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ABSTRACT 
 

Adequate quantity of safe drinking water is necessary for human health and development. However increasing 

population coupled with high demand of water for agriculture, households and industrial uses and power generation 

have led to declining quantity and quality of the life essential commodity. Nakuru is the fourth largest town in 

Kenya, located 160 kilometres northwest of Nairobi, and is one of the Kenyan towns that are seriously impacted by 

limited availability of water, leading to frequent water rationing. This study investigated the quality of the main 

drinking water sources of Nakuru town namely tap water, boreholes and Njoro River. We analysed physico-

chemical parameters including pH, TDS, TSS and Electrical conductivity; heavy metals such as Pb, Mn, Cd, Cr and 

microbiological contaminants E. coli and total coliforms. We collected water samples from eight different sources 

and analysed them following standard methods. The results showed variation in the concentrations of different 

parameters across the sources. The mean Electrical conductivity varied from 169.2 -2,169.5 μS/cm, TDS from 

84.66-1,082.5 mg/l, pH from 7.80-8.55, TSS from 27.5-93.5 mg/l, E. Coli from 0-233 CFU/ml and Total coliforms 

from 1-343 CFU/ml.  Lead is the only heavy metal that was detected in significant amounts in water with 

concentration varying from bdl-0.057 mg/l. Except for pH and TSS, most of the parameters were above the WHO 

maximum guidelines for drinking water and the Kenya National Environment Management Authority (NEMA) 

guidelines. The results suggest that apart from the tap water, the ground and surface water of Nakuru was not safe 

for direct human consumption and therefore proper pre-treatment must be undertaken. 

Keywords: Nakuru County, surface and groundwater quality, Heavy metals & Biological contamination. 

 

I. INTRODUCTION 

 

Water is one of the most essential commodities for 

human life and one of the key drivers in socioeconomic 

development and food security.
1,2

 Lack of adequate and 

safe drinking water is suspected to be a cause of many 

human illnesses. However, due to expansion of 

industrial and agricultural activities, both surface and 

ground water sources are becoming increasingly 

contaminated by industrial and agrochemicals.
4,5,6,7,8,9,10

 

In addition increasing changes in land cover and use are 

also affecting the hydrologic responses in terms of 

surface discharge and ground water research.
11 

The 

major concern is, therefore, to provide adequate 

quantities of drinking water that is free from chemical 

and biological pollutants.  

Kenya for many years has been considered as a water-

scarce country
12

 with less than 647 cubic meter per 

capita of renewable freshwater supply compared to the 

international benchmark of 1000 cubic meters per 

capita.
13,14

 

The country experiences bimodal rainfall pattern with 

the long rains starting from March to May while the 

short rains run from October to November. During the 

wet seasons, rain is the main source of drinking water 

and accounts for up to about 52% of the total drinking 

water supply especially in the rural areas. In dry season, 

however, the rural population relay on the natural 

sources of water which include: springs, rivers and 

streams for drinking and household use.
12

 On the other 

hand, whereas the urban households have piped water 

into their residences or from public taps, majority of the 

residents of informal settlements do not have access to 

treated piped water, hence majorly rely on water 

vendors.  
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Various studies elsewhere have shown that ground 

water can be exposed to pollution due to geological 

conditions or anthropogenic sources which include 

leachate from dumpsites or waste disposal activities. In 

a study in Kwale
15

 collected a total of 195 samples from 

fourteen villages during dry season and analyzed for 

physical-chemical parameters. The result showed that 

groundwater in the sampling area was alkaline with the 

pH out of the standard range (6.5-8.5). Heavy metals 

such as Pb, Cd and Mn were detected above the WHO 

limit of 0.01 mg/L.
16,17

 

In a study to assess the relationship between chemical 

and microbial contamination of ground water sources 

and potential hazards in two peri- urban areas of 

Kisumu, Kenya, where shallow wells and pit latrines are 

widely used, 263 samples were collected from 61 

groundwater sources for analysis of thermo-tolerant 

coliforms and chemical contaminants found that 10 out 

of 18 samples had nitrates above WHO guidelines, and 

236 out of 263 were positive for thermo-tolerant 

coliforms, and the levels of fluorides in all samples were 

above the WHO guidelines of 1.5 mg/L.
17

  

Further studies to assess sanitation practices among the 

residents of Kenyan urban slums and fecal 

contamination of domestic water sources which sampled 

192 respondents from Langas slum and collected forty 

water samples showed that the main sources of domestic 

water was highly contaminated with fecal coliforms.
18

 

Further studies in Kisumu City to determine the level of 

faecal contamination in domestic water sources and to 

evaluate the potential contribution to intestinal 

helminthiases using membrane filtration technic to 

enumerate the total and faecal coliforms bacteria found 

that out of the 80 samples 75 (95%) were highly 

contaminated with E. coli. Suggesting that untreated 

well water is not suitable for human consumption.
19

  

In Nigeria, a study conducted on seventeen boreholes 

and eight hand-dug wells from three different locations 

found that all the 3 locations had mild to high iron 

concentration (0.01-0.9 mgl
-1

) and a mild to high acidity 

(4.47-6.95 mg/l). The contamination was attributed to 

the presence of dumpsites as potential source of 

pollution to the ground water because of high water 

table.
20

 Further study on drinking water from borehole 

and tap water in Maiduguri found that some of the 

boreholes had pH falling out of the allowed range of 

(6.5-8.5), the concentration of some metals such as Cr 

and Cd was also above the WHO guidelines of 0.003 

mg/l in all the samples.
21,22

 In the North-east of Abuja 

federal capital city of Nigeria, to determine the water 

quality of Masaka, a peri-urban settlement also found 

water contamination by metals.
24

 In the assessment 

conducted to determine the presence of biological 

contaminants in stored borehole water, E. Coli. was 

detected in water that had originally tested free of E. 

Coli. suggesting potential contamination during 

handling and storage.
23

 In India, conducted to determine 

the quality of ground water from 47 boreholes in an area 

of 154 km
2
 revealed that the ground water, in many 

places, was contaminated by high concentrations of NO3, 

Cl, PO4 and Fe.
24 

 

At regional and international levels, studies on spring 

water in Katwe and Kisenyi parishes in Uganda to 

examine bacteriology quality of spring water found that 

all the samples had the faecal count exceeding the WHO 

guidelines, while sixty percent of the samples had 

nitrate levels above the WHO guidelines.
25

 The main 

objective of this study was to determine the quality of 

drinking water from various sources in Nakuru town. 

 

II. MATERIAL AND METHODS 

A. Study Area 

Nakuru is the fourth largest town in Kenya and its 

located 160 kilometers northwest of Nairobi,
26

 along the 

Kenya-Uganda highway, at an altitude of 1,800 m. The 

town experiences acute water shortage due tremendous 

increase in its population over the past three decades. 

For instance the population grew from 57,000 in 1957 to 

approximately 400,000 in 2017.
27,28 

This has led to an 

increase in demand for basic services and infrastructure 

including housing, water and sanitation and roads, 

among many others. This in turn puts pressure on the 

limited resources, and to the county government to meet 

the needs of the town’s inhabitants. However, data on 

water quality is limited in the region since chemicals are 

perceived to be at low concentrations, although they 

may pose a potential threat to human health. This 

motivated our study to determine the extent of 

contamination by heavy metals, microbiological and 

physical parameters.  

Water samples were collected from 8 different sites 

within Nakuru area. These included: Boreholes 1, 2, 3, 

4, 5 and 6, NJoro River and Tap water as shown in 

Figure 1.  
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Figure 1. Study area (a) Map of Kenya showing 

location of Nakuru County
27,28    

(b) Location of 

sampling sites. 

Sample collection was done during the wet season in 

November 2013. Sample were collected by grab method 

in 1 L liter High Density Polyethylene (HDPE) plastic 

bottles pre-cleaned with distilled distilled water. Water 

samples were preserved in cooler boxes and transported 

to the laboratory where they were stored at 4 
o
C. Nitric 

acid was added to preserve samples for heavy metal 

analysis. 

 

B. Test for presence of E. Coli: 

1 ml of the raw water sample was transferred onto the 

3M E. coli petri-film test plate, in duplicate. The 

petrifilms were incubated at 37 
º
C for 24 hours. After 

incubation blue colonies were counted and recorded 

representing E. coli. The red colonies indicated the 

presence of other coliforms, whereas the sum of the two 

provided the number of total coliforms in the water per 

milliliter of water.  

C. Determination of pH  

The pH meter model IQ science instruments was used 

for pH determinations. The meter was calibrated using 

buffer solutions of pH 7.0 and 4.0. After calibration, 

100 ml of the sample was transferred into a beaker. pH 

electrode was dipped into the sample and stirred to 

achieve homogeneity. The final stable reading was 

recorded as the pH of water.  The above procedure was 

repeated for all samples in duplicates. 

D. Electrical Conductivity and Total Dissolved Solids:  

Hanna instrument TDS/Conductivity meter was used to 

measure TDS and EC. The meter was calibrated using 

standard solutions of 1,413 μS/cm. After calibration, the 

conductivity of the samples was measured by dipping 

the probe into the samples and recording the stable 

reading. The same procedure was repeated for TDS. 

E. Total Suspended Solids (TSS): 

TSS was measured by gravimetric method. Whatman no. 

42 filter papers were dried in an oven at 105
o
C for 2 

hours, cooled in a desiccator and weighed. The weight 

was recorded and the above procedure was repeated 

until a constant weight was obtained. 100 ml of well 

mixed water was taken and filtered through the weighed 

filter paper. The filter papers were dried in an oven at 

105 
o
C for 2 hours, cooled and weighed again. The 

difference between the weighed filter paper before 

filtration and after the filtration was used to calculate 

the total suspended solids 

using the formula: 

TSS (mg/L) = (W2-W1) x10
6
/100 
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Where W1 = Weight of the dried paper before filtration 

(g), W2 = weight of dried paper after filtration (g), and 

100 is the volume of water filtered (ml). 

F. Total Solids TS: 

 

200 ml glass bottles were thoroughly cleaned, rinsed 

with distilled water and dried in an oven at 105 
o
C until 

all the moisture was removed. The bottles were cooled 

in a desiccator and weighed.  100 ml of each raw sample 

was transferred into the weighed beaker and dried in an 

oven at 105 
º
C for 24 hours. The bottles were then 

cooled in a desiccator and their weights taken. The 

difference in weight was was used to calculate TS as 

shown below:  

TS (mg/L) = (W2-W1) x10
6
/100 

Where, W1 = Weight of the dried bottle before filtration 

(g), W2 = weight of bottle after filtration (g), and 100 is 

the total volume of water taken (ml). 

G. Heavy metal analysis: 

100 ml of each sample was measured into a clean 250 

ml conical flask, 3 ml of concentrated Nitric acid 

(HNO3) was added to each flask. The flasks were placed 

on a hot plate and boiled to less than 5 ml. The mixture 

was cooled, then 5 ml concentrated HNO3 was added. 

Each flask was covered with a watch glass, returned to 

the hot plate and gently refluxed. The mixture was 

further heated while additional acid was added as 

necessary until completion of digestion. The final 

solution was evaporated to less than 5 ml and cooled. 10 

ml Nitric acid and HCL mixture (1:1) was added 

followed by 15 ml water. The solution was then heated 

for 15 minutes to dissolve any precipitate or residues.  

The digests were cooled and filtered into 100 ml 

volumetric flask to remove any insoluble material that 

could clog the nebulizer. The final volume was made up 

to the 100 ml volume mark using distilled water.  

Heavy metals concentrations were determined using 

Atomic Absorption Spectrometer. In addition to 

calibration using metal salts, quality checks were also 

performed on the instrument by checking the 

absorbance after every 5 samples.  

 

 

 

III. RESULTS AND DISCUSSION 
 

A. E. coli present conformation test:  

Table 1 shows the summary of results of bacteriological 

contaminants measured in drinking water from Nakuru 

County. E. coli was detected in most of the water 

samples during the study except for the tap water, 

Boreholes 1 and 5 water. Other coliforms were detected 

in all samples except Borehole 6. The results suggest 

high prevalence of bacteriological contamination of 

drinking water sources in Nakuru County.  

Comparison of bacteriological contamination in 

different water sources revealed that E. coli was highest 

in River Njoro water followed by Boreholes 2,3,4 and 6 

Figure 2. The average concentration of E. coli in the 

river samples was 233 CFU/ml, whereas WHO 

Maximum limit for E.coli concentration in drinking 

water is 0 CFU/100 ml. Most of the water sources did 

not meet the WHO cretaria for drinking water quality. 

Since the study was done during wet season, the results 

could also suggest the potential influx of bacteriological 

contaminants from residential and grazing land into the 

river, by runoff.  

 
Figure 2. Comparison of E. coli and other coliforms 

level in different water sources. 

In addition, poor hygienic conditions like washing of 

cloths, watering animals and cleaning of vegetables 

directly into the river could have also contributed to the 

high E. Coli load detected in the river water.  

 

B. Physico-Chemical parameters: 

i)  Water pH:  

Most of the samples had pH within the WHO guideline 

of 6.5-8.5 as shown in Table 1 below. Tap water had the 

lowest pH at 7.55, whereas water from Borehole 1 had 
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the highest pH at 8.56, which was slightly above the 

highest WHO guideline limit.   

ii) Total Dissolved Solids (TDS) and Electrical 

Conductivity (EC) 

The mean electrical conductivity of the water samples 

ranged from 411.00 μScm
-1

- 2,169.50 μScm
-1

. Four sites 

recorded EC values below 500 μScm
-1

. However, 

samples from Boreholes 6, 5 and 4 had the highest EC 

with mean concentrations of 2,169.50, 1755.50 and 

1,770.50 μScm
-1

, respectively, which were also above 

the WHO guideline of 1,000.00 μScm
-1

.  Electrical 

conductivity is a measure of water’s ability to conduct 

electric current and is associated with amount of 

dissolved salts in the water and the total amount of 

mobile charged ions. Whereas EC and TDS do not give 

an indication of the specific elements present, but they 

are good indicators of the presence ionic contaminants 

such as sodium, potassium or sulphates and other salts 

in water. For both EC and TDS in water samples, the 

trend in concentration was River water< Tap water< 

Borehole water. 

 

Table 1. Concentration of physico-chemical parameters 

 

 pH EC 

(μS/cm)  

TDS 

(mg/l) 

TSS 

(mg/l) 

Tap 

water  

7.55±0

.01 

411±8.49 206.00±2

.83 

9.35±0.

21 

River 

water        

7.77±0

.03 

169.20±3.

11 

84.55±1.

48 

51.50±2

.12 

Borehol

e 1 

8.56±0

.01 

885.00±12

.73 

442.00±8

.48 

36.5±2.

10 

Borehol

e 2 

8.05±0

.01 

496.00±2.

83 

247.50±0

.71 

77.0±2.

80 

Borehol

e 3 

8.01±0

.02 

454.50±2.

12 

227.50±0

.71 

55.5±0.

70 

Borehol

e 4 

8.11±0

.04 

1,770.50±

13.43 

884.00±2

.82 

35.5±2.

00 

Borehol

e 5 

8.14±0

.00 

1,755.50±

3.54 

877.50±3

.53 

27.5±2.

10 

Borehol

e 6 

8.36±0

.01 

2,169.50±

9.19 

1,082.50

±3.54 

32.0±4.

20 

 

The highest concentrations of TDS were measured in 

water from borehole 6, 5 and 4 whereas the lowest 

values were recorded in water from River Njoro and the 

tap water. The concentration of TDS in water from 

Boreholes 4, 5 and 6 were all above the WHO 

maximum permissible limits of 500 mg/L.  

 

iii) Total Suspended Solids (TSS) 

The concentrations of total suspended solids varied 

from 0.94 to 7.70 mg/L. Generally the TSS levels in 

water were low suggesting no significant anthropogenic 

effect on the source waters during the sampling period 

(Table 1). The trend in TSS concentration in water 

varied from Tap water< River water< Borehole water. 

 

C. Heavy metal concentrations in water: 

The heavy metals investigated in the study were: 

cadmium (Cd), manganese (Mn), lead (Pb) and 

chromium (Cr).  The presence of heavy metals was 

tested using Atomic Absorption spectra-10. Figure 3 

shows the sample calibration curve of lead. Good 

linearity (R
2
 = 1) was achieved between the instrument 

response and concentration of the standards. 

 

Figure 3. Sample calibration curve of lead 

Pb was the only heavy metal detected in in water 

samples as shown in Table 2, whereas the concentration 

of Mn, Cd and Cr were all below the detection limit. 

The highest concentration of lead was measured in the 

river water, followed by Boreholes 4 and 5. Potential 

sources of lead into the river water could be runoff from 

households and industrial activities. Poor disposal of 

lead batteries and previous use of leaded gasoline could 

also form potential sources of lead in the river water. 

However, the concentration of lead was above WHO 

maximum permissible level of 0.01 mg/L
16

 for all the 

samples suggesting a widespread contamination issue. 
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Table 2. Concentration of heavy metals in water mg/L 

 Cd Mn Pb Cr 

Tap water  bdl bdl bdl bdl 

River water        bdl bdl 0.057±0.008 bdl 

Borehole 1 bdl bdl 0.028±0.003 bdl 

Borehole 2 bdl bdl 0.035±0.004 bdl 

Borehole 3 bdl bdl 0.037±0.008 bdl 

Borehole 4 bdl bdl 0.052±0.003 bdl 

Borehole 5 bdl bdl 0.051±0.015 bdl 

Borehole 6 bdl bdl 0.014±0.004 bdl 

D. Discussion: 

The study revealed that Nakuru water is contaminated 

with different amounts of chemical and bacteriological 

contaminants. Except the tap water, the concentration of 

lead was above the WHO maximum limit for drinking 

water for the rest of the samples raising concern due to 

health risks associated with the heavy metal. Continued 

consumption of such water without further treatment 

could lead to bioaccumulation of lead in the body. Lead 

is known to cause various toxicity effects to the body 

such as; high blood pressure, kidney dysfunction, 

memory loss anemia, mental retardation in children 

among others. Biological contaminants were also 

widely detected in the source waters except the tap 

water. This widespread occurrence of microbial and 

chemical contaminants could be associated with 

sanitation challenges that need to be addressed.
29

 

Previous studies have also reported water contamination 

in the region especially fluorides.
30

 

 

IV. CONCLUSION 

 
Most of the physico-chemical parameters analyzed were 

below the WHO guidelines apart from EC and TDS 

confirming possible presence of other ions in source 

waters, thus not completely safe for drinking. Other than 

lead all other metals analyzed were below detection 

limit. However, the concentration of Pb in tap water was 

below WHO standards of 0.01 mg/l. Accumulation of 

lead in the human body lead to toxic effects thus this 

pose a possible threat to human health & the 

environment. River water registered the highest level for 

E. coli and other coliforms this could be due to runoff 

from household and agriculture activities which contain 

high load of organic matter contaminate the water. 

Ground water contamination in some of the sites since 

they recorded significant values of E. coli. 
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