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ABSTRACT 
 

Human beings especially in developing countries depend on different water sources for domestic 
purposes. Water sources found near agricultural areas and mining activities, may end up 
contaminated and hence not suitable for human consumption. This study aimed at determination 
of the economic activities carried out near the water sources of Busia district; investigation of the 
presence and concentration of selected heavy metals in the water sources; and investigation of the 
likely health effects brought about by the consumption of water polluted with heavy metals to the 
population in Busia district. Water samples from twenty-nine point water sources were collected 
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during wet and dry seasons, and analyzed for the presence of some selected heavy metals using 
Inductively Coupled Plasma-Optical Emission Spectrometry (ICP – OES). Information concerning 
health issues of the respondents were collected using the questionnaires. The concentrations 
(mg/l) as expressed in terms of mean ± standard deviation in domestic water sources including 
streams, ponds, protected springs, shallow wells and boreholes were within the acceptable range 
for copper, lead and mercury while arsenic values were above the acceptable limits according to 
WHO and EAC standard limits. Abdominal pains and diarrhea were the most reported common 
diseases that affected the population who consumed water polluted with heavy metals. The study 
recommended that Government officials especially from the Ministry of Health should carry out 
awareness about safe water uptake to avoid diseases that result from consuming contaminated 
water. In addition, there should be constant monitoring about the concentration levels of heavy 
metals in domestic water sources in order to avoid or scale down the spread of diseases due to 
consumption of water contaminated with heavy metals. The residents should be encouraged to 
use water from tap and shallow wells for domestic purposes since they contain small traces of 
heavy metals as compared to other water sources. 
 

 
Keywords: Agricultural production; domestic water sources; heavy metal contamination; mining.  
 

1. INTRODUCTION 
 
Water is recognized as a necessity to sustain life 
and has to be adequate, safe and accessible to 
all humans [1]. Studies carried out in the world 
today show that both surface and groundwater 
are contaminated with toxic elements including 
heavy metals such as arsenic (As), Copper (Cu), 
lead (Pb), Mercury (Hg), cobalt (Co) and 
cadmium (Cd) [2,3].  
 
Heavy metals are regarded as serious pollutants 
to water ecosystems because of their toxicity, 
ability to be incorporated into food chains [4], 
non-biodegradable and bioaccumulation causing 
them being persistent and thereby causing long 
term effect on the environment [5]. Heavy metals 
are toxic at low concentrations, and they occur 
naturally as components of the earth’s crust [6]. 
Studies show that exposure of elevated levels of 
heavy metals in human beings results into 
spontaneous abortions, damaged kidneys, 
severe neurological symptoms, seizures, mental 
disturbance [7], slow growth and development, 
cognitive impairment of the central nervous 
system, and abnormal heart beat in human 
beings [8-10]. Human beings are exposed to 
heavy metals through intake of food, drinking 
water and breathing contaminated air [11]. 
 

Activities such as application of fertilizers, 
herbicides and pesticides in agriculture; 
extraction activities like mining and quarrying; 
infrastructure construction, maintenance and 
use; erosion and weathering generate particles 
and wastes [12,1], which may contain heavy 
metals [13]. The heavy metals may leach out in 
uncontrolled manner into the surrounding water 

environments resulting into their elevated levels 
including domestic water sources [14,15]. The 
local geology and climate also determine the 
occurrence of heavy metals in groundwater 
sources released as a result of water - rock 
interactions and weathering processes [3]. 
Climatic factors like change in precipitation, 
humidity and evapotranspiration can also, 
directly or indirectly affect the quality of water 
sources through dilution of lake, river or stream 
water [12]. 
 
The population of Busia district in eastern 
Uganda utilizes water sources from both surface 
and ground water. Surface water sources are 
lakes, rivers, ponds and streams; and 
groundwater sources exploited are protected 
springs, deep boreholes and shallow wells [16]. 
The district is also characterized by small-scale 
agricultural production, artisanal and small scale 
mining, settlement construction, farming and 
industrialization [17,18]. Agricultural production 
involves use of manure and fertilizer to improve 
on productivity [19]. Gold mineralization is 
extracted by artisanal and small scale miners 
from auriferous quartz veins and from sulfide 
quartz veins [20]. Artisanal and small-scale 
miners also employ mercury to form an amalgam 
that is burnt in open air to extract gold from the 
ore. These activities coupled with the natural 
processes of weathering of bedrock, erosion and 
flooding are among the many sources of heavy 
metals to domestic water sources yet there is 
limited or no literature detailing the elemental 
concentration including that of heavy metals in 
the domestic water sources of Busia district, 
Eastern Uganda. This study therefore aimed at 
determining the different economic activities 
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undertaken near the water sources; investigating 
the presence and concentration of heavy metals 
in domestic water sources of parts of Busia 
district; and to investigate the likely health effects 
brought about by the consumption of the polluted 
water with heavy metals to the population of 
Busia district. 
 

1.1 Effects of Some Heavy Metals to 
Human Health 

 
Copper: Copper is one of the valuable resources 
and most used metals in the world [21] and is an 
essential nutrient to humans as reported by 
Megan Ware RDN LD [22]. Copper in humans 
play a role in making red blood cells and 
maintains the nerve cells. It naturally occurs in 
soil, water, rocks and sediments and hence, 
human beings are exposed to it through eating 
food, drinking water and breathing air [10]. It is 
used as an additive to surface water to control 
growth of algae [23]. Ingestion of copper in 
excess amounts can cause nausea, vomiting, 
diarrhea, damage to the liver and kidneys [24].  
 
Arsenic: Humans are exposed to arsenic 
through breathing in contaminated air, 
consumption of contaminated food and drinking 
water. Arsenic in its organic form such as 
arsenite and arsenate compounds are known to 
be dangerous to human health [9]. Arsenic is 
used in paints, dyes, soap and is contained in 
some drugs. Water can get contaminated with 
arsenic through improper disposal of household 
and industrial wastes as well as natural 
geological processes [25]. Drinking contaminated 
water as reported by Chowdhury et al. [26] is one 
of the major causes of arsenic toxicity in more 
than 30 countries in the world. Exposure of 
humans to arsenic increases the risk of cancer, 
is associated with skin damage, and leads to 
problems with the circulatory system [27]. Long 
term exposure of arsenic leads to formation of 
skin lesions, internal cancers, neurological 
problems, pulmonary disease, peripheral 
vascular disease, hypertension and 
cardiovascular disease and diabetes mellitus 
[28].  
 

Mercury: Mercury is one of the metals with no 
known biological function in the body and it is 
very toxic and exceedingly bio-accumulative [29]. 
Mercury exists in the form of metallic mercury, 
inorganic salts and organic compounds with 
each, possessing different toxicity rating [8]. 
Mercury is used in artisanal and small-scale gold 
mining during the extraction of gold and it is 

mainly through this method that it contaminates 
the earth [30]. It is also used in skin lightening 
soaps and creams, wood preservatives and 
fungicides [29].  Mercury is widely present in 
surface water sources such as rivers, streams 
and lakes. Microorganisms in mercury 
contaminated water transform it into methyl 
mercury which undergoes bio-accumulation 
causing disturbance in the microorganism. 
Humans are exposed to methyl mercury through 
consumption of contaminated aquatic organisms 
such as fish [31]. Mercury exposure targets the 
central nervous system and can lead to the 
damage of brain, kidneys and developing foetus 
in pregnant women [32,7]. Methyl mercury is 
highly carcinogenic and also can lead to severe 
headaches, nervousness, fatigue, memory loss 
and loss of strength in the legs of human beings 
who use mercury-based products [7].  
 
Lead: Lead performs no known essential 
function in the human body and has been known 
to cause extensive environmental contamination 
and health problems worldwide [9]. Lead is used 
in the manufacture of storage batteries, cable 
covers, ammunition, pigments and caulking [23]. 
Lead is exposed to the environment from lead-
based paints, gasoline, cosmetics, toys, 
household dust, and industrial emissions [33]. 
Human exposure to lead is through drinking of 
contaminated water that is transported through 
pipes that contain lead [34]. Exposure of lead to 
humans can cause loss of appetite, headache, 
hypertension, abdominal pain, renal dysfunction, 
fatigue, sleeplessness, arthritis, hallucinations 
and vertigo, mental retardation, birth defects, 
psychosis, autism, allergies, dyslexia, weight 
loss, hyperactivity, paralysis, muscular 
weakness, brain damage, kidney damage and 
may even cause death [35,36]. 
 
It can therefore be observed that consumption of 
water contaminated with heavy metals may result 
into several ailments including stomach 
disorders, nausea, memory loss, damage to the 
brain, cardiovascular diseases and chronic 
illnesses among others, among human beings. 
Residents in Busia district obtain water for 
domestic use from several water sources 
including protected springs, shallow wells, bore 
holes and streams, where activities like mining, 
animal farming and irrigation take place. During 
these activities, there is a big likelihood of the 
release of the heavy metals into the environment 
which may eventually find their way into the 
water sources. Hence a study aimed at 
assessing the presence of heavy metals in the 
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domestic water sources aimed at making 
informed decisions about the quality of water 
consumed by the residents in Busia district was 
very essential. The study aimed at achieving the 
following specific objectives. To determine the 
economic activities carried out near the water 
sources in Busia district; to investigate the 
concentrations of selected heavy metals in the 
water sources found in Busia district; and to 
investigate the likely health effects to people of 
Busia district, brought about by the consumption 
of water polluted by heavy metals.   
 

2. MATERIALS AND METHODS 
 

2.1 Study Area 
 
The current study was undertaken in Sikuda and 
Western division found in Busia district, Uganda. 
Busia district is about 202Km East of Kampala, 
the capital city of Uganda and it is located 
between 33°05′E 00°10′N and 34°01′E 00°35′N 

(NEMA, 2004). The district lies within the 
Archaean greenstone belt that extends from 
eastern Tanzania through western Kenya. Its 
geology is composed of the Nyanzian-
Kavirondian volcano-sedimentary formations and 
the rock types which include ironstones, phyllites, 
greywackes and carbonate altered mafic 
metavolcanic rocks [20]. The district experiences 
two rainy seasons, one extending from March to 
May and a longer one from August to November, 
receiving a mean annual rainfall of 1,514 mm 
(Busia District Report, 2009). The sampling 
points were surface and ground domestic water 
sources as shown in Fig. 1. The surface water 
sampled were ponds and streams; while the 
groundwater sampled were protected springs, 
shallow wells and boreholes. The sampling 
points were within 20 metres from an area  
where some anthropogenic activities that had 
potential to cause water pollution and the water 
being used for domestic purposes, were taking 
place. 

 

 
 

Fig. 1. Location for the study area (Geology of the area after SMMRP, DGSM, 2014) 
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2.2 Data Collection 
 

The socio-economic data of the respondents 
from the study area were collected using a semi-
structured questionnaire. Data were randomly 
collected from a total of eighty-eight respondents 
who resided near or around the water sources 
and were expected to be using the water for 
domestic purposes. The data were collected to 
help understand the respondent’s knowledge, 
experience and understanding of the topic on 
anthropogenic activities that might have led to 
heavy metal accumulation and the likely 
diseases caused as a result of consumption of 
water that is viewed to have been polluted with 
heavy metals. The reliability statistics for the 
items found in the questionnaire were 
determined and the Cronbach’s alpha, α = 0.826 
was obtained. The Cronbach’s alpha calculated 
exceeded α = 0.70 which indicated that there 
was good internal-consistency reliability of the 
research instrument [37].   
 

2.3 Water Sample Collection 
 

Twenty-nine-point water sources as shown in 
Fig. 1 were sampled in duplicate for both dry and 
wet seasons. Sterilized plastic bottles of 250 ml 
were used for the collection and storage of the 
water samples that were used for chemical 
analysis. A Syringe and 0.45-micron filter paper 
were used to collect and filter water samples 
respectively. The water samples were filtered to 
remove suspended solids before storage. 1.0 ml 
of conc. Nitric acid was then used to acidify the 
samples in the field in order to prevent sorption. 
 

2.4 Water Sample Analysis 
 
Analysis for the presence and concentration of 
As, Cu, Pb and Hg was carried out using 
Inductively Coupled Plasma Optical Emission 
Spectrometry (ICP – OES). The analyses took 
place from the directorate of geological survey 
and minerals (DGSM) laboratory, Entebbe.  
 

2.5 Data Analysis 
 

The demographic data collected was entered into 
SPSS version 20.0 for further management while 
the water sample data were entered into a 
Microsoft excel to show the distribution of the 
contaminants. The results were discussed and 
compared with the World Health Organization 
(WHO) and East African Community (EAC) limits 
for portable water quality. Student’s T-test and 
ANOVA were used to compare the element 

means difference between the water samples 
collected in dry and wet seasons.  
 

3. RESULTS  
 

3.1 Socio-economic Activities of the 
Respondents 

 

The respondents obtained water for domestic 
use from a number of sources which included 
boreholes (42%), shallow wells (26%), taps 
(18%), protected springs (12%) and streams 
(2%).  The economic activities carried out by the 
respondents near or around the water sources 
included artisanal mining (40%), crop farming 
and animal rearing (19%) and small-scale 
businesses (17%) among others as shown in 
Table 1. 
 

Gold mining was the most predominant activity 
undertaken by the artisanal miners in the study 
area. Information gathered from interviews 
indicated that the miners used mercury in the 
process of extracting gold. The excavated ore 
and mercury in tailings have a potential of being 
washed downstream leading to pollution of the 
water sources. 
 

Animal rearing and crop growing formed the 
second largest economic activity undertaken in 
the study area. Crops which are grown in the 
study area include maize, beans, sweat 
potatoes, cassava, bananas, and yams. Animals 
reared included cattle and goats. Organic and 
inorganic fertilizers, pesticides, insecticides were 
all used to improve on the soil fertility and control 
diseases. The organic fertilizers used in the 
study area included chicken and animal wastes. 
The excessive use of the mentioned products 
during agricultural activities in the study area are 
likely to have leached in the water environment 
causing pollution. In the small-scale businesses, 
commodities sold included plastics, foodstuffs, 
clothes and mobile phones accessories. The 
activities contributed to the release of municipal 
wastes which are some of the contributors to the 
pollution of water sources. 
 

3.2 Physico-chemical Parameters of 
Water Samples 

 

Water samples were collected from both surface 
water sources including ponds and rivers; and 
ground water sources including shallow wells, 
bore holes and protected springs during the              
dry and wet seasons. The physico-chemical 
parameters analyzed included pH and total 
dissolved solids (TDS). 
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Table 1.  Economic activities carried out in the study area 
 

Economic activity Frequency (n=85) Percentage  

Small-Scale business 14 16.47 
Artisanal Mining 34 40.00 
Animal Rearing and Crop Farming  16 18.82 
Other (peasant)  21 24.71 

Total  100 
Source: Questionnaire Survey, 2022 

 
The average pH of ground water samples from 
shallow wells, boreholes and protected springs 
was 5.9 ± 0.36 during the wet season while the 
average pH of 6.05±0.36 was obtained during 
the dry season. The average pH of the surface 
water samples from ponds and rivers during the 
dry season was 6.5 ± 0.23, while the mean 
values for the pH of water samples during the 
wet season was 6.8 ± 0.35. All the pH values 
obtained during the experiments were within the 
EAC 2018 recommended ranges of 5.5 – 9.5. 
However, the pH of the water samples collected 
from the ground water sources during the dry 
and wet seasons were below the range 
recommended by WHO which is 6.5 - 8.5. Such 
waters are likely to be of health concern since 
the waters tending to be acidic in nature may 
cause corrosion of the mains and pipes that 
distribute water to the households. 

 
The TDS measured in all the water samples from 
the study area were between 151.5 ± 93.7 mg/l 
and 192 ± 107.8 mg/l which were generally 
considered to be good as per the WHO 
acceptable guidelines of <600 mg/l and EAC 
acceptable requirement of <1500 mg/l for natural 
portable water (Table 2).  
 

3.3 Heavy Metal Concentration in Water 
Sources 

 
Underground water sources represented by 
boreholes, shallow wells and protected springs 
were the most widely used (80%) water sources 
for domestic purposes by the respondents. The 

rest of the respondents (20%) used surface 
waters for domestic consumption.  
 

The analytical results about the surface water of 
Sikuda and Western division revealed higher 
concentrations of As, 0.0173 ± 0.000mg/l and 
0.0185 ± 0.0004 mg/l during the dry and wet 
seasons respectively (Table 3). The values 
obtained were higher than the WHO (2017) and 
EAC (2018) recommended provisional limit (0.01 
mg/l) for portable water. The surface water 
samples registered some traces of Cu and Pd 
during dry and wet seasons, although, their 
concentrations were below the WHO [1] and 
EAC (2018) recommended provisional limit (0.01 
mg/l) for drinking water. The heavy metal 
concentrations (mg/l) in surface water samples 
during dry and wet seasons from the study area 
decreased in the order of As > Cu > Pb. The 
concentration of Hg was below detection limit in 
all water samples during dry and wet seasons. 
Pond water exhibited more concentrations of As, 
Cu, and Pb than the stream water. This was 
probably because water in the ponds is static 
while the water in the streams is flowing tending 
to become dilute as water flows. 
 

A single factor ANOVA test was performed to 
determine whether the mean concentrations of 
the heavy metals in different water sources 
(streams and ponds) were different during the 
dry season. The results revealed that there was 
a significant difference in the mean 
concentrations of heavy metals in the surface 
water sources during the dry season (P<0.05) as 
shown in Table 4. 
 

Table 2. Physico-chemical parameters of domestic water sources 
 

Parameter pH TDS/ mg/l 

 
Water source 

       Mean ± SD           Mean ± SD 

Dry Wet Dry Wet 

Surface water, (n = 6) 6.5 ± 0.23 6.8 ± 0.35 151.5 ± 93.7 192 ± 107.8 
Groundwater, (n = 6) 6.05±0.36 5.9 ± 0.36 125.15 ± 87.2 163.6 ± 96.94 
WHO Limit (2017) 6.5-8.5 <600 
EAC Limit (2018) 5.5-9.5 <1500 

Source:  Primary data (2022) 
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Table 3. Concentration of heavy metals in surface water collected during the dry and wet 
season 

 

Water 
source 

Stream (n=6) Pond (n=6) WHO 
limit 
(2017) 

EAC limit 
(2018) 

element         Mean ± SD         Mean ± SD 

Dry Wet Dry Wet 

As 0.0184 ± 
0.0094 

0.0164 ± 
0.0002 

0.0185 ± 
0.0004 

0.0160 ± 
0.0005 

0.01 0.01 

Cu 0.0094 ± 
0.0008 

0.0131 ± 
0.0051 

0.0109 ± 
0.0018 

0.0090 ± 
0.0047 

2 1 

Pb <0.0017 0.0046 ± 
0.0064 

<0.0017 <0.0017 0.01 0.01 

Hg <0.001 <0.001 <0.001 <0.001 0.006 0.001 
Source: Primary data (2022) 

 

Table 4. ANOVA test on mean concentration of heavy metals in surface water during the dry 
season from the study area 

 

Source of variation SS df MS F P-value F crit 

Between Groups 0.000405 3 0.000135 477.6224 0.000045 6.591382 
Within Groups 1.13E-06 4 2.83E-07    

Total 0.000406 7         

Source: Primary data (2022) 
 

Focusing on the results obtained from the         
Tables 3 and 4, it can be concluded that the 
concentrations of heavy metals during the wet 
season, may also show some significant 
difference among the different water sources. 
This means that the effects that manifest as a 
result of consuming water from the streams may 
not be the same as those when pond water is 
consumed.   
 

The groundwater sources including protected 
spring, shallow wells and boreholes also 
registered a higher concentration of As during 
both dry and wet seasons as compared to the 
recommended provisional limit (0.01 mg/l) by the 
WHO (2017) and EAC (2018). Borehole’s water 
exhibited a higher concentration of As compared 
to protected springs and then lastly in the shallow 
wells. However, the concentrations of the As in 

surface water sources were more than the 
concentrations of As in ground water sources 
during both seasons. Further still, there were 
traces of Cu, Pb, and Hg in the water samples, 
though at lower concentrations than those in 
surface waters as observed in Table 4. Similar to 
the surface water samples, the concentrations of 
heavy metals in the ground water samples during 
dry and wet seasons from the study area 
decreased in the order of As > Cu > Pb, while Hg 
was below the detection limit in all water the 
samples.   
 

Additionally, ANOVA test was performed to 
determine whether there was a significant 
difference in the concentrations of the heavy 
metals in different ground water sources during 
the wet season. The results are as shown in 
Table 6. 

 
Table 5. Concentrations (mg/l) of heavy metals in groundwater sources from the study area 

 

Water 
source 

Protected spring 
(n=6) 

Shallow wells (n=6) Borehole (n=6) WHO 
limit 
(2017) 

EAC 
limit 
(2018) Element Mean±SD Mean±SD Mean±SD 

Dry Wet Dry Wet Dry Wet 

As 0.0174 ± 
0.0007 

0.0154 ± 
0.0009 

0.0171 ± 
0.0009 

0.0164 ± 
0.0011 

0.0185 ± 
0.0009 

0.015± 
0.0009 

0.01 0.01 

Cu 0.0087 ± 
0.0018 

0.0065± 
0.0025 

0.0089 ± 
0.0027 

0.0063 ± 
0.0023 

0.0107 ± 
0.0022 

0.006± 
0.0033 

2 1 

Pb <0.0017 0.0013 ± 
0.0036 

<0.0017 <0.0017 <0.0017 0.000± 
0.0009 

0.01 0.01 

Hg <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.006 0.001 
Source: Primary Data (2022) 
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Table 6. ANOVA test on concentrations of heavy metals in different ground water sources 
during the wet season 

 
Source of variation SS df MS F P-value F crit 

Between Groups 0.000214 3 7.15E-05 238.237 0.004183 19.16429 
Within Groups 6E-07 2 3E-07    

Total 0.000215 5         

Source: Primary data (2022) 

 
The results revealed that there was a significant 
difference in the concentrations of heavy metals 
obtained from ground water sources during the 
wet seasons (P<0.05) from the study area. This 
means that different ground water sources,         
that is, protected springs, shallow wells, and 
boreholes have varying amounts of heavy metals 
and they can produce different effects to people 
who consume the different types of water. 
Observing from the results obtained in Table 5, 
similar outcomes would be obtained if ANOVA 
test was determined on the water samples 
collected during the dry season. Despite the 
likely outcomes, a calculated t-test to determine 
whether there was a significant difference 
between the mean concentration of heavy metals 
in the water samples collected during the dry and 
wet seasons, the results are as shown in          
Table 7. 
 

The results revealed that there was a significant 
difference between the concentrations of heavy 
metals in the water samples collected during the 
dry and wet seasons (P<0.05) from the study 
area. This means that during the wet seasons, 
there is a likelihood of the dilution of the             
heavy metals contributing to their smaller 
concentrations. 
 

3.4 Health Effects Due to Consumption of 
Water Polluted with Heavy Metals 

 

The survey was carried out from the study area 
to determine the diseases that were likely to 
have been caused as a result of consuming 
water from the contaminated water sources. The 
common diseases that were reported by the 
respondents included diarrhea (44%), abdominal 
pain (28%), kidney failure (3%), cancer (4%) and 
spontaneous abortion at (1%).  Other disease 
reported included typhoid (5%), and cholera (1%) 
as shown in Table 8. Related to the diseases 
contracted by the respondents as a result of 
consuming the contaminated water, one of the 
health Officers reported that; 
 

“There is an increase of cancer cases among the 
population in this district and the likely cause of 
this outbreak is attributed to the consumption of 
the water that has been polluted with mercury”. 

In conclusion, people living in Busia district 
obtain water for domestic uses from protected 
springs, shallow wells, boreholes, streams and 
ponds that are contaminated with heavy metals 
which include arsenic, copper and lead. These 
contaminants are likely to have originated from 
the use of fertilizers, pesticides during 
agricultural production and artisanal mining. The 
health problems reported by the residents as a 
result of consuming the contaminated water are 
cancer, diarrhea and abdominal pains among 
others. 

 
4. DISCUSSION 
 
Increase in population and the need for food 
security has led to the use of fertilizer and 
pesticides to increase agricultural production. 
UBOS and MAIF [38], reported that a total of 
53,180 MT of fertilizer including Urea, NPK, DAP, 
MOP, TSP were used on production of 
sugarcane and banana in Uganda. Application of 
organic fertilizer in agriculture for a long time as 
noted by Rashmi et al. [39] in Western Europe 
led to the contamination of water bodies. A study 
by Walekhwa et al. [40] cites agricultural 
practices as a factor affecting the quality of water 
in Kibuku district, eastern Uganda. In this study, 
agricultural activities were noted to have been a 
source of heavy metal pollution to water sources. 

 
Mining activities are known to escalate heavy 
metal accumulation in water sources worldwide. 
Obasi & Akudinobi [41] reported that water 
sources around active mine sites in Nigeria were 
polluted with heavy metals such as Pb, Hg and 
As. As is also reported to be in high 
concentrations in the water sources of Kampala 
[42]. A study by Barasa et al. [17] showed that 
water obtained from the tributaries of Okame 
river was contaminated with mercury. Although 
mercury in all samples collected and analyzed in 
this study showed low concentrations, there is a 
likelihood that the traces of mercury originated 
from the mines. In addition, the little 
concentrations of Hg could have been because 
of the minimal mining activities which were taking 
place at the time of the study [30]. 
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Table 7. T-test on concentrations of heavy metals in water samples collected during the dry 
and wet seasons from the study area 

 

  Dry Wet 

 Mean 0.00917 0.00725 
Variance 3.45695E-06 9.52474E-06 
Observations 20 20 
Pearson Correlation 0.539050202  
Hypothesized Mean Difference 0  
df 19  
t Stat 3.293894786  
P(T<=t) one-tail 0.001908743  
t Critical one-tail 1.729132812  
P(T<=t) two-tail 0.003817487  
t Critical two-tail 2.093024054   

Source: Primary data (2022) 

 
Table 8. Health problems reported by the respondents as a result of consuming polluted water 
 

Common diseases Frequency (n=88) Percentage  

Diarrhea 39 44 
Abdominal pain 25 28 
Typhoid 4 5 
Cholera 1 1 
Spontaneous abortion 1 1 
Cancer 3 4 
Others 7 8 
None 8 9 

Source:  Questionnaire survey (2022) 

 
In this study, concentrations of As were above 
the recommended WHO and EAC standard limits 
of 0.01 mg/l. The concentration of As in the study 
area was possibly because of weathering 
process of rocks in Busia district since the 
geology is composed of carbonate altered mafic 
metavolcanic rocks and sulfide bearing rocks 
[20]. These rocks cause arsenic to be released to 
drinking water under oxidizing environment [43]. 
In addition, Busia is a gold mining district where 
gold is mined from sulfide bearing quartz veins. 
The sulfides in tailings can be oxidized and 
leached into surface and groundwater sources 
resulting to elevated levels of As and other heavy 
metals concentrations.  
 
In this study, all samples in dry season recorded 
Pb concentrations below detection limit and only 
one sample from borehole, protected spring and 
stream recorded presence of Pb in wet season. 
Pb as reported by Bamuwamye et al. [42] was 
reported to be contained in some ground water 
sources of Kampala, capital city of Uganda. The 
presence of Pb in wet season in this study could 
have been due to the run off from use of fertilizer 
in gardens that found their way into surface and 
ground water. 

Cu concentrations in the study area were in low 
concentrations and below the WHO and EAC 
prescribed limits in both dry and wet seasons. 
The results are in agreement with the study 
conducted by Bamuwamye et al. [42] who found 
out that  surface and groundwater sources in 
Kampala contained some Cu concentrations 
which were within the acceptable limits. 
Muwanga and Barifaijo [44] study is also in 
agreement with the current study where they 
stated that most of the heavy metals in water 
samples from Busia are below maximum 
permissible limits of WHO. 
 
The reported diseases which people suffered as 
a result of consuming contaminated water are 
diarrhea, kidney failure, anemia, kidney failure 
and liver damage. In relation to the study 
findings, Kapaj et al. [45] reported that exposure 
of As at low concentrations (even as low as 
<0.01mg/l) can cause harmful effects to humans 
including decreased birth weights, increase in 
fetal loss and premature delivery. During the 
study carried out in West Bengal, India, Guha 
Mazumder & Dasgupta, [46], found out that 
diarrhea, abdominal pain and anemia were some 
of the symptoms and signs reported by patients 
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exposed to As, that was as a result of consuming 
polluted water.  

 
5. CONCLUSION 
 
Mining, agriculture and small-scale businesses 
are among the economic activities that the 
people of Sikuda and Western division, Busia 
district depend on for their livelihoods. The 
different concentration levels of As, Pb, Cu and 
Hg in the water sources of Sikuda and Western 
division, Busia district were likely to have 
emanated from the uncontrolled and different 
economic activities carried out in the region. The 
concentrations of As in all water point samples 
collected in both dry and wet seasons were 
above the WHO and EAC permissible limits 
possibly because of the mining activities and 
weathering processes of rocks. The 
concentrations of the As in water samples are 
believed to be the sources of various ailments 
members of the local community are 
experiencing. 

 
6. RECOMMENDATIONS 
 
The concentrations of As in drinking water from 
the study area were above the regulatory limits of 
WHO and EAC. This calls for stakeholder 
awareness by Ministry of Health Officials to the 
people who use the water for domestic purposes 
to avoid consuming it and use other alternative 
sources like piped water. Also, there should be 
periodic monitoring on the levels of heavy metals 
in the water sources which are commonly used 
by household consumption to avoid the 
escalation of diseases among the populace.  

 
The Government should facilitate in conducting 
thorough geochemical survey to determine the 
up-to-date elemental composition of the rocks in 
the area so as to facilitate making informed 
decisions on the alternative source of water for 
domestic use. 
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