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Abstract

Access to potable water is a huge challenge to the people of Gaya town who solely depend on hand-dug wells as
their main source of drinking water. This study was conducted to examine the quality of water manually drawn
from existing hand-dug wells in Gaya, North-western Nigeria. Systematic random sampling was adopted in
collecting water samples from four (4) hand-dug wells that were purposively selected based on population of users
and rate of usage. Water samples collected were subsequently analysed for physicochemical and bacteriological
assays using standard methods. Results of physicochemical parameters indicated that pH ranged from 6.43 to 7.12;
temperature (29.6°C to 31.7°C); electrical conductivity (207uS/cm to 657 uS/cm); turbidity (ONTU to 4.85NTU);
Calcium (0.23mg/L to 0.87mg/L); Chloride (5.9 mg/L to 17.5mg/L) and Magnesium (0.10 mg/L to 0.36 mg/L)
respectively. All the measured physicochemical parameters were within permissible standards set by water
regulating bodies. However, total coliform and E. coli counts ranging from 0 to 34 cfu/100ml and 0.24 to 0.32 x
10°cfu/100mL were recorded respectively. The results obtained in this study have clearly indicated that the water
drawn from the hand-dug wells is not free from pollution and therefore not fit for drinking. It is therefore
recommended that hand-dug well water in this locality should be subjected to sanitary treatment before drinking
with a view to averting eminent public health crisis.
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1. Introduction

In Nigeria, it is a common practice for residents in the rural settlements to depend on available hand-dug wells,
streams and rivers for drinking and domestic purposes. Water is a vital indicator that existence of life depends on
as it is employed for numerous domestic, agricultural, power generation, industrial and recreational activities
(Pritchard et al., 2007; Amoo et al., 2018a; Umar et al., 2020). According to Shryer (2007); Mack and Nadel (2011);
Offei- Ansah (2012); Amoo et al. (2018b), water is considered the most significant nutrient that is vital for the
survival of humanity as it is involved in the effective functioning of the body which is made up of about 75% of
total weight. Adefemi (2012); Bakobie et al. (2015), reported safe drinking water as a human birth right coupled
with clean air. Regrettably, reports in the literature have indicated that most of the world’s population, especially
Africans living in remote villages and sometimes in the so-called big cities do not have access to safe drinking
water.

It has been reported by Ayantobo et al. (2012); Adeleye et al. (2018) that hand-dug wells function as a
solution to the provision of cheap and low technology water meant to ameliorate shortages in rural and urban supply
of water. These days, the bacteriological qualities of groundwater sources in Nigeria have been reported to be
unsatisfactory due to the presence of coliform counts that are far beyond the recommended limits (Dada et al.,
1999a, 1999b, Edema et al., 2001; Hassan et al., 2018). Groundwater bodies are now known to be prone to
contaminations from both anthropogenic and natural activities (Okuo ef al., 2007; Amoo et al., 2018b). Regarding
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the safety of water, research evidences have shown over the years that numerous low earning countries are off-track
in terms of attaining the target of the millennium development goals for water supply and sanitation, which focused
on reducing half of the proportion of people without sustainable access to safe drinking water and basic sanitation
by 2015 (WHO, 2011). A good number of the population in developing countries dies yearly as a result of water
borne diseases such as cholera, typhoid, hepatitis, diarrhoea and so on (WHO, 2008). Access to clean water is the
key to sustainable development in agriculture as it ensures food production and poverty alleviation (Gadgil, 1998;
Bakobie et al., 2015).

The widespread reports on pollutants in groundwater have increased in recent years and have resulted to
augmented public concern about the quality of groundwater. The seepage of waste buried underground such as pit
toilets or leachate from fertilizer applications can produce harmful effects on ground water quality especially in
areas that are long known for extensive agricultural practice. It is against these backdrops that this study was
conducted to assess the quality of the groundwater consumed by the residents of Gaya town, North-western Nigeria
with view to comparing the results of examined parameters with acceptable standards.

2. Materials and Methodologies

Study Area

Gaya town is the headquarter of Gaya Local Government Area and the newly created Gaya Emirate in Kano State.
According to 2006 census, it has a population of 201,016 and covers an area of 613km?. The town lies between
longitude 9° 02'E and latitude 1° 52' N, and situated at 65 kilometres east of Kano metropolis (Figure 1). From the
north, the local government shares boarder with Ajingi Local Government and extends southward to Albasu local
government. It equally borders Wudil Local Government from the west (Wada et al., 2019).
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Figure 1: Location of the sampling points in Gaya town

Water Sampling

As done by Hassan et al. (2018), systematic random sampling method was adopted in collecting water samples
from four (4) different hand-dug wells designated as Hand-dug well A (HWA), Hand-dug well B (HWB), Hand-
dug well C (HWC) and Hand-dug well D (HWD). These hand-dug wells were chosen for sampling due to their rate
of usage coupled with being strategically located in thickly populated areas in Gaya town. Field sampling was done
at the beginning of wet season in July, 2019. Water samples were singly collected in sterile one (1) litre plastic
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containers and prior to collection as part of our quality control measures, all the bottles were washed with non-ionic
detergent and rinsed with de-ionized water prior to usage (USFDA, 2018). Before the final water sampling was
done, the bottles were rinsed three times with distilled water at the point of collection. The pH, temperature, turbidity
of the water samples were measured on-site with HANNA Germany HI-8014 portable pH meter, thermometer and
turbidity meter respectively. Each bottle was labeled according to sampling location while all the samples were
preserved with ice packs and immediately transported to the laboratory until analyses were completed within 14
days. The determinations of the other physicochemical properties of the water samples were performed on the same
day of sampling. Water assay for bacteria was conducted within 6 hours of sampling while that for anions was
within 14 days.

Physiochemical analyses

The determinations of Magnesium (Mg) and Calcium (Ca) concentrations were done by complexometric titration
using EDTA. The determination of Chloride (CI” concentrations was completed using argentometric titration. The
electrical conductivity (EC) was determined by a means of a multifunctional WTW® cond. 730 series, conductivity
meter EC-215, HANNAH Germany (APHA, 1995).

Bacteriological analyses
Standard methods described by USEPA (2002) for the determination of total coliforms and Escherichia coli were
employed.

Data analysis
Descriptive statistics in form of tables and bar charts were used to summarize the variations in the physicochemical
parameters of the sampled water and sampled sites coupled with their comparisons with regulating standards.

Results
The results of the physicochemical attributes of the water samples derived from all the hand dug wells are presented
in Table 1.

Table 1: Results of physiochemical characteristics of hand-dug wells with their coordinates

Parameters HWA HWB HWC HWD
Latitude 05000618 0500681 0500871 0500472
Longitude 1311683 1311589 1311421 1311753
pH 6.53 7.12 6.50 6.43
Calcium (mg/L) 0.86 0.64 0.28 0.23
Turbidity (NTU) 2.95 0.05 4.85 0
Chloride (mg/L) 9.7 6.4 17.5 5.9
Magnesium (mg/L) 0.36 0.26 0.11 0.10
Temp. (°C) 30.1 30.9 29.6 31.7
EC (uS/mL) 277 356 657 207
Nitrate (mg/L) 0.13 0 0 0

The results obtained as regards the comparison of the physicochemical properties of the sampled hand-dug well
water with regulated standards are presented in Figures 2 and 3 below:
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The results of the bacteriological attributes of the water samples derived from all the hand dug wells are presented

in Table 2.
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Table 2: Total coliform counts and E. coli counts in the sampled water from the hand-dug wells

Parameters HWA HWB HWC HWD NSDWQ WHO NAFDAC
Escherichia coli (cfu/mL) 32 24 34 24 0 0 ND
Total coliform (cfu/mL) 3 1 12 24 10 0 ND

Note: HW= Hand-dug well; ND = Not Detected;, NSDWQ = Nigeria Standard for Drinking Water Quality,
NAFDAC = National Agency for Food and Drug Administration and Control; WHO = World Health Organisation.

Discussion

In this study, the pH values of the sampled water (HWA, HWB, HWC, and HWD) ranged from 6.43 - 7.12,
indicating that the groundwater is weakly acidic to alkaline. These values are within the allowable limits (6.5—8.5)
set by NSDWQ, NAFDAC and WHO (Figure 2). According to Cox (1995), waters that present slight acidity may
be due to leaching of organic acids from decaying vegetation and/or soil, hydrolysis of ferruginized sandstones or
dissolution of CO; from the atmosphere to form carbonic acid. Similar to this study, Nkansah et al. (2010) also
reported a pH range of 6.3 and 7.7 in their study.

Based on the results obtained in this study, the values of temperature for all sampling points ranged between
29.6'C —31.7°C (Figure 3). Interestingly, similar temperature differences have been reported by Thilza et al. (2018).
However, results obtained from the turbidity of the water samples indicated that it ranged from 0.00 NTU to 4.85
NTU (Figure 4). Remarkably, all the water samples were within the standard limit of 5.0 NTU set by NSDWQ,
NAFDAC and WHO. According to WHO (2011), turbidity can seriously impede the efficiency of disinfection by
providing protection for organisms thereby necessitating the utmost need to ensure the removal of particulate matter
before disinfection in the treatment plant.

Results presented in Figure 5 indicate that the values of Cl” concentration in the water samples ranged from
0.23 mg/L to 0.86 mg/L. These values are below the NSDWQ, NAFDAC and WHO quality standard for drinking
water of 250 mg/L. The low values indicate that the groundwater in Gaya town conforms to the permissible limit
of CI"as WHO (2008) did stipulate 250mg/L as the limit of CI" in drinking water primarily for reasons of taste.

In this study, Mg ranged between 0.10 — 0.36 mg/l while Ca ranged between 0.23 — 0.86 mg/L (Figures 6
and 7). It can be seen that both were below the permissible limits of 300 mg/L set by NAFDAC and WHO for
potable water meant for human consumption. Specifically, WHO (1984), classified water hardness as follows; soft
(0 to 50 mg CaCOs/L), moderate soft (50 to 100 mg CaCOs/L, slightly hard (100 to 150 mg CaCOs/L), moderate
hard (150 to 200 mg CaCOs3/L), hard (200 to 300 mg CaCOs/L) and very hard (over 300mg CaCOs/L).

The values of EC for the sampled water ranged from 207uS/mL to 657uS/mL (Figure 8). These values are

within the allowable limits (1000.0 puS/cm) set by WHO and NSDWQ. In contrast to this current study, Onwughara
et al. (2013) reported EC value (9.32 puS/cm) which is way below the recommended limit of NSDWQ) in their study
while Karpagam and Ramesh (2015) also reported values of pre-monsoon from 1050 to 2990 pS/cm and post
monsoon from 1320 to 2140 uS/cm, in their respective study areas. According to Langeneggar (1990), EC measures
the degree of salinity in water, which greatly affects taste and thus has a significant impact on the user's acceptance
of the water.
The present study recorded nitrate concentrations ranging from 0.00mg/L to 0.13mg/L (Figure 9). These values are
within the recommended limits of 50mg/L set by NSDWQ, WHO and NAFDAC for potable water. The results
obtained in this study are also in line with the finding of Amoo et al. (2017) regarding the concentration of nitrate
(NOs) obtainable in the groundwater of Kano and its environs. Similar research conducted by Onwughara et al.
(2013) reported a mean concentration (0.6 mg/L) in their study area. However, low level of nitrate in our study area
may be attributed to the less anthropogenic activity involving nitrate pollution of the groundwater.

E. coli counts recorded in this study ranged between 0.24 to 0.32 x 10*cfu/100mL (Table 2). These results
strongly indicate that £. coli counts in the hand-dug wells were above WHO permissible limit (0 cfu/100mL) set
for potable water meant for human consumption. According to WHO (2004), the presence of E. coli in human and
animal faeces provides conclusive evidence of fresh faecal pollution of any water sample. E. coli has been
implicated by Baveja (2013) to cause many health problems ranging from food poisoning, urinary tract infections,
pyogenic infections, septicemia to diarrhoea if found in any drinking water. Hence, the revelation of its presence in
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the hand-dug wells assayed in this study poses potential health risks to the residents of Gaya town who drink such
water.

The total coliform counts recorded in this study ranged from 0.01 to 2.40 x 10°cfu/ 100 mL (Table 2). The
results indicate that these values are above the recommended limits set by WHO. However, HWC and HWD
recorded high total coliform counts (Table 2). The high coliform counts recorded by the water sampled from HWC
and HWD may be attributed to their proximity to a popular refuse dump in the community. Generally, during water
sampling, it was observed that all the hand-dug wells were operated under extremely poor sanitary conditions as
domestic wastes such as food waste, and other particles were deposited indiscriminately.

The detection of high total coliform counts coupled with physical examination conducted in this study in terms poor
handling and environmental abuse that the hand-dug wells are subjected to is in agreement with the report of
Egbulem (2003); Hassan et al. (2018) on the possibility of groundwater being compromised due to location,
construction and operation of wells. According to Adetunde ef al. (2011); Adeleye et al. (2018), the use of various
water drawers witnessed during water sampling with a view to fetching water may be another source of
contamination that might have led to the contamination levels recorded in this study.

Conclusions

In this study, the results obtained have revealed that all the physiochemical parameters are within minimum
standards set by NSDWQ, WHO and NAFDAC. However, regarding the bacteriological assessment of the water
samples, E. coli counts in all the sampling water were found to be above WHO and NSDWQ maximum permissible
limit for potable water meant for human consumption. In the same vein, total coliform counts in two of the assayed
hand dung wells were above the permissible limit for drinking water. This has indicated that the water is not fit for
human consumption as it might pose serious health risks for the inhabitants. It is therefore recommended that water
drawn for drinking purpose from these hand-dug wells must be subjected to sanitary treatment with a view to
ensuring its safety for human consumption. Again, citing of pit toilets should be discouraged particularly in houses
built close to the locations of these hand-dug wells.
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