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Abstract

The provision of sustainable water supply systems in rural communities in developing countries like Nigeria has been a challenge for several
years, thereby promoting the dependency of rural dwellers on polluted surface water sources. This has also promoted water disparities between
rural and urban areas, as well as developing and developed countries. In a bid to proffer solutions to this public health challenge, there is need
to routinely assess the systems available in our rural communities. This cross-sectional survey assessed the water facilities available in four(4)
randomly selected villages across Ayeedade Local Government Area, Osun State. Grab water samples were collected from the main water source
in each community and assessed for physico-chemical properties using standard methods. The Sanitary Inspector for the Local Government was
also interviewed to obtain insights about the modalities of the water supply system present in the area. All the villages surveyed had at least
two handpump boreholes present. All the boreholes were in functional condition. The water facilities in all the communities were constructed
in 2011 via collaboration between the Government of Nigeria and UNICEF under the Water Supply and Sanitation Sector Reform Programme
(WSSRP)-II. The facilities were routinely maintained by technicians from the Local Government. All the physico-chemical parameters such as
nitrate, nitrite chromium, iron and manganese were within the WHO drinking water quality guidelines. However, the pH across the communities
was slightly acidic, with an average of 6.06+0.08, while the lead levels exceeded the permissible limits for two(2) of the surveyed communities.
The presence of functional water systems in all the villages was meritorious. Perhaps, more commendable because of the Local Government’s
commitment to routinely maintaining the facilities, this ensured the projects were sustainable. The pH levels and heavy metal concentrations of
the water sources need to be monitored.
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Introduction
and capacity constrains preventive maintenance and exacerbates

Over the years, the challenge of accessibility and availability of WSS failures [5]. In Nigeria, during the post-independent era,

safe water is yet to be curtailed in the nooks and crannies of many
nations despite all measures and schemes. Although, studies have
shown that there have been drastic improvements overtime.
Reports from WHO and UNICEF proves that Nigeria and many
sub-Saharan African countries are significantly lagging behind
when compared to developing countries with regards to overall
accessibility to potable water and basic sanitation services [1,2].

governments provided water infrastructure and assumed the sole
responsibility for water services delivery to the rural population
[6]. However, due to the reduced political-will and lack of a
sustainable water supply system in place, a significant number of
rural communities have been grossly affected [7]. Unfortunately,
government and donor agencies have not been able to find a
lasting solution to the challenges of poor and unsustainable

For many rural communities in lopin ntri nreliabl . . . .
or many rural communities in developing countries, unreliable service delivery in the rural water sector in the country [8].

access to safe drinking water remains a large and growing concern
[3]. Ezenwaji et al. [9] recently reported that millions of populaces

in the country, particularly in the rural areas, still depended on
unimproved drinking water sources such as streams and rivers
for their domestic use. The challenge of scarcity of safe water left

In sub-Saharan African countries, sustainability of rural
water supply systems (WSSs) is an acute problem mainly due to
widespread of water infrastructural decay and frequent system
breakdowns which inadvertently lead to scarcity of safe water in
the region [4]. In Kenya, Tanzania, and Ethiopia, lack of resources

many water users in rural communities with no other choice but to
depend on surface water to meet their water needs [3]. In finding
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sustainable solutions to this challenge, Obeta [10] suggested
that in choosing water sources for a rural setting, preference
should be given to groundwater sources (wells and boreholes) as
surface water sources in Nigeria are extremely polluted and the
technologies to treat them are expensive which cannot also be
easily sustainable by rural dwellers.

In order to make further recommendations with respect to the
provision of sustainable water supply among rural communities
in Nigeria, it is essential to evaluate the water supply schemes
present in some of these communities. This is why this study was
conducted to assess the water supply facilities available among
selected villages in Ayeedade Local Government Area (LGA), Osun
State

Methodology
Study location

The study was carried out at four selected communities at
Orile-Owu district located at Ayedaade local government area,
Osun state, Nigeria. The Local Government Area (LGA) is bonded
to Isokan, Irewole and Aiyedire LGA to the East and Ife North to
the West. It consists of over 50 districts and villages.

The selected four communities for the study were;
Abimbola village (7°12'57”N4°22’7”E), Morinlewo village
(7°13'9”N4°22’35”E), Origbo village which is also known
as Sanuewe (7°13'23”N4°21'54”E) and Atoba village
(7°13'6”N4°21°31”E). Figure 1 shows the location of Ayedaade
LGA within Osun State.

e N

£ '

g7 kL

g7 k

g7 E

g7 g

) [ — . YL S [y L
L Figure 1: Map Showing Ayedaade LGA marked X [27].

J

Data collection procedure outbreaks.

Environmental observation and sanitary inspection

Each community was assessed for the available water supply
available to the villagers. The functionality of the water sources
was also verified.

A sanitary survey was done by direct examination of the
individual water source to ascertain possible contamination
which may affect the water quality with the aid of sanitary
inspection forms as structured by WHO [11]. From the sanitary
inspection form, the scores were derived in percentage by dividing
the number of ‘YES’ scores by the total number of parameters
accessed then multiplied by 100 [12].

Key informant interview guide

Qualitative data was collected via a key informant interview
conducted with the local government sanitation inspector.
The data captured includes perception on the water quality,
maintenance of the hand-pump boreholes, routine treatment of
the water sources and knowledge of past water-related disease

Water sample collection

Water samples were collected from the most frequently used
borehole in each of the selected communities. A total of four
(4) water samples were obtained, one from each community.
This was done at the early hour of the day (7:00-9:00am). Clean
well-drained polyethylene bottles were used to collect the water
samples and thereafter taken to the laboratory for analyses. The
samples were examined for physico-chemical qualities. Figures
2 to 5 shows each of the boreholes where water samples were
obtained.

Physico-chemical parameters like pH, Total Dissolved Solids
(T.D.S) and Electrical Conductivity (E.C) were determined by
probe method using standard calibrated meter. Total hardness,
calcium hardness, magnesium hardness, chloride, and total
alkalinity were determined by titrimetric method as prescribed
by American Public Health Association [13]. Other physico-
chemical parameters like nitrate, sulphate, iron, manganese, lead
were determined by spectrophotometric method.
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Results Morinlewo and Atoba village were at medium risk. Across the

Environmental observation

It was observed that each of the surveyed community across
the local government had atleast two (2) accessible and functional
handpump boreholes. None of the facilities assessed was in an
inoperative state.

Sanitary Survey
From the sanitary survey, the scores of the water facilities

showed that Abimbola and Origbo village were at low risk, while

Table 1: The sanitary percentages in the four villages.

four communities, the sanitary survey scores in percentages for
the water facilities ranged from 60-80% based on the parameters
assessed. Water facilities at Abimbola and Origbo had 80% each
which was the best sanitary percentage score among the selected
communities while Morinlewo and Atoba village had the least
percentage score of 60% each. This suggests that Abimbola and
Origbo village water facilities are in better sanitary condition
when compared with Morinlewo and Atoba village. Details of
the risk assessment information and overall percentages are
presented in Table 1.

Risk Assessment Information Abimbola Origbo Morinlewo Atoba
Is there a latrine within 10m of the borehole No No No No
Is there a latrine uphill of the borehole? No No No No
Are there any other sources of pollution within 10m of borehole? Yes Yes Yes Yes
Is the drainage faulty allowing ponding within 2m of the borehole? No No No Yes
Is the drainage channel cracked, broken or need cleaning? No No Yes Yes
Is the fence missing or faulty? Yes Yes Yes Yes
Is the apron less than 1m in radius? No No No No
Does spilt water collect in the apron area? No No Yes No
Is the apron cracked or damaged? No No No No
Is the handpump loose at the point of attachment to apron? No No No No
Total Score (%) 80% 80% 60% 60%

Key informant interview with the local government
sanitary inspector on water supply management

Details about the water facilities across the local government
area were obtained from the interview with the focal person, who

was the Sanitation Inspector for the local government. Having
been the Sanitation Inspector for about 12 years, he provided
information ranging from history of water supply management
and maintenance practices.
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It was revealed that the boreholes across the communities in
the local government were constructed in 2011 by collaboration
between the Government of Nigeria and UNICEF under the Water
Supply and Sanitation Sector Reform Programme (WSSRP)-II
which was boldly displayed on the billboards behind every pump.
The facilities were subsequently rehabilitated in July 2017 by
Tulsi Chanrai Foundation.

Prior to the construction of the facilities, the communities had
experienced outbreaks of water borne diseases such as guinea
worm disease and cholera when the source of drinking water
was solely surface water source from the rivers present in the
communities.

Furthermore, it was also reported that a monthly routine
inspection, maintenance and servicing of the handpump had been
observed over time by representatives from the local government
under the hospice of the State Ministry of Environment. Routine
water treatment which involved the use of chlorine powder as

well as water quality analyses were also routinely conducted by
the representatives from the local government.

Drinking water quality analysis

Tables 2 & 3 provide details of the water quality results.
The temperatures of water for three out of the four villages
were similar (25.2°C), Morintewo village had a slightly lower
temperature of 24.6°C. The pH of the water samples was all below
the WHO permissible limit. The T.D.S of Origbo and Morintewo
villages were about twice higher than that of Atoba and Abimbola
villages. In comparison to the WHO standards, they were all much
lower than the permissible limit. Furthermore, the total hardness
levels across the four (4) villages were lower than the WHO
permissible limits. The nitrate and nitrite levels in all the water
samples were also within permissible limits indicating absence
of ongoing faecal contamination. All the other parameters were
also within permissible limits, excluding the lead levels in both
Morintewo and Abimbola villages.

Table 2: The physicochemical parameters of borehole water sample analyzed from Origbo, Atoba, Morintewo and Abimbola villages.

Parameters Origbo Atoba Morintewo Abimbola
Temperature (°C) 25.2 25.2 24.6 25.2
pH 6.012 6.145 6.102 5.961
T.D.S(mg/L) 186.3 76 187.25 74.95
E.C (uS/cm) 372.6 152 374.5 149.9
Total Hardness (mg/L) 108.692 154.588 96.618 41.0623
Calcium hardness(mg/L) 91.532 120.654 72.423 32.152
Magnesium Hardness (mg/L) 17.16 33.934 24.195 8.911
Calcium ions (mg/L) 36.6128 48.2616 28.9692 12.8608
Magnesium ion (mg/L) 4.2019 8.2917 5.908 21774
Chloride (mg/L) 99.7 124.6 99.7 99.7
Nitrate (mg/L) 0.003 0.004 0.237 0.159
Nitrite (mg/L) 0 0.001 0.199 0.159
Sulphate(mg/L) 0.002 0.002 0.056 0.037
Total Alkalinity (mg/L) 112.5 55.5 125 86.3
Chromium (mg/L) 0.0003 0.0001 0.004 0.005
Lead (mg/L) 0.001 0.001 0.22 0.166
Iron(mg/L) 0.003 0.012 0.251 0.251
Manganese (mg/L) 0.004 0.004 0.191 0.197
Table 3: The mean and standard deviation of the parameters from Origbo, Atoba, Morintewo and Abimbola villages in comparism to the WHO
limits.
Parameters Mean ( £ SD) Who Limits
Temperature (°C) 25.1+£0.07 -
pH 6.06 +0.08 6.5-8.5
T.D.S(mg/L) 131.13 + 64.26 500
E.C(uS/cm) 262.25 + 128.52 1000
Total Hardness(mg/L) 100.24 + 46.69 500
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Calcium hardness(mg/L) 79.19 £ 37.10 200
Magnesium Hardness(mg/L) 21.05+£10.62 100
Calcium ions(mg/L) 31.68 +14.84 200
Magnesium ion(mg/L) 5.14 +2.59 100
Chloride(mg/L) 10593 +12.46 250
Nitrate(mg/L) 0.10+0.12 50
Nitrite(mg/L) 0.09+0.10 3
Sulphate (mg/L) 0.02 +£0.03 250
Total Alkalinity(mg/L) 94.81 +30.78 200
Chromium (mg/L) 0.00 +0.00 0.05
Lead(mg/L) 0.10£0.11 0.01
Iron(mg/L) 0.13+£0.14 0.3
Manganese (mg/L) 0.10+0.11 0.1

Discussion

This study proved otherwise when compared to a report by
Adeleye et al. [5], which accounted that in Nigeria, majority of the
rural water facilities had collapsed and that most rural dwellers
were facing serious and persistent challenges in meeting their
water needs, thereby leaving many rural water users with only
streams and rivers as water sources. Moreover, the presence of
functional hand-pump boreholes in the Four (4) communities
was contrary to a study by Adeoye et al. [14] among villages in
Kwara State- the villagers majorly depended on streams and
shallow wells as their main water sources. The availability of at
least two functional boreholes in each community observed from
this survey was also in contrast to other studies. A study carried
out in some selected communities in Oyo state (Oke-Ogun area)
revealed that many of the hand-pumps were not functional and
were at the state of disrepairs due to the poor maintenance
culture practiced [15]. The availability of local technicians to
maintain the water facilities suggests that handpump boreholes
do not require foreign expertise for routine maintenance, which
makes this facility more sustainable and locally appropriate.

Furthermore, all the sanitary inspection scores from this
study are above 50% as they ranged from 60% to 80%. This is
very similar to the sanitary survey by Abdulsalam & Sule [16]
carried out in two rural communities in Kwara state, Nigeria- upon
assessing the six (6) boreholes present, the sanitary scores ranged
from 60% to 100%. The sanitary inspection revealed that all the
boreholes had potential sources of pollution within 10 meters from
the pumps and also revealed that all the facilities were not fenced.
In Morintewo and Atoba communities, the drainage channels of
the water facilities were cracked, thereby needing repairs. Also,
Atoba community water facility had drainage ponding at about 2
meters from the borehole pump while Morintewo water facility
had spilt water collected around the apron area.

The average pH from this study is similar to that of a survey
among communities in Kwara State, Nigeria which revealed

the groundwater samples from the 9 boreholes assessed were
also acidic (5.72+0.00) [7]. Water sources with pH values lesser
than 6.5 have been reported to lead to gastrointestinal irritation
[18,19]. The TDS from the four communities ranged from 74.95
to 187.25mg/L which is within the permissible limit of WHO
limit of below 500mg/L. This is contrary to a study done in some
communities in Abuja Nigeria where the TDS values ranged from
4mg/L to 9100mg/L across the communities [20]. The mean
Ca concentrations of 31.68+14.84 was much higher compared
to 3.67mg/L reported by Sojobi [17] in a study in Kwara and
2.97mg/L reported by Nwankwoala et al. [21] for Yenagoa,
Bayelsa state. The mean sulphate concentrations obtained in
this survey was found to be lower compared to the range of 12-
36.3mg/L with mean of 20.4mg/L obtained from groundwater
samples located in Mararaba-mubi, Northeast of Nigeria [22].

The detection lead concentrations beyond the WHO
permissible limit in Morintewo and Abimbola villages were
similar to findings in researches conducted in Southern Nigeria
and in Abuja, Nigeria- lead concentration in water samples ranged
between 0.24-0.34mg/L and 0.03-0.3mg/L respectively [20,23].
High concentration of lead has dangerous effects ranging from
hearing loss, growth retardation, and learning disabilities to
convulsion, organ failure, coma, and even death [19]. other effects
include; tiredness, abdominal discomfort, and anemia [24]. The
cause of increased lead concentration in Morintewo and Abimbola
water samples would require further investigation. However,
the possible causes could be from lead containing agricultural
fertilizers contaminating the groundwater [25]. Another possible
explanation could be from natural conditions in the aquifers [26].

Conclusion

The results from this study are quite contrary to several other
rural water supply surveys, where the limitation in accessibility
to potable water was prominent due to absence of water supply
systems or the lack of maintenance of available water facilities.
The presence of well-maintained water facilities in the study area
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was quite commendable which is traceable to post-construction
support via routine maintenance by concerned agencies. Majority
of the physicochemical parameters of water samples tested
alongside the sanitary risk assessment are within normal limits
making the water quite safe for domestic use. The pH and lead
concentration levels need to be monitored over time in order to

ensure the rural dwellers are not exposed to any harm.
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