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ABSTRACT 

 

Availability of safe and portable water may not be easy due to inadequate control, operation 

and maintenance of the water distribution system in developing countries. This study was 

conducted to ascertain whether water supplied by Kericho Water and Sanitation Company 

(KEWASCO) is safe for human consumption or not. Bacteriological parameter analysed was: 

E. coli. Samples were collected three times during the months of January, February and 

March from four stations namely, rivers feeding into the treatment plants, treatment plants 

(treated water), consumer terminals  and dumpsite leachate. LST-MUG method was 

employed for detecting E.coli.  E.coli  tested negative in the first and second test in all 

stations while it tested positive in the third test in only two stations. The water which tested 

positive with E.coli from the consumer points was an indication that the water systems should 

be inspected to determine the cause. Sampling and inspection should continue until 

consecutive samples comply with the standards in the guidelines. The measure of E.coli  was, 

however, within the water quality standards for municipal piped water and therefore fit for 

drinking. It is suggested that further research that focus on more resistant microorganisms, 

such as bacterio-phages and/or bacterial spores be done. 
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INTRODUCTION 

 

Distribution of safe, potable water by Kericho Water and Sanitation Company (KEWASCO) 

may not be easy due to inadequate control, operation and maintenance of the water 

distribution system, especially in developing countries (Serageldin, 1994).Thus, the quality of 

drinking water can deteriorate significantly between the treatment plant and the consumers’ 

taps. Water utilities experience microbial problems in their distribution system that cannot be 

attributed to either operating or disinfection practices. Drinking water distribution systems 

provide a habitat for microorganisms that are sustained by both organic and inorganic 

nutrients present in the pipe and/or the conveyed water. Excessive microbial activity can lead 

to deterioration of the water in the aesthetic terms of colour, taste and odour. It may also 

interfere with the methods used to monitor such parameters of health significance as faecal 

coliform (FC) count, viral and helminthic ratio and biochemical oxygen demand percentage. 

Lack of information on the deterioration of water quality within a distribution system due to 

contamination intrusion exposes the consumers to effects stemming from these contaminants. 

This poses a great risk of such water-related diseases as cholera and typhoid to the consumers 

(Wilson, 1945). 

 

Water distribution systems need to be safeguarded against pollutants, an end that can only be 

attained by surveillance. These pollutants can be identified using bacteriological and physico-

chemical parameters and include organic and inorganic materials. Major organic pollutants 

majorly found within water distribution systems include bacteria, viruses and parasites. The 
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most useful indicators of faecal contamination are thermotolerant coliforms such as E. coli, 

Salmonella spp and Shigella spp as they are directly related to the presence of faecal 

contamination hence to the risk of disease. Bacteriological contamination poses the greatest 

threat to the health of the consumers. Viral and helminthic parasites may also be present in 

water, though these are less frequent and more difficult to identify in a given water sample  

 

Statement of the Problem 

 

World health organization has set standards torching on virtually every sphere of life and 

standard on water portability is no exception. Drinking water need to be free of harmful 

impurities such as bacteria. Water distributed by water authorities for domestic consumption 

should meet such standard, domesticated to Kenya context by Kenya bureau of standards. 

The purpose of this study was to analyze the portability of water distributed by KEWASCO 

in terms of bacteriological load   

 

Objectives of the study 

 

The objective of this study was to determine bacteriological parameter at consumer points of 

water distributed by Kericho Water and Sewarages Company. 

 

LITERATURE REVIEW 

 

The earliest precursor of pollution generated by life forms would have been a natural function 

of existence. The attendant consequences on viability and population levels fell within the 

sphere of natural selection. These would have included the demise of a population locally or 

ultimately, species extinction. Processes that were untenable would have resulted in a new 

balance brought about by changes and adaptations. At the extremes, for any form of life, 

consideration of pollution is superseded by that of survival (Chatwell, 1989). 

 

For humankind, the factor of technology is a distinguishing and critical consideration, both as 

an enabler and an additional source of byproducts. Short of survival, human concerns include 

the range from quality of life to health hazards. Since science holds experimental 

demonstration to be definitive, modern treatment of toxicity or environmental harm involves 

defining a level at which an effect is observable (Bartone et al., 1994). 

 

The raw water will go through some processes in water treatment plant such as coagulation or 

flocculation, sedimentation, filtration, stabilization, fluoridation, chlorination and finally 

before allowing water to be used in the residential area, water will be tested for a few 

contaminants again. This is to ensure that the drinking water distributed is safe to be 

consumed by the public.  

 

Mwangi et al. (2010) found out that E. coli MPN index per 100 ml ranged between 43- > 

1100 against WHO standards. The bacteriological quality of the water as indicated by the 

total and faecal coliform counts exceeded the standard (0 cfu per 100 ml) for portable water. 

In general, the bacteriological quality of the water was unacceptable as it may pose risk to 

consumers if not treated. The poor quality indicated possible contamination with human or 

animal waste that could have been contributed by inadequate physical infrastructure, 

especially heavy reliance on pit latrines and weak solid waste management mechanisms. 

Lack of functioning solid and liquid waste management system in the rapidly growing urban 
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centre represents a possible and significant source of pollutants, which may find their way 

into water resources. 

 

Although the WHO guidelines placed a lot of emphasis first and foremost on the 

microbiological safety of drinking water supplies, more than half of the world’s population is 

still exposed to water that is not free from pathogenic organisms. This has resulted in 

infectious diseases that ultimately lead to increased mortality rates in the population (WHO, 

2003). 

 

The current study recorded a general decrease in TDS, conductivity, and total alkalinity from 

January to March for all sampling points possibly because of dilution effect as a result of 

heavy rain experienced in March. Mwangi et al. (2010) noted that conductivity ranged 

between 0.07 to 0.85 and 0- 180 EC mS/cm during wet and dry seasons, respectively. These 

values were, however, not in agreement with the results reported in the current study that 

ranged from 35 – 70 µs.  

 

The corresponding TDS ranged between 21- 62.40 and 0-123 mg/L during wet and dry 

seasons as observed by Mwangi et al. (2010) which again were higher than the values 

obtained in the present study that ranged from 16- 30 mg/L. This could be due to as a result 

of inorganic fertilizers used by farmers. In another study, Akunga (2004) reported mean 

measurements for electrical conductivity to be 39.95µS for four private man-made reservoirs 

in the central part of Kericho count conducted between November 2001 and March 2002. 

This value was in close agreement with the values obtained in the present research. 

 

The conductivity of rivers in the United States generally ranges from 50 to 1500 µmhos/cm. 

Studies of inland fresh waters indicate that streams supporting good mixed fisheries have a 

range between 150 and 500 µhos/cm. Conductivity outside this range could indicate that the 

water is not suitable for certain species of fish or macro invertebrates. Industrial waters can 

range as high as 10,000 µmhos/cm (APHA, 1992). The values reported in most rivers in USA 

were comparable to the values reported in this current study which ranged from 35-70 µs. 

This means majority of the stations recorded values which were 50 µs and above. 

 

Fafioye and Adebanjo (2013) in their study reported several mean physico-chemical 

parameters of Azikwe River water samples in Nigeria were: pH-7.75 ± 0.3, alkalinity (mg/L) 

- 80.00 ± 3.74, hardness (mg/L) - 140.00 ± 6.15, conductivity (SC/m) - 480 ± 4.21 and 

turbidity (TU) - 8.60 ± 0.64. These values were within permissible criteria set by WHO but 

were much higher than the values obtained during the present study. They also reported TDS 

(mg/L) value of 510.00 ± 3.54, which was higher than the values indicated in the current 

research.  

 

All natural waters contain some dissolved solids due to the dissolution and weathering of 

rocks and soil. It is the general indicator of ionic concentration. In another study Holmbeck-

pelham et al. (1997) reported the TDS of the river water sample to be 10 mg/L higher than 

that of the federal US drinking water standards of 500 mg/L which can pose a health effect. It 

had been observed that water with high total dissolved solids is unpalatable and potentially 

unhealthy and this may affect the taste of the river water. 

 

In the current study, the residual chloride recorded at main prison, prison staff residence and 

Moi estate were below the WHO maximum allowable limits and this could be attributed to 
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water flow velocity, residence time, age and material of the pipe and water pressure (Egorov, 

2002).   

 

It was also observed that during the third month most of the samples had no chlorine residual 

as sampling was carried out in the month when there were heavy rains and this could have led 

to increased level of suspended matter in the raw water hence need for higher dosages of 

chlorine for effective treatment. The source of KEWASCO raw water is springs which lie in 

an agricultural area thus suspended matter is washed into the treatment works. According to 

the WHO standards, the minimum Free Residual Chloride (FCR) should be 0.2 mg/L (WHO, 

1998). 

 

The total alkalinity of the water samples were below the permissible and desirable criteria for 

domestic water supply. The observed alkalinity was due to methyl orange alkalinity. 

Consequently, the water samples were not polluted with respect to alkalinity. Also, water 

hardness for Kericho Municipality as indicated by the results show that it is soft water as 

classified in Table 1.  

 

METHODOLOGY 

 Reagents and Standards  

To test for E-coli the following reagents and standard were used: 
 

Analytical grade reagents together with distilled de-ionized water were used in preparation of 

reagents from Sigma Adrich. Among the reagents  and standards used were nitric acid, 

hydrochloric acid,1+1, standard H2SO4, 0.02N, 0.1N Na2CO3  solution, methyl orange 

indicator, 16.9 g NH4Cl, NH4OH, Mg salt of EDTA (780 g MgSO4.7H2O), 4.5 g of 

hydroxylamine hydrochloride, Eriochrome black T indicator, sodium hydroxide, pH butter 

solutions for calibration, hydrochloric acid for cleaning pH probes and titrators, turbidity 

standards (StablCal Stabilized Formazin Standards), lab grade dish washing detergent, 

turbidity-free water, reagents and Bromophenol blue indicator.  

 

Sample analysis 

 

The dependent variable analyzed was E- coli. and standard was followed in determining the 

above variable. All probes were calibrated prior to measurements with the appropriate 

traceable calibration solutions in accordance with manufacturer’s instructions. 

 

Sampling procedure for bacteriological analysis 

 

The taps were cleaned and the tap attachments that could cause splashing were removed. The 

taps were turned on for maximum flow and the water was left to run for 1-2 minutes to ensure 

that stagnant water was flushed from the pipes before the samples were taken. 

 

The sampling bottles were taken and carefully the caps were unscrewed. Sodium thiosulphate 

solution had been added to the bottles before sterilization to neutralize chlorine. While 

holding the cap and protective cover facing down (to prevent entry of dust, which could 

contaminate the sample) immediately the bottles were held under the water jet, and filled. A 

small air space was left to make shaking easier before analysis. The bottles were capped and 

covered with aluminium foil. 
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Analytical Procedure for bacteriological load 

 

The method employed LST-MUG method for detecting E.coli. The LST-MUG assay is based 

on the enzymatic activity of β- glucuronidase (GUD), which cleaves the substrate 4 - 

methylumbelliferyl β-D glucuronide (MUG), to release 4-methylumbelliferone (MU). When 

exposed to long wave (365 nm) UV light, MU exhibit a bluish fluorescence that is easily 

visualized in the medium or around the colonies (Doyle and Schoeni, 1987). Cerium oxide, 

which is added to glass as a control measure, fluoresces under UV light and interferes with 

the MUG test (Hartman, 1989). One tube was inoculated having LST-MUG with a known 

GUT- positive E. coli isolate as positive control, ATCC standard reference Materials
TM

 

(ATCC 25922). In addition, another tube inoculated with a culture of Enterobacter aerogenes 

(ATCC 13048) as negative control, to facilitate differentiation of sample tubes that show only 

growth from those showing both growth and fluorescence. Both tubes were incubated for 48 

h at 35 
0 

C and were examined for growth (turbidity, gas) then again examined in the dark 

under long wave UV lamp (365 nm) and a bluish fluorescence was a positive presumptive 

test for E.coli. 

 

RESULTS AND DISCUSSION 

 

Variations in concentration of the bacteriological Parameters  

 

Table 4.1 show physicochemical parameters analysed during the sampling period 

After the analysis of the sampled water, the results for E-coli were as shown table 4.1 below
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Table 1.1 Mean values of bacteriological and physicochemical parameters analysed in January 

 

 NB: bolded and in the brackets are WHO, (2004) standards. 

Key: -VE – Nil,       +VE - Presence

 

 

 

Stations 

Parameter 

     E.coli          (-VE) 

               Jan Feb Mar 

Ngecherok                -VE -VE -VE 

Timbilil                -VE -VE -VE 

Prison staff  resident                -VE -VE -VE 

Main prison tap                -VE -VE -VE 

Moi estate                -VE -VE +VE 

Nyagacho                 -VE -VE +VE 
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From Table 4.1, the results show that test parameter for E-coli was above the recommended 

WHO standard in some stations (Moi estate and Nyagacho). (See Appendix I) 

 

The E.coli detected at Moi estate and Nyagacho during the month of March                                                                                                                                                                                                                                                                                                       

could be due to mineral content and pH that brought about the corrosion of the water pipes 

and growth of bacteria in the distribution network (Wagner, 1994). In addition, the presence 

of thermo tolerant coliforms in the samples suggests contamination of the water by faecal 

matter. Since these changes were only observed in samples from consumer collection points 

and not from treatment plants, it implies contamination along the reticulation system or at the 

collection points. This could be attributed to the regular bursting of water pipes along the 

distribution system. Another contributing factor could be contamination at the collection site 

and in the laboratory during analysis or possibly due to microbial resistance to chlorine. The 

water from other stations did not record any bacteriological activity since all the tests for E. 

coli turned out to be nil. Thus the chlorine levels were adequate to disinfect the water 

throughout the distribution system and this guaranteed that the water quality was suitable for 

drinking.  

 

Mwangi et al. (2010) found out that E. coli MPN index per 100 ml ranged between 43- > 

1100 against WHO standards. These were comparable to the results obtained in the current 

study since it was an indication that water was not fit for consumption. The bacteriological 

quality of the water as indicated by the total and faecal coliform counts exceeded the standard 

(0 cfu per 100 ml) for portable water. In general, the bacteriological quality of the water was 

unacceptable as it may pose risk to consumers if not treated. The poor quality indicated 

possible contamination with human or animal waste that could have been contributed by 

inadequate physical infrastructure, especially heavy reliance on pit latrines and weak solid 

waste management mechanisms. Lack of functioning solid and liquid waste management 

system in the rapidly growing urban centre represents a possible and significant source of 

pollutants, which may find their way into water resources. 

 

Although the WHO guidelines placed a lot of emphasis first and foremost on the 

microbiological safety of drinking water supplies, more than half of the world’s population is 

still exposed to water that is not free from pathogenic organisms. This has resulted in 

infectious diseases that ultimately lead to increased mortality rates in the population (WHO, 

2003). 

 

The current study recorded a general decrease in TDS, conductivity, and total alkalinity from 

January to March for all sampling points possibly because of dilution effect as a result of 

heavy rain experienced in March. Mwangi et al. (2010) noted that conductivity ranged 

between 0.07 to 0.85 and 0- 180 EC mS/cm during wet and dry seasons, respectively. These 

values were, however, not in agreement with the results reported in the current study that 

ranged from 35 – 70 µs.  

 

The corresponding TDS ranged between 21- 62.40 and 0-123 mg/L during wet and dry 

seasons as observed by Mwangi et al. (2010) which again were higher than the values 

obtained in the present study that ranged from 16- 30 mg/L. This could be due to as a result 

of inorganic fertilizers used by farmers. In another study, Akunga (2004) reported mean 

measurements for electrical conductivity to be 39.95µS for four private man-made reservoirs 

in the central part of Kericho count conducted between November 2001 and March 2002. 

This value was in close agreement with the values obtained in the present research. 
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The conductivity of rivers in the United States generally ranges from 50 to 1500 µmhos/cm. 

Studies of inland fresh waters indicate that streams supporting good mixed fisheries have a 

range between 150 and 500 µhos/cm. Conductivity outside this range could indicate that the 

water is not suitable for certain species of fish or macro invertebrates. Industrial waters can 

range as high as 10,000 µmhos/cm (APHA, 1992). The values reported in most rivers in USA 

were comparable to the values reported in this current study which ranged from 35-70 µs. 

This means majority of the stations recorded values which were 50 µs and above. 

 

Fafioye and Adebanjo (2013) in their study reported several mean physico-chemical 

parameters of Azikwe River water samples in Nigeria were: pH-7.75 ± 0.3, alkalinity (mg/L) 

- 80.00 ± 3.74, hardness (mg/L) - 140.00 ± 6.15, conductivity (SC/m) - 480 ± 4.21 and 

turbidity (TU) - 8.60 ± 0.64. These values were within permissible criteria set by WHO but 

were much higher than the values obtained during the present study. They also reported TDS 

(mg/L) value of 510.00 ± 3.54, which was higher than the values indicated in the current 

research.  

 

All natural waters contain some dissolved solids due to the dissolution and weathering of 

rocks and soil. It is the general indicator of ionic concentration. In another study Holmbeck-

pelham et al. (1997) reported the TDS of the river water sample to be 10 mg/L higher than 

that of the federal US drinking water standards of 500 mg/L which can pose a health effect. It 

had been observed that water with high total dissolved solids is unpalatable and potentially 

unhealthy and this may affect the taste of the river water. 

 

In the current study, the residual chloride recorded at main prison, prison staff residence and 

Moi estate were below the WHO maximum allowable limits and this could be attributed to 

water flow velocity, residence time, age and material of the pipe and water pressure (Egorov, 

2002).   

 

It was also observed that during the third month most of the samples had no chlorine residual 

as sampling was carried out in the month when there were heavy rains and this could have led 

to increased level of suspended matter in the raw water hence need for higher dosages of 

chlorine for effective treatment. The source of KEWASCO raw water is springs which lie in 

an agricultural area thus suspended matter is washed into the treatment works. According to 

the WHO standards, the minimum Free Residual Chloride (FCR) should be 0.2 mg/L (WHO, 

1998). 

 

The total alkalinity of the water samples were below the permissible and desirable criteria for 

domestic water supply. The observed alkalinity was due to methyl orange alkalinity. 

Consequently, the water samples were not polluted with respect to alkalinity. Also, water 

hardness for Kericho Municipality as indicated by the results show that it is soft water as 

classified in Table 1.  

 

 

A few drops of concentrated nitric acid were added to water samples to reduce the pH to less 

than 2. This was done in different sampling sites of the study, the results of the analysis are 

given in three sections according to where the water sample was taken from, and the results 

of the outcome are indicated in Figure 5 and Table 5.  
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CONCLUSION AND RECOMMENDATIONS 

 

Based on the findings, the water supplied by KEWASCO was found to be far much safer for 

drinking purposes as compared to other untreated water. The water, which tested positive 

with E.coli from the consumer points, was an indication that the water systems should be 

inspected to determine the cause and sampling should continue until consecutive samples 

comply with the standards in the guidelines. Other physico- chemical parameters tested in the 

treatment plants and consumer points were within the acceptable standards and thus do not 

need any further treatment once it reaches the consumer points.  

 

E. coli provides conclusive evidence of recent faecal pollution and should not be present in 

drinking water. In practice, testing for thermo tolerant coliform bacteria can be an acceptable 

alternative in many circumstances. While E. coli is a useful indicator, it has limitations. 

Enteric viruses and protozoa are more resistant to disinfection; consequently, the absence of 

E. coli will not necessarily indicate freedom from these organisms. Under certain 

circumstances, it may be desirable to include more resistant microorganisms, such as 

bacteriophages and/or bacterial spores in future research. Such circumstances could include 

the use of source water known to be contaminated with enteric viruses and parasites or high 

levels of viral and parasitic diseases in the community. It is suggested that further research 

that focus on more resistant microorganisms, such as bacterio-phages and/or bacterial spores 

be done. 
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APPENDICES 

Appendix I: Table of laboratory analysis analysed for the three months from various selected stations in comparison  

with WHO standards 
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