions for treating the canal water by
using the electrochemical disinfection method, simultaneous optimization of disinfection
efficiency is performed through Derringer’s desirability function method [40]. Here, the
response disinfection efficiency was fixed as maximizing while the operating variables
(A, B, and C) were chosen within the range. A point is evaluated via numerical optimiza-
tion, which maximizes the desirability function. Table 4 lists optimum operating conditions
to obtain the maximum disinfection efficiency. The optimum value of current density,
operating time, and interelectrode spacing was found to be 1.52 mA/cm2, 6.35 min, and
1.13 cm, respectively, resulting in a statistically 98.08% elimination of the total coliform.
Triplicate experiments were performed on the suggested optimum conditions, and the total
coliform was tested. Coliform was not detected in any of these samples, suggesting that
the treated water is biologically safe to consume.
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Table 4. Optimum conditions for disinfection efficiency.

Current Density
(mA/cm2)

Interelectrode
Spacing (cm)

Treatment Time
(min)

Disinfection
Efficiency

(%)
Desirability

1.52 1.13 6.35 98.08 0.98

4. Conclusions

The electrochemical technique is an efficient, environment-friendly, and economical
method for treating biological contaminants in drinking water. The use of stainless steel
316-grade electrodes was found suitable to serve the purpose. The canal water’s turbidity
and biological loads were 92.8 NTU and 10,000 CFU/mL, respectively. To reduce the
turbidity to less than 5 NTU, as per the Guidelines for Drinking-Water Quality (GDWQ) [41],
two different coagulants were tested using a jar test: ferric chloride (FeCl3) and alum
(Al2(SO4)3·16H2O). It was observed that a 10ppm dosage of both coagulants is appropriate
to lower the turbidity level to GDWQ standards. Ferric chloride appears to perform better
in turbidity removal than aluminum sulfate; however, both meet the quality standards
desired for post-treatment.

For electrochemical disinfection, preliminary experiments were performed to identify
the factors affecting the system performance and their domains. Current density, treatment
time, and interelectrode spacing are vital factors in the system design. The experiments were
designed statistically using the Box–Behnken design (BBD) model. Seventeen experiments
were performed at designed conditions with five replicates. The conditions were then
optimized using analysis of variance (ANOVA). A mathematical relationship defined
disinfection efficiency as a function of operating variables such as current density, treatment
time, and interelectrode spacing. The optimum value of current density, treatment time, and
interelectrode spacing was found to be 1.52 mA/cm2, 6.35 min, and 1.13 cm, respectively,
resulting in statistically 98.08% elimination of the total coliform. The current study was
limited to the use of specific electrodes material used in a batch type electrochemical reactor.
For future research, a flow arrangement is recommended for continuous water treatment.
Moreover, a comparative analysis for performance prediction with different electrode
material is also suggested. Optimizing the geometry of electrochemical reactor to have
uniform potential distribution is also recommended for future work.
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