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Water quality and its availability have implication on the health status and lifestyle of a community.
Over 80% of preventable disasters, diseases, hunger and even deaths are due to improper utilization and
management of water. Flooding, orchestrated by climate change has exacerbated the situation. Children
below the age of 5 years old are highly vulnerable and most affected by these waterborne diseases. The
pattern of water-borne diseases in relation to water quality and other environmental factors was studied
among residents of Igbesa in Ado Odo-Ota LGA of Ogun state, Nigeria. Sources of drinking water were
65% among households with water sources within their premises. Common sicknesses were 75% in the
wet season as compared to 25% during dry season. Sicknesses more common among children included
diarrhea (58%), high fever (25%) and malaria (17%). Water parameter values and heavy metal
concentrations recorded in this study were within acceptable levels. Accordingly, it was concluded that
the drinking water sources in Igbesa are safe for human consumption. However, the occurrence of Cd
and Co in the water samples is indicative of subtle toxic pollution in the area. This calls for proper and
continuous monitoring before it gets to dangerous levels.
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INTRODUCTION

The human body consists of about 70% water and water related
ailments are the leading cause of human mortality all over the world
(D. O. Omole et al., 2015). This vital natural resource required for
sustaining all forms of life on earth is actually responsible for more
than 80% of preventable diseases, disasters and also deaths.
According to the WHO (2013), about 4 billion cases of diarrhea cause
2.2 million deaths globally every year particularly in children below 5
years old. Diarrhea is loose watery stools caused by a virus such as
norovirus or rotavirus bacteria such as E.coli causing the stools to
occur more frequently than normal. As immune systems are
progressively compromised with each bout of diarrhea, related
illnesses indirectly kill millions more. Water is one of the most vital
natural resources required for the sustainability of all forms of life on
earth (D. O. Omole and E. O. Longe, 2018). The quality and quantity
of available water have implication on the health status of a
community. Over 50,000 people die daily on a global scale due to
water borne diseases. Worst still, 2.3 billion people worldwide have
mortality and morbidity associated with water related ailment and
floods (WHO, 2013, K. N. Ibemenuga, 2013). There are innumerable
waterborne diseases, disasters and deaths arising from excessive
flooding across the world. Over a billion people have been displaced,
killed or rendered homeless in Africa, Asia, Australia and the
Americas (F. C. Ezeh 2016). According to (T. E. Ologunorisa 2006),
flooding pollutes and contaminates fresh water ecosystems thus
promoting the occurrence of waterborne vectors.

Waterborne diseases are conditions caused by pathogenic micro-
organisms that are transmitted in water. These diseases include
cholera, schistosomiasis and other gastrointestinal problems and can
be spread while bathing, washing, drinking water, or by eating food
exposed to contaminated water (D. F. Charon ef al., 2005). Cholera is
a severe illness caused by Vibrio choleraebacteria that affect the
intestinal tract resulting in serious dehydration diarrhea that can be
fatal without instant treatment. Cases of cholera are reported world-
wide especially in emergency situations like areas affected by natural
disasters. Good food and water hygiene can prevent it. There are 500
million cases of malaria worldwide each year resulting in 1.3million
deaths (90% of whom are infants under Syears) and mostly the
morbidity is in Sub-Sahara Africa. Irrigation dam construction and
other water development projects are the causes of the burden of the
disease but reducing mosquito populations in the household and
eliminating stagnant water or covering up water containers can be
essential in minimizing malaria episodes. About 200 million people
are infected with schistosomiasis (also known as bilharzia), 20
million of whom experience grave consequences like liver, intestines,
lungs and bladder damage (WHO, 2013). Outbreaks of waterborne
diseases often occur after a severe precipitation event such as rainfall
or snowfall (A. C. Lucas & H. M. Gilles, 2015). It has also been
reported that climate change affects water resources through changes
in evaporation, groundwater recharge, temperature, runoff and
rainfall. Such changes affect the mobilization of nutrients, distribution
and mobility of pollutants in freshwater systems. The resulting
biological changes include pathogenic microbes in water while
chemical changes include increased nutrient concentrations, water
color and decreased oxygen content (I. Delpla ef al., 2009).
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Climate change is thus contributing significantly to water-borne and
vector borne diseases globally and hence expanding the number of
human infections with these pathogens. K. Y. Raneesh 2014 reported
that climate change has led to widespread mass losses from glaciers
and a reduction in snow cover. These have led to reduced water
availability and hydropower potential. Accordingly, there is a
projected increase in surface runoff by 10 to 40% and a general
increase in drought thus exacerbating the impacts on agriculture,
water supply, energy protection and people’s health. M. Baiwen ef al.,
(2022) observed that with the continuous emission of greenhouse
gases, the source water quality is influenced and concluded that the
risk of drinking water safety will be further aggravated under climate
change in future. Flooding has further exacerbated the situation.
According to (M. Zhou et al., 2022) flooding leads to enrichment of
toxic micro-pollutants in surface water. This has implications on the
fresh water resources available for human consumption (T. E.
Ologunorisa, 2006). Also flooding, according to (F. C. Ezeh and H.
R. Anwan, 2022), results in erosion of the topsoil, impoverishing the
soil and rendering it unproductive. This in turn impacts negatively on
the global food security.

There is an ever-increasing demand for water in-spite of its
widespread availability. This demand is occasioned by the fact that
terrestrial life is sustained only by fresh water resource which
represents only 2.5% of the total global waters and this tiny quantity
is not readily available for human use (D. O. Omole and E. O. Longe,
2018). Fresh water is also essential for good crop growth/yield as well
as animal production (F. C. Ezeh and H. R. Anwan, 2022). The
prevalence of these water borne and vector borne diseases is
particularly linked to the dearth of potable water in most parts of the
developing countries. In a collaborative work with the United States
Environmental Protection Agency, the Southern Nevada Water
Authority established that climate change would result in, among
other things, increased algae blooms in water bodies. Algae blooms
impair water source availability and quality. On the other hand,
Tampa Bay Water authorities observed increasing vulnerability of its
ground water source to saltwater intrusion and embarked on a
construction of a large desalination plant as means of increasing its
source of drinking water to its people (USEPA, 2019a and
2019b).Safe water, adequate sanitation and good hygiene practices
are essential for young children to survive and thrive. Poor water
quality continues to pose a major threat to human health. Cholera
disease alone amounts to an estimated 4.1% of the total Disability
Adjusted Life Year (DALY) global burden of disease and is
responsible for the deaths of 2 million people every year, with
estimated 88% of that burden concentrated on children in developing
countries (WHO, 2011). Without access to safe water and adequate
sanitation, families remain enmeshed in deplorable conditions. Young
children die from preventable diseases such as cholera. Those who
survive are often unable to learn in school or succeed in life because
of the legacy of ill health in their early years and the burden of
recurring illnesses (UNICEF, 2014). Ado-Odo/Ota Local Government
Area (LGA) of Ogun State is one of the major industrial hubs of
Nigeria, hosting hundreds of industrial concerns, several farms and
hundreds of thousands of residential institutions and households with
attendant pollution activities (A. S. Ogbiye, 2017). These pollution
activities directly affect the rate of clean water in the region as more
than 80% of industrial effluent discharges are also carried out without
initial treatment processes as required by law (D. O. Omole and J. M.
Ndambuki, 2017). Thus, freshwater sources suffer as a direct result of
human activities and flood. E. O. Longe ef al.,(2012) investigated the
sources and quality of domestic water supply to 124 households in 16
communities of Ado-Odo/Ota Local Government Area of Ogun State,
Nigeria. Their results show that water from all the sources
investigated are generally slightly acidic, while levels of cadmium
were higher than the Nigerian Standard for Drinking Water quality
limit of 0.003mg/l specified for potable water supply. Also, the
chemical and microbiological analyses reveal impairments in the
quality of River Atuwara, a major source of domestic water supply
and intake for the state public water works, with high levels of Pb, Ni
and Total Coliform. D. O. Omole et al, (2015) assessing water

related diseases in a Nigerian Community, obtained information on
the general health problems in Ota, Ogun state. Ailments directly
related to water were highlighted and discussed. The information was
gathered by questionnaire application, using non-quota sampling
technique. The target respondents were health care workers such as
doctors, nurses and pharmacists who work in hospitals and primary
health care centers situated in the municipality. It was observed that
among the top seven diseases that are most frequently reported in Ota,
five were water related, including, malaria, typhoid, vital organ
failure, cholera and skin disease. O. Oguntoke et. al., (2009)
examined association of water-borne diseases morbidity pattern and
water quality in parts of Ibadan City, Nigeria. A well-structured
questionnaire was administered to 350 residents of the selected areas
to elicit information on water sourcing, handling and storage.
Analysis of hospital records showed significant difference in the
occurrence of water-borne diseases among residential areas (P <
0.05). Typhoid fever had the highest occurrence (39.3%) followed by
bacillary dysentery and cholera. Another study conducted by (A. A.
Mutiu et. al., 2013) on water quality assessment of [ju River in Ogun
State, Nigeria, reported high levels of electrical conductivity (EC),
total solids (TS), biochemical oxygen demand (BOD) andhigh
concentration of iron (Fe) in the entire samples. The study concluded
that the river water used for irrigation of vegetable is unsuitable for
aquatic life and human consumption. It is obvious, that the
environmental factors, water and the problem of water borne diseases,
especially diarrhea and cholera diseases are linked up via two
different mechanisms; through the supply of contaminated water and
or lack of potable water for personal hygiene. Numerous health
impact researches have evidently recognized that the upgrading of
water supply and sanitation alone is generally required but not
adequate to attain broad health effects if personal and domestic
hygiene are not given equivalent prominence (R. Scherlenlieb, 2013).
Nigeria is a country suffering from the crippling burden of disease
resulting from unsafe drinking water. The prevalent diseases of
unsafe drinking water in Nigeria include cholera and diarrhea. Hence,
this study examined the pattern of water-borne diseases in relation to
water quality and other environmental factors that could assist in
exposing the apparent intractable nature of these diseases in Ado/Odo
Ota LGA, Ogun State, Nigeria.

MATERIALS & METHODS:

Study area
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Figure 1. Map of Ado — Odo Ota local government area (S. A. Ogunyemi
etal.,2017)

The study area is Ado/Odo-Ota LGA, Ogun State, Nigeria (Fig. 1).
With a current estimated population of 669,886 (NPC, 2006), the



12789

Asian Journal of Science and Technology, Vol. 14, Issue, 12, pp. 12787-12792, December, 2023

LGA is the most populated of the 20 LGAs in the State. The LGA is
also one of the industrial hubs with the highest concentrations of
industries in Nigeria (D. O. Omole and Isiorho, 2015). It
accommodates several hundred industries which include food,
beverages and tobacco; pulp and paper products; chemical and
pharmaceuticals; metallurgy; gas; plastics; wood processing; and non-
metallic mineral products. There are various forms of water bodies
including, rivers, wells and boreholes in the local government. The
rivers include Atuwara River, Totowu River, Iteku River, Owo River
and Olege lagoon amongst others. The most popular uses of drinking
water in the study area is borehole or underground water.

Sampling technique: A multi-stage sampling technique was used in
data collection. The first stage involved collection of hospital data for
the purpose of identifying the pattern of water-borne diseases.
Secondly, household questionnaire survey was conducted to identify
popular water sources, water handling techniques and other related
information. The last stage was the water sampling and water quality
analyses.

Water handling and Morbidity data: Information on the morbidity of
water borne diseases was collected from public hospital (General
Hospital, Ota, Ogun State) and Public healthcare centers with
catchments covering the study area. Data covered a period of four
years, from 2015 to 2019. Based on the aggregation of hospital data,
three residential areas that recorded high incidence of water-borne
diseases ((Elero, Aruwe and Powerline) were purposively selected as
study sites for household survey and water sampling. A well-
structured questionnaire consisting of 20 questions was designed to
obtain information on water sourcing, utilization, water storage as
well as ailments commonly experienced by the residents.. Allocation
of questionnaire was based on the population of each area; 30
respondents were sampled from each area which constituted the
sample size. The 30 residents from each area were selected from 30
households. Each area was divided into ten streets, 3 households were
selected from each street, totaling 90 households from the three
selected areas (Elero, Aruwe and Powerline). The respondents
included heads of the various houscholds or their representatives and
people who cared for infants aged Syears and below in the
households, some of who were the spouses of the household heads.

Water quality analyses: Replicate water samples were collected from
three sampling points in the study area (Elero, Aruwe and Powerline)
in pre-cleaned plastic bottles for both physico-chemical parameters
and heavy metal analyses. The water quality parameters determined
included; pH, electrical conductivity (EC), total dissolved solids
(TDS), total hardness, chloride, dissolved oxygen (DO), biological
oxygen demand (BOD) and chemical oxygen demand (COD)
respectively. The water parameters were determined using standard
method for water analysis (APHA, 1989). Heavy metal
concentrations were determined for each sample by fixing 50 ml of
the sample using Analar grade concentrated hydrochloric acid and
concentrated nitric acid (obtained from Merck, Germany) in the ratio
of 10:1 respectively. This assisted in digesting particulate matter in
the sample by heating to obtain thick yellow solution, on a water bath.
The sample was later cooled and made up to 100 ml with distilled
water after which analysis to estimate the concentration of heavy
metal was done wusing the Buick Atomic Absorption
Spectrophotometer (H. R. Anwan, et al., 2021).

RESULTS AND DISCUSSION

Water-borne Morbidity: The survey of sources of drinking water
showed that 11.7% of the respondents used pipe borne water whilst
58.3% obtain their water supply from hand pump/borehole sources.
Only 6.7% of the households use bottled or bagged water. Therest of
the households (23.3%) obtain their water from hand dug wells
(Figure: 4.1).

water sources
0%

Pipeborne
water
12%

packaged
water
7% o
Borehole
water
58%

Figure 4.1. Sources of drinking water for members of the house
hold

On proximity of the water sources, 35% of the respondents have
borehole/well water within their premises (Figure 4.2). 65% of the
respondents representing majority of the inhabitants, source for water
from outside their homes (in nearby places). The water may get
contaminated with disease bearing pathogens in the course of
transporting the water from the source to their various homes thereby
exposing households to water diseases.

m Inside Premises

B Qutside
Premises

Figure 4.2. Location of source of drinking water supply

Hospital records (Figure: 4.3) listed out the most frequently reported
sicknesses as malaria (58.33%) and diarrhea/vomiting (25%) which
are water related diseases. These two together accounts for over 80%
of reported ailments in the hospitals.
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Figure 4.3. Common Sickness in Ado odo-Ota LGA

The hospital records also indicated a seasonal variation in the
incidence of ailments reported. 75% of sicknesses were reported
during the wet season while only 25% were recorded during dry
season (Figure: 4.4).
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Figure 4.4. Seasonal variation of common sickness in Ado odo-Ota LGA

Table 4.1. Physicochemical parameters of water samples from Ado odo-Ota LGA

Parameters ELERO ARUWE POWERLINE SON Standard
IGBESA (NIS 306:2008)

pH@25°C 7.4 6.4 6.2 6.5-8.5

TDS(mg/L) 57.4 71.7 50.7 500

COD(mg/L) 5.3 3.7 3.1 7.5

Total Hardness as CaCos (mg/L) 102 61 42.84 250

CI (mg/L) 37.4 76.8 15.3 250

Water Temperature 25 24 27 N/A

Conductivity 230 163 138 1000

Transparency C C C N/A

BOD 30 24 56 N/A

DO 3.1 4.01 2.08 N/A

Table 4.2. Concentration of heavy metals in water samples from Ado odo-Ota LGA

SON Standard
SAMPLING LOCATION ELERO IGBESA | ARUWE POWERLINE (NIS 306:2008)
Fe (mg/L) 0.0841 0.1324 0.009 0.3
Zn (mg/L) 0.1421 ND ND 3.0
Cd (mg/L) ND 0.0002 ND 0.03
Co (mg/L) 0.1982 0.0165 ND 0.03
Cu (ppm) 0.0001 0.0006 0.0004 1.0

Water quality results: The physicochemical parameters studied are
given in Table: 4.1. pH values observed, ranged between 6.2 at
Powerline, 6.4 at Aruwe and 7.4 at Elero. Total Dissolved Solids
(TDS) was high at 71.7mg/L in Aruwe, low inn Elero and Powerline
at 57.4mg/L and 50.7mg/L respectively. COD values were 3.7mg/L at
Aruwe, 5.3mg/L at Elero and 3.1mg/L at Powerline. Total hardness
recorded 102mg/L at Elero, 61mg/L at Aruwe and 42.8mg/L at
Powerline. Chloride values observed in this study showed15.3mg/L in
Powerline, 37.4mg/L in Elero and 76.8mg/L in Aruwe. Electrical
conductivity of water in the area was generally low with the highest
value of 230pScm™ recorded at Elero. Correspondingly, 163puScm’
'and 138pScm™! were recorded for Aruwe and Powerline respectively.
Water temperature were 24°C in Aruwe, 25°C in Elero and 27°C in
Powerline. Transparency of the water samples was generally clear.
BOD was high at 56mg/L in Powerline, 30mg/L at Elero and 24mg/L
at Aruwe while DO values were 4.01mg/L at Aruwe, 3.1mg/L at
Elero and 2.08mg/L at Powerline respectively. The presence of heavy
metals including Cd and Co in the water samples is indicative of toxic
pollution in the area (Table 4.2). Fe at Aruwe was 0.13mg/L, Elero,
0.08mg/L and Powerline, 0.009mg/L respectively. Zn was present at
0.14mg/L in Elero only. It was not detected at Aruwe and Powerline
locations. Cd was recorded 0.0002mg/L at Aruwe only. Cd was not
detected at Elero and Powerline sampling points. Co was reported in
two sampling locations. 0.19mg/L was reported for Elero and 0.016
for Aruwe but was not detected at Powerline. Cu, like Fe, was found
in all the sampling locations. Aruwe water sample recorded the
highest value of 0.0006mg/L, Powerline water reported 0.0004mg/L
while the least value of 0.0001mg/L was recorded at Elero. Overall,
the heavy metal concentrations reported for the study area were all
found to be within the acceptable limits allowed by SON and WHO in
drinking water quality.

The study observed that majority of the respondents rely on
borehole/hand pump sources for their drinking water supply.
However; the improper methods of human and environmental wastes
disposal constitute a great source of contamination to these water
bodies. Few residents in the community could afford to buy bottled
water. This shows that a substantial number of people in the
community are subject to contracting water borne diseases since the
majority use borehole and well water sources. Heavy metals occur as
natural constituents of the earth crust, and are persistent
environmental contaminants since they cannot be degraded or
destroyed (J. O. Duruibe et al., 2007). Heavy metal concentrations in
water depend on the physicochemical parameters of the water body
and the solubility of toxic metals increases as the pH decreases (H. R.
Anwan, et al, 2021). The metal concentrations in this study were
lower than those reported in Amassoma river, Niger Delta, by (L. L.
Nwidu et al. 2013); in Jju river by (A. A. Mutiu et al.,, 2013) and in
Agbara, (O. Ogundele and G. O. Mekuleyi, 2018). Similarly, the
concentration levels of all the heavy metals reported in this study are
below those reported by (S. K. Kamaruzzaman ef al. (2011) and (M.
G. Mortuza and F. A. Al-Misned 2017). All the values of heavy
metals recorded in this study are below the maximum permissible
limits recommended by WHO (2017), EU (2010) and SON (2007).
Although iron (Fe), zinc (Zn) and copper (Cu) are heavy metals, they
are essential micro-nutrients for living organisms (G. Pandey and S.
Madhuri, 2014). At high concentrations however, Fe becomes toxic
to living things and may result in various biochemical disorders (M.
Ndukwe et al., 2019). Zinc is a ‘masculine’ element that balances
copper in the body, and is essential for male reproductive activity (K.
Nolan, 2003). It serves as a co-factor for dehydrogenating enzymes
and in carbonic anhydrase (Holum, 1983). Zinc deficiency causes
anemia and retardation of growth and development (J. O. Duruibe et
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al., 2007). Exposure of humans to cadmium could result in damage to
bones, kidneys, DNA and nephrotoxicity (M. Ndukwe et al., 2019).

CONCLUSION

Increased risks to infant mortality resulting from water borne diseases
remain a major concern in Ogun state. The attitude of the residents of
Ado-odo/Ota LGA towards water handling and usage exposes the
children to water borne diseases since majority of the inhabitants use
water from unprotected surface water sources. The values of water
parameters and heavy metal concentrations recorded in this study are
well below the maximum levels recommended for human
consumption. Accordingly, it could therefore be concluded that
drinking water sources in Igbesa are safe for human consumption.
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