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Abstract 

The growing world population is leading to an intensification of agricultural practices. The consequence of this practice 
is the production of agricultural waste in large quantities. The aim of this study is to characterize the biochar produced 
from agricultural biomass. Biochar based on cassava peels was elaborated by slow pyrolysis using a muffle furnace for 
4 hours at 400°C and then characterized. The respective values of pH, ash content, moisture content, dry matter, total 
organic carbon (TOC), total nitrogen, carbon-nitrogen ratio(C/N), iodine value, potassium, calcium, magnesium, and 
silicon are 10.75; 18.26%; 4.9%; 95.09%; 47.3%; 1.74%; 666.225 mg/g; 9.33%; 2.7%; 0.51%; 0.52% respectively. 
Principal component analysis (PCA) showed very strong positive and significant correlations between the determined 
parameters. Thus, the potential toxic elements (Cd, Co, Cr, Cu, Ni, Pb, Zn, Ti, Mn) in the produced biochar are almost at 
trace level as desired by International Biochar Initiative (IBI) and European Biochar Certificate (EBC) for a biochar for 
agricultural purposes. These results show that the biochar produced could be beneficial for soil amendment. 
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1. Introduction

Biochar is a product of the thermochemical degradation of organic matter in the absence of oxygen [1]. This process, 
called pyrolysis, can contribute to waste management by using residual biomass (currently poorly managed or 
unsuitable for conventional disposal) as feedstock. In addition to the solid biochar fraction, pyrolysis also generates 
gaseous and liquid fractions that are potential sources of energy [2]. Biochar production has received increasing 
attention due to its potential as a soil amendment, for soil carbon sequestration and for improving soil quality [3]. The 
potential of biochar to improve soil fertility could increase crop yields on previously degraded soils of smallholder 
farmers and, therefore, increase food production capacity. This could reduce the need to deforest land for agriculture; 
deforestation is a major contributor to greenhouse gases in the atmosphere [4]. Simultaneously, biochar offers an 
alternative for waste management and energy production. Biochar systems are therefore particularly relevant in 
developing countries and could be leveraged to address global challenges associated with food security and climate 

http://creativecommons.org/licenses/by/4.0/deed.en_US
https://wjarr.com/
https://doi.org/10.30574/wjarr.2026.30.1.0765
https://crossmark.crossref.org/dialog/?doi=10.30574/wjarr.2026.30.1.0765&domain=pdf


World Journal of Advanced Research and Reviews, 2026, 30(01), 2147-2154 

2148 

change mitigation. Biochar characteristics are highly dependent on the type of feedstock and pyrolysis conditions [5,6]. 
Therefore, the challenge for biochar science is to predict and ensure the product quality, agronomic benefits, and 
environmental effects of a specific biochar produced from a given feedstock under specific pyrolysis technology and 
process conditions [7]. In developing countries, research progress on biochar and pyrolysis systems has been limited, 
in part by a lack of facilities for controlled slow pyrolysis of biomass at a scale suitable for agronomic field trials [1]. 
Biochar can be produced with a variety of technologies suitable for household, medium, or large industrial scales. 
Traditional stove technologies that do not recycle pyrolysis gases dominate in developing countries. This traditional 
charcoal industry is considered both inefficient and polluting, emitting harmful off-gases containing methane, carbon 
monoxide and particulates [1]. The muffle furnace, which recirculates and burns pyrolysis gases internally, could 
overcome this problem. Our objectives were to produce biochar using a muffle furnace, and then to characterize the 
biochar in terms of its suitability for agronomic use or soil carbon sequestration with reference to the standardized 
definitions set by the European Biochar Certificate (EBC) and the International Biochar Initiative (IBI). Côte d'Ivoire has 
a strong cassava-based diet (attiéké, placali, attoukou, gari and many others) [9]. This generates 1,250,000 tons of 
cassava peelings per year [9]. These cassava peelings are hardly used in animal feed, hence they can be used in biochar 
for soil improvement. Pyrolysis and anaerobic digestion of cassava peel waste have been variously reported, with the 
application of its carbon-based derivatives in condensers[10] ,biogas [11] , adsorbents [12] and electrical [13]. Cassava 
peel waste is considered a viable agro-waste for energy recovery [13,14] and agricultural [15].  It has been reported 
that the biochar mineral contents of cassava peel waste in satisfactory proportions, with a carbon content of 48.7% by 
weight and a significant percentage of sodium, calcium, potassium and nitrogen [16]. Nowadays, the use of biochar is 
becoming more and more widespread and is growing rapidly, as it has several beneficial effects on the quality and yields 
of agricultural crops as well as on soil properties [17,18]. 

2. Materials and Methods  

2.1. Raw material 

Cassava peels were used for biochar production. The peels were purchased from female attiéké producers in 
Yamoussoukro, central Côte d'Ivoire. The peels were washed to remove cassava residues and then sun-dried for 7 days. 

2.2. Biochar preparation method 

For biochar production, slow pyrolysis has been used. This method slowly heats dry biomass in the absence of oxygen 
and with a residence time in the system ranging from hours to days [19]. Dried cassava peels were carbonized in an 
oven at 400°C for 4 hours, with a temperature rise rate of 13.33°C/min. After cooling in the oven, the biochar was 
extracted, weighed and then packaged in a hermetically sealed vial for analysis. The mass yield of biochar production 
(rbiochar) is determined according to the following equation: 

𝑟𝑏𝑖𝑜𝑐ℎ𝑎𝑟(%) =
𝑀𝑏𝑖𝑜𝑐ℎ𝑎𝑟

𝑀𝑆

∗ 100          ( 𝐸𝑞 1 ) 

𝑀𝑏𝑖𝑜𝑐ℎ𝑎𝑟 and  𝑀𝑆 correspond to the mass of biochar produced and the initial mass of biomass, respectively. 

The resulting biochar was ground using a porcelain mortar and pestle, then sieved to obtain seeds of 250 µm or less. 
The sieved biochar was stored in plastic bottles. 

2.3. Biochar characterization  

Several methods were used to characterize the biochar obtained.  

2.3.1. Determination of the physical parameters of the biochar 

The pH was determined according to the method described by Abderahim, (2019). Two grams (2 g) of cassava peel 
biochar was added to 40 mL of distilled water and stirred with a magnetic stirrer for 30 min. The suspension was left to 
stand for 10 min before pH measurement using a HANNA pH meter. As ash is an impurity in biochar, its content was 
determined using a muffle furnace by burning 5 g of biochar at 800 °C for 6 h in the presence of air [21]. The ash content 
of the biochar is obtained from equation 2: 

% 𝐴𝐶 =
(𝑚3 − 𝑚1) 

𝑚2 − 𝑚1)
 × 100          (𝐸𝑞 2) 
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With, 

• AC = Ash content (%); 
• 𝑚1= mass of empty crucible (g); 
• 𝑚2 = mass of crucible with sample before thermal oxidation (g); 
• 𝑚3 = mass of crucible with sample after thermal oxidation (g). 

Moisture and dry matter contents were determined by heating the biochar to 115°C in the oven for 24 hours. Equations 
3 and 4 were used for the calculations. 

%𝑇𝐻 =
(𝑚1 − 𝑚2) 

(𝑚1 − 𝑚0) 
∗ 100              (𝐸𝑞 3) 

%𝐷𝑀 =
(𝑚2 − 𝑚0) 

(𝑚1 − 𝑚0) 
∗ 100          (𝐸𝑞 4) 

With, 

• TH = Moisture content (%); 
• DM = Dry matter content (%); 
• 𝑚0 = mass of empty crucible (g); 
• 𝑚1 = mass of crucible with sample before heating in oven (g); 
• 𝑚2 = mass of crucible with sample after oven heating (g). 

2.3.2. Determination of biochar chemical parameters 

The concentrations of some metallic trace elements in the biochar were determined by X-ray fluorescence spectrometry 
(XRF). The total organic carbon (COT) and total nitrogen (TN) contents of the biochar were determined using the method 
described by Walkley and Black, (1934) and the Kjeldahl method (1954) respectively. 

The iodine value is an important characteristic in the evaluation of the micropores of a material. It was determined 
according to the method applied by [22,23]. Thus, a volume of 15 mL of a 0.2 mol/L iodine solution was brought into 
contact with 0.05 g of biochar and then stirred for 30 min. The treated solution was filtered and then 10 mL of filtrate 
was assayed with a 0.1 N sodium thiosulfate solution in the presence of a few drops of a 0.1 N starch solution. A blank 
test was performed under the same conditions in the absence of activated carbon. Finally, the iodine value (Id) expressed 
in mg/g was calculated by applying equation (5). 

𝐼𝑑 =
(𝑉𝑏 − 𝑉𝑠) × 𝑁 × 126,9 × (

15
10)  

𝑚𝑠𝑎𝑚𝑝𝑙𝑒
             (𝐸𝑞 5) 

Where, Vb and Vs, the volumes (mL) of sodium thiosulfate poured in the blank test and the biochar test, respectively; N, 
the normality of the sodium thiosulfate solution; and m, the mass of biochar (g). 

2.4. Statistical analyses of the data 

The analysis results were entered and coded, using Microsoft Excel 365 spreadsheet. They were subjected to statistical 
analyses on IBM SPSS Statistics 21R software for principal component analysis (PCA), based on the relationship that 
exists between the physicochemical parameter of biochar. 

3. Results and discussion 

3.1. Characteristics of the obtained biochar  

The physico-chemical analyses performed on the biochar allow to justify its quality. Table 1 presents some 
characteristics of the elaborated biochar. 
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Table 1 Physicochemical characteristics of the elaborated biochar 

Parameters pH TC 
(%) 

TH 
(%) 

DM 
(%) 

Id (mg/g) TOC 
(%) 

NT 
(%) 

C/N Mg 
(%) 

Si 
(%) 

K 
(%) 

Ca 
(%) 

Biochar produced at 400 
°C for 4H 

10.75 18.3 4.9 94.09 666.225 47.3 1.74 18 0.51 0.52 9.33 2.7 

The biochar produced is alkaline in nature with a pH of 10.75. This alkalinity could be explained probably by the 
presence of ash produced during the pyrolysis process [24]. According to Zhou et al., [25], the pH of biochar from 
agricultural biomass varies between 8.8 and 10.8 depending on the pyrolysis conditions and depending on the biomass 
used. The result obtained is in agreement with those found by Abderahim [20]. Nitrogen is present in very low 
concentration in the biochar produced in our study. The low percentage obtained of total nitrogen ( NT) could be 
explained by a lower stability of this element during the pyrolysis phase [6]. Indeed, the conservation of nitrogen during 
pyrolysis is highly dependent on the chemical form in which it is found and the type of bond it forms in the biomass 
[6,26–28]. 

X-ray fluorescence spectrometry (XRF) analysis identified the elements present in the biochar as shown in Table 1. It 
was found that the biochar produced consisted of potassium (9.33%), calcium (2.7%), magnesium (0.51%) and silicon 
(0.52%). The presence of these nutrient resources in the elaborated biochar could promote plant growth and increase 
the fertility of the cultivated soil. 

The value of iodine index (Id) found (666.225 mg/g) confirms the presence of microporous pores in the elaborated 
biochar. This result found is in agreement with those found by Kiari et al., [29]. 

The potential toxic elements (Cd, Co, Cr, Cu, Ni, Pb, Zn, Ti, Mn) in the produced biochar are almost at trace levels as 
desired by International Biochar Initiative (IBI) and European Biochar Certificate (EBC). Table 2 shows the percentages 
of these trace metals. 

Table 2 Percentage of trace metal elements in processed biochar 

Trace metal elements Cr Cu Ni Pb Zn Ti Mn 

Values (%) 0.006 0.002 0.003 0.002 0.01 0.011 0.006 

3.2. Statistical study of physical and chemical parameters 

3.2.1. Principal Component Analysis (PCA) 

Correlations between the parameters measured in the biochar are established using a principal component analysis 
(PCA) and the Bravais - Pearson correlation matrix. The eigenvalues of the two components F1 and F2 and their 
contribution to the total inertia are given in Table 1. The two axes taken into consideration to describe the correlations 
between the measured parameters alone hold the total information, i.e. 100% with 71.220% for axis 1 and 28.780% for 
axis 2. 

Table 3 Eigenvalues and percentages expressed for the two components F1 and F2 

  F1 F2 

Proper value 5.698 2.302 

(%) Total variance 71.220 28.780 

(%) cumulative variance 70.120 100.000 

Figure 1 represents the influence of the physico-chemical parameters of biochar on each other. Variables such as pH, 
ash content (TC), moisture content (TH), dry matter content (DM), iodine index (Id), carbon-nitrogen ratio(C/N) are 
well represented in the correlation square with positive coordinates on axis 1 which they are most similar to. In 
addition, variables such as total organic carbon (TOC) and total nitrogen (TN) are also well represented in the 
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correlation square with positive coordinates on axis 2 which they are most similar to. These results indicate a 
correlation between the different parameters and could reflect an influence of one on the other [30]. 

 

Figure 1 Influence of the physico-chemical parameters on each other 

3.2.2. Correlation matrix 

The Pearson correlation matrix was performed to elucidate the relationships between the variables measured in the 
different samples. The correlation coefficients are presented in Table 4.  

Table 4 Correlation matrix of physical and chemical parameters 

  pH TC TH TMS Id TOC NT C/N 

pH 1.000        

TC 0.993 1.000       

TH 0.947 0.979 1.000      

TMS 0.914 0.956 0.996 1.000     

Id 0.985 0.999 0.988 0.970 1.000    

TOC 0.317 0.429 0.605 0.674 0.474 1.000   

NT -0.110 0.011 0.215 0.302 0.061 0.908 1.000  

C/N 0.829 0.755 0.605 0.531 0.721 -0.268 -0.647 1.000 

Values marked in bold are significant (r< 0.05) 

The examination of the matrix indicates the existence of positive and significant correlations between the variables. 
Very strong and significant correlations between Id and TC, pH and TC and also between TH and TMS and many others 
(with respectively r = 0.999, r = 0.993 and r = 0.996) were obtained. These significantly positive correlations observed 
between these variables indicate the mutual dependence of the parameters on each other [31]. On the other hand, a 
significantly negative correlation was found between C/N and NT with (r = 0.647). This result shows an inverse 
dependence between these variables and thus reflecting a decrease in one of the parameters with an increase in the 
other [32].Non-significant correlations (r < 0.5) were observed between some variables. These weak correlations 
indicate that the presence or absence of one of these parameters has little effect on the content of the other[33].   
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4. Conclusion 

The objective of this study was to valorize local agricultural biomass into biochar. The analysis carried out revealed that 
biochar contains necessary nutrient resources (potassium, calcium, magnesium, silico and total nitrogen) that could 
boost soil fertility and increase agricultural yield. The value of iodine index found (666.225mg/g) confirms the presence 
of microporous pores in the biochar. In addition, the significantly positive, negative and non-significant correlations 
were observed between the variables. The developed biochar could be beneficial in improving soil fertility. 

Compliance with ethical standards 

Acknowledgments 

We would like to thank the African Center of Excellence for Waste to Value (CEA-VALOPRO) for funding this work. 

Disclosure of conflict of interest 

The authors declare no conflicts of interest regarding the publication of this paper.  

References 

[1] B.M. Djousse Kanouo, S.E. Allaire, A.D. Munson, Quality of Biochars Made from Eucalyptus Tree Bark and Corncob 
Using a Pilot-Scale Retort Kiln, Waste Biomass Valor 9 (2018) 899–909. https://doi.org/10.1007/s12649-017-
9884-2. 

[2] H. Thunman, A. Gómez-Barea, L. Tarelho, A. Matos, D. Neves, M.A. Matos, Characterization and prediction of 
biomass pyrolysis products, Progress in Energy and Combustion Science (2011). 
https://doi.org/10.1016/j.pecs.2011.01.001. 

[3] D.J. Lehmann, S. Joseph, Biochar for Environmental Management: Science and Technology, Earthscan, 2009. 

[4] L. Kelpie Johannes,Roberts,Kelli Griffin,Scholz,Sebastian Martin,Sembres,Thomas,Whitman,Thea,Wilson, Biochar 
systems for smallholders in developing countries: leveraging current knowledge and exploring future potential 
for climate-smart agriculture, World Bank (2014). 
https://documents.banquemondiale.org/fr/publication/documents-
reports/documentdetail/188461468048530729/Biochar-systems-for-smallholders-in-developing-countries-
leveraging-current-knowledge-and-exploring-future-potential-for-climate-smart-agriculture (accessed January 
11, 2023). 

[5] M.J. Antal, M. Grønli, The Art, Science, and Technology of Charcoal Production, Ind. Eng. Chem. Res. 42 (2003) 
1619–1640. https://doi.org/10.1021/ie0207919. 

[6] H. Khouloud, Etude de la pyrolyse de matériaux biosourcés chimiquement modifiés : Caractérisation des biochars 
et application agronomique, Theses en cotutelle, L’UNIVERSITE DE HAUTE ALSACE ET  L’INSTITUT NATIONAL 
AGRONOMIQUE DE TUNISIE, 2020. 

[7] Su.E. Allaire, Le biochar dans les milieux poreux : une solution miracle en environnement?, (2013) 10. 

[8] Arfang BADJI, Effets Du Biochar Sur Les Activites Microbiologiques Du Sol Sous Forts Intrants Azotes 
(maraichage), (2011). 

[9] Patricio Mendez del Villar, Thierry Tran, Akou Adayé, Analyse de la chaine de valeur de Manioc en  Côte d’Ivoire., 
Université Félix HOUPOUET BOINGY ET cirad, Côte d’Ivoire, 2017. 

[10] A.E. Ismanto, S. Wang, F.E. Soetaredjo, S. Ismadji, Preparation of capacitor’s electrode from cassava peel waste, 
Bioresource Technology 101 (2010) 3534–3540. https://doi.org/10.1016/j.biortech.2009.12.123. 

[11] F.A. Aisien, E.T. Aisien, BIOGAS FROM CASSAVA PEELS WASTE, Detritus (2020) 100. 
https://doi.org/10.31025/2611-4135/2020.13910. 

[12] G.S. Simate, S. Ndlovu, The removal of heavy metals in a packed bed column using immobilized cassava peel waste 
biomass, Journal of Industrial and Engineering Chemistry 21 (2015) 635–643. 
https://doi.org/10.1016/j.jiec.2014.03.031. 



World Journal of Advanced Research and Reviews, 2026, 30(01), 2147-2154 

2153 

[13] S.O. Odeyemi, K.O. Iwuozor, E.C. Emenike, O.T. Odeyemi, A.G. Adeniyi, Valorization of waste cassava peel into 
biochar: An alternative to electrically-powered process, Total Environment Research Themes 6 (2023) 100029. 
https://doi.org/10.1016/j.totert.2023.100029. 

[14] B.A. Adelekan, A.I. Bamgboye, Comparison of biogas productivity of cassava peels mixed in selected ratios with 
major livestock waste types, African Journal of Agronomy ISSN 2375-1177 8 (4) (2019) 7. 

[15] I.G.M. Hamissou, K.E.K. Appiah, K.A.T. Sylvie, S.M. Ousmaila, B.Y. Casimir, Y. kouassi Benjamin, Valorization of 
cassava peelings into biochar: Physical and chemical characterizations of biochar prepared for agricultural 
purposes, Scientific African 20 (2023) e01737. https://doi.org/10.1016/j.sciaf.2023.e01737. 

[16] J. Kongkiattikajorn, B. Sornvoraweat, Comparative Study of Bioethanol Production from Cassava Peels by 
Monoculture and Co-Culture of Yeast, Agriculture and Natural Resources 45 (2011) 268–274. 

[17] R.S. Quilliam, H.C. Glanville, S.C. Wade, D.L. Jones, Life in the ‘charosphere’ – Does biochar in agricultural soil 
provide a significant habitat for microorganisms?, Soil Biology and Biochemistry 65 (2013) 287–293. 
https://doi.org/10.1016/j.soilbio.2013.06.004. 

[18] R. Singh, J.N. Babu, R. Kumar, P. Srivastava, P. Singh, A.S. Raghubanshi, Multifaceted application of crop residue 
biochar as a tool for sustainable agriculture: An ecological perspective, Ecological Engineering 77 (2015) 324–
347. https://doi.org/10.1016/j.ecoleng.2015.01.011. 

[19] M. Uchimiya, L.H. Wartelle, K.T. Klasson, C.A. Fortier, I.M. Lima, Influence of Pyrolysis Temperature on Biochar 
Property and Function as a Heavy Metal Sorbent in Soil, J. Agric. Food Chem. 59 (2011) 2501–2510. 
https://doi.org/10.1021/jf104206c. 

[20] A. Abderahim, Réduction de la mycotoxicité dans l’agriculture malienne à partir de l’utilisation de biochar obtenu 
des sous-produits de la filière cajou, THÈSE POUR OBTENIR LE GRADE DE DOCTEUR, UNIVERSITÉ DE 
MONTPELLIER, 2019. 

[21] P.S. Sathe, R.V. Adivarekar, A.B. Pandit, Valorization of peanut shell biochar for soil amendment, Null 45 (2022) 
503–521. https://doi.org/10.1080/01904167.2021.1963771. 

[22] H. Koné, K.E. Kouassi, A.S. Assémian, K.B. Yao, P. Drogui, Investigation of breakthrough point variation using a 
semi-industrial prototype packed with low-cost activated carbon for water purification, (2021) 20. 

[23] L. Ahmed, M. Mourad, H. Miloud, Revue semestrielle – Université Ferhat Abbas Sétif, (2016). 

[24] A.B. Syuhada, J. Shamshuddin, C.I. Fauziah, A.B. Rosenani, A. Arifin, Biochar as soil amendment: Impact on 
chemical properties and corn nutrient uptake in a Podzol, Canadian Journal of Soil Science (2016). 
https://doi.org/10.1139/cjss-2015-0044. 

[25] Y. Zhou, B. Gao, A.R. Zimmerman, J. Fang, Y. Sun, X. Cao, Sorption of heavy metals on chitosan-modified biochars 
and its biological effects, Chemical Engineering Journal 231 (2013) 512–518. 
https://doi.org/10.1016/j.cej.2013.07.036. 

[26] A. Bagreev, T.J. Bandosz, D.C. Locke, Pore structure and surface chemistry of adsorbents obtained by pyrolysis of 
sewage sludge-derived fertilizer, Carbon 39 (2001) 1971–1979. https://doi.org/10.1016/S0008-
6223(01)00026-4. 

[27] T. Imam, S. Capareda, Characterization of bio-oil, syn-gas and bio-char from switchgrass pyrolysis at various 
temperatures, Journal of Analytical and Applied Pyrolysis 93 (2011) 170–177. 
https://doi.org/10.1016/j.jaap.2011.11.010. 

[28] K. Wiedner, C. Naisse, C. Rumpel, A. Pozzi, P. Wieczorek, B. Glaser, Chemical modification of biomass residues 
during hydrothermal carbonization – What makes the difference, temperature or feedstock?, Organic 
Geochemistry 54 (2013) 91–100. https://doi.org/10.1016/j.orggeochem.2012.10.006. 

[29] M.N.A. Kiari, G.D. Fanou, A.T. Sylvie, A. Ouattara, H. Kone, M.M.M. Alma, E.N. Assidjo, K.B. Yao, Process conditions 
optimization of plant waste-derived microporous activated carbon using a full factorial design and genetic 
algorithm, (2022) 16. 

[30] L. Ferdaous, M. Benabdelhadi, Nouzha, H. Lahrach, L. Abrerrahim, ETUDE DE LA QUALITE PHYSICOCHIMIQUE 
ET DE LA CONTAMINATION METALLIQUE DES EAUX DE SURFACE DU BASSIN VERSANT DE BEHT (MAROC), 
EUROPEAN SCIENTIFIC JOURNAL, ESJ 11 (2015) 1857–7881. 



World Journal of Advanced Research and Reviews, 2026, 30(01), 2147-2154 

2154 

[31] M.L. Bars, A. Sissako, A. de Montgolfier, Y. Sidibe, A. Diarra, A. Sagara, O. Koita, Usage des pesticides et impacts sur 
la santé des applicateurs en zone cotonnière du Mali, Cah. Agric. 31 (2022) 24. 
https://doi.org/10.1051/cagri/2022023. 

[32] D. Mana, S. Konsala, I. Adamou, Diversité et importance socio-économique des Loranthaceae parasites des plantes 
ligneuses des Monts Mandara dans la Région de l’Extrême-Nord, Cameroun, International Journal of Biological 
and Chemical Sciences 15 (2021) 578–593. https://doi.org/10.4314/ijbcs.v15i2.16. 

[33] L.P.M.-S. Kouakou, A. Kouyate, A. Sanou, A.E. Koffi, M.A. Tigori, N. Meite, K.J.-P. Bohoussou, B. Dibi, Evaluation of 
the Physico-chemical Quality of Drinking Water in the City of Daloa (Mid-West of Côte d’Ivoire) - Effects on 
Human Health, Journal of Health and Environmental Research Vol. 8 (2022) 186–196. 
https://doi.org/doi:%252010.11648/j.jher.20220803.13. 

https://doi.org/10.4314/ijbcs.v15i2.16

