


Analysis of the microbiological quality of drinking water from some wells and boreholes in the city of Mongo (Chad)

[bookmark: _GoBack]Abstract  : Water is an essential mineral compound that plays an important role in life, health, and human dignity. Due to the absence of the Chadian Water Society (STE) networks in certain neighborhoods, households are forced to source water from other places, such as wells and boreholes. The objective of this study is to assess the microbiological quality of well and borehole water consumed in the city of Mongo. Methodology : To carry out this study, a randomized selection of forty-three (43) water points, including sixteen (16) wells and twenty-seven (27) boreholes, was made, and samples were collected. These samples were transported to the National Water Laboratory (LNE) for the analysis of several microbiological parameters, namely Escherichia coli, Total coliforms, Fecal coliforms, Fecal enterococci, Salmonella spp, and Total aerobic flora. The technique used for this analysis is spread plating and membrane filtration. Result : The average values obtained for borehole water are 0.187*10⁴ CFU/100 ml for Total coliforms, 0.646*10³ CFU/100 ml for Fecal coliforms, 1.77*10³ CFU/100 ml for Escherichia coli, 50 CFU/100 ml for Fecal enterococci, 11.11 CFU/100 ml for Salmonella spp, and 1.1888*10⁴ CFU/100 ml for Total aerobic flora. Regarding well water, the average values obtained are 2.081*10³ CFU/100 ml for Total coliforms, 0.412*10³ CFU/100 ml for Fecal coliforms, 0.7*10³ CFU/100 ml for Escherichia coli, 169 CFU/100 ml for Fecal enterococci, 1.4983*10⁴ CFU/100 ml for Salmonella spp, and 6.25 CFU/100 ml for Total aerobic flora.  Conclusion : Microbiological analyses showed a high bacterial density in most samples, making them unfit for human consumption when compared to the WHO drinking water standards. Therefore, appropriate intervention strategies must be implemented to address these issues. 	Comment by user: Replace with the word aim instead of objective	Comment by user: Use the correct multiplication symbol please i.e (x) for all the result values.
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1. INTRODUCTION	Comment by user: The following are missing in this section please include : 
Importance of water quality globally.
Statement of the problem
Research gap: Why is this study needed compared to previous research? 
Aim of the research

Water is a mineral compound that plays an essential role for life, health, and human dignity (1; 2; 3; 4 ; 5 ). The quality of drinking water is assessed by its physico-chemical and bacteriological properties ( 6 ; 7 ; 8 ; 9 ; 10 ).  
The United Nations General Assembly expressed serious concern in 2018 that nearly 900 million people worldwide do not have access to clean water. Microbiological contamination of drinking water can be the cause of transposingThe microbiological contamination of drinking water can be the cause of transmission of diseases such as diarrhea, cholera, dysentery, typhoid and polio, and is estimated to cause 505,000 deaths each year from diarrhoeal diseases (12). 	Comment by user: Check the sentence structure 
In Chad, access to clean drinking water and a healthy environment remains a luxury for the population, despite the good intentions and commitments made by the Chadian government to address this issue through the 2003 water master plan. According to the WHO, in 2017 only 14% of the Chadian population had access to basic sanitation facilities, which contributes to the spread of waterborne diseases (13). Furthermore, open defecation is common in many regions of the country, which exacerbates health and environmental risks. 
The Guera region, with Mongo as its capital, is among those most affected by water shortages and the practice of open defecation. As an example, the management of the drinking water supply system in the town of Mongo was officially transferred to the Chadian Water Company (STE) on July 23, 2020. With a capacity of 100 m3, the water tower, installed in 1987 for a population of 15,000 inhabitants, is no longer sufficient to meet the water supply needs of a population now estimated at over 73,000 inhabitants, according to the mayor, putting additional pressure on the available water resources. Furthermore, in the absence of Chadian Water Company (STE) networks in some neighborhoods, households are forced to obtain water from other sources, such as wells, boreholes, and by purchasing water from the STE at public standpipes and/or from street vendors. Other types of water, such as rainwater and water from streams.
2. MATERALS AND METHODS
2.1 Framework of study
The city of Mongo, capital of Guera Province, is located between the parallels 1209.5’ and 12o12.5’ nord latitude and the meridians 18o40’ to 18o44’ east longitude (fig.1). it is 520 km by road from the capital N’djamena (14).
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Figure 1: Map of the city of Mongo (LNE, 2024)
2.2 Identification of Water Points, Sampling, and Sample Conditioning  
The operational method used is that adopted by Rodier et al., (15). A total of forty-three (43) samples were collected, including sixteen (16) well water samples and twenty-seven (27) borehole water samples. The samples were collected in sterile 500 ml glass bottles at each site. The collected samples were immediately sealed, labeled, and placed in a cooler with ice packs at a temperature of 4°C and transported to the National Water Laboratory in N'Djamena for microbiological analysis. Six (6) microbiological parameters were investigated and counted in this study: Total coliforms, fecal coliforms, Escherichia coli, fecal enterococci, Salmonella spp., and total aerobic flora.
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Figure 2 : Map of the sampling points location (LNE, 2025) 
2.3 Microbiological Analysis
The membrane filtration method was used to determine the bacteria indicating fecal pollution. Identification was performed by spreading for some samples and by filtering at least 2 ml of water onto a cellulose membrane with uniformly sized pores of 0.45 μm in diameter. Table 1 summarizes the techniques used, the culture media, the incubation time, and the temperature for each microorganism.  
Table 1 : Method of search and identification of the germs sought	Comment by user: Microorganisms instead
	Germs wanted	Comment by user: Change to microbial analysis
	 Growing medium	Comment by user: Culture instead
	Incubation time and temperature

	Total coliforms
	Chromocult agar
	24h - 36±1°C

	Fecal coliforms
	Chromocult agar
	24h - 44±1°C

	Escherichia Coli
	Chromocult agar
	24h - 36±1°C

	Fecal Enterococci
	Slanetz Bartley Agar
	48h - 36±1°C

	Total aerobic flora Salmonella SPP
	PCA
SS
	24 - 48H - 36±1°C
24 - 48H - 36±1°C



2.4 Data analysis
Microsoft Excel 2016 software was used to perform statistical analyses of the data. Microbiological analyses were performed in triplicate. The results are presented as an average.
3. Results and discussion	

[bookmark: _Toc70250105]3.1 Average loads of pathogenic germs in well and borehole water	Comment by user: Change this to microorganisms all over please
Table 2 : Average loads and extreme values ​​of the desired germs (CFU/100 mL)
	 Researched germs
	       Drilling water
	Borehole water
	WHO Guidelines (2017)

	
	Min.
	Min.
	Min.
	Min.
	Max.
	Avg.
	

	Total coliforms
	400
	0.9 104	Comment by user: 	Comment by user: Insert multiplication sign (X) all over 
	0.187 104
	0
	1.03104
	2.081 103
	00 UFC/ 100 ml

	Fecal coliforms
	270
	2.6 103
	0.646 103
	0
	0.1 104
	0.412 103
	00 UFC/ 100 ml

	Escherichia coli
	0
	0.98103
	1.77 103
	0
	1.02103
	0.7 103
	00 UFC/ 100 ml

	Fecal enterococci
	0
	570
	50
	0
	1.7 103
	169
	00 UFC/ 100 ml

	Total aerobic flora Salmonelles SPP	Comment by user: Lower case
	195
0
	1.98104
50
	1.1888 104
11.11
	192
0
	1.97104
50
	1.4983 104
6.25
	--
00 UFC/ 100 ml 


Avg.: Average.       Min : Minimum        Max. : Maximum         
The results of the germ counting (Table 2) revealed an average load of 0.187*10⁴ and 2.081*103 CFU/100 ml for total coliforms in respectively borehole and well water, with extreme values ranging between 400 and 0.6*10⁴ CFU/100 ml for well water and between 0 and 1.03*10⁴ CFU/100 ml for borehole water. 	Comment by user: Replace with multiplication sign all over
For fecal coliforms, the extreme values obtained range from 270 to 2.6*103 CFU/100 ml, with an average load of 0.646*103 CFU/100 ml for borehole water and from 0 to 1.04*103 CFU/100 ml with an average of 0.412*103 CFU/100 ml for well water, considering the tolerance threshold set by the WHO. 
Regarding Escherichia coli, the extreme values of the loads obtained range from 0 to 0.7*103 CFU/100 ml, with an average load of 1.02*103 CFU/100 ml for well water, and from 0 to 0.98*103 CFU/100 ml with an average of 1.77*103 CFU/100 ml for borehole water. 
Fecal enterococci are present with an average load of 169 CFU/100 ml for well water and 50 CFU/100 ml for borehole water, corresponding to values ranging from 0 to 1.7*103 CFU/100 ml for well water and between 0 to 570 CFU/100 ml for borehole water. 
The extreme values of the total aerobic flora loads obtained were 195 and 1.98*103 CFU/100 ml for borehole water, and 192 and 1.97*10⁴ CFU/100 ml for well water. The average loads were 1.1888*10⁴ CFU/100 ml for well water and 1.4983*10⁴ CFU/100 ml for borehole water. The extreme values of the loads obtained for Salmonella spp. were 0 and 50 CFU/100 ml for both boreholes and wells, with an average load of 11.11 CFU/100 ml for borehole water and 6.25 CFU/100 ml for well water.
3.2 E. coli Contamination of Well and Borehole Water

Figure 3 : Compliance rates of well and borehole water with respect to E. Coli	Comment by user: italisize
The compliance rate of well and borehole waters for Escherichia coli generally gives us 74, 42% of samples are compliant and 25.58% of samples are non-compliant. Well water yielded the most conformal samples with 80% and boreholes 71.43%.	Comment by user: italisize 
3.2 Contamination of wells and boreholes water by total coliforms

Figure 4 : Compliance rate of well and borehole water relative to total coliforms
totaux	Comment by user: replace with count
the study area are given in general :	Comment by user: duplicate information, the graph is sufficient. delete
· 90,7 % of the samples are non-compliant;
· 9,3 % of samples are compliant;
· 80% of well water is non-compliant. For borehole water, 80.56% of the samples do not comply with the WHO standard.
3.3 Contamination of well and borehole water by fecal coliforms

Figure 5 : Compliance rate of well and borehole water with fecal coliforms
Fecal coliform counts in well and borehole waters are shown in Figure 5 above. Of all the samples taken, only 11.63% meet the WHO standard. Only 20% and 7.14% of the well and drilling water samples respectively comply with the standard.
3.4 Contamination of well and borehole water by fecal enterococci
 
Figure 6 : Compliance rate of well and borehole water against fecal Enterococci 
Figure 6 shows the levels of contamination of well and borehole water by fecal enterococci. 80% of well water samples are compliant for 20% of non-compliant samples. For borehole water, only 14, 29% of the samples were non-compliant with the WHO standard.
3.5 Contamination of well and borehole water by Salmonella SPP	Comment by user: lower case

Figure 7 : Compliance rate of well and borehole water against Salmonella SPP	Comment by user: lower case
The count of Salmonella SPP in the samples gave a non-conformity rate of 20.93% overall. The non-compliance rate for wells and boreholes was respectively 20% and 21.43% and about 80% of the samples did not contain Salmonella SPP.
3.6 Contamination of well and borehole water by aerobic flora

Figure 8 : Compliance rate of well and borehole waters with respect to total aerobic flora
Figure 8 shows the levels of contamination of well and borehole water by total aerobic flora. 100% of the samples from all well structures such as drilling are not in accordance with WHO standard.
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 Figure 9 : water point with the presence of animals	Comment by user: this figure is not a result please move to sample collection
4.  Discussion 	Comment by user: Discuss each result in separate paragraph based on how it is presented in the result section 
2.	 Discuss implications for public health and environmental management
The results of the microbiological analyses showed that all the samples of well and borehole water studied had a high contamination rate of Escherichia Coli, Salmonella-Shigella, Total Coliforms, Fecal Coliforms, Enterococci, and total aerobic flora. However, the highest bacterial loads were observed for Total Coliforms, Fecal Coliforms, and Total Aerobic Flora, with 96.43% for boreholes and 80% for wells, 92.86% for boreholes and 80%, followed by 100% non-compliance. Our results are consistent with those of Louzayadio Mvouezolo et al. (2021) (16), Louzayadio Mvouezolo (2019) (17) on groundwater in the Kombé neighborhood (Togo), and Zvidzai et al. (2007) in Zimbabwe (18), who found a high contamination of well water by fecal germs compared to borehole water. Coumare et al. (2018) on the bacteriological quality of drinking water (boreholes and wells) in three districts of the Koulikoro region in Mali (19)  found results similar to this study, with 5.3% non-compliance for borehole water and 94.7% non-compliance for well water. For total coliforms, the proportion of compliant samples reported by Soncy et al. (2015) (63%) (20).and Benaissa (21).	Comment by user: Change to microbes all over
Thus, globally, taking into account the three types of germs, the overall compliance rate obtained during this study was higher than that found in the well water in Togo (Fambi et al., 2021) (22). Indeed, these authors reported fecal origin bacterial contamination in the majority of the well waters they studied (over 75%), especially for total coliforms, indicating a lack of hygiene around these wells. The wells showed a non-compliance rate of 20% for E. coli, fecal Enterococci, and Salmonella SPP, while the boreholes showed a non-compliance rate of 28.57% for E. coli, 14% for Enterococci, and 100% for total aerobic flora. Our results are similar to those of A. Abengourou in Côte d'Ivoire, where Aka et al. (2013) (23).found Escherichia coli strains in 28% of the analyzed well water samples, but lower than those of O. Y. SOKEGBE et al., who showed a non-compliance rate of 66.67% for wells due to the presence of Escherichia coli, and their absence in borehole waters (24). Similarly, Soncy et al. (2015) reported a non-compliance rate of 70.08% in well water samples analyzed in Lomé (Togo) (25). The poor quality of these waters can be explained not only by the lack of sanitation but also by the unhealthy environment due to the lack of hygiene around these water sources (Nanfack et al., 2013) (26).	Comment by user: italisize	Comment by user: italisize	Comment by user: lower case. Delete initials
The presence of a high bacterial density in these waters could be explained by the fact that not all wells respect the required distance of more than 15 meters between the well and the nearest latrine, as well as the absence of casing, which significantly increases the risks of water point contamination. Disinfection is necessary before any use. It is therefore important to monitor factors that may contribute to this contamination because the presence of coliforms, Escherichia coli, Salmonella spp, and other coliforms in drinking water indicates fecal contamination and non-potability of the water, regardless of the number of germs, even one (1) in 100 ml of sampled water (Balloy M et al., 2019) (27).. Consumption of this water exposes the local population to numerous waterborne diseases such as typhoid, dysentery, and diarrhea, as these waters contain high levels of Escherichia coli and coliforms (WHO, 2011) (28).	Comment by user: italisize
5. CONCLUSION 
This study assessed the microbiological quality of well and borehole water consumed in the city of Mongo (Chad). Most of the samples contained total coliforms, fecal coliforms, fecal enterococci, Salmonella spp., and Escherichia coli. The contamination of these waters by fecal-origin bacteria poses a major risk of gastroenteritis for consumers. The main causes are the lack of sanitation and poor hygiene practices around these water sources. These waters must be treated, and the environments of water points should be improved to limit contamination and reduce the incidence of waterborne diseases
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E COLI

Satisfied	
Wells	Drilling Waters	TOTAL	0.8	0.7142857142857143	0.7441860465116279	no Satisfied	
Wells	Drilling Waters	TOTAL	0.2	0.2857142857142857	0.2558139534883721	


total coliforms


Satisfied	
Wells	Drilling Waters	TOTAL	0.2	3.5714285714285712E-2	9.3023255813953487E-2	no Satisfied	
Wells	Drilling Waters	TOTAL	0.8	0.9642857142857143	0.90697674418604646	


 FECAL COLIFORMS




Satisfied	
Wells	Drilling Waters	TOTAL	0.2	7.1428571428571425E-2	0.11627906976744186	no Satisfied	
Wells	Drilling Waters	TOTAL	0.8	0.9285714285714286	0.88372093023255816	


fecal enterococci




Satisfied	
Wells	Drilling Waters	TOTAL	0.8	0.8571428571428571	0.83720930232558144	no Satisfied	
Wells	Drilling Waters	TOTAL	0.2	0.14285714285714285	0.16279069767441862	


Salmonella-SPP




Absence	
Wells	Drilling Waters	TOTAL	0.8	0.7857142857142857	0.79069767441860461	Presence	
Wells	Drilling Waters	TOTAL	0.2	0.21428571428571427	0.20930232558139536	


aerobic flora





Satisfied	
Wells	Drilling Waters	TOTAL	0	0	0	no Satisfied	
Wells	Drilling Waters	TOTAL	1	1	1	
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