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Abstract 

The reliance on borehole water necessitates a thorough understanding of its quality. Due to water shortage, many households in the 

city of Kara use water from boreholes directly supplied untreated in the dry and wet seasons. Therefore, this work aimed to 

investigate the chlorine demand of raw water from private boreholes and perform a spatiotemporal evaluation of the water quality in 

the city of Kara, Togo. Two sampling campaigns spread over dry (DS) and rainy (RS) seasons in April and August 2023, were 

carried out to capture seasonal and spatial differences across various boreholes (n=32) in the study area. The physicochemical 

parameters and germ indicators of fecal contamination were assessed via the standardized method (AFNOR) and WHO Guidelines 

for Drinking Water Quality (GDWQ). The correlation matrix analysis revealed a complex effect from the dissolution of local rocks 

(amphibolites, pyroxenites, etc.) and anthropogenic activities. Water was noncompliant concerning faecal contamination in 84.3% 

of the cases in the dry season (DS) and 96.37% of the cases in the rainy season (RS). The color, TH, TAC, turbidity, FeT, nitrate ion, 

and electrical conductivity values for some boreholes were outside the GDWQ values. Boreholes F8, F9, and F25 have very high 

Larson corrosion index (LR>1.2). The chlorine demand varies according to the season, ranging from 0.25 to 6.0 mg/L in DS and 

from 0.25 to 2.45 mg/L in RS. Regular monitoring is needed to ensure safe drinking water from boreholes in Kara. 
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1. Introduction 

Water is a critical resource that is essential for life and 

economic development. In many developing countries, 

groundwater from boreholes is a primary source of all types of 

drinking water [1]. However, the quality of this water can vary 

significantly due to various environmental and anthropogenic 

factors [2]. Different types of treatment are used to ensure the 

quality of raw water, depending on human skills and locally 

available techniques. The most commonly used chemical 

disinfection agents are chlorine (Cl2) and its congeners, such 

as hypochlorite ions (ClO-), chlorine dioxide (ClO2), iodine, 
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ozone, and UV radiation [3-5]. However, chlorination re-

mains the primary disinfection method because chlorine en-

sures protection against microbiological recontamination of 

treated water for several days. Furthermore, disinfection by 

water is less expensive and easier to handle and can be used at 

the individual, familial, and community levels [6]. Recent 

works revealed that although freshwater chlorination ensures 

drinking water safety worldwide, it can also affect the fecal 

microbiota, revealing the crucial role of this technique in 

human health and disease [7]. Based on precautionary prin-

ciples, determining the correct dose is very important for 

reducing the high level of disinfection byproducts (DBPs) [6] 

suspected to be harmful to humans. 

In Kara, the reliance on borehole water necessitates a thorough 

understanding of its quality and the demand for disinfectants such 

as chlorine. Indeed, Togo's urban areas have been facing signifi-

cant drinking water shortages globally for several years, especially 

during the dry season. The city of Kara and surrounding districts 

such as Niamtougou, Defale, and Pagouda are supplied by the 

Kozah dam, whose maximum production capacity has been esti-

mated at 7,500 m3/day since the 1980s according to Togolese 

Water Company (TdE) Activity Report in 2022, through the only 

existing production unit. This situation leads to challenges such as 

falling pressure, disruption of the water supply, and shortages, 

especially during the dry season. To compensate for the lack of 

public drinking water supply and meet their needs, people have 

turned to water sources that are more easily accessible but some-

times of poor quality [2, 8], making boreholes an essential re-

source for domestic and drinking water supply. The start-up of the 

second treatment plant [9] of the Kozah dam in 2023 mitigated 

these shortages by increasing the maximum production capacity to 

approximately 15,500 m3/day [10]. Unfortunately, the extension 

of the TdE water distribution network does not cover all suburban 

areas of the commune of Kara. Furthermore, the capacity of the 

Kozah dam could be challenging during the dry season because of 

the increased temperature related to climate change [11]. There-

fore, in the city of Kara and its suburbs, many households use 

water from boreholes directly supplied untreated in the dry and 

wet seasons. The minimum treatment generally envisaged is dis-

infection after the physicochemical assessment of water quality. 

The most accessible and cost-effective chemical reagent for use is 

chlorine in liquid form (bleach) or solid form (calcium hypo-

chlorite) [12, 13]. 

Therefore, this study aims to evaluate physicochemical 

water quality parameters and the chlorine demand of raw 

water from private boreholes in Kara. By identifying the 

factors influencing these variations, we aim to provide in-

sights to improve water treatment practices and ensure safe 

domestic drinking water supplies. 

2. Materials and Methods 

2.1. Study Area 

The commune of Kozah 1, commonly known as the city of 

Kara, has four cantons (Lama, Lassa, Soumdina and Landa) 

located in Kozah Prefecture. The city is located in the north-

ern part of Togo, 420 km from the capital, between longitudes 

1°8'24 and 1°19'18 East and latitudes 9°29'24 and 9°42'0 

North. It is the largest town located in the northern part of 

Togo [14], with a population of 158,090, representing 81.65% 

of the total population of commune Kozah 1, according to 

data from the 5th General Census of Population and Housing 

[15]. In 2030, the city of Kara is estimated to have a popula-

tion of 223,443 people. The city experiences a Tropical Su-

danese climate characterized by distinct wet and dry seasons, 

which significantly impact annual rainfall and groundwater 

quality. Two major high-pressure air masses, Harmattan and 

the Monsoon influence Togo's climate. The interaction be-

tween these air masses creates an intertropical front (ITF), 

whose fluctuations determine seasonal patterns [16]. The city 

of Kara, in Kozah Prefecture, which has a population density 

of 256 inhabitants per square kilometer, is above the national 

average of 143 inhabitants per square kilometer and records 

annual cumulative rainfall between 1,110 and 1,285 mm, with 

an average annual temperature of 27°C [17]. In 2019, the 

municipality of Kara adopted its first municipal development 

plan to strengthen local governance and monitor access to 

basic social services such as the drinking water supply and 

sanitation [18]. The region of Kara, one of the five adminis-

trative districts of the country (Figure 1), has an urbanization 

rate of 28.9%, second only to the Greater Lomé district (a part 

of the maritime region), which is estimated at 100% [15]. 

Rapid population growth, combined with the socioeconomic 

challenges faced by developing countries, clearly contributes 

to urbanization, which is difficult to manage, and the city of 

Kara is no exception. Most of the urban areas corresponding 

to the older districts are connected to the drinking water 

network provided by the TdE. 

2.2. Sampling and Data Collection 

The present research was conducted in the city of Kara, 

where 32 water samples (n = 32) were collected from private 

boreholes. The boreholes sampled are distributed across var-

ious neighborhoods, representing different geological for-

mations, such as the Lassa-Soumdina Leucocratic granulites 

of the Kabye Massif (GSL) and the Kara-Niamtougou Unit 

(UKN) [19], for borehole locations (Figure 1). Two sampling 

campaigns were conducted to ensure the capture of both dry 

(April 2023) and rainy (August 2023) seasons. Sampling was 

carried out to obtain good spatial coverage of the study area. 

The groundwater samples were collected in polyethylene 

bottles with a capacity of 1.5 L for physicochemical analysis, 

while samples for microbiological analyses were collected in 

sterile borosilicate glass bottles. The microbiological and 

physicochemical analysis samples were transported in a cool 

box at 4°C to inhibit bacterial multiplication from the site to 

the laboratory within 2 hours [20]. 
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Figure 1. Geographical location of the study area along with groundwater sampling stations in the city of Kara. 

GSL = Lassa-Soumdina Leucocratic granulites of the Kabye Massif 

UKN = orthogneiss, gneiss and amphibolite of the Kara-Niamtougou Unit 

2.3. Physicochemical Analysis 

All physicochemical parameters were measured using 

standard references. Basic water quality parameters such as 

temperature (T°C), hydrogen potential (pH), electrical con-

ductivity (EC), and turbidity were measured on-site using 

portable equipment (Table 1). The calibration of the instru-

ments was conducted before each measurement. Volumetric 

titration with ethylenediaminetetraacetic acid (EDTA) was 

used to assess the hardness of essential cations in water (Mg2+) 

and (Ca2+). A GENESYS UV‒Vis ultraviolet spectropho-

tometer was used to measure the remaining parameters. The 

chloride (Cl-) and bicarbonate ( ) concentrations were 

determined via Mohr's method and titration with concentrated 

acid, respectively. Principal component analysis (PCA) 

(Origin Software) was used to highlight correlations between 

the various physicochemical parameters and understand the 

processes responsible for mineralization. 

Table 1. Methods and equipment used for physicochemical analysis. 

Parameters Method Equipment 

Color Photometry HANNA H197727 

pH Electrometry WTW pH 3110/ SET2 


3HCO
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Parameters Method Equipment 

Turbidity Nephelometry HACH 2100Qis 

Conductivity Conductometry WTW Cond 330i/SET 

TA - TAC Titrimetric Method - 

HCO3
- Titrimetric Method - 

Ca2+ Titrimetric Method - 

Mg2+ Titrimetric Method - 

OxKMnO4 Hot Method - 

Cl- Mohr's Method - 

SO4
2- Nephelometry 

Molecular Absorption Spectrophotometer 

GENESYS UV‒Vis 

NH4
+ Nessler Method 

Molecular Absorption Spectrophotometer 

GENESYS UV‒Vis 

NO2
- Spectrophotometry 

Molecular Absorption Spectrophotometer 

GENESYS UV‒Vis 

NO3
- Spectrophotometry 

Molecular Absorption Spectrophotometer 

GENESYS UV‒Vis 

FeTotal Spectrophotometry 
Molecular Absorption Spectrophotometer 

GENESYS UV‒Vis 

PO4
3- Spectrophotometry 

Molecular Absorption Spectrophotometer 

GENESYS UV‒Vis 

Silica Spectrophotometry 
Molecular Absorption Spectrophotometer 

GENESYS UV‒Vis 

 

2.4. Microbiological Analysis 

The importance of bacteriological analysis of water is not to 

carry out an inventory of all the present species but to look for 

either those that are likely to be pathogenic or often those that 

accompany them and are present in greater numbers, often in 

the intestines of mammals, and whose presence is indicative of 

fecal contamination [20]. The germs sought in the water studied 

were total coliforms, intestinal enterococci, and Clostridium 

perfringens. These microorganisms were identified and 

counted by filtering aliquots through a membrane of cellulose 

esters with a pore diameter of 0.45 µm [21]. The results are 

reported as colony-forming units (CFUs) per 100 mL. First, 50 

ml samples were filtered. After incubation, the culture of Petri 

dishes in which colonies could not be quantified (too many 

colonies > 200) was repeated with smaller volumes (2 mL, 10 

mL, 20 mL). Germ culture was carried out on specific bacterial 

media at various temperatures, according to Table 2. All the 

Petri dishes were incubated for 24 hours. 

Table 2. Methods used for microbiological analysis. 

Parameters Method Culture medium Incubation (Temperature/Time) 

Total coliforms 

Membrane filtration  

(0.45 µm) 

Lauryl Sulfate 37°C/24 h 

Faecal coliforms Lauryl Sulfate 44°C/24 h 

Faecal Enterococci Fresh Blood Agar 37°C/24 h 

Clostridium perfigens Tryptone Sulfite Neomycin 37°C/24 h 
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2.5. Chlorine Determination and Breakpoint 

Curve 

Determining the chlorine demand of a water source enables us 

to evaluate the amount of chlorine required to achieve a specified 

residual chlorine concentration after a set contact time of two 

hours [20]. In a series of bottles, each containing 100 mL of the 

water to be analyzed, increasing chlorine concentrations are added. 

The bottles were then capped, shaken, and stored in the dark. After 

the two-hour defined contact time, free residual chlorine and total 

chlorine were measured using the N, 

N-diethylphenylene-1,4-diamine (DPD) method. The total and 

free chlorine contents were determined using DPD-3 and DPD-1 

from Lovibond Water Testing materials [22-24], a MD200 pho-

tometer system at a wavelength of 530 nm (NF EN ISO 7393-2) 

and in the range of 0.03-5 mg/L Cl2. The chlorine demand of the 

water is identified by the first bottle, in which free chlorine is de-

tected at 0.2 mg/L after the specified contact time [20]. For all 

samples, a comparison with the blank value was used for chlorine 

value determination. Fresh hypochlorite solutions were prepared 

for each assay at a concentration of 1 g/L Cl2 with Ca(OCl)2 

powders and calibrated using the iodometric method [20]. 

2.6. Survey 

A survey carried out in March 2023 involved interactive ex-

changes with households that use water from the sampled bore-

holes. A total of seventy-four (74) individuals were surveyed, all 

of whom were adults living in households supplied by the sam-

pled boreholes, to assess their knowledge of good hygiene, san-

itation practices, and disinfection processes for drinking water. 

The survey consisted of interactive exchanges with households 

that used the water from the boreholes sampled. The distance 

between septic tanks and boreholes was measured to assess the 

safeguard zone between septic tanks and water sources. 

3. Results and Discussions 

3.1. Field Survey 

The survey revealed that 84% of boreholes were drilled be-

tween 2018 and 2023, which corresponds to the period when the 

city was expanding towards the outlying districts (Elimdè, 

Leziyo, Atéda) and when there were major water shortages in 

the supply of drinking water. This period also coincided with the 

arrival of Indian drilling companies, which brought prices down 

from approximately 3 million to 1,500,000 or even less in some 

negotiation cases. Nearly 85% of the respondents said they had 

no knowledge of the concept of groundwater-related wa-

ter-borne diseases. All the households had latrines and septic 

tanks. The distance between septic tanks and boreholes was 

between 8 and 37 m, with 14 boreholes (43.75%) not conform-

ing to the commonly accepted value of ≥15 m to limit microbial 

transport. It is evident that groundwater resources in the city of 

Kara are at risk of pollution due to rapidly growing populations 

and changes in land use with abrupt urbanization. Sewage and 

poor sanitation conditions are related to high microbial and oth-

er anthropogenic contamination in sub-Saharan Africa [25, 26]. 

Hence, the idea of minimizing safe distances is a good first-line 

site-specific management option for protecting the immediate 

areas around groundwater sources [27]. 

The survey revealed that only 3% of households have al-

ready carried out at least one quality control analysis of their 

borehole water, despite the existence of the water code 

promulgated by the Togolese government [28]. Indeed, it is 

stated in the Water Code (Article 72) that water intended for 

human consumption must be safe to drink, whether it is sup-

plied through public water distribution networks or sourced 

from a well, borehole, or any other source used to provide 

water to the public. The code also stipulates that safeguard 

zones and protected areas should be defined by the ministry 

in charge of water protection to ensure the sustainable pro-

tection of groundwater resources. There are organisations in 

place to assist people in testing their borehole water, such as 

the National Institute of Hygiene (INH), which serves as the 

central public health laboratory, and water science-based 

laboratories in public universities of Togo. 

The Togolese water code (article 87) stipulates that in areas 

served by a public drinking water distribution network, the 

use of well or borehole water for domestic, administrative, or 

commercial purposes may be suspended by ministers re-

sponsible for water and health if the quality of the well or 

borehole water cannot be guaranteed in the same way as that 

of the network. The enforcement of legislation concerning 

borehole development standards and monitoring water quality 

is crucial for the long-term use of borehole water. 

3.2. Distribution of Physicochemical Parameters 

3.2.1. Physicochemical Characteristics of Water 

The descriptive statistics of the measured parameters used 

are presented in Table 3. The pH values of the water range 

between 6.8 and 7.9 in both the dry and rainy seasons. These 

waters comply with WHO guidelines, which specify ac-

ceptable pH values between 6.5 and 8.5 [5] for drinking water. 

The electrical conductivity (EC) values varied from 219 to 

2120 µS/cm, with a mean value of 577.6 ± 290.7 µS/cm in the 

dry season, and from 217 to 2180 µS/cm, with a mean value of 

598.6 ± 291.51 µS/cm. Taking into account the EC precision 

of approximately 1 to 2%, these EC values suggest pretty 

similar water mineralisation levels during both seasons. A 

high coefficient of variation (CV) was observed. The same 

trend of high values of standard deviation and coefficient of 

variation (CV) was observed for the main constituents except 

pH during the dry and rainy seasons (Table 3). These values 

reflect the heterogeneity of the aquifer zone, which is likely 

due to different recharge rates and mineral release rates, 

leading to variations in electrical conductivity [29]. 

http://www.sciencepg.com/journal/ajac


American Journal of Applied Chemistry http://www.sciencepg.com/journal/ajac 

 

163 

 

  
Figure 2. Water Classification Diagram Based on Hardness. 

Groundwater hardness is an important parameter for as-

sessing water quality. For water intended for human con-

sumption, the WHO does not recommend a specific limit for 

hardness but notes that high hardness (>15 °F) can lead to the 

formation of calcium carbonate, whereas low hardness may 

cause corrosion issues. The diagrams in Figure 2 show that the 

water from the sampled boreholes during the dry season is 

predominantly characterized as moderately hard (41%) or soft 

(31%). In contrast, during the rainy season, borehole water is 

hard (34%) and moderately hard (31%), indicating the influ-

ence of rock dissolution [2, 19]. 

Among the mineral nitrogen compounds ( 
3NO , 

2NO , 


4NH ), only nitrates have high concentrations, exceeding the 

related WHO standard. 17 samples against 13 have a con-

centration of 
4NH  below the method limit of detection 

(MLD) of <0.001 mg/L in the dry and wet seasons, respec-

tively. This trend is striking for 
4NH , where all values are 

below the MDL for both seasons. 

Overall, nitrate concentrations are higher in the rainy sea-

son than in the dry season. In addition, the maximum con-

centrations in both seasons (101 mg/L) were recorded in the 

rainy season, up to more than twice the admissible concen-

tration (50 mg/L) according to the WHO standards. This value 

was exceeded in some boreholes, namely, F12, F25, and F29 

in the dry season and F9, F11, F12, F15, F25, and F30 in the 

wet season. This is risky for vulnerable populations, such as 

infants and elderly people, because of the potential formation 

of methaemoglobin in these organisms [20]. Endogenous 

nitrite ions produced by exogenous high nitrate intake or 

nitrite react with the Fe(II) ions present in haemoglobin and 

produce Fe(III) ions, thus transforming haemoglobin into 

methaemoglobin, which could be lethal when the percentage 

of methaemoglobin in the blood reaches 80% [30]. 

Table 3. Descriptive statistics of selected physicochemical parameters in borehole water samples collected from the city of Kara. 

Parameters 

Dry season (n=32) 

Min Max Mean StD CV 
WHO Stand-

ards (mg/L) 

Not conformed 

groundwater sources 

% out of 

standards range 

Colour (mg/L PtU) 0 112 15.47 22.68 146.63 ≤ 15 
8 (F1, F2, F4, F6, F8, 

F12, F21, F30) 
25 

pH 6.79 7.9 7.32 0.24 3.27 6.5 - 8.5 0 0 

Turb (NTU) 0.22 20.3 2.5 3.48 138.99 < 5 5 (F2, F4, F6, F8, F30) 15.52 

Cond (µS/cm) 219 2120 577.56 290.68 50.33 400 to 800 
5 above 800 (F8, F9, F11, 

F25, F29) 
9.38 

Mineralisation (mg/L) 149.3 1499.84 411.81 200.56 48.7 1000 1 (F8) 3.12 

TA (°F) 0 0 0 0 NA  0 0 

TAC (°F) 5.4 33 18.85 4.41 23.41 5 to 30 2 (F11, F25) 6.25 
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Parameters 

Dry season (n=32) 

Min Max Mean StD CV 
WHO Stand-

ards (mg/L) 

Not conformed 

groundwater sources 

% out of 

standards range 

HCO3
- (mg/L) 65.88 402.6 230.01 53.84 23.41   - 

Cl- (mg/L) 17.75 191.7 55.34 30.51 55.13 < 250 0 0 

TH (°F) 5.8 61 21.33 10.29 48.23 ≤ 15 

21 (only F3 to F7; F10, 

F16. F18, F28, F30, F31 

are conform) 

65.63 

Ca2+ (mg/l) 16 1344 48.09 20.69 43.02 -   

Mg2+ (mg/l) 2.92 97.2 22.61 15.56 68.82 -   

Oxydability (mgO2/L) 0 2.15 0.25 0.36 146.43 < 5 0 0 

NH4
+ (mg/L) 0.04 0.06 0.05 0.01 12.23 < 1.5 0 0 

NO2
- (mg/L) < 0.001 < 0.001 < 0.001 NA NA < 3 0 0 

NO3
- (mg/L) 0.33 78.37 13.56 17.14 126.43 < 50 3 (F12, F25, F29) 9.38 

FeT (mg/L) 0.01 1.96 0.24 0.44 185.32 < 0.3 3 (F8, F21, F30) 9.38 

SO4
2- (mg/L) 1.91 157.33 22.6 20.45 90.49 < 250 0 0 

SO2 (mg/L) 12.1 108.54 50.34 14.59 28.99    

PO4
3- (mg/L) 0.09 0.46 0.28 0.15 53    

Table 3. Continued. 

Parameters 

Rainy Season (n=32) 

Min Max Mean StD CV 
WHO Stand-

ards (µg/L) 

Not conformed 

groundwater sources 

% out of 

standards range 

Colour (mg/L PtU) 0 121 11.81 16.32 138.18 ≤ 15 
8 (F1, F2, F4, F6, F8, 

F12, F21, F30) 
25 

pH 6.8 7.9 7.4 0.2 2.7 6.5 - 8.5 0 0 

Turb (NTU) 0.14 21.2 1.96 2.72 138.63 < 5 1 (F30) 3.12 

Cond (µS/cm) 217 2180 598.56 291.51 48.7 400 to 800 
5 above 800 (F8, F9, F11, 

F25, F29) 
9.38 

Mineralisation (mg/L) 149 1500 412 201 48.7 1000 1 (F8) 3.12 

TA (°F) 0 0 0 0 NA    

TAC (°F) 6.4 31.8 17.23 4.36 25.31 5 to 30 1 (F26) 3.12 

HCO3
- (mg/L) 78.08 387.96 210.15 53.18 25.31   - 

Cl- (mg/L) 10.65 95.85 35 18.26 52.18 < 250 0 0 

TH (°F) 4 68 25.21 10.25 40.65 ≤ 15 
25 (only F3 to F5; F7, F10, 

F28, F31 are conform) 
78.12 

Ca2+ (mg/l) 12 159.2 58.3 25.81 44.27    

Mg2+ (mg/l) 2.43 68.53 25.85 12.56 48.58    

Oxydability (mgO2/L) 0 2.42 0.56 0.4 71.04 < 5 0 0 

NH4
+ (mg/L) 0.03 0.07 0.04 0.01 18.83 < 1.5 0 0 

NO2
- (mg/L) < 0.001 < 0.001 < 0.001 NA NA < 3 0 0 

NO3
- (mg/L) 0.53 101.37 25.98 21.78 83.86 < 50 6 (F9, F11, F12, F15, F25, 18.8 
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Parameters 

Rainy Season (n=32) 

Min Max Mean StD CV 
WHO Stand-

ards (µg/L) 

Not conformed 

groundwater sources 

% out of 

standards range 

F30) 

FeT (mg/L) 0.01 2.12 0.28 0.48 172.27 < 0.3 3 (F8, F21, F30) 9.4 

SO4
2- (mg/L) 1.1 153.6 33.19 30.64 92.33 < 250 0 0 

SO2 (mg/L) 7.9 83.03 40.34 17.57 43.55    

PO4
3- (mg/L) < 0.001 < 0.001 < 0.001 NA NA  0 0 

 

The presence of nitrate in groundwater could be linked to 

the development of urban livestock farming and excessive 

fertilization of urban agricultural areas with nitrogenous fer-

tilizers, various types of manure, and even sewage sludge [31, 

32]. The increasing concentration in the rainy season indicates 

the contaminant load during rainwater infiltration. Previous 

studies in Kara on private boreholes have shown that nitrogen 

pollution is closely linked to nitrate ions. This tendency was 

observed in Doukkala in Morocco through nitrogen mass 

balance [33], indicating that the use of fertilizers in the 

off-season, the type of crops, and culture can indeed influence 

the leaching of nitrogen in the form of nitrate. 

The recommended total iron concentration should be less 

than 0.3 mg/L in the water during both seasons. In this study 

zone, the values ranged from below the MDL (< 0.03 mg/L) to 

approximately 2 mg/L in both the dry and rainy seasons, with 

nearly 10% of the boreholes (F8, F21, and F30) being strongly 

correlated with the geological formation of UKN, with values 

above the limits. The variability across the study zone is very 

similar based on standard deviation, and boreholes whom 

concentrations are above the recommended values, are the 

same in each season, confirming the geological source of iron. 

Iron develops turbidity and a reddish color in the water, 

especially when the dissolved oxygen content is low [5], 

which is not very appealing to consumers. It also has the 

drawback of staining clothes and producing an unpleasant 

taste that can be perceived at concentrations of 0.05 mg/L or 

more [29]. 

Turbidity values meet the WHO recommendations (≤ 5 

NTU) for most groundwater. Only the values for boreholes F2, 

F4, F6, F8, and F30 in the dry season and F30 in the rainy 

season are above 5 NTU. Turbidity is a parameter easily 

perceived through macroscopic aspects of water (clear 

with/without suspended solids, only suspended solids, and 

slightly reddish in color) by consumers and can indicate the 

microbiological quality of water. High turbidity can affect the 

effectiveness of disinfection treatments [29]. Upon exposure 

to the atmosphere, iron oxidation leads to an objectionable 

reddish-brown color and increased turbidity [5], as implicitly 

confirmed by the strong correlation (0.76) with FeTotal during 

the dry season. We note that F8 and F21 present slightly red-

dish water and high color values. 

Chloride ion concentrations remain below the recom-

mended value of 250 mg/L throughout the year but are, on 

average, higher during the dry season (55.34 mg/L) than 

during the rainy season (35 mg/L). The lower values in the 

rainy season might have resulted from the dilution effect. 

Although groundwater mineralization seems to occur under 

steady conditions, during the rainy season, the chloride con-

centration decreases, whereas the nitrate concentration in-

creases. 

3.2.2. Corrosion Index 

For many years, some authors have used the Langelier in-

dex to indicate water corrosivity [5, 34]. However, the use of 

the Langelier index, a calcium carbonate-based saturation 

index, such as indicators of water corrosivity across different 

materials, is limited. While these indices primarily indicate 

the tendency to deposit or dissolve calcite scales, they are 

unreliable predictors of corrosivity. For example, waters with 

a negative Langelier index can be noncorrosive, whereas the 

opposite result is observed for a positive Langelier index. 

However, saturation indices have been used in corrosion 

control, particularly in forming protective calcite scales in 

iron pipes. High pH, calcium, and alkalinity generally corre-

late with less corrosive water, but these indices are less ef-

fective for copper systems. The Larson ratio (1) [5, 35, 36] 

considers the chloride, sulfate, and bicarbonate concentrations 

and is more useful for assessing water corrosiveness. It is 

developed from the relative corrosive potential of chloride 

and sulfate ions to the protective potential of bicarbonate. Any 

value above LR = 0.5 for water tends to be corrosive. 

LR =
[Cl−]+[SO4

2−]

[HCO3
−]

                 (1) 

where the concentrations are in meq/L. 

Some boreholes present groundwater with a tendency to 

corrode in one season but lose it in another season. F3, F5, F7, 

F25, F31, and F32 presented LR values higher than 0.5 only in 

the dry season compared with F15, F24, and F30 in the rainy 

season. 
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In contrast, F8, F9, F11, F12, F21, F25 and F27 tended to 

be corrosive during both seasons. High levels of corrosion can 

be anticipated for F8 and F25 with LR >1.2. Corrosion may 

cause structural failure, leakage, and deterioration of chemical 

and microbial water quality [5]. It appears that electrochem-

ical tests remain an efficient approach to characterize corro-

sion and scale formation processes, including continuous 

hydrodynamic information on relevant factors [34, 37]. 

 
Figure 3. Larson ratios for the 32 sampled boreholes. 

3.2.3. Correlations Among Physicochemical 

Parameters 

Table 4 presents the values of the correlation matrix be-

tween parameters. High positive correlations were observed 

between turbidity, FeT and NH4
+ during both seasons, sug-

gesting that these ion sources control turbidity. The EC is 

highly correlated with Ca2+, Mg2+, and strong acid anions. A 

greater correlation between NO3
- and EC, Ca2+, Cl-, and SO4

2-, 

particularly in the rainy season, suggests anthropogenic con-

trol of groundwater mineralization. A significant correlation 

between HCO3
- and cations is expected in basement terrain 

dominated by silicate minerals [1, 6, 38]. However, no sig-

nificant correlations were observed between HCO3
- and EC 

and the other parameters except for Mg2+ and Cl- during the 

dry season. This might result from the blurring of natural 

water‒rock interactions caused by anthropogenic contamina-

tion from urban infiltration, wastewater, and sewage. During 

the rainy season, a correlation is observed between Ca2+, SO4
2-, 

and NO3
- and, to a lesser extent, between Mg2+ and FeT. This 

indicates a complex effect from the weathering of local rocks, 

such as chlorites, amphibolites, and pyroxenites [19], as well 

as an influence from anthropogenic pollution [2, 39]. The 

latter introduces SO4
2- and NO3

- into groundwater, stemming 

from fossil fuel combustion, agricultural activities, and 

leaching from soils near illegal dump sites. 

Table 4. Correlation matrix of the dry season (a) and rainy season (b) with selected parameters. 

Variables Turb Cond Ca2+ Mg2+ FeT NH4
+ HCO3

- Cl- SO4
2- NO3

- SiO2 

Turb 1 
      

(a) 
   

Cond 0,477 1 
         

Ca2+ 0,330 0,763 1 
        

Mg2+ 0,037 0,698 0,509 1 
       

FeT 0,759 0,576 0,470 0,151 1 
      

NH4
+ 0,538 -0,013 -0,067 -0,207 0,326 1 

     
HCO3

- -0,128 0,415 0,392 0,519 -0,047 -0,203 1 
    

Cl- -0,028 0,703 0,485 0,615 0,092 -0,246 0,501 1 
   

SO4
2- 0,569 0,754 0,589 0,216 0,721 0,086 -0,049 0,340 1 

  
NO3

- -0,277 0,313 0,215 0,646 -0,182 -0,096 0,203 0,407 0,032 1 
 

SiO2 0,151 0,202 0,124 0,291 0,253 -0,129 0,124 -0,063 0,171 0,130 1 

The values in bold are different from zero at a significance level of α = 0.05. 

Variables Turb Cond Ca2+ Mg2+ FeT NH4
+ HCO3

- Cl- SO4
2- NO3

- SiO2 

Turb 1 
          

Cond -0,037 1 
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Variables Turb Cond Ca2+ Mg2+ FeT NH4
+ HCO3

- Cl- SO4
2- NO3

- SiO2 

Ca2+ 0,032 0,892 1 
     

(b) 
  

Mg2+ -0,160 0,671 0,565 1 
       

FeT 0,486 0,546 0,441 0,393 1 
      

NH4
+ 0,461 0,160 0,124 -0,033 0,314 1 

     
HCO3

- -0,028 0,082 0,107 0,082 0,047 0,028 1 
    

Cl- 0,003 0,879 0,884 0,555 0,461 0,059 0,085 
    

SO4
2- -0,088 0,851 0,775 0,662 0,485 0,061 0,017 0,761 1 

  
NO3

- -0,311 0,610 0,664 0,389 -0,039 -0,009 -0,076 0,756 0,569 1 
 

SiO2 -0,226 0,222 0,126 0,298 0,171 -0,055 -0,256 0,092 0,392 0,190 1 

The values in bold are different from zero at a significance level of α = 0.05. 

3.3. Microbiological Quality of the Water 

Ensuring good bacteriological quality is crucial for safe 

drinking water, as harmful bacteria can cause serious health 

issues. Microbiological analyses revealed the presence of 

coliform bacteria, fecal enterococci, and Clostridium 

perfringens in the tested water samples (Figure 5). Across all 

the sampled boreholes, faecal contamination indicators were 

detected at 84.37% of the water points during the dry season, 

whereas they were detected at 96.87% of the water points 

during the rainy season. During the dry season, boreholes F1, 

F9, F10, F15, and F16 were free of the targeted microorgan-

isms. During the rainy season, only borehole F10 exhibited 

good microbiological quality. All the water samples were free 

of thermotolerant coliform bacteria in both seasons and of 

Clostridium perfringens in the rainy season. The level of 

contamination was 62.50%, whereas it was 90.62% for total 

coliforms during the dry and rainy seasons, respectively. For 

faecal enterococci, there was a contamination rate of 81.25% 

in the rainy season. The results highlight more pronounced 

contamination during the rainy season than during the dry 

season, except for Clostridium perfringens. The results indi-

cate that the coefficient of variation (CV) remains relatively 

low (<10) in both the rainy and dry seasons. This is con-

cerning for groundwater, as it suggests a potential risk of 

persistent contamination in the tanks before water distribution 

to households. Furthermore, the lack of correlation between 

microbial contamination (Figure 5) and safeguard distance 

suggested a lack of inadequate maintenance of water reser-

voirs within the households. 

These results align with findings reported by other re-

searchers on the microbiological pollution of borehole water 

used for domestic purposes in underprivileged areas of de-

veloping countries [1, 6, 40]. Although boreholes are among 

the primary drinking water sources, there is a notable presence 

of microbiological contamination from faecal and pathogenic 

microorganisms, in addition to physical and chemical pollu-

tion. The presence of coliforms, faecal streptococci, and 

Clostridium perfringens in water primarily originates from 

animal or human faecal contamination and can cause gastro-

enteritis, such as diarrhoea, nausea, vomiting, and abdominal 

cramps [8, 20, 41]. There is also the possibility that dangerous 

pathogenic germs are present in the water. In fact, faecal 

indicator organisms such as thermotolerant coliforms cannot 

be used as indicators for pathogens such as Vibrio cholerae, 

Aeromonas spp., Campylobacter spp., and Helicobacter py-

lori, etc., which are responsible for diarrhoea, severe diseases 

(such as septicaemia), epidemic diseases (such as cholera), 

and chronic conditions (such as cancer) [5, 42]. Acts related to 

the water code need to be enforced, and the population needs 

to be aware of the importance of water resource protection and 

disinfection before consumption [3, 6]. 
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Figure 4. Distribution of microbiological indicator germs. 

Table 5. Descriptive statistics of the microbiological parameters of the borehole water samples collected from the city of Kara. 

 

Total coliform 

(UFC/100 mL) 

Thermotolerant coli-

form (UFC/100 mL) 

Enterococcus faecalis 

(UFC/100 mL) 

Clostridium perfigens 

(UFC/100 mL) 

Dry 

season 

Rainy 

season 
Dry season 

Rainy 

season 

Dry sea-

son 
Rainy season Dry season Rainy season 

Min (UFC/100 mL) 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Max (UFC/100 mL) 2240,0 5500,00 0,00 0,00 1200,00 1500,00 40,00 0,00 

Mean (UFC/100 mL) 193,44 737,19 0,00 0,00 226,25 410,31 1,25 0,00 

STD 469,04 1289,52 0,00 0,00 367,40 525,29 7,07 0,00 

CV% 2,42 1,75 NA NA 1,62 1,28 5,66 NA 

% of contaminated sample 62,5 90,63 0 0 62,5 81,25 3,13 0 

 

Safeguard 

zone         

(m)

Dry season Rainy season Dry season Rainy season Dry season Rainy season Dry season Rainy season

F1 0 100 0 0 0 40 0 0 37

F2 20 90 0 0 60 55 0 0 10

F3 40 180 0 0 0 0 0 0 13

F4 1060 0 0 0 0 1500 40 0 18

F5 0 90 0 0 0 1375 0 0 18

F6 0 30 0 0 160 25 0 0 23

F7 2240 50 0 0 780 300 0 0 10

F8 100 150 0 0 720 1050 0 0 32

F9 0 130 0 0 0 0 0 0 21

F10 0 0 0 0 0 0 0 0 10

F11 35 1720 0 0 225 625 0 0 22

F12 170 250 0 0 1150 315 0 0 18

F13 1200 760 0 0 30 30 0 0 11

F14 0 1080 0 0 10 0 0 0 14

F15 0 310 0 0 0 50 0 0 11

F16 0 80 0 0 0 0 0 0 8

F17 250 90 0 0 100 35 0 0 11

F18 220 220 0 0 50 0 0 0 15

F19 45 300 0 0 660 230 0 0 18

F20 220 5500 0 0 675 25 0 0 17

F21 5 60 0 0 1200 1400 0 0 12

F22 0 110 0 0 650 200 0 0 18

F23 0 80 0 0 0 215 0 0 13

F24 5 50 0 0 5 195 0 0 27

F25 20 3600 0 0 725 1010 0 0 10

F26 25 470 0 0 10 485 0 0 13

F27 480 3200 0 0 5 10 0 0 12

F28 5 310 0 0 10 5 0 0 11

F29 25 0 0 0 0 1300 0 0 16

F30 25 2600 0 0 0 1000 0 0 13

F31 0 180 0 0 0 1400 0 0 22

F32 0 1800 0 0 15 255 0 0 8

Total coliform                

(UFC / 100 mL)

Thermotolerant coliform          

(UFC / 100 mL

Enterococcus faecalis 

(UFC / 100 mL)

Clostridium perfigens       

(UFC / 100 mL)
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3.4. Chlorine Demand (CD) 

The chlorine demand varied from 0.25 to 6.1 mg/L, with an 

average of 0.82 mg/L, during the dry season and from 0.25 to 

2.4 mg/L, with an average of 0.93 mg/L, during the rainy 

season (Table 6). On average, the chlorine demand is within 

the same range during both seasons. However, it varies from 

one point to another and seasonally across sites. Most points 

showed a tendency for chlorine demand to increase in the 

rainy season except for boreholes F5, F8 and F11, where the 

CD was relatively high in the dry season (Figure 5). The 

chlorine demand is influenced by the water temperature and 

the water residence time in the tank before distribution. Fur-

thermore, water containing NH3, the conjugate base of NH4
+ 

(with a pKa of 9.2 at 25°C), leads to increased chlorine con-

sumption and results in the determination of the breakpoint on 

the curve of free chlorine as a function of total chlorine. The 

breakpoint curve provides a comprehensive view of the var-

ious types of chemicals that can consume chlorine during the 

disinfection process. When chlorine is added, the presence of 

reducing mineral compounds such as iron leads to almost 

instantaneous consumption, followed by reactions with am-

monia nitrogen and humic substances derived from the de-

composition of organic matter. These reactions occur at rates 

dependent on factors such as pH, water temperature, chlorine 

dose, and reaction time. Consequently, chlorine demand var-

ies both spatially and temporally, as demonstrated in this 

study. The breakpoint curve form was not observed because 

of the low ammonium concentration (< 0.5 mg/L) in the 

sampled water. Thus, [13] reported a good correlation be-

tween chlorine demand and highly polluted well water con-

taining ammonium and organic matter. Many organic com-

pounds are not fully oxidized in the oxidation test with 

KMnO4. In addition, bromide ions could be present in the 

deep aquifers of the boreholes sampled. Hypochlorous acid 

(HOCl), which is more abundant at pH<7.5, reacts with bro-

mide ions (Br-) and hence interferes with the action of chlo-

rine, particularly by interacting with natural organic matter 

[20]. These various reactions lead to the production of chlo-

rinated, brominated, or mixed organohalogenated compounds 

and increase the consumption of hypochlorous acid. 

The potential health consequences of microbial contami-

nation are that its control should always be at first on priority 

lists and should never be compromised. After chlorine de-

mand, all the water samples were checked for microbiological 

contamination. They were found to be exempt from faecal 

contamination, indicating the effectiveness of chemical dis-

infection. Therefore, chlorine disinfection of a drinking water 

supply that is fully contaminated could reduce the overall risk 

of disease [12, 13] but may not necessarily render the water 

safe for drinking purposes. For example, chlorine disinfection 

of drinking water has limitations in addressing protozoan 

pathogens, especially Cryptosporidium [29], and some vi-

ruses, such as Vibrio cholerae [5, 42]. High turbidity levels 

can protect microorganisms from the effects of disinfection, 

encourage bacterial growth, and increase chlorine demand. 

An overall management strategy should be used in conjunc-

tion with disinfection to prevent or remove microbial con-

tamination. Disinfection should remain a priority even when 

disinfection byproducts are managed [5]. 

This finding underlines the importance of determining 

site-specific chlorine demand rather than applying fixed val-

ues to avoid incorrect estimations, which can lead to either 

insufficient disinfection or the presence of harmful disinfec-

tion byproducts [6, 43]. Although there is no direct correlation 

between chlorine demand and the presence of indicator mi-

croorganisms, chlorination helps ensure good quality drinking 

water. 

 
Figure 5. Chlorine demand over dry and rainy seasons of private 

borehole groundwater for 0.2 mg/L residual chlorine. 

Table 6. Descriptive statistics about chlorine demand. 

 

Chlorine demand (mg/L) 

Dry season Rainy season 

Max 6,00 2,40 

Min 0,25 0,25 

Mean 0,82 0,93 

Std 1,08 0,45 

CV (%) 1,32 0,48 

3.5. Contribution to Water Management in 

Kara 

Seasonal variations were observed, with water quality 

generally deteriorating during the rainy season. The increased 

turbidity and microbial contamination during this period were 

probably due to surface water infiltration into the groundwater 
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system. The need for household-based water treatment is 

worth considering. Multiple-barrier approaches, such as 

source water protection, as well as protection during storage 

and distribution within households, water boiling, solar radi-

ation and chlorine disinfection, should be useful to ensure safe 

drinking water for the population of Kara city. These results 

also reflect the improper maintenance of water tanks within 

households for various reasons, such as the unavailability of 

skilled workers and increases in household expenditures. 

Likewise, it should be noted that registered drilling companies 

often offer assistance for water quality assessment as soon as 

their operations are completed before any consumption. Wa-

ter quality should be monitored on a regular basis to ensure 

that it meets the safety standards set by public health authori-

ties. To reduce contaminant loading into groundwater and 

address the social challenges faced, private boreholes and 

households using untreated groundwater should be registered 

to raise awareness among the population. Regular monitoring 

of the variation in groundwater quality should be undertaken 

to understand the health risks householders face, assess the 

challenges associated with chlorination at the household level, 

and propose alternative approaches to address these issues in 

the short and long term. Previous works [6] revealed the ef-

fects of social factors, such as the belief that groundwater is 

drinkable and end-users tastes, just to mention a few, on the 

successful implementation of household-based chlorination. 

Since communities have their own recipe from local eco-

nomic activities, community health-based projects should be 

prioritized over other valuable projects. Risk assessment, 

including quantitative microbial risk assessment, should be 

implemented locally since cities in Togo are in charge of their 

environment and water supply services. These four steps 

should be followed thoroughly: hazard identification, hazard 

characterization, exposure assessment, and risk characteriza-

tion. Risk management and risk communication should be 

important steps forward [44] to assure public health with 

well-identified stakeholders [45]. Stakeholders who are 

highly decisive in raising awareness should be among district 

development committees, social actors in the municipality, 

traditional rulers, regional authorities, and multidisciplinary 

researchers (social, water, agroecology, physicians, etc.) to 

propose science-based solutions fit with Kara’s community 

mental model. 

4. Conclusion 

This study highlights the variations in groundwater quality 

and chlorine demand in private boreholes in Kara, Togo. The 

findings suggest that a one-size-fits-all approach to private 

borehole water chlorination will be ineffective. Instead, 

strategies considering social conditions, chlorination condi-

tions and water quality are necessary to ensure safe drinking 

water supplies. Regular monitoring and adaptive management 

are recommended to address the hydrodynamic nature of 

groundwater quality. Further studies could investigate the 

concentration level of DBP from drinkable water distributed 

in the study zone, including chlorinated water from private 

boreholes. Monitoring of trace metals and pathogens could 

complement these results to assess the quality of drinking 

water from private boreholes in Kara. 
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