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Abstract: The rapid increase of global human population has led to more people living in towns and cities in the recent past. 

This has brought pressure on water service provision and sanitation infrastructure in many cities and towns including 

Machakos town. Due to surface water shortages, groundwater has been an alternative. This includes sinking of boreholes and 

hand dug shall wells. This study evaluated the concentration levels of physical and chemical parameters of water in selected 

boreholes and shallow wells in Mumbuni estate, Machakos town. A total of three boreholes and three shallow wells were 

included in the study. Water samples were collected in triplicates after every two weeks for a period of one and a half months 

from the selected sampling sites. The samples were transported to the Water Resources Authority (WRA) central laboratory in 

Nairobi for analysis using the standard methods for the examination of ground water. Independent T-test was used to analyze 

data and significance levels accepted at p≤0.05. The results obtained were compared with both the World Health Organization 

(WHO) and Kenya Bureau of Standards (KEBS) drinking water standards in order to determine the quality of ground water 

and its suitability for drinking. All the parameters measured varied significantly between borehole water and shallow well 

water except for Calcium, Magnesium and potassium (p≥0.05). pH, turbidity, electrical conductivity, Chloride, Fluoride and 

Sulphates were within the WHO and KEBS recommended limits for drinking water. Other parameters tested such as Calcium, 

Magnesium and Potassium were also within acceptable limits. The study concluded that water from boreholes and shallow 

wells in Mumbuni estate is suitable for drinking. 
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1. Introduction 

Population growth in Sub Saharan Africa (SSA) urban areas 

has increased over the last 20 years at an average rate of 4% 

per annum which is away above the average global urban 

growth rate that range between 1.44% and 1.84% [1]. This has 

brought a lot of pressure on water service provision and 

sanitation infrastructure in cities and towns [2]. Water is 

important to all living things and without which life on earth 

would not exist. Access to safe drinking water and improved 

sanitation is a fundamental need and a human right which is 

vital for the dignity and health of all people. About 2.6 million 

people globally lack access to safe drinking water [3] and in 

SSA access to clean water for drinking stands at 23.7% as 

compared to 71% globally [4]. 

Human population has increased rapidly in Machakos 

town since the inception of devolved system of government 

in 2013. Machakos Water and Sewerage Company limited 

supplies Machakos town dwellers with treated piped water, 

however the supply has not been adequate due to the 

population surge and the infrastructural capital investments 

required. Therefore, rainwater harvesting and groundwater 

from boreholes and hand dug shallow wells have become 

alternative sources of drinking water. Groundwater is a very 

important resource for millions of people in the globe [5] and 

accounts for 26% of global renewable freshwater resources 

[6]. Groundwater is the major source of drinking water in 

Africa [7] and its use is increasing due to population increase 

and search for climate resilient water supplies [8]. The 

quality of water from some of these alternative sources have 

a direct effect on the health of individuals [9] and thus calling 
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for water quality assessment. Ground water quality includes 

the physical, chemical and biotic characteristics of ground 

water. Poor ground water quality usually results from 

elevated naturally occurring harmful elements such as 

fluoride, iron and heavy metals among others. The residents 

of Mumbuni estate, in Machakos town use ground water 

from boreholes and hand dug shallow wells as alternative 

sources of water for domestic use since the water table is 

high. Most of boreholes have been drilled by entrepreneurs 

who sell the water to the urban dwellers. Shallow wells are 

mostly used by the owners within a homestead. The estate is 

not connected to the main municipal sewerage treatment 

system. The residents use septic tanks and pit latrines and 

this increases the risks of groundwater contamination that 

may affect human health. This study analyzed the quality of 

groundwater in Mumbuni estate to determine its suitability 

for drinking based on set standards by World Health 

Organization (WHO) and Kenya Bureau of Standards 

(KEBS). 

2. Materials and Methods 

2.1. Study Area 

The study was conducted in Mumbuni estate located along 

Machakos- Kangundo road, about 3 kilometers away from 

Machakos town centre, in Machakos County. The size of the 

Mumbuni location covers approximately 30.50km
2
 and is 

located at an elevation of 1,214 meters above sea level. 

Mumbuni ward has a population of approximately 49,802 

residents. The population is increasing rapidly due to 

favorable climatic conditions and urbanization. 

2.2. Water Sampling and Laboratory Analysis 

Purposive sampling was used to select boreholes and hand 

dug shallow wells that were included in the study. The 

boreholes were selected based on the number of people 

drawing water from them while, the shallow wells were 

selected based on owner’s willingness to give out water 

samples. A total of three boreholes (BH1, BH2 &BH3) and 

three shallow wells (SW1, SW2 &SW3) were included in the 

study. Water samples were collected in triplicates from the 

selected sampling sites. Pre- washed polyethylene bottles 

(500ml) and rinsed with 10% nitric acid were used to collect 

water samples from the selected sampling sites. The sample 

bottles were rinsed thrice with the sample water before the 

actual sample was taken. The sample bottles were then 

labelled and stored in iced cool box. The water samples were 

collected after every two weeks for a period of one and a half 

months. The samples were transported to the Water 

Resources Authority (WRA) central laboratory in Nairobi for 

analysis using the standard methods for the examination of 

ground water. pH, turbidity, Electrical conductivity (EC) 

were measured using standard meters, while Calcium (Ca) 

and Magnesium (Mg) were determined by volumetric 

titration method. Chlorides (Cl
-
) was determined by titration 

method using silver nitrate, potassium chromate and Fluoride 

(F
-
) by Selective Electrode Method. Sulphates (SO4

2+
) was 

determined by turbidimetric method and Potassium (K) by 

Flame Photometry. 

2.3. Data Analysis 

Independent T-test was used to analyze data and 

significance levels accepted at p≤0.05. Where significant 

differences were obtained further analysis using Post Hoc 

Tukey test was carried out to separate the means. All the 

analysis was done using IBM SPSS version 21. The results 

obtained were compared with both the WHO and KEBS 

drinking water standards in order to determine the quality of 

ground water and its suitability for drinking. 

3. Results and Discussions 

The physico-chemical parameters of ground water 

measured are presented in Table 1. Additionally, the mean 

values of water quality parameters measured for each 

sampling site are shown in Table 2 and Figure 1. 

3.1. pH 

pH shows the strength of water to react with acidic or 

alkaline materials. In this study the mean pH values were 

7.922±0.124 and 7.106±0.170 for the shallow wells and 

boreholes respectively. There was a significant difference 

between the mean pH values for shallow wells and boreholes 

(p≤0.05). The mean pH values for each sampling site are 

presented in table 2. The pH values for all the boreholes and 

shallow wells sampled were within the WHO and KEBS 

recommended limits of 6.5-8.5 and thus suitable for drinking. 

However, all the shallow wells were slightly more alkaline 

compared to the borehole water. 

3.2. Turbidity 

The mean turbidity vale for shallow wells was 

4.868±5.039 NTUs compared to 0.651±0.333 NTUs for 

boreholes. Significant difference was noted for the turbidity 

levels of shallow wells and boreholes (p=0.023). Except 

SW3, all the other shallow wells and boreholes had turbidity 

values within the WHO guidelines and KEBS set limits for 

drinking water as shown in table 2. The occurrence of 

suspended soils, sediment, carbon-based substance, inorganic 

material and other invisible living things enhances turbidity. 

The level of turbidity shows just a suggestion of the degree 

of pollution [10]. 

3.3. Electrical Conductivity 

The conductivity values were 784.667±141.667 µs/cm and 

573.889±177.828 µs/cm for shallow wells and boreholes 

respectively. The electrical conductivity was below the WHO 

and KEBS standard value thus suitable for drinking. The 

conductivity values exhibited significant differences between 

the shallow wells and boreholes (p=0.013). Electrical 

conductivity is linked to the quantity of cations and anions in 

the water. 
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Table 1. Comparison of physicochemical parameters measured against WHO and KEBS standards. 

Source of water/Parameter Shallow wells Boreholes P value WHO Standards [11] KEBS Standards [12] 

pH 7.922±0.124 7.106±0.170 0.0001 6.5-8.5 6.5-8.5 

Turbidity (NTU) 4.868±5.039 0.651±0.333 0.023 5 5 

Conductivity (µs/cm) 784.667±141.667 573.889±177.828 0.013 2500 - 

Fluoride (mg/L) 0.252±0.029 0.214±0.031 0.019 1.5 1.5 

Chloride (mg/L) 174.667±19.041 92.889±48.945 0.0001 250 250 

Sulphates (mg/L) 4.240±1.089 16.939±13.431 0.012 450 400 

Potassium (mg/L) 5.011±1.266 6.311±2.588 0.195 50 - 

Magnesium (mg/L) 27.411±8.449 21.216±3.626 0.060 100 100 

Calcium (mg/L) 56.945±18.622 44.144±12.719 0.108 100 150 

 

3.4. Fluoride 

Fluoride at low concentrations is beneficial to dental health 

and is usually added to water supplies and dental products 

but cognizant that high concentrations is detrimental to 

human health [13]. Fluoride levels were very low at 

0.252±0.029 mg/L for wells and 0.214±0.031mg/L for 

boreholes (Table 1) and the mean values for each sampling 

site are presented in Figure 1. When Fluoride occurs in low 

levels of 0.8 to 1.0 mg/L it is of essence for fortifying of 

tooth surface. If taken in persistent amounts of over 1.2 mg/L 

leads to tooth fluorosis [14]. Fluoride arises from 

groundwater dissolution in fluoride-rich lithologies, 

including clay minerals and micas, biotite metamorphic 

basement rocks and basement volcanic rocks of alkaline 

composition [15-17]. In this study, samples analyzed 

indicated low levels of Fluoride which were all under the 

standard limits required of 1.5 mg/L meaning that it is 

suitable for drinking even though there is significant 

difference between the wells and the boreholes. 

3.5. Chloride 

The mean chloride values were 174.667±19.040mg/L and 

92.889±48.945mg/L for shallow wells and boreholes 

respectively. There was significant difference between the 

wells and boreholes, (p≤0.05) as shown in Table 1 and Figure 

1. There was variation due to difference in soils, rocks and 

their permeability. Chloride originates from water-soluble 

chloride salts present in minerals and is vital for metabolism 

activity in human body and other important physiological 

processes [18, 19]. Weathering and leaching of domestic and 

agricultural effluents can be a source of chloride in water 

[20]. Chloride level is increased in ground water where 

rainfall is low and heat level is high. Soil permeability and 

absorbency also plays a major part in building the chloride 

concentration [21]. Fertilizer and vegetable nutrient use 

usually lead to increased levels of chlorides. In this study 

area, low concentration of chlorides was less than 250 mg/L, 

the WHO set limit for drinking water. Therefore, the quality 

of sampled water was found good for drinking. 

Table 2. Mean pH, turbidity and electrical conductivity for each sampling site. 

Sampling site/Parameter SW1 SW2 SW3 BH1 BH2 BH3 

pH 8.063±0.045 7.917±0.042 7.787±0.015 7.303±0.162 6.997±0.015 7.017±0.031 

Turbidity (NTU) 0.977±0.042 2.073±0.118 11.553±0.328 0.477±0.108 0.393±0.040 1.083±0.064 

Conductivity (µs/cm) 775.667±3.055 951.333±26.558 627.00±22.068 809.000±3.606 431.000±9.849 481.667±9.074 

 

Figure 1. Mean Concentration levels for anions and cations in each sampling site. 
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3.6. Calcium 

The Calcium mean values measured were 

56.945±18.622mg/L and 44.144±12.719 mg/L for the shallow 

wells and boreholes respectively. The difference of Calcium 

concentration between boreholes and wells was not significant. 

Natural water contains a reasonable quantity of calcium and 

adequate intake is usually essential for normal growth and 

good health [22] while low concentrations in drinking water 

can lead to defective teeth, poor blood clotting, borne fracture 

and rickets [19]. However, high concentration of calcium ions 

causes abdominal ailments, encrustation and scaling [23]. The 

levels of Calcium hardness in this study were below the WHO 

acceptable standards of 100 mg/L as indicated in Tables 1 and 

2. The total hardness of water is increased by Calcium and is a 

vital micro-nutrient in water. 

3.7. Magnesium 

The Magnesium mean concentration levels obtained were 

27.411±8.449 mg/L for shall wells and 21.216±3.626mg/L 

boreholes and showed no significant difference (p=0.06). 

Magnesium ions just like Calcium ions are a major cause of 

hardness. The total of Calcium and Magnesium 

concentrations describe total hardness of water. From the 

findings, Magnesium ions were present but not in very high 

concentrations hence the quality of the ground water is good 

for drinking purposes. Magnesium concentration levels were 

found to be below 100 mg/L indicating that they are within 

WHO and KEBS acceptable levels for drinking water. 

3.8. Sulphates 

The sulphates concentration levels obtained were 

4.240±1.089mg/L and 16.939±13.431mg/L for shallow wells 

and boreholes respectively. The most common form of 

sulphur in well aerated water is sulphate. Significant 

difference was found between wells and boreholes due to the 

variation of dissolved solids. The analyzed samples were all 

below the required levels according to WHO set standards 

[11] hence suitable for drinking. 

3.9. Potassium 

The potassium mean values were 5.011±1.266 mg/L for 

the shallow wells and 6.311±2.588 mg/L for boreholes. No 

significant difference was found to be between shallow wells 

and boreholes. Potassium concentration was found to be 

below the maximum permissible levels therefore suitable for 

drinking purposes in the study area. The likely sources of 

potassium in groundwater are silicate minerals and igneous 

and metamorphic rocks. High potassium concentrations 

occur in ground water of urban areas due to sewage 

infiltration. 

4. Conclusion and Recommendations 

All the water quality parameters measured were within 

acceptable WHO and KEBS set standards and therefore 

concluded that the quality of groundwater in Mumbuni estate 

is suitable for drinking. However, as more boreholes and 

shallow wells are dug to meet the high demand for drinking 

water, the county government of Machakos should ensure 

regular monitoring of groundwater to ensure its within 

required standards for human consumption. Since this study 

only focused on physico-chemical parameters, there is need 

for further research to assess the level of microbial 

contamination of water from the shallow wells and boreholes 

in Mumbuni estate. 
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