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Abstract 
This study aimed to assess levels of selected physico-chemical and bacteriological loads of Kalundu stream and 
Kalundu dam. Sampling was conducted from February to April 2019 in three selected sampling sites. Surface 
water samples were collected and analyzed for fifteen physico-chemical parameters. Water temperature, pH, 
turbidity and electrical conductivity were measured on site. Biological oxygen demand (BOD), Chemical Oxygen 
Demand (COD), total hardness and alkalinity, selected major anions and cations were analyzed at a Water 
Resources Authority laboratory using standard procedures. Data analysis was carried out using one-way analysis 
of variance and significant differences accepted at p≤0.05. Results showed that pH, fluoride, sulphates, total 
hardness and alkalinity were within WHO set standards for drinking water. However, turbidity, EC, Fe, Ca, Mg, 
Nitrites and Chlorides were above the WHO recommended levels for drinking water. Both total coliforms and E. 
coli were exceedingly high and ranged from 385±188.9 to 337,133±124,970 MPN/100ml and 70.70±46.50 to 
3941183±2771080 MPN/100ml respectively. The findings revealed that water quality of Kalundu stream and 
Kalundu dam is highly polluted with pathogenic microorganisms and a potential risk to human health. Therefore, 
measures to curb microbial pollution should be taken by the relevant municipality authorities of Kitui County 
government. 
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1. Introduction 
Water is a finite natural resource which forms the main source of life on earth. It is characterized by its vast 
distribution around the globe covering three quarters of the earth’s surface. Access to clean water is essential for 
health, economic and social well-being of any human population (Chakravarty et al., 2017). However, in many 
developing countries, water quality is the main concern for it has been compromised due to wide range of natural 
and human influences (Bhaja and Kundu, 2012). Water quality is the chemical, physical and organic characteristics 
of water and its appropriateness for assigned use (Daniel et al., 2008). Access to a safe drinking water is a basic 
human right and an effective policy for health protection given that clean, safe and enough freshwater is crucial to 
the survival of all human beings (Masese et al., 2017).  There is high demand for water in developing countries 
due to population increase, urbanization, industrialization and agriculture (Chatanga et al., 2019). This has resulted 
to water pollution and especially in major towns and cities. According to Genevieve and Neary (2008), the 
pollution in urban areas is result from human activities and inadequate wastewater treatment facilities. Water 
pollution due to use of agrochemicals, heavy metals, industrial effluents and poor urban planning have had adverse 
effects on environment and human health. This has led to illness of millions of people annually across the globe 
(Kolpin et al., 2002; WHO, 2004). 

Kalundu dam is located in lower Tana catchment area in Kitui town, which is a fast-growing town in the 
south eastern part of Kenya. The town over the past recent years has been characterized by high population growth 
and water scarcity. The dam has long been faced with upstream pollution over the years mainly from domestic and 
municipal sources such as garbage, slaughter houses and solid waste dumpsites which are located upstream. This 
has led to solid depositions mainly plastics on the banks of the dam. This study therefore, sought to assess the 
physico-chemical and bacteriological loads of water in Kalundu stream and Kalundu dam, Kitui County, Kenya.  
 
2. Materials and Methods 
2.1 Study area 
The study was carried out in Kalundu dam which is located south west of Kitui town along Kalundu stream. The 
dam supplies water to over 80,000 people around Majengo, Kaveta and Ithookwe sub-locations thus making the 
dam very useful to the local people. The dam lies at latitude -1.366667 and longitude 37.983333.  
 
2.2 Water Sampling and Analysis 
Sampling was done once per month from February to April 2019 in three selected sampling stations. Sampling 
site one (S1) was the area just after the solid waste dumpsite, while site two (S2) was at Kalundu stream which 
passes through residential areas and Kitui milling company and site three (S3) was at Kalundu dam. Water samples 
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were collected at 10 to 15 cm below the surface water using sterilized 500ml glass bottles. The samples were 
collected in triplicates from each sampling sites. After each sample was collected, the glass bottles were 
immediately closed tightly, labelled and covered with aluminum foil and placed in an icebox. The samples were 
then transported to the Water Resources Authority (WRA) Central laboratory in Nairobi and kept at 40C awaiting 
analysis. Microbiological analyses were done within 24 hours of sample collection. In situ field parameters such 
as Temperature, pH, Electrical conductivity (EC), and turbidity were measured on site using a multiparameter 
probe YSI Meter (model 1945). Ex-situ parameters such as Iron (Fe), Magnesium (Mg) and Calcium (Ca) were 
determined by volumetric titration method, while Chlorides (Cl-) was determined by titration method using silver 
nitrate and potassium chromate.  Fluoride (F-) was determined by Selective Electrode Method and total hardness 
was determined by volumetric titration using ethylene-diamine-tetra-acetic acid (EDTA), alkalinity by titration 
method (APHA, 1999). Sulphates were determined by turbidimetric method while Nitrite and Fluoride were 
determined by photometric method. Biochemical oxygen demand (BOD) was measured by the 5-day incubation 
method at 200C. Bacteriological tests were carried out using the ‘most probable number (MPN)’ estimations 
standards procedures (APHA, 1999).  
 
2.3 Data analysis  
Water quality data collected were analyzed using Statistical Package for Social Sciences (SPSS IBM version 21). 
One-way Analysis of variance (ANOVA) was used to test significance differences (p≤0.05) among the different 
sampling sites. Post hoc Turkey test analysis were done to separate means where significant differences occurred 
among the sampling sites. The water quality parameters were also compared with WHO water quality standards 
for drinking water (WHO, 2017).  
 
3.0 Results and Discussions 
3.1 Water temperature, pH, Turbidity and Electrical Conductivity 
The means ± standard deviations and range of the physicochemical parameters are presented in Table 1. The mean 
water temperature ranged from 25.08±0.57 to 25.39 ±1.020C which was slightly above the WHO set guidelines 
for drinking water. Temperature influences the general quality of water and thus affects the distribution, health 
and survival of aquatic organisms (Osman and Kloas, 2010).  pH mean values among the sampling sites ranged 
from 7.65±0.05 to 7.68±0.07. This was within the WHO set limit for drinking water and there were no significant 
differences among the sampling sites (p=0.994). pH is very important because many biological activities in an 
aquatic system occur within a specific pH ranges and major variations could be fatal to aquatic organisms. 
Turbidity exhibited significant differences among the sampling sites (p=0.001) and was way above the WHO 
recommended set limits for drinking water. Site 2 which was next to Kitui solid waste dumpsite showed significant 
differences (p=0.001) from site 1 and site 3. The mean turbidity values ranged from 27.75±11.65 to 251.41 ±173.67 
NTUs. Site 2 had very high turbidity levels compared to the rest. This could be attributed to anthropogenic 
activities and municipal wastes from the solid waste dumpsite. Electrical conductivity showed significant 
differences (p=0.00) among the three sampling sites with site 1 and site 2 exhibiting higher levels of EC beyond 
the WHO recommended limits for drinking water. EC is an indicator of dissolved ions in water and the ions can 
alter the taste of water and contribute to its hardness (Nienie et al., 2017). 
 
3.2 Total Hardness and Alkalinity 
The mean values for total hardness and total alkalinity were below WHO set guidelines. There were significant 
differences among the sampling sites both for total hardness and total alkalinity (p≤0.05). The highest total 
hardness and alkalinity of 451.67±29.94mg/L and 368.33±23.85 mg/L respectively were recorded at S2 (Table 1). 
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Table 1: Mean ± standard deviations, range (minimum – maximum) physico-chemical parameters per sampling 
site 

Parameter Site one (S1) Site two (S2) Site three(S3) WHO 
standard 

P -
Value Mean ± StDev Mean ± StDev Mean ± StDev 

Temperature (00C) 25.08±0.57 
24.40 – 25.60 

25.13±1.08 
24-26.60 

25.39±1.02 
24-26.70 

25 0.793 

pH 7.68±0.07 
7.63-7.81 

7.65±0.50 
7.10-8.20 

7.66±0.54 
6.40-8.12 

6.5 -8.5             0.994 

Turbidity (NTUs) 45.78±20.61 
26.38-72.00 

251.41±173.67 
55-444.00 

27.75±11.65 
20.24-58.00 

5                      0.001 

EC (µS/cm) 1819.17±137.91 
1658-1959 

1736.67±58.01 
1650-1795 

438.22±9.24 
428-454 

1500 0.000 

Nitrites (mg/L) 50.00±32.24 
20.0 – 90.00 

211.67±173.71 
30.0-430.0 

54.56±30.33 
20.00-119.0 

0.1 0.010 

BOD (mg/L) 0.015±0.01 
0.00- 0.03 

0.041±0.05 
0.00 – 0.12 

0.06±0.04 
0.01 – 0.13 

- 0.123 

COD (mg/L) 753.71±435.05 
277.44-1491.24 

3752.38±3495.52 
457.78-9537.0 

717.11±658.32 
104.04 – 1872.72 

- 0.015 

Sulphates (mg/L) 70.72±60.15 
25.67-170.96 

260.06±206.93 
30-494.29 

11.64±8.34 
5.18 -31.99 

450 0.002 

Fluorides (mg/L) 0.92±0.06 
0.85 – 0.99 

1.20±0.17 
0.93 – 1.40 

0.58±0.14 
0.47-0.93 

1.5   0.000 

Chlorides (mg/L) 360.83±17.15 
340-380 

245.83±19.34 
225-270.0 

98.22±81.35 
42.00-210.0 

250                    0.000 

Total alkalinity 
(mg/L) 

368.33±23.85 
344-398 

254.33±181.67 
120-488.0 

142.44±13.03 
128-170.0 

500 0.001 

Total Hardness 
(mg/L) 

451.67±29.94 
420-490 

363.33±52.41 
300-420.0 

128.44±5.27 
122-136.0 

500 0.000 

Fe (mg/L) 0.38±0.36 
0.14-1.10 

0.96±0.72 
0.31-2.36 

0.56±0.44 
0.09-1.47 

0.3                     0.167 

Mg (mg/L) 65.64±11.99 
51.07 -80.21 

102.58±102.54 
29.22-239-76 

33.92±32.54 
10.71-79.92 

100  0.111 

Ca (mg/L) 150.44±63.87 
70.49-209.79 

74.69±58.45 
29.22-149.85 

57.39±34.18 
11.68-87.91 

100                  0.008 

 
 3.3 Major Cations 
The mean values for iron (Fe) ranged from 0.38±0.36 to 0.96±0.72 mg/L. All the sampling sites recorded mean 
values that were above the set WHO guidelines for drinking water. There were no significant differences among 
the three sampling sites (p=0.167). Sampling site S2 recorded Magnesium mean values of 102.58±102.52 mg/L 
that was slightly higher than WHO set standards unlike sampling sites S1 and S3 that had lower concentrations 
levels. Among the three sampling sites, there were no significant differences in concentrations of magnesium 
cations in water. For Calcium mean concentrations, sampling site S1 recorded significantly higher values (p=0.008) 
compared to the rest of the sampling sites and were higher than WHO set standards.  
 
3.4 Major Anions 
All the sampling sites recorded Nitrites mean values that were above the WHO set guidelines for drinking water. 
Sampling site S2 exhibited higher values 211.67±173.71mg/L that were significant different from those of 
sampling sites S1and S3. However, post hoc Tukey test showed that nitrite values recorded at sampling sites S1 
and S3 did not differ significantly (p=0.995). The mean values for sulphates showed significant differences among 
the sampling sites (p=0.002), where post hoc Tukey HSD showed that all sampling sites significant differed from 
the other. However, all the sulphates mean values were below the WHO set guidelines for drinking water. Fluoride 
values ranged from 0.47 to 1.40 mg/L and the mean vales for sampling sites S1, S2, S3 were 0.92±0.06, 1.20±0.17 
and 0.58±0.14 mg/L respectively. Sampling site S2 exhibited significant differences from the S1 and S3 (p=0.00). 
The fluoride mean values were below the WHO set guidelines. Fluoride ions in low concentrations are important 
for normal mineralization of bones and formation of dental enamel (Peckham and Awofeso, 2014). Fluoride ions 
concentrations above 1.5mg/L, when ingested directly or indirectly causes fluorosis, which is a condition of slow 
and progressive decay of bones and teeth (Firempong et al., 2013). The chloride values recorded at the different 
sampling sites ranged from 42 to 380 mg/L with mean values of 360.83±17.15mg/L, 245.33±19.34 mg/L and 
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98.22±81.25mg/L for sampling sites S1, S2, and S3 respectively. All the chloride mean values for the three sites 
had significant differences for each other (p=0.00). Mean values for Sampling site S1 exceeded the WHO set limits 
for drinking water. 
 
3.5 Biochemical Oxygen Demand (BOD) and Chemical Oxygen Demand (COD) 
The BOD values recorded ranged from 0.00 to 0.13 mg/L with highest mean values of 0.06±0.04 mg/L being 
recorded at sampling site S3. There were no significant differences in BOD concentration levels in the three 
sampling sites (p=0.123). COD values recorded ranged from 104.04 to 9537.0mg/L with a mean value of 
3752.38±3485.52 mg/L measured at sampling site S2 which exhibited significant difference from the other two 
sampling sites (p=0.015). The mean COD values recorded were higher than those recorded at Mitheu stream in 
Machakos town (Kitulu et al., 2020) but the mean BOD levels were lower in the same urban stream. 
 
3.6 Bacteriological loads 
The mean values of bacteriological counts for water are presented in Table 2. The total coliform counts ranged 
from 385±188.9 to 337,133±124,970 MPN/100ml and varied significantly among the sampling sites (p=0.00). 
There was a sharp increase of total coliforms at site 2 and this could be attributed to residential areas around the 
site. However, the coliform bacteria count decreased drastically at site 3 which was a site inside Kalundu dam. 
Coliform bacteria are a pointer to presence of pathogenic microbes that are harmful to human health and aquatic 
life. This means that water in Kalundu dam is highly contaminated by pathogenic microorganisms. Total coliform 
and E. coli are indicators of microbial contamination (Donze, 2004). These pathogenic microorganisms have their 
source from human and animal wastes and pose a threat to human health through ingestion of contaminated water. 
There was significant difference of E. coli mean values measured at the three sampling sites (p=0.00). The highest 
values were obtained at site 2 possibly due to presence of residential areas. The bacterial counts for both total 
coliforms and E. coli exceeded the WHO set limits which recommends 0 MPN/100mL for drinking water. Kalundu 
stream and Kalundu dam are therefore contaminated with pathogenic microbes. Microbial contamination in the 
study area is coming from domestic wastes, untreated municipal wastes and urban runoff in the riverine system. 
The findings were comparably lower than those recorded by Kitulu et al, (2020) in Mitheu stream in Machakos 
town.  
Table 2: Mean ± standard deviations, range (minimum – maximum) bacteriological loads per sampling site 

Parameter Site one (S1) Site two (S2) Site three (S3) WHO 
standard 

P -Value 
Mean ± StDev Mean ± StDev Mean ± StDev 

Total coliforms 
(MPN/100ml) 

385.5±188.9 
100-620 

347133±124970 
208700-527000 

8443±9284 
403-20100 

Nil 0.00 

E. Coli 
(MPN/100ml) 

70.70±46.50 
ND - 110 

394183±277108 
308900-632800 

9337±10891 
1290-27910 

Nil 0.00 

 
4. Conclusion and Recommendations 
Kalundu stream and Kalundu dam is contaminated with organic and inorganic compounds both from domestic and 
municipal point source pollution in Kitui town. Pollutant distribution and fluctuations in Kalundu stream was 
found to reduce downstream up to Kalundu dam with only slight increase in BOD levels. Kitui dumpsite was 
however found to be a major contributor of nitrite compounds which are in toxic levels and hence immediate 
remediation strategies are required. Generally, both dam and the Kalundu stream have high levels of nitrites and 
inorganic materials and hence water is not safe for drinking. The findings indicated that water in Kalundu dam has 
potential risks to human health due to high levels of pathogenic microorganisms, total coliforms and E. coli. 
Therefore, measures to curb microbial pollutions should be taken by the relevant municipality authorities of Kitui 
County government.  This can be achieved by having proper waste treatment and sanitation systems within the 
municipality. 
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