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ABSTRACT

In this study, manganese (Mn II) was determined in aqueous media by
an electrochemical method, and its removal was evaluated using the
aeration-filtration process (AFP). An electrochemical sensor based on
carbon paste (EPC) modified with the 5-Br-PADAP ligand was used
to measure Mn (II) in aqueous media. Through the optimization of
analytical parameters in cathodic stripping voltammetry (CSV), real
boreholes and well water samples could be analyzed for manganese
content. The optimum parameters such as preconcentration potential
(1100 mV), preconcentration time (240s), 5-Br-PADAP ligand
concentration (20 umol L), and electrode rotation speed during
pre-concentration (1000 rpm) were studied and optimized. The
detection limit (LOD) is estimated at 3 x107 mol L' with a relative
standard deviation (RSD) of 3.36%. The real samples showed that
some water points have more concentration than the standard. A
simple, effective, inexpensive, and rural-friendly method was used
for treating manganese-rich water. Following the aeration phase, the
sand and gravel column was filtered to remove manganese (II) from
the water. The removal efficiency of Mn was obtained at a rate of
74.8- 84.5% and more than 95% after two hours of aeration and 1
hour at pH 8 for real samples.

1. Introduction

manganese levels exceed 2 mg L' [2]. Manganese

Manganese is a trace element in the environment.
Besides being essential for human growth, it
also plays an important role in carbohydrate and
lipid metabolism and catalyzes certain enzymatic
reactions [1]. Due to its antagonistic nature towards
calcium, it may also cause irreversible neurological
disorders. These disorders generally occur when
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is mainly found in ores such as pyrolusite (MnO,)
and rhodochrosite (MnCO,). It is widely used in
metallurgy (steels, alloys, welds), the electrical
industry (electrodes, dry cells), the chemical
industry (catalysts, colorants), the glass and ceramic
industries, and in fuel production (organometallic
additives). Depending on pH, dissolved oxygen,
and complexing agents, manganese is found in
water in different valences (II, III, and 1V), soluble
or suspended forms, or complexes. Occasionally,
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groundwater contains a level of 1 mg L, especially
when attacked by water from the support rock in a
reducing environment or when certain bacteria are
active. Under these conditions, it is often associated
with iron, with which it co-precipitates by oxidation.
Generally, surface waters contain less than 0.05 mg
L' [1]. Manganese can give water an unpleasant
taste. Furthermore, even at the lowest dose (0.02
mg L), it can form a black layer (on pipes), making
the water unattractive when detached. Even small
quantities (0.1 mg L) can stain enamel and linen,
which is a problem from a domestic standpoint. As
a result, it stimulates the growth of siderobacteria
(Galllionella) in water treatment plants, disrupting
the operation of sand filters and resulting in pipe
deposits. It can, however, be used in its heptavalent
state as permanganate to eliminate organic matter,
giving water an unpleasant taste. The WHO
recommends a provisional guideline value of 0.4
mg L' for water intended for human consumption
[1, 3]. Various analytical methods have been
used to analyze manganese. The two most used
methods are flame atomic absorption spectrometry
(F-AAS) and UV-visible spectrophotometer [4].
Implementing these methods is time-consuming,
requiring long sample time and pretreatment of
samples before determining the element content
of the matrix under study [5]. Electrochemical
methods are an appealing alternative for detecting
manganese traces due to their rapidity, high
sensitivity, and selectivity. These methods have
the advantage of working with a small sample
quantity and without pretreatment of the sample
[5]. Anodic stripping voltammetry (ASV) with
mercury drop or mercury film electrodes is the
most widely used method for determining trace
metal concentrations in electrochemistry [6, 7].
Since manganese is poorly soluble in mercury
and requires a high overpotential to be deposited
on mercury, this method presents some analytical
challenges for manganese determination [8]. The
potential of the peak associated with manganese
deposition on the mercury electrode and the
potential of the hydrogen reduction wave are

close. Further, manganese determination is
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difficult due to intermetallic compounds formed
with copper [5]. All these factors considerably
reduce the sensitivity of the method. Several
alternatives have been described in the literature
as solutions to these difficulties. Several solid
electrodes (graphite, glassy carbon, carbon fiber,
platinum, boron-doped diamond, etc.) have
been used to measure manganese traces through
cathodic stripping voltammetry (CSV) [9, 10]
after oxidized Mn (II) to MnO, [11]. In addition,
it is possible to perform voltammetry using a
manganese complex adsorbed on the surface of a
mercury or solid electrode after the complex has
been pre-concentrated on the electrode surface.
Several researchers have used cathodic stripping
voltammetry (CSV) of an adsorbed complex to
determine various inorganic cations, including
metals that do not form amalgams with mercury.
As a result, metals such as Fe, Mn, Ni, Co, Al,
Se, As, and Ti have been determined in natural
waters after complexation of the ligands cation
(such as dimethylglyoxime, catechol or oxine),
which is followed by adsorption and cathodic
stripping. The CSV technique has achieved
detection limits of 101> M [12]. Azo compounds
are compounds with the functional group
R-N=N-R’ in their structure. The 2-(5’-Bromo-
2’-pyridylazo)-5-diethylaminophenol group
(5-Br-PADAP) is an azo compound used as a
ligand capable of forming complexes with several
metal ions. Cathodic stripping voltammetry
(CSV) has successfully been used to determine
several metal cations, including Mn (II), Cu (II),
Fe (III), V(V), Bi (III), Cr (III), Co (II), and Ti
(IV) [13, 14]. In this paper, cathodic stripping
voltammetry is used for electrochemically
determining manganese (II) based on the work
of E. Ghoneim et al. [13]. Numerous studies
have examined manganese removal from water
[15-17].
chemical oxidation with chlorine derivatives,

Processes commonly used include

ozone or permanganate, and biological methods.
While it produces good yields, these processes
are not feasible in rural areas because of their
high cost and toxicity [2]. In this article, the
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first objective is to develop an electrochemical
sensor for manganese (II) determination using
2-(5’-bromo-2’-pyridylazo)-5-diethylaminophenol
(5-Br-PADAP) ligand-modified carbon paste. In an
aqueous matrix, optimal analytical parameters are
established for the electrochemical determination
of manganese. As part of a real-life evaluation of
the electrochemical sensor, manganese pollution
in boreholes and well waters were investigated
near Ouagadougou (Burkina Faso). Considering
manganese pollution in rural areas of developing
countries, the second objective of this article is to
propose a simple method for removing manganese
from water.

2. Experimental
2.1. Chemicals and solutions

Ultrapure water (milli-Q water) was used for
all solutions. Mn?* (10° mol L") solution was
prepared by dissolving manganese sulphate
(purity > 99.99%, Sigma Aldrich, CAS N.: 10034-
96-5) in 0.1 M perchloric acid (trace analysis,
Sigma Aldrich, CAS N.: 7601-90-3). A certified
manganese standard (1.0 g L) (Certipur Merck,
CRM 119789) was also used to prepare standard
solutions. The supporting electrolyte was a 0.1 mol
L' acetate buffer (pH 4.5) prepared with acetic acid
(Normapur ACS 95%, VWR, CAS N.: 64-19-7) and
sodium acetate (99.5%, Sigma Aldrich, CAS N.:
127-09-3). The ligand used to complex Mn*" ions is
2-(5’-Bromo-2’-pyridylazo)-5-diethylaminophenol
(5-Br-PADAP, 97% Sigma Aldrich, CAS N.:
14337-53-2). 5-Br-PADAP solution is obtained by
dissolving the appropriate quantity in pure methanol
(99.8% Sigma Aldrich, CAS N.: 67-56-1).

2.2. Carbon paste electrode preparation

The carbon paste electrode used was made by
mixing 2.0 g of graphite powder (diameter < 0.1
mm, 99.9995% Alfa Aesar, CAS N.: 7782-42-5)
and 0.72 mL paraffin oil (Sigma Aldrich, CAS N.:
8012-95-1) in an agate mortar until a homogeneous
paste was obtained. The paste is manually inserted
into the cylindrical cavity of the rotating disk
electrode’s cylindrical tip. The surface of the tip is

then smoothed on clean paper.

2.3. Apparatus

The experimental set-up wused for DPCSV
(Differential Pulse Cathodic Stripping Voltammetry)
and Cyclic Voltammetry (CV) analyses is a
PGstat potentiostat-galvanostat model Voltalab
50 (Radiometer, Copenhagen) controlled by a
microcomputer running Volta Master software
(version 4.0). The dropping mercury electrode
(DME) 150 measuring stand comprises a cell (25
mL) containing an EDI 101 rotating disk electrode
with carbon paste tip (diameter 3 mm), a silver
chloride, Ag/AgCl, 3 mol L' KCIl reference
electrode (E_=0.205 V/ENH. Also, radiometer
model TRO020), a platinum auxiliary electrode
(Radiometer model TM020) and a nitrogen supply
for solution bubbling were used. The morphology
and chemical composition of the surface-adsorbed
complex were obtained using a scanning electron
microscope (SEM controlled by a microcomputer
running TM-100 software, Hitachi, Japan) coupled
to an EDX system (Swift ED-TM software) for
chemical analysis of the electrode surfaces.

2.4. Analytical procedure for manganese (II)
analysis

The three
electrochemical cell containing the electrolyte.

electrodes are immersed in the
During the study of the ligand alone, the supporting
electrolyte consists of 10 mL of acetate buffer solution
and 20 pumol L' of 5-Br-PADAP (10~ mol L. For the
analysis of the Mn (I)-(5-Br-PADAP) complex, the
supporting electrolyte contains 5.0 mL of acetate
buffer solution, 20 pmol L' of 5-Br-PADAP (0.001
M) and 5 mL of the Mn?* ion solution were used. An
anodic pre-concentration potential is applied to the
electrode under constant rotation of 1000 rpm. The
differential pulse cathodic stripping voltammetry
is used for recording the voltammogram after 10
seconds of pre-concentration (Fig. 1). A simple
standard addition method is used to determine the
exact concentration of Mn?* ions in the borehole
and well waters.
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Fig. 1. Schema of analytical procedure

2.5. Real samples of borehole and well waters
The present method is applied to the determination
of Mn?" in the borehole and well waters from
the locality of Yamtenga, south-east of the city
of Ouagadougou, with UTM coordinates: X =
669126, Y = 1363944. Samples were taken at 11
water points (9 boreholes and two wells) every
three months for one year.

2.6. Raw materials for manganese (II) removal

Sand samples were collected in the southern part of
the town of Bobo-Dioulasso in Burkina Faso from a
sand zone extensively exploited by residents. Three
(03) sand samples were collected from different
sites in this area. In the text, they were referenced
to facilitate their identification. Table 1 summarizes
the references for the sand samples and the sampling
locations. The S, and S, samples belong to the

Kawara-Sindou formation, while the S, sample
belongs to the Tabalédougou formation. These
geological formations comprise fine, very fine, or
coarse sandstone-quartzite. The gravel sample was
collected in the commune of Gomboussougou, in the
Zoundweogo province of the Center Sud region of
Burkina Faso (Table 1). The gravel sample was found
in a waterway formed by erosion of alkaline granite.
Alkaline granite, clear to mesocratic, has a medium
to coarse-grained texture, whether porphyritic or not.
In addition to the presence of alkali feldspars and
quartz, this rock is also characterized by the presence
of alkaline (sodic) ferromagnesian minerals.

2.7. Granulometric characterization of raw
materials

Studying a sample’s particle size enables us to
determine the distribution of grain sizes. One of the

Table 1. Reference names of sand and gravel samples and their geographical coordinates

GPS coordinates (UTM)
Sample Characteristics
X Y
. Red-brown sand 970 368 946 233 1
, Pink sand 091 369 360234 1
N White sand (coarse-grained) 373 369 557234 1
GOM Fine gravel 633 739 074 246 1




80 Anal. Methods Environ. Chem. J. 6 (4) (2023) 76-92

most common methods of determining grain size
is to sieve through sieves with decreasing cross-
sections. It allows us to distinguish between the
“pass,” or quantity of product that passes through
the mesh, and the “reject,” or quantity that remains
in the sieve. The sum of pass and reject for a given
sieve equals the total sum of the product tested [18].
To determine the particle size of sand, three samples
were analyzed. After washing and drying, a 100 g
sample was sieved through 7 AFNOR standardized
sieves. The mesh sizes in mm are 1, 0.5, 0.4, 0.35,
0.25, 0.20, 0.16, and 0.125. The calculation of the
weight percentage of each refusal and that of each
pass are given by Equations 1 and 2 [2].

% Rejection = (A/B)x100 (Eq. D)
% Passing = ((B-A)/B)x100 (Eq. 2)

With: A, weight of refused material in g and B,
initial weight.

These percentages are used to establish the
granulometric curve of the sand samples and
determine the Coefficient of Uniformity (CU) as
Equation 3.

CU=d/d,=d,/d (Eq. 3)

40" 790

Where d (d,)) is the diameter through which 60% of
the sand passes (retaining 40% of the sand) and d
(dy,) is the diameter through which 10% of the sand
passes (including 90% of the sand).

Knowing the CU lets us know whether the sand is
homogeneous and, therefore, suitable for filtration.
Homogeneity is achieved if 1.2 < CU < 1.8 [2]. The
diameter through which 10% of the sand can pass is
called the effective size, ES =d,  [19]. Gravel particle
size analysis was also carried out according to the
abovementioned procedure. AFNOR standard sieves
have mm dimensions (6, 4, 3.15,2.5, 2, 1.6, 1.25, 1).

2.8. Filter description and analytical procedure
for removal tests

To implement the method of aeration followed by
filtration, we carried out laboratory-scale tests using a
filtration column. The column is shown in Figure 2,
with the following characteristics: length 43 cm,
outside diameter 4 cm, and inside diameter 3.2 cm.
The column is filled with a 10 cm layer of gravel,
topped with 20 cm of sand. The sand and gravel
are washed thoroughly with water to remove any
impurities that may contaminate the treated water.
For the manganese removal tests, we intentionally
spiked ultrapure water with Mn (II) at 5 mg L' (an
arbitrary concentration corresponding to water with

L
o

Column

'

Water

Resting water
Fine sand 8

Fine gravel

Fig. 2. Filtration column for aeration-filtration
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a high Mn (II) content). This water was aerated with
atmospheric oxygen for a total of 120 min. The water
was passed through the column at time intervals, and
the residual Mn (II) concentration was determined.
The analysis was conducted at three different pH
levels (6, 7, and 8). These three pH values generally
cover the pH of groundwater. Concentrated NaOH
sodium hydroxide and HCI hydrochloric acid were
used to adjust the pH of the water. The method for
determining Mn?" ions is described in section 2.4.

3. Results and discussion

3.1. Voltammetric determination of manganese
j

3.1.1.Cyclic and differential pulse voltammetry
Figure 3a shows the voltammogram recorded in a
solution of the supporting electrolyte containing only
Mn?* ions. Due to the Results, no anodic or cathodic
peaks are recorded with or without pre-concentration
potential. Based on the contact of Mn*" ions with
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the ligand, the voltammogram is shown in Figure
3b. Also, a cathodic sweep from 1.1 V to 0.4 V was
performed without pre-concentration potential by
a return sweep. In Figure 3b, we obtain an anodic
signal, at 0.80 V, but no significant signal exists
in the cathodic direction. After pre-concentration
at a potential of +1.1 V for 2 min under constant
electrode rotation, we record cyclic voltammetry, a
cathodic peak at 0.644 V, in addition to an intense
anodic peak at 0.84 V (Fig. 3c). The increase in
ligand and manganese concentration also leads to an
increase in the intensities of the two peaks and. The
difference AE between the potentials of the anodic
and cathodic peaks in the voltammogram of Figure
3c is equal to 0.22 V, reflecting the high degree of
irreversibility of the processes involved [20]. In
DPCSYV, as expected, we obtain an intense, better-
resolved cathodic peak (Fig. 4). DPCSV will be
used to analyze manganese in wells and boreholes
water. Consequently, the accumulation process

100 I I

80 |

(a)

(b) (c)

i (uWA/cm?)
H
o

N
o
T

-40 ! !

0.2 0.4 0.6
E (V)
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Fig. 3. Cyclic voltammograms at the carbon paste electrode at 25 mV/s: (a) in the supporting electrolyte

(acetate buffer 0.1 mol.L-! pH 4.5) containing Mn?* ions 4 10 mol.L"' with or without pre-concentration

potential; (b) in the supporting electrolyte containing Mn*" ions 4x10° mol.L! and ligand 5-Br-PADAP

20 pmol.L! without pre-concentration potential, cathodic then anodic direction (from 1.1 V to 0.4 V);

(c¢) same conditions as in (b), except that a pre-concentration potential is imposed (pre-concentration

potential: 1.1 V; pre-concentration time: 2 min; electrode rotation: 1000 rpm)



82 Anal. Methods Environ. Chem. J. 6 (4) (2023) 76-92

35 T

30

25

20

i (WA/cm?)

15

10

1.2 1.4

E (V)

Fig. 4. DPCSV of a standard solution of Mn*" ions 1.5 x10° mol.L"! in the supporting
electrolyte after addition of 20 pmol.L! of the 5-Br-PADAP ligand, with pre-electrolysis

before voltammogram recording (pre-concentration potential: 1.1 V; pre-concentration

time: 2 min; electrode rotation: 1000 rpm)

at positive potential enhances the adsorption of
the complex to the electrode surface. This is not a
simple accumulation of material in the interfacial
zone but a reactive phenomenon leading to specific
adsorption on the electrode surface.

3.1.2. Effect of pre-concentration potential
Figure 5 illustrates the variation of peak current
with pre-concentration potential. The highest peak

current was obtained at a potential of 1100 mV.
Therefore, this potential was chosen as the pre-
concentration potential.

3.1.3. Effect of pre-concentration time
Cathodic stripping peak current was studied by
varying pre-concentration time between 0 and

w
M

Current (nA/cm?)
(3]

0 * . T

600 700 800 900

1000 1100 1200 1300 1400
E (mV)

Fig. 5. Effect of pre-concentration potential on reduction peak current (pre-concentration
time 2 min, rotation speed 400 rpm, 5-Br-PADAP: 50 pmol L)
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Fig. 6. Effect of pre-concentration time on reduction peak current
(pre-concentration potential 1100 mV, stirring 400 rpm, 5-Br-PADAP: 50 umol L', pulse amplitude 40 mV)

300 seconds. Figure 6 illustrates the increase in
current with increasing deposition time. For further
analysis, 240 seconds were selected as the pre-
concentration time.

3.1.4.Effect of electrode rotation speed

The influence of electrode rotation speed during the
pre-concentration step was studied by varying this
speed between 0 and 1000 rpm. The results indicate
that the redissolution current increases with the
rotation speed of the electrode. For the remainder of
our work, we used the highest value provided by our

speed controller, i.e., 1000 rpm.

3.1.5.Effect of ligand concentration

Various concentrations of 5-Br-PADAP ligand are
tested, ranging from 0 to 60 umol L. Figure 7
shows that the redissolution current increases with
5-Br-PADAP concentration, picking at 20 pmol L™
and stabilizing. Therefore, the optimum value for
this parameter is 20 umol L.

3.1.6. Morphological study and chemical
composition of the electrode surface

The morphology and chemical composition of the

35 4

25 - ’E‘

20 - ’

15 - '

Current (nA/cm2)

0 -

30 - _'E"‘"-

0 10 20

Concentration en Ligand 5-Br-PADAP (uM)

30 40 50 60

Fig. 7. Effect of 5-Br-PADAP ligand concentration on reduction peak current.
(pre-concentration potential 1100 mV, pre-electrolysis time 4 min, electrode rotation speed 1000 rpm,
pulse amplitude 40 mV)
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Fig. 8. SEM images at two resolutions of modified carbon paste after deposition of the manganese
complex from a solution of the supporting electrolyte (acetate buffer 0.1 mol L' pH 4.5) containing
the ligand 20 umol L' and the Mn?* ions 10 mol L', the deposition potential being +1.1 V)

complex on the surface of the carbon paste electrode
were established by scanning electron microscopy
(SEM) combined with EDX chemical analysis.
Figure 8 shows the appearance of the carbon paste
electrode at a pre-concentration potential of 1.1 V
carried out in a solution of the supporting electrolyte
containing Mn?" ions at a concentration of 10 mol
L. Different diameter plates were found assembled,
identifying a chemically modified surface by a non-
homogeneous complex film, i.e. a rough deposit
[21]. The EDX spectrum corresponding to the
image shows the presence of manganese (100%
Mn and no trace of any other metal) in the layer
formed on the surface at a potential of 1.1 V.

3.1.7.Analytical application

The modified electrode response towards Mn?* is
determined by plotting calibration curves obtained
from successive additions of Mn?* ions (Fig. 9).
The calibration line has a correlation coefficient of
0.997, which is satisfactory for the concentration
range studied. The limit of detection (LOD) is

calculated as Equation 4 [22].

LOD= (k xSy)/a (Eq. 4)
k is a constant equal to 3, Sy is the residual
standard deviation between measurements,
and a is the slope of the calibration line. The
calculated detection limit, in the concentration
range 10°¢ — 7 x 10° mol L', is 3 x 107 mol
L' (0.016 mg L'). Then, the standard addition
method assays a certified manganese standard at
1 mg L. The recovery rate obtained was of the
order of 97%. In terms of precision, the i = f(E)
curve was recorded n times for a constant Mn>*
concentration. For n=5 and [Mn?"] =2 x 10°® mol
L. A standard deviation between measurements
of 0.75 was found. The calculated RSD (Relative
Standard Deviation) is 3.36%.

Overall, these results are satisfactory and
demonstrate that the method is reliable for
determining the concentration of Mn?" ions in

solution. Therefore, the technique was applied
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Fig. 9. Curves obtained by DPCSV after successive additions of 10 pL of Mn*" ions
102 mol.L! to the supporting electrolyte solution (acetate buffer 0.1 mol L' pH 4.5)

containing Mn*" ions 10 mol.L-!. The inset in the top right-hand corner shows the

calibration line in the concentration range 10°~7x10° mol L. (pre-concentration

potential: 1.1 V; pre-concentration time: 2 min; electrode rotation: 1000 rpm)

to determine Mn?" in boreholes and well water
in Yamtenga. Figure 10 shows the results of
measurements conducted on real samples. This
figure shows the spatio-temporal evolution of
manganese (II) content in this area’s borehole and

well water samples.

According to the analysis, manganese levels in the
water ranged between 4.36 x10~ and 1.738 mg.L".
Levels of these contaminants vary from one water
point to another and vary according to the sampling

2 -
1.8 4 —e—1st sampling
16 | —#—2nd sampling
3rd sampling
141 4th sampling
1.2 A
S 0
g
+ 0.8 4
o«
=
= 06 -
0.4
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0 1 2 3 4 5 6 7 8 9 10 11 12
Samples

Fig. 10. Spatio-temporal evolution of manganese (II) content in real samples
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period. Manganese in water is an organoleptic
(metallic taste) and aesthetic nuisance (black
color). Consumers can feel the nuisance at
concentrations 0f 0.03 mg L' (the WHO standard
for manganese). Waters with concentrations
above the WHO standard are points 2, 4, 5, 8, and
10. As the geological landscape of the Yamtenga
area consists of medium-grained gray granite
with biotite and rare muscovite, manganese
is not a major constituent of the granite type
studied in our area, whose dissolution could
result in water borehole pollution. A possible
explanation for the presence of manganese in
groundwater is that the manganese is infiltrated
by water from the dam. Since the dam is
located near a city, human activity contributes
significantly to water pollution in the dam and its
tributaries. Consequently, the local population
rejects these water sources due to the alteration
of their organoleptic characteristics, resulting in
complaints about their safety.

3.1.8.Comparison to other methods

To assess the performance of the present method based on
the LOD and RSD, it was compared with other methods
reported in the literature for Mn (II) determination. The
comparison is given in Table 2. Recently, many researchers
have worked on determining manganese (II) ions in water,
food, and vegetable samples using atomic absorption
spectrometry, ultrasound-assisted-dispersive-micro-solid
phase extraction, or multi-walled carbon nanotubes [28-
31], but the proposed method based on 5-Br-PADAP
coupled to DP-CSV and ASV is simple, fast, low cost and
accurate/precise results as compared to others.

As a cheap instrument and a simple procedure, our
electrochemical method performs relatively well at a
low cost and detection limit. As a result, this sensor could
be considered a good choice for Mn (II) determination.

3.2. Manganese removal by aeration-filtration
3.2.1.Granulometric analysis

The complete granulometric analysis curves for S ,
S, and S, are shown in Figure 11.

Table 2. Comparison of experimental results with reported data for Mn (II) determination

Method/ Technique LOD RSD Reference
Rotating carbon paste disk electrode/DP-CSV 4x10* mol. L' 3% [11]
Boron-doped diamond/DP-CSV 7.4x10"mol. L / [23]
Bentonite—porphyrin CPE/ASV 1.07x10"7 mol. L™ 2.30% [24]
1-(2-pyridyl azo)— 2-naphthol — CPE/ DP-CSV 6.9x107° mol. L! 2.90t0 7.20 % [25]
Ion-Selective Membrane Electrode/ Potentiometry 8.0x107° mol. L™ / [26]
Silver Nanoparticles/ Colorimetry 0.06 pmol. L / [27]
Ilr;l;r(l)(t)llf]ilei:ation on chloro-functionalized multi-walled carbon 0.12 ug L' / 28]
Ultrasound assisted-dispersive-micro-solid phase extraction 0.007 ug L' %23 [29]
Flame atomic absorption spectrometry (FAAS) 0.75 ug L™ Lower than 7% [30]
Cloud point extraction and graphite furnace atomic absorption 0.020 (ng mL™") 350, [31]
spectrometry

CPE-5-Br-PADAP/DP-CSV 3 x107 mol.L"! 3.36% This work

DP-CSV: differential pulse cathodic stripping voltammetry
ASV: Anodic Stripping Voltammetry.
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Fig. 11. S, S, and S, granulometric distribution

Table 3. Granulometric parameters and uniformity coefficients for S, S, and S, samples

Parameters d,, (um) d,, (um) d,, (um) d,, (um) CU
S, 200 390 440 840 2.2
S, 150 240 275 650 1.8
S 230 530 625 910 2.7

The main granulometric parameters and the coefficient
of uniformity (CU) of the three sand samples were
determined based on the granulometric analysis
curves. These data are presented in Table 3. Among
the three sand samples, S, and S, have CU values that
exceed the range recommended for sand filtration. The
S, sample falls within the recommended range with a
CU value of 1.8. This sand is more homogeneous and
more suitable for filtration [2]. So, it will be used for
our filtration tests.

The complete granulometric analysis curve for
GOM is shown in Figure 12. We extract the gravel
sample’s main granulometric parameters and its
uniformity coefficient from this granulometric
curve. The GOM’s granulometric
parameters and coefficient of uniformity are

main

shown in Table 4.

3.2.2.Manganese (II) removal tests

The results of manganese (II) removal tests as
a function of aeration time and pH are shown in
Figure 13. For filtration, the sand used is suitable
S, and the gravel was GOM.

Manganese removal corresponds to Mn (II)
oxidation by atmospheric oxygen. This oxidation
is followed by its respective precipitation on the
filter as manganese oxide MnO,. The manganese
oxidation reaction is written [32-34].

2Mn* + O, + 2H,0 — 2MnO, |+ 4H"
(Eq. 5)
The aeration-filtration process allows a removal
rate of manganese, after 2 hours of aeration, of
74.8% at pH 6, 79.3% at pH 7, and 84.5% at pH 8.
It should be noted that at pH 8 and for one hour of
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Table 4. The GOM’s main granulometric parameters and coefficient of uniformity

Parameters

dl

, (mm)

d,, (mm) d,, (mm)

d,, (mm)

CU

GOM

1.65 32 35
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Fig. 13. Evolution of manganese removal rate during aeration-filtration

at different pH values
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aeration, we obtained a removal rate of 95%. This
value decreased and stabilized at 84.5% after 2
hours of aeration. The removal of manganese is
highly dependent on the pH of the water [35].
Also, manganese removal increases with pH.
Several studies have concluded that manganese
cannot be removed with simple aeration using
atmospheric oxygen [17]. As aresult of successive
filtrations on the same sand filter, manganese can
precipitate or adsorb onto the manganese oxide
formed [2], which justifies the high removal rates.
In this study, manganese removal rates are similar
to those in the literature. Also, Lanciné et al. used
aeration followed by sand filtration to remove
iron and manganese from borehole water in rural
areas. In this process, 71% of manganese was
removed after 1 hour of air aeration [2]. Cheng
et al. used aeration, a manganese sand filter,
and ultrafiltration for manganese removal from
water. By using this process, manganese can be
removed from water by 90% [36]. Jez-Walkowiak
and colleagues researched the filtration process
on the pilot scale using three different filtration
materials. In all of the research cycles, they
demonstrated high efficiency in manganese
removal and the highest stability of effects with
the auto-activated bed (100%); Gabon manganese
ore was characterized by high efficiency (90%)
in removing manganese from filtrated water;
silica sand was represented in the beginning by
the lowest Mn removal efficiency (20%) but was
observed to increase with time [37]. EI-Naggar
obtained similar results when he investigated the
removal of Mn through the filtration of different
types of sand at different depths and during
filtration. According to this author, the best results
were obtained at a filter material depth of 90 cm,
producing a manganese removal rate of 100%
[38]. Using aeration and coagulation-flocculation,
Ntakiyiruta et al. demonstrated the possibility
of removing manganese ions with an efficiency
of over 90.34 percent [17]. The removal rates
obtained by this method are also comparable to
those obtained by biological treatment. Casalini
et al. proposed a biological manganese removal
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process that achieved a 95% removal rate at the
filter outlet [39]. The researchers showed that
manganese (II) can also be removed from water
by nanotechnology processes [40]. El Shahawy et
al. removed Mn (II) ions from wastewater using
an AgNPs/GO/chitosan nanocomposite material.
Their study achieved a high removal rate of
97.9% [40].

4. Conclusion
As part
developed an
determining manganese (II) in the presence
of the ligand 2-(5’-Bromo-2’-pyridylazo)-5-
diethylaminophenol (5-Br-PADAP) on a carbon
paste electrode. By optimizing the analytical

of the present work, we have

electrochemical sensor for

parameters with cathodic stripping voltammetry
(CSV), the sensor has determined the manganese
content of water samples taken from wells and
boreholes. The manganese content of the water
analyzed ranged from 4.36 x 10 to 1.738 mg.L"".
Therefore, treating water with manganese levels
exceeding the WHO standard is necessary. An
investigation was conducted in the laboratory
to develop a low-cost process for removing
manganese from boreholes and well waters,
particularly by aeration and filtration. Based on
air-oxygen oxidation and then filtration on sand
and gravel, the process can be used in rural,
suburban, and family environments without
strong oxidants, which are generally toxic
chemicals. The manganese removal efficiencies
achieved in this study (74.8% to 84.5% for two
h of aeration, 97% at pH 8, and for one h of
aeration) demonstrate the interest in using this
process in rural areas, particularly in developing
countries with low incomes.
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