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Abstract: The objective of this study was to evaluate the effectiveness of powdered Boscia Senegalensis (Pers.) Lam. ex Poir
plant as a natural coagulant for turbidity removal in raw water and the improvement of drinking water quality. Jar tests were
conducted using different amounts of Boscia Senegalensis leaves (BSL) and barks (BSB) to determine their efficacy in reducing
turbidity levels, starting with a turbidity range of 700-600 NTU. The results demonstrated that both BSB and BSL powders
exhibited activity in turbidity removal. The BSB powder achieved turbidity removal percentages of 24.74, 88.17, 87.87, 87.48,
88.33, 86.83, and 82.00% for the different flocculent amounts (0, 0.2, 0.4, 0.6, 0.8, 1.0, and 1.2 g/l) tested. Similarly, the BSL
powder achieved turbidity removal percentages of 22.91, 59.94, 67.63, 65.86, 64.26, 61.53, and 54.33%. The optimal dosage
for BSB was determined to be 0.8 g/I, resulting in a turbidity removal percentage of 88.33%, while the optimal dosage for BSL
was 0.4 g/l, achieving a turbidity removal percentage of 67.63%. Other parameters, including pH, alkalinity, and total dissolved
solids (TDS), were also analyzed. The pH values showed minor changes, decreasing from 8 to 7.7 for all tested doses of both
BSB and BSL. Alkalinity levels slightly increased, ranging from 92 to 90 mg/I for BSB and from 86 to 120 mg/I for BSL. The
alkalinity increased with higher doses of BSL and BSB, indicating a correlation between the coagulant dosage and alkalinity.
Overall, the results indicated that Boscia Senegalensis demonstrated efficiency in turbidity removal. The BSB powder exhibited

superior performance compared to the BSL powder, which is consistent with previous studies on the topic.

Keywords: Boscia Senegalensis, BSB, BSL, removal turbidity, water treatment.

1. INTRODUCTION

An estimated 75 % of the Earth’s surface is water; about 97 % of this water is not drinkable, and 2 % is solids

in the form of glaciers and ice caps [1-3]. The residual of this amount, that is, 1 %, is fresh water available to
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humanity. These are small amounts found in groundwater and surface water [4]. The absence of good-quality
water is the reason for the deaths of an estimated 5 million children in developing countries [5-9]. If discharged
into water, chemical, physical or biological pollutants (from runoff, soil erosion, or microbial presence) may
be deposited on a waterbed or suspended [10], causing turbidity [11]. Turbidity is considered one of the most
common characteristics of water contamination. Turbidity, which can make water appear muddy or cloudy, is
caused by dissolved and suspended matter, such as some kind of clay, silt, finely divided organic matter,
plankton and other microorganisms, organic acids, and dyes [12-16]. Many researchers have treated
coagulation in raw water by using various presses, such as chemical precipitation, extraction of the different
solvents, ion exchange, and the reverse osmosis technique [11]. The chemical method is the most effective,
and is commonly used to treat water in large treatment plants. In contrast, natural coagulants are often used in
rural areas [17], which can be sustainable processing resources [18-21]. The natural coagulants in water
treatment are biodegradable [22], renewable [23], cost-effective [24], charge-neutralizing [25], most
importantly [20], non-toxic [20, 26], and they can also efficiently remove turbidity [11, 27, 28]. This study
compared the parts of Boscia senegalensis (leaves and barks). Its use as a natural coagulant, Boscia
senegalensis, was studied to remove turbidity from drinking water in rural areas where the plant is available
in large quantities. Secondly, the study used the plan in powder format, which reduced the turbidity in general.
Boscia Senegalensis (family Capparidaceae) is an evergreen shrub [29]. It is native to the Sahel and Sahara
savannas stretching from Mauritania, Senegal, Mali, Niger, Nigeria, Chad, Cameroon, and across Africa to
Egypt, Sudan, Somalia, Ethiopia, and Kenya [29, 30]. The research aimed to evaluate the effectiveness of
Boscia Senegalensis (Pers.) Lam. ex Poir plant parts (leaves or barks) in removing turbidity from untreated

raw water.

2. MATERIALS AND METHODS

2.1 Analytical Methods:

In this study, various doses of Boscia S. powder (leaves and barks) were utilized to reduce water turbidity
under both wet and dry conditions, specifically in June 2021 and March 2022. Physical tests were conducted
on the collected samples, including temperature, pH, turbidity, total dissolved solids (TDS) concentration,
odour, colour, and alkalinity measurements. Turbidity concentration was quantified using a turbidity meter
(HACH Code: 2100P, Abéché, Chad) and (HACH Code: 2100N, Hach instruments, Bahri, Sudan) in units of
nephelometric turbidity units (NTU). Total alkalinity was determined using standard titration methods [31].
The multi-parameter instrument from the Bahri Water Treatment Plant Laboratory in Sudan was employed to
measure temperature, pH, and TDS.

2.2 Collection of the untreated raw Water:

Untreated raw water samples were obtained from various sources in the rural area surrounding Abéché, Chad
Republic, including small ponds and a large pool known as Abou-Kdos. These water resources are extensively
used for daily consumption, particularly for drinking and household purposes. The Abou-Kdos pool covers an

approximate area of 10,000 m?, making it a significant regional water source. Additionally, samples were also
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collected from the Blue Nile River in Khartoum Bahri, Sudan. These diverse raw water sources provide
valuable samples for water quality assessment and analysis in the respective regions.

2.3 Jar test:

The jar test is a widely recognized and standard process used in water treatment [32]. The jar test's fundamental
principle involves adding coagulants to untreated raw water. Coagulants, which are electrolytes, form micelles when
introduced into water. These micelles neutralize the colloidal materials present in the water, resulting in the
formation of larger flocs that gradually settle down. In this study, a plant-based natural coagulant in the form of
defatted and fine powder was added to the water using the following procedure: Experiments were conducted in
liter beakers filled with (500+5) ml of turbid water, which were then placed in the Jar Test apparatus. Various doses
of BSB and BSL powders were added to the beakers during the coagulation stage. The beakers were agitated rapidly
for three minutes at a speed of 160 revolutions per minute (rpm). Subsequently, the mixing speed was reduced to 30
rpm for 20 minutes during the flocculation stage. In the settling stage, the suspensions in all beakers were left
undisturbed for approximately 40 minutes to allow for natural sedimentation. After this process, the beakers
collected the supernatant to measure turbidity and other parameters such as temperature, pH, total dissolved solids

(TDS), and alkalinity. The percentage of turbidity removal can be calculated using the following

Ti—Tf

equation: Turbidity removal (%) = =

X 100 %

Ti is the water's initial Turbidity, and Tf is the final Turbidity after the treatment [33].

2.4 Preparation of Boscia Senegalensis plant:

The coagulant used in this study was obtained in powdered form from the plant through a sequence of operations.
First, the plant material was thoroughly cleaned and washed with potable water. Then, the thin barks of the plant
were carefully scraped off and dried in a location shielded from direct sunlight. Subsequently, the dried plant
material was ground into a fine powder in the laboratory using a pestle and mortar. The resulting powder had particle
sizes ranging from 0.200 to 0.5 mm for both leaves and barks [33, 34]. The Jar Test experiments used the fraction
of the powdered coagulant with these specific particle sizes. For visual reference, Figure 1 depicts the appearance

of the Boscia Senegalensis (Pers.) Lam. ex Poir. Plant.

Figure 1. Boscia senegalensis (Pers.) Lam. ex Poir
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2.5 Characterization of the plant:

To assess the functional groups, present in the dried leaves of the plant powder, Fourier transform infrared
spectrophotometer (FTIR) analysis was conducted. This analytical technique provides valuable insights into
the sample's chemical composition and functional groups. The dried leaves of the plant powder were prepared
for FTIR analysis by obtaining a representative sample. The sample was then finely ground to ensure
homogeneity. Subsequently, the powdered sample was pressed into a pellet or prepared as a thin film for

analysis using an FTIR spectrophotometer (Shimadzu Code: HI-8400S, Japan, University of Khartoum
Shambat, Sudan).

3. Results and DISCUSSION
3.1 Results

3.1.1 Characterization of functional groups in dried leaves of Boscia Senegalensis using FTIR

The infrared spectrum of Boscia S. leaves was obtained using an FTIR spectrophotometer in the wavenumber range
of 4000 to 400 cm™2. Figure 2 illustrates the infrared spectra of Boscia S. leaves. The spectrum displayed an intense
stretch in the range of 3000-3500 cm™?, indicating the presence of the polymeric hydroxyl group (O-H) bond. A
stretching vibration of C-H at 2925 cm™* was observed between 2800-3000 cm ™2, suggesting its presence in phenols
[35, 36]. The bands at 1731 cm™ indicated the presence of the carbonyl function (C=0) typically found in amino
acids (proteins) esters. A peak at 1645 cm™! indicated the presence of C=N bonds. In the range of 1300-1500 cm—1,
several weaker peaks corresponding to phosphodiester groups were observed, along with a bending vibration of CH,
at 1315 cm™. The peak at 1242 cm™* indicated the presence of phenolic compounds with a CO bond. An additional
peak at 1398 cm™ suggested the presence of amino acid side chains. In the 940-1175 cm™ range, peaks
corresponding to CO vibrations of phenols and flavonols were observed [35, 36]. A peak indicated the presence of
an aromatic CH bond at 619.11 cm™. Previous studies [14, 33, 37] have reported that these peaks confirm the

presence of amide groups (NH), while the carboxyl group (COOH) has been found to remove turbidity from turbid
water.
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Figure 2 : FTIR analyses of Boscia Senegalensis (Pers.) Lam. ex Poir
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Table 1: The results of removal turbidity, pH, TDS, and Alkalinity for BSL at different doses and

comparison with WHO Parameter Guidelines [38]

Exp. DOSE Turbidity Removal pH TDS Alkalinity
(9/L) (%) (mg/L) (mg/L)
1 0 22.91 8 115 86
2 0.2 59.94 8 124 110
3 0.4 67.63 8 133 110
4 0.6 65.86 8 142 112
5 0.8 64.26 7.9 152 114
6 1 61.53 7.9 162 120
7 1.2 54.33 1.7 172 120
G.L.WHO <5NTU 6.5-8.5 <300

*G.L. WHO is the Guidelines Standards of the World Health Organization (WHO).

3.1.2 Coagulant's effect on untreated raw water treatment efficiency

Tables 1 and 2 present the primary characteristics of untreated raw water both before and after treatment. The results
provided in these tables, along with the corresponding figures, demonstrate the impact of the coagulant on the
removal efficiency of turbidity, total alkalinity, pH, and total dissolved solids (TDS).

Table 2:. The results of removal turbidity, pH, TDS, and alkalinity for BSB at different doses and

comparison with WHO Parameter Guidelines. [38]

Exp. DOSE Turbidity Removal pH TDS Alkalinity
(9/L) (%) (mg/L) (mg/L)
1 0 24.74 7.9 115 92
2 0.2 88.17 1.7 122 90
3 0.4 87.87 7.7 130 90
4 0.6 87.48 7.7 135 90
5 0.8 88.33 7.7 143 90
6 1 86.83 7.7 150 90
7 1.2 82.00 1.7 156 90
G.LWHO <5NTU 6.5-8.5 <300 ----

*G.L. WHO is the Guidelines Standards of the World Health Organization (WHO).

3.2 Discussion
3.2.1. The Effect of Biomass Dosage on Removal Turbidity:
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Figure 3 illustrates the impact of dosage on water turbidity removal using coagulants derived from the Boscia
Senegalensis plant. The powdered forms of BSL and BSB were utilized as distinct coagulants and added to untreated
raw water at dosages of (0.0, 0.2, 0.4, 0.6, 0.8, 1, and 1.2) g/L. The turbidity removal results for BSB powder were as
follows: 24.74, 88.17, 87.87, 87.48, 88.33, 86.83, and 82.00 % at respective dosages. Similarly, the turbidity removal
percentages for BSL powder were 22.91, 59.94, 67.63, 65.86, 64.26, 61.53, and 54.33%. The findings demonstrate
the optimization of BSL in conjunction with BSB for treating highly turbid water, as depicted in Figure 3 and Tables
1 and 2. The results indicate that the optimal dosages for high turbidity reduction were 0.8 g/L for BSB (88.33%
removal) and 0.4 g/L for BSL (67.63% removal). However, it should be noted that even at the highest dosages,
turbidity could not be reduced below 50 NTU when it initially exceeded 600 NTU. These results differ from a
previous study [30] aiming to achieve turbidity levels below 5 NTU. The disparity can be attributed to variations in
flocculation and settling times, as the previous study employed a 24-hour duration, whereas our study utilized less
than an hour. Coagulation mechanisms involving polymeric matter can be categorized as anionic, cationic, or non-
ionic, with the former two collectively known as polyelectrolytes. Natural coagulants, often polysaccharides or
proteins, are referred to as polyelectrolytes in many studies despite non-ionic polymers potentially possessing charged
interactions due to partially charged groups (e.g., —OH) along their chains [39]. The observed saturation of polymer
bridge sites at the given dosages resulted in the re-stabilization of unstable particles, as there were insufficient
particles available to form additional interparticle bridges [40]. In this study, the results showed that the optimum
turbidity removal was reduced to 88.33% for BSB and 67.63% for BSL. Results of previous studies in which several
plants (Aloe vera, Moringa oleifera, Maerua subcordata, Moringa stenopetala, and Acorn Leaves) as natural
coagulants in different doses were used showed the turbidity removal efficiency decreased to (87.84%, 99%, 80%,
83%, and 91.07%) [14, 40, 41, 33], respectively. It was observed that all amounts could not mitigate the residual
turbidity below 50 NTU when it was at high levels in this study. These plants were used as one of the natural
treatment methods for drinking water in different regions and countries, depending on the availability of the plant in
the country of study.
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Fig 3. Effect of biomass dosage (BSL & BSB) on turbidity removal efficiency using coagulants

3.2.2 Effect of Coagulant Dosage on Water pH and Total Alkalinity:
Figures 4 and 5, along with Tables 1 and 2, illustrate the influence of coagulant dosage on pH and alkalinity
parameters in turbid water. When coagulants derived from the Boscia Senegalensis plant, namely BSL and BSB,

were introduced, slight variations were observed in pH and alkalinity values. These results can be attributed to the
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organic nature of the coagulant materials, as mentioned in the literature [14]. The organic matter present in the
coagulants, specifically the protein chains within the protein molecules, plays a significant role in aggregating
certain substances and forming flocs. Conversely, coagulants based on metal hydrolysis release hydrogen ions (H+)
into the water, decreasing pH. Additionally, alkalinity is generated by dissolved carbon dioxide (CO-) species,
typically expressed as mg/l CaCO3. Also, a previous study that looked into how well Aloe vera worked as a natural
coagulant found that pH and alkalinity did not have a big effect on the process of purifying water [14].

pH
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0 0.2 0.4 0.6 0.8 1 1.2
doses g/l

Fig 4. Effect of biomass (BSL&BSB) dosage on water pH levels using coagulants
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Fig 5. Effect of biomass (BSL&BSB) dosage on water alkalinity levels using coagulants

3.2.3 Effect of Coagulant Dosage on Total Dissolved Solids (TDS):

Figure 6, along with Tables 1 and 2, demonstrate the influence of coagulant dosages on the levels of Total
Dissolved Solids (TDS). TDS refers to the total amount of ions, salts, or minerals that are mobile and dissolved
in water. It is quantified in units of mg/L of water. TDS serves as an indicator of water quality and the
effectiveness of water purification systems, encompassing all substances present in water apart from pure
water molecules and suspended solids [14, 42]. In Fig. 6 and Table 2, the dosage effect on TDS for BSB ranged
from 115 mg/L at 0 g to 156 mg/L at 1.2 g. It was observed that the increase in coagulant dosage resulted in a
proportional increase in TDS levels. Similarly, in Fig. 6 and Table 1, for BSL, TDS levels ranged from 115
mg/L at 0 gto 172 mg/L at 1.2 g. The quantities of coagulant dosage exhibited a direct relationship with TDS

values, indicating an increase in TDS levels with higher doses of BSL.
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Fig 6. Effect of biomass (BSL&BSB) dosage on TDS using coagulants

4. Conclusions:

This study investigated the effectiveness of a natural coagulant in treating untreated raw water samples with

high turbidity levels exceeding 600 NTU. The selected plant for this investigation was chosen based on its

abundance in various water sources and its availability at a reasonable cost. Additional doses of BSL and BSB

demonstrated efficacy in turbidity removal, with a preference observed for bark powder over leaf powder.

However, as demonstrated in previous studies, the achieved turbidity reduction did not meet the World Health

Organization's (WHO) recommended levels of less than 5 NTU. To address this limitation, further research

should focus on exploring methods to isolate and extract the active components involved in the coagulation

process. This could enable the development of natural coagulants on a larger scale, suitable for urban and rural

areas. Notably, the dosage of natural coagulants did not exhibit any noticeable effect on pH. In conclusion,

this study emphasizes the need for continued investigation and development of natural coagulants to enhance

their efficacy in achieving WHO standards for turbidity removal in water treatment processes.
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